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Abstract

Objective: The goal of this study was to present the measurement range of fetal fourth ventricle on MRI mid-sagittal

images by gestational age in normal fetuses.

Methods: 207 pregnant women between 17 to the 38" week of gestation were imaged using MRI. The fourth ventricle
height and angle were measured, and the curve estimation analyses for linear and box-plots were performed.

Results: Our discovery showed that the fourth ventricle height had a close relationship with GA, increasing slightly from
2mm to 7mm between 17 to 38 gestational weeks. The fourth ventricle angle ranged from 40 degrees to 120 degrees and
demonstrated a moderate downward trend. Box-plots were graphed for clinical reference.

Conclusions: As the fetal fourth ventricle height and angle can be readily assessed by MRI, using the normative data
provided in this study, fetal posterior fossa anomalies could be detected in an early stage.
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Introduction

In recent years, significant progress has been made in
understanding of supratentorial brain [1-5] development and
malformations. However, much less attention has been paid to
the posterior fossa, especially the fetal fourth ventricle, which
is an important landmark for evaluating the development of
the posterior fossa [6-9]. Although the fourth ventricle can
be estimated by both the fetal MRI and ultrasonography,
only a few previous studies have done research on describing
normal fetal biometric data of the fourth ventricle [10-12].
The potential of studying the normal appearance of the fetal
fourth ventricle could help diagnosing the prenatal posterior
fossa malformations where the size and the shape of the
fourth ventricle usually change earlier [13-14].

Prenatal sonographic assessment of the fetal brain is
the main technique of choice, yet it owns limitations which
particularly in the area of examining of the posterior fossa
[15].With the development of rapid acquisition MR imaging,
it is now possible to evaluate the fetal fourth ventricle in
the late second trimester of pregnancy onwards. Direct
measurement of the fourth ventricle from the fetus in utero
would be more representative of normal development,
especially in the middle sagittal MRI images. The purpose
of the present study is to describe the normal appearance
and the growth of the fourth ventricle of the fetus on fetal
MRI mid-sagittal images.

Materials and Methods

A retrospective evaluation of 207 pregnant women with
known gestational age (GA) between 17 and 38 gestational
weeks were selected for this study, and they received MRI
imaging between January and December 2015. GA was
established based on the last menstrual period and confirmed
by first-trimester sonographic estimation. Informed consent
was obtained for all patients.

The following inclusion criteria were applied:
1. Single fetus
2. Absence of a documented fetal abnormal chromosome

3. Fetuses without complicated CNS pathologies documented
by ultrasound.
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119 out of 207 cases met the criteria of the study. Most
of them were previous diagnosed with various pathologies,
including congenital diaphragmatic hernia, gastroschisis,
urologic abnormalities, cystic adenomatoid malformation
and tumors such as teratoma, lymphangioma where they
were all unrelated to the region of the fetal brain etc.

Fetal MRI imaging was performed on a 1.5 Tesla
superconductive unit (Philips Gyroscan Intera, Philips Medical
Systems, Best, the Netherlands) with a five-element cardiac
surface coil. Subjects were scanned in the supine or lateral
decubitus position, without sedation. Multi-planar scout
images were obtained with steady-state free precession
(SSFP) sequence to localize the fetus and to determine
whether coil repositioning was needed. The imaging protocol
included T2-weighted, single-shot, fast spin echo (SSFSE)
sequences (TE 80 ms, 100 ms or 140 ms, TR ranging from
6000 to 20000 ms, slice thickness 4.0 mm, 256*256 matrix),
planned in axial orientations, perpendicular to the fetal
brainstem. Additionally, coronal, and sagittal sequences were
obtained, and each sequence was served as a scout image for
the next sequence. The FOV was adjusted to fetal size and
maternal body habitus, ranging from 180 to 240 mm.

The 2D measurements were processed on Philips
workstation (version 1.45S, National Institutes of Health,
Bethesda, MD, USA) by a radiologist who has 10-year MRI
processing experience to maintain consistency. The fourth
ventricle dimensions were regarded as the greatest distance
from the posterior part of the pons to the fastigium for the
height; the degree between the superior medullary velum,
fastigium and obex for the fourth ventricle angle (Figure 1
and Figure 2).

Figure 1: Fourth ventricle height on mid-sagittal T2 weighted
image.

Figure 2: Fourth ventricle angle on mid-sagittal T2 weighted image.

Statistical Analysis

The statistical analysis was performed using SPSS 17.0
software (SPSS, Release 17.0.0, SPSS Inc. the USA). The
measurements of the fourth ventricle height and angle were
analyzed by regression methods. A curve for GA was drawn to
estimate the linear mode.

Results

The fourth ventricle appeared as a triangular shape filling
with cerebral-spinal fluid, showing high intensity signal on
fetal MRI T2 weighted images, and completely covered by the
vermis. The fourth ventricle height and angle were charted by
the linear model (Figure 3 and Figure 4), and demonstrated
strong connection with GA accompanied with a slight increase
from 2mm to 7mm between the 17th and 38th gestational
weeks. The result for fourth ventricle angle was ranged from
40 to 120 degrees, showing an insignificant declining trend
and also closely related with GA. Furthermore, the box-
plot curves of the measurements were plotted over GA for
reference in practice (Figure 5 and Figure 6).

Discussion

We plotted the fourth ventricular height and angle
against GA between the 17* and 38™ weeks of pregnancy,
and we discovered that the height and the angle of the fourth
ventricle grow in a linear fashion and correlate well with GA.
The height of the fourth ventricle indicated an increasing
trend, ranging from 2 mm to 7 mm. However, the fourth
ventricle angle reflected a slight declining trend and ranges
from 4092 to 1209.

The fourth ventricle is a cavity filled with cerebral-spinal
fluid, extending from the sylvian aqueduct to the foramen of
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Figure 3: Fourth ventricle height against GW.
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Figure 6: Boxplot for fourth ventricle angle against Gw.
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Figure 4: Fourth ventricle angle against GW.
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Figure 5: Box plot for fourth ventricle height against Gw.

Magendie and separates the brain stem from the cerebellum
[15]. The fourth ventricle has a tent-like appearance, in which
the lateral walls are formed by the cerebellar peduncles. The
roof is formed by cerebellar peduncles, the medulla velum,
and the cerebellar nodules; the floor is delineated by the
surface of the pons and the medulla oblongata [15]. Previous
fetal MRI studies have shown that from the second stage, the
fourth ventricle has undergone significant changes, which
might be due to the dynamic changes of the cerebrospinal
fluid and the morphological changes of the configuration
of the fourth ventricle [9], and the present study was very
consistent with them.

Our results found that the fourth ventricle height has a
remarkable increase between 17 and 38 gestational weeks.
It is speculated that the fourth ventricle development closely
follows the development of the surrounding structures,
especially the vermis which developed completely after 18
weeks gestational age [16]. Although the fourth ventricle
angle showed a slight decrease in 2D images, the volume of the
fourth ventricle has a significant variation during the second
trimester, and it was demonstrated by 3D measurements [9].

The fourth ventricle appears as a triangle on mid-saggital
fetal MRI images. Any changes from the surroundings within
the posterior fossa may cause the fourth ventricle height
or/ and angle to increase or decrease [17-18]. Moreover,
the shape of the fourth ventricle should be alerted where
the fourth ventricle may lose the normal morphological
appearance when affected by certain diseases. Generally,
increasing or decreasing the fourth ventricle angle and
height could indicate the possible presence of anomaly of
the posterior fossa. Cystic malformations within the posterior
fossa, for example, Dandy-Walker malformation, Blake's
pouch cyst, posterior fossa arachnoid cyst, and etc. are the
main diseases which may cause the fourth ventricle to change its
shape [19]. Some diseases like Arnold-Chiari malformation often
decrease the height of the fourth ventricle [20]. Recent studies
have demonstrated that genetic diseases may also change the
morphological appearance of the fourth ventricle [21].
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Clinically, ultrasonography is the main tool for fetal
cerebral development evaluation, however, minimal focus
has been placed on normal anatomy and development of the
fourth ventricle since it is difficult to measure for ultrasound
technically [18]. Fetal MRI has more advantages than
ultrasonography to delineate the posterior fossa structures,
especially for the fourth ventricle. It is easy to measure the
fourth ventricle height and angle on MRI mid-saggital images.
Previous studies have proven that fetal MRI imaging was
able to define the anatomy and pathology of the fetus more
effectively while evaluating the posterior fossa [7]. In addition,
Fetal MRI is superior to sonography in the measurement of
the fourth ventricle by obtaining the sagittal images. Recently,
Vatansever, et al. measured the posterior fossa by fetal MRl
multi-dimensionally [9]. They measured 79 normal fetuses
and made the conclusion that the fourth ventricular height
and angle had significant difference against GA. The present
study has the same results with them. 3D measurements may
be more accurate to depict changes of the fourth ventricle.
However, in practice, the 2D measurement of the fourth
ventricle used in this study is faster and easier to implement
than the 3D measurement.

Several limitations may exist in the present study. Most
importantly, we measured some fetuses with abnormal
findings which are generally not related with disturbances
of the fourth ventricle. The possibility of further changes
of structural abnormalities of the fetal in the later GA
could not be excluded. Moreover, the fetal gestational age
may not be determined accurately, since we relied on the
definitions provided by the first trimester ultrasonography
scan, variations may exist and affect the age correction.
Furthermore, we would like to acknowledge the possibility
of the inadvertent inclusion of some subtle abnormal fetuses
which affect the measurement and cannot be detected by
ultrasound and/or MRI.

In conclusion, we measured the fetal fourth ventricle
height and angle between the 17t and 38™" week of gestation.
The results could be helpful for accessing normal shape of
fetal fourth ventricle and might serve as a reference in cases
of suspected abnormalities of the posterior fossa.
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