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ARTICLE INFORMATION AIM: To describe a new finding in fetuses with Chiari 2 malformations recognised at in utero
(iu) magnetic resonance imaging (MRI), specifically T2 prolongation (high signal) in the

Article history: cerebellar vermis.

Received 26 November 2017 MATERIALS AND METHODS: This was a prospective observational study of iuMRI studies

Accepted 15 January 2019 performed at two time points on 20 fetuses with Chiari 2 malformations and 10 control fetuses

at the same time points. High T2 signal in the cerebellar vermis was noted and correlated with
posterior fossa dimensions was assessed.

RESULTS: High T2 signal in the cerebellar vermis was found in over half of the fetuses with a
Chiari 2 malformation, but was not correlated with the degree of reduction in size of the bony
posterior fossa.

CONCLUSION: The present findings suggest that abnormal high T2 signal in the cerebellum is
common in fetuses with Chiari 2 malformations and although the cause of the signal change is
not known at present it may represent vasogenic oedema as a result of restricted venous
drainage.

© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Introduction of OSD, myelomeningoceles and myeloceles, are distin-
guished by the degree of protrusion of the placode from the

Open spinal dysraphism (OSD) is a term used to describe ~ SKin surface.” The Chiari 2 (Ch2) malformation is a devel-
a class of developmental spine abnormalities resulting from ~ opmental anomaly of the cerebellum, brain stem, and cer-
abnormal closure of the neural tube. It is defined by the vical cord accompanied by a small bony posterior fossa and
presence of a plaque of abnormal neural tissue without frequently, but not consistently, associated with OSD.

overlying skin coverage: a “placode”. The commonest types The post-natal imaging features of the Ch2 malformation
are well described and include: inferior displacement of the

medulla, downward herniation of the cerebellar vermis
through the foramen magnum, vertically orientated fourth
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A summary of skull circumference, area of the posterior fossa, area of the vermis, and transverse cerebellar diameter in the fetuses with Ch2 and age-matched

controls at two time points (20—24 and 30—32 weeks gestation).

Trigone diameter

Skull circumference Mid sagittal vermis

Bony posterior fossa Transcerebellar diameter Tonsillar depth

(mm) (mm) (mm?) (mm?) (mm) (mm)
Control group (SD) 6.57 (1.65) 1945 (21.97) 83 (19.26) 338.16 (61.38) 210 (22.2) n/a
n=10
Chiari group (SD)  11.65 (3.68) 185.3 (19.69) 81.76 (22.69) 207.47 (4451) 185 (29.5) 9.9 (3.22)
n=20

See text for details.

tentorium, and abnormalities of the quadrigeminal plate.>*
Associated abnormalities such as ventriculomegaly (VM)
and hypoplasia of the corpus callosum are common. The
clinical sequelae of that malformation are variable but
approximately one-third of children have some clinical
problems relating to their Ch2 by the age of 5 years old.
Children under 2 years old may present with respiratory
distress, recurrent aspirations, or severe hydrocephalus,
whereas older children tend to present with ataxia and/or
symptoms and signs of syringomyelia.”>®

Most of the anatomical features of Ch2 malformations and
the associated pathologies described above are readily rec-
ognisable on in utero (iu) magnetic resonance imaging (MRI).”
In the early stages of the iuMRI programme, a feature that is
not described on post-natal imaging was recognised, namely,
T2 prolongation (high signal) in the cerebellar vermis that
may extend into the medial portions of the cerebellar hemi-
spheres. The aim of the present study was to assess how
common that feature was, to try to ascertain if this was a
transient feature, and to gain insight into its aetiology.

(b)

(d)

Figure 1 iuMRI images from a control fetus. (a) Sagittal and (b) axial images and at 22 weeks gestation and (c—d) equivalent images at 31 weeks
gestation. Note that (a) the cerebellar vermis is well above the foramen magnum, (b) there is abundant CSF around the cerebellum, (c) there is
abundant CSF over the cerebral hemispheres and (d) normal-sized lateral ventricles.
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Figure 2 iuMRI images of a fetus with a myelomeningocele and Ch2 malformation at (a—c) 22 weeks and at (d—f) 31 weeks. (a,b) Sagittal and
axial imaging of the spine show the open spinal dysraphism (marked with an arrow on axial imaging). (c) Sagittal imaging of the brain shows
relatively minor descent of the cerebellar vermis below the foramen magnum and no T2-weighted signal abnormality in the vermis at 22 weeks,
whereas at 31 weeks there is marked descent of the vermis and abnormal T2-weighted signal (e). (d,f) There was progressive VM and increasing

effacement of the external CSF spaces.

Materials and methods

This was a prospective, observational study of fetuses
with OSD and Ch2 malformations detected on ante-natal
ultrasonography and confirmed on iuMRI The “pathology”
cohort consisted of 20 consecutive fetuses with Ch2 (iden-
tified primarily by descent of cerebellar tissue below the
foramen magnum with an OSD and various associated
features as previously described) who had two iuMRI
studies, one in the second trimester (20—24 weeks gesta-
tion) and the other in the third trimester (30—32 weeks
gestation). Ten pregnant women with normal fetuses acted
as a “control” group and they also had two iuMRI studies at
the same stages of pregnancy as the Ch2 group. Those
women had iuMRI studies because their fetus was at an
increased risk of a fetal brain malformation based on ab-
normalities in an earlier pregnancy, but had no abnormal-
ities on ante-natal ultrasound and iuMRI examinations and
had normal clinical outcomes. All of the pregnant women
were referred by fetal medicine consultants working in
seven centres in the UK over a 5-year period. The partici-
pants had no known or suspected contraindications to
iuMRI and entered the study as research volunteers after
providing informed written consent under the guidance

and approval of the Institutional Research Ethics Commit-
tee. The participants were not paid for their involvement in
the study, but travel expenses were offered to them and a
companion. In addition, relevant review was sought, and
approval obtained, from the Institutional Clinical Effec-
tiveness Unit and Research Department to allow cases
performed for clinical purposes to be reported in this paper.

All iuMRI examinations were performed at MRI research
facilities on a whole-body 1.5 T system (either Infinion,
Philips Medical Systems, Cleveland, OH, USA, or HDx,
General Electric Healthcare, Waukesha, WI, USA) using
flexible phased-array body coils. The standard iuMRI pro-
tocol has been described in detail elsewhere,®° but in brief,
consisted of single-shot fast spin-echo (ssFSE) T2-weighted
sequences in the three orthogonal planes, axial ultrafast T1-
weighted imaging, and diffusion-weighted imaging in the
axial and/or sagittal planes. All iuMRI examinations were
reported for clinical purposes at the time of the original
studies, but were re-reviewed by a team of experienced
paediatric neuroradiologists for the purposes of this study.
Visual assessment of the fetal spine and brain confirmed the
presence of an OSD (19 myelomeningoceles, one myelocele)
and Ch2 malformations using standard clinical criteria. An
assessment of the T2 signal of the cerebellar vermis was
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Figure 3 (a,b) iuMRI images of a fetus with a myelocele and a Ch2 malformation at (c,d) 23 weeks and (e,f) 30 weeks. (c¢) Sagittal imaging of the
brain at 23 weeks shows marked tonsillar descent and modest abnormal high signal in the vermis that becomes more pronounced at 30 weeks

(e). (e,f) There is progressive VM.

made by comparing it with the adjacent brainstem and
occipital lobes.

A number of measurements were made by two of the
paediatric neuroradiologists using previously published
methods’ specifically: transverse diameter of the trigones
of the lateral ventricles, head circumference, area of the
bony posterior fossa in the sagittal plane, area of the cere-
bellar vermis in the sagittal plane, and transverse cerebellar
diameter. The degree of tonsillar descent was also recorded
using a line from opisthion to basion as the best assessment
of the level of the foramen magnum. Student’s t-test was
used to compare the linear and area dimensions whilst the
Mann—Whitney U-test was used for comparisons between
high signal in the cerebellum and the variables of interest
(bony posterior fossa size and amount of tonsillar descent).
p-Values of <0.05 were considered statistically significant.

Results

By definition, there were no structural brain abnormal-
ities on either iuMRI studies performed on the 10 fetuses in
the control group, including no displacement of cerebellar
tissue below the foramen magnum. VM was defined as
trigone measurements of >10 mm (the definition used
clinically by all of the referring fetal medicine centres) and

was present in 14/20 (70%) of the fetuses with Ch2 at the
time of the iuMRI examination at 20—24 weeks. When the
iuMRI studies were repeated at 30—32 weeks VM was
present in 17/20 (85%) of the fetuses with Ch2. Fourteen
fetuses had VM on both examinations and all fetuses
showed increasingly severe VM on the third trimester
iuMRI study. There were no statistically significant differ-
ences in the skull circumferences of fetuses from the control
and Ch2 groups at either time point (Table 1).

The bony posterior fossa area was smaller in the Ch2
group compared with the control group at both time points
studied: 20—24 weeks: mean 207.5 versus 338.1 mm?
p<0.001) and 30—32 weeks: mean 468 versus 800.9 mm?,
p<0.001. There was no statistically significant difference in
the area of the vermis between the two groups at either
time point (p=0.88 at 20—24 weeks, p=0.10 at 30—32
weeks) but the transverse cerebellar diameter in the fetuses
with Ch2 group was reduced when compared with the
control group at 30—32 weeks (p<0.001). All fetuses with
Ch2 had vermes below the foramen magnum (an entrance
criterion for enrolment) and the herniation was progressive
with a mean descent of approximately 10 mm at 20—24
weeks and approximately 15 mm at 30—32 weeks.

There was no subjective difference in T2 signal in the
cerebellar vermis when compared with the brainstem/oc-
cipital lobes in the control group on either the second or the
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(d) (e)
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Figure 4 iuMRI of a fetus with a myelomeningocele and Ch2 malformation at 24 weeks. (a,b) Sagittal and axial imaging of the spine shows the
open spinal dysraphism. (c,d) Single-shot fast spin-echo imaging of the brain in sagittal and axial planes shows marked cerebellar descent and
abnormal high T2 signal in the cerebellar vermis, which progresses with gestation (e,f).

third trimester iuMRI studies. Abnormal high T2 signal was
found in the cerebellar vermis in 10/20 (50%) of fetuses with
Ch2 at 20—24 weeks and in 11/20 (55%) at 30—32 weeks’
gestation. In six fetuses with Ch2 the T2 signal change was
not present on either iuMRI study and in seven fetuses the
abnormal signal was present on both iuMRI studies. Four
fetuses developed abnormal high T2 signal change between
the two iuMRI examinations, and in three the abnormal
high signal seen in the second trimester was no longer
present at 30—32 weeks. The Mann—Whitney U-test
determined that high T2 signal in the cerebellar vermis was
not related to bony posterior fossa size in the Ch2 group
(p=0.57). Diffusion-weighted imaging of diagnostic quality
was obtained in approximately 80% of all cases and there
was no evidence of restricted diffusion on any of those
studies. Representative cases are shown in Figs 1-5.

Discussion

There is no single, unifying theory to explain the aetiology
of Ch2 and most authorities acknowledge a range of potential
contributions from different and probably overlapping fac-
tors. Cleland postulated that Ch2 was primarily a dysgenetic
abnormality of the hindbrain10 whereas McLone & Knep-
per'! have discussed the importance of compression of the

cerebellum secondary to restricted development of the bony
confines of the posterior fossa. Several authorities have
attempted to explain the reduced volume of the posterior
fossa as a sequelae of reduced cerebral spinal fluid (CSF) flow/
pressure disturbance because of the open spinal dys-
raphism.'" "> The present study describes a new observation
in fetuses with Ch2, specifically abnormal high T2 signal in
the cerebellar vermis in a high proportion of involved fe-
tuses. This finding appears to have been overlooked in
several series that reviewed iuMRI in these fetuses.'®

There are two major advantages in the design of the
present study: first, the presence of an age-matched control
group (although with fewer fetuses than the pathology
group), and secondly, all fetuses had iuMRI both in the late
second trimester and third trimester allowing a dynamic
assessment. There were no unexpected findings in the con-
trol group, in particular the trigone sizes were always <10
mm and there was no descent of cerebellar tissue below the
foramen magnum. In spite of relatively small numbers, the
control group provided apparently robust “normal” data
concerning skull circumference, area of the bony posterior
fossa, area of the vermis, and transverse cerebellar diameter
at two time points in pregnancy. Cerebellar descent was a
defining feature of Ch2 in this study, although it is appreci-
ated that there are some cases of OSD with posterior fossa
abnormalities that do not result in protrusion of cerebellar
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(c)

Figure 5 iuMRI images of a fetus with a myelomeningocele and Ch2 malformation at 24 and 33 weeks. (a) Sagittal imaging at 24 weeks
demonstrates the spinal dysraphism. (b) Imaging at 33 weeks demonstrates marked T2 high signal within the cerebellar tonsils. (c) The sagittal
diffusion-weighting imaging did not show increased cerebellar high signal, and there were no areas of low signal on the ADC map indicating

probable vasogenic rather than cytotoxic oedema.

tissue below the foramen magnum.” Because cerebellar

descent was used as a defining feature of Ch2, this was not
used as an independent factor when the association with
abnormal T2 signal was analysed.

As expected, VM was common in the fetuses with Ch2
occurring in 70% of the 20—24 group and rising to 85% in the
30—32 week group and the trigone size always increased in
individual fetuses with Ch2 between the two time points.
There were no statistically significant differences in skull
circumference between the control and Ch2 groups at
either 20—24 or 30—32 weeks. In contrast, the size of the
bony posterior fossa was significantly smaller in fetuses
with Ch2 fetuses at both time points between the case and
control cohorts confirming the reports of earlier studies,
e.g., Naidich et al'* Although the transverse cerebellar
diameter in Ch2 tended to lower values at 20—24 weeks
statistical significance was not reached but at 30—32 weeks
the results showed statistically significant reduction in the
Ch2 fetuses. This measurement is primarily influenced by
the lateral bony walls of the posterior fossa and further
underlines the restricted size of the bony compartment,
which was in contrast to the similar areas of the cerebellar
vermis in the two groups.

Abnormal high T2 signal was seen in 50% of the 20—24
week fetuses with Ch2 and in 55% of those at 30—32 weeks.

It was not seen in any of the iuMRI examinations performed
on control fetuses. Abnormal high T2 signal was seen on
both studies in the same fetus in seven cases only, whereas
the abnormal signal was present only on the 30—32 week
study in four fetuses. An important observation was the
three fetuses with Ch2 in whom abnormal high T2 signal
present at 20—24 weeks was no longer visible at 30—32
weeks. In spite of the surrogate indicators of markedly
reduced volume of the bony posterior fossa, there was no
clear relationship between the measures of bony posterior
fossa size and the presence of abnormal high T2 signal in
the cerebellar vermis. These two features suggest that
reduced volume of the bony posterior fossa and resultant
compression of cerebellar tissue may not be the direct cause
of the T2 prolongation.

In many clinical situations diffusion-weighted imaging
can give further insight into the cause of abnormal high T2
signal in the brain, specifically it is possible to distinguish
between cytotoxic and vasogenic oedema. There was no
evidence of restricted diffusion (high signal on diffusion-
weighted imaging matched with reduced signal on
apparent diffusion coefficient parametric maps) in any of the
cases with abnormal T2 signal in the cerebellar vermis. This
is corroborated by prior published series, where no reduced
ADC values were appreciated in the cerebellums of Ch2
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fetuses.!” The appearance suggests that vasogenic oedema is
the likely cause of T2 prolongation, but this observation
needs to be interpreted with caution. Diffusion-weighted
imaging is exceptionally sensitive to movement artefact
and is difficult to perform in the fetus for that reason. No
usable diffusion data were present in 20% of the cases overall.
There is also the possibility that diffusion restriction was
present, but the examinations were degraded to a degree
that cytotoxic oedema could not be detected despite the
images appearing of adequate quality. It is also well recog-
nised that the high signal on diffusion-weighted imaging
caused by cytotoxic oedema is transient if due to hypoxia or
infarction, with pseudo-normalisation occurring in approxi-
mately 7 days in children and adults and possibly earlier in
neonates. The timescale of this process is not known in the
fetal brain, but may lead to cytotoxic oedema being
overlooked.

In spite of these caveats, one possible explanation for the
abnormal high T2 signal in the cerebellar vermis that would
be that the brain changes are due to vasogenic oedema
resulting from venous restriction. This would be consistent
with the present findings and could arise from transient/
intermittent obstruction to venous drainage of the struc-
tures in the posterior fossa. The typical features of venous
outflow obstruction on MRI in other age groups is high
signal on T2-weighted images usually without obvious
restricted diffusion probably indicating vasogenic oedema,
but this is variable depending of the stage and severity of
venous restriction.'”

In conclusion, the majority of the recognised findings of
the Ch2 malformation in children are demonstrable on
iuMRI of the fetus. Over half of the fetuses had an additional
imaging finding not previously described, namely high T2
signal in the cerebellar vermis. The aetiology of this finding
remains unclear, but vasogenic oedema resulting from re-
striction of venous drainage may be a potential cause.
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