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Congenital Aqueductal Stenosis: Findings at Fetal MRI That
Accurately Predict a Postnatal Diagnosis

AR. Mehollin-Ray, ““'C.I. Cassady, ““W. Zhang, ““’N.K. Desai, and ““ M. Paldino

KJ. Heaphy-Henault, “*’C.V. Guimaraes,

ABSTRACT

BACKGROUND AND PURPOSE: Congenital aqueductal stenosis is a common cause of prenatal ventriculomegaly. An accurate diagnosis
provides prognostic information and may guide obstetric management. The purpose of this study was to identify specific anatomic
findings on prenatal MR imaging that can be used as predictors of congenital aqueductal stenosis.

MATERIALS AND METHODS: Prenatal and postnatal MRIs of fetuses referred to our institution for ventriculomegaly between June 2008
and August 2015 were reviewed. Imaging findings in postnatally confirmed congenital aqueductal stenosis (disease group) were compared
with those of ventriculomegaly cases from other causes (control group). Univariate analysis was performed using the Fisher exact test and
the Wilcoxon rank test, and multivariate analysis, via the random forest method.

RESULTS: Forty-three cases of ventriculomegaly had a confirmed postnatal diagnosis of congenital aqueductal stenosis. Thirty-two ventricu-
lomegaly cases negative for congenital aqueductal stenosis were included in the control group. Dominant findings associated with an accurate
prenatal diagnosis of congenital aqueductal stenosis on multivariate analysis included the following: enlarged inferior third ventricular recesses,
enlargement of the lateral ventricles and third ventricle, and an abnormal corpus callosum. Findings that significantly increase the probability of
congenital aqueductal stenosis (high positive predictive value) included the following: enlarged third ventricular recesses, aqueduct funneling,
hemorrhage in the cerebral aqueduct, ventricular diverticulum, rhombencephalosynapsis, and dystroglycanopathy-related cerebellar dysplasia.

CONCLUSIONS: Our study identified specific characteristics on fetal MR imaging that can be used as predictors of the diagnosis of
congenital aqueductal stenosis. Most of these findings are secondary to the obstructive nature of the resulting hydrocephalus. Common
associated malformations such as rhombencephalosynapsis and dystroglycanopathies should also increase the suspicion of congenital

aqueductal stenosis when present with ventriculomegaly.

ABBREVIATION: CAS = congenital aqueductal stenosis

entriculomegaly is the most common CNS abnormality
Videntified by prenatal imaging."” Lateral ventricular atria
diameter allows classification as mild (10—-12 mm), moderate
(12-15 mm), or severe (>15 mm).” Severe ventriculomegaly
has been associated with poor neurodevelopmental outcomes,
the extent of which is related to the underlying etiology of the
ventriculomegaly itself, including obstructive hydrocephalus,
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parenchymal disruption, cerebral malformation, and the pres-
ence of coexisting anomalies.*” A study performed by Hannon
et al* demonstrated the incidence of severe ventriculomegaly
to be 3.6 per 10,000 singleton births. Most cases are accompa-
nied by other anomalies (nonisolated), as Nyberg et al® dem-
onstrated in their study, with 84% of patients having at least 1
major CNS malformation and/or extra-CNS anomaly.
Congenital aqueductal stenosis is a form of noncommunicat-
ing hydrocephalus in which a complete or partial obstruction of
CSF flow at the aqueduct of Sylvius during fetal life results in
dilation of the lateral and third ventricles and increased intracra-
nial pressure. Given the obstructive nature of the hydrocephalus,
progressive ventricular enlargement often occurs prenatally and
may lead to delivery via cesarean section. This is different from
nonobstructive causes of prenatal ventriculomegaly. Therefore,
an accurate prenatal diagnosis is desirable because it may affect

prognosis and obstetric management.
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Table 1: Imaging findings associated with AS

weighted, axial DWI, and axial gradient

Findings Secondary to

Direct Findings Obstructive Hydrocephalus

Associated Malformations

Findings of echo sequences. The sagittal T1-weighted

sequence was performed as either routine

Aqueduct funneling
Blood in the aqueduct
Tectal thickening

Enlarged third ventricular recesses
Enlarged ventricular temporal horns
Perforated septum pellucidum
Lateral ventricular diverticulum
Callosal thinning and/or dysgenesis
Macrocephaly

Abnormal sulcation

Brain stem abnormality
Cerebellar hypoplasia
Cerebellar dysplasia
Rhombencephalosynapsis
Fourth ventricular dilation
Vermian hypoplasia

resolution (4 mm, 1-mm gap) or high res-
olution (1-mm, no gap). Additional sagit-
tal 3D high-resolution balanced steady-
state free precession imaging (0.3-mm, no
gap) was used when initial protocol did
not include a high-resolution T1-weighted

Note:—AS indicates aqueductal stenosis.

Prior studies have cited congenital aqueductal stenosis (CAS)
as a diagnosis of exclusion.” However, we propose that there are
specific MR imaging findings in the fetal CNS that allow a defin-
itive diagnosis of CAS, both in isolated and nonisolated forms.
Our goal was to analyze multiple prenatal MR imaging character-
istics in fetuses with CAS and identify specific findings that will
increase the prenatal accuracy for this diagnosis.

MATERIALS AND METHODS

Selection Criteria

This retrospective study was approved by the local institutional
review board. Patients were identified from a data base of in-utero
ventriculomegaly cases referred to our institution between June
2008 and August 2015. Inclusion in the study group was based on
the following criteria: 1) prenatal ventriculomegaly, 2) existence
of both pre- and postnatal brain MR imaging, and 3) diagnosis of
aqueductal stenosis at postnatal imaging.

A control group of patients with ventriculomegaly not due to
aqueductal stenosis was selected from the remaining cases on the
basis of similar criteria: 1) prenatal ventriculomegaly, 2) existence
of both pre- and postnatal brain MR imaging, and 3) postnatal
imaging negative for CAS.

Visualization of the cerebral aqueduct on a sagittal high-resolu-
tion sequence of postnatal MR imaging was considered the reference
standard for the diagnosis of aqueductal stenosis. Cases were consid-
ered positive when there was complete loss of aqueductal CSF signal
atany level (obstruction) or when subjective stenosis was observed in
association with the loss of the normal aqueductal luminal anat-
omy,*? such as seen with aqueductal funneling (dilation of the prox-
imal aqueduct with distal narrowing). Cases suspected of CAS on
prenatal MR imaging and not confirmed on postnatal imaging were
ultimately included in the control group. Cases in which primary
CAS could not be differentiated from compression by a large ventric-
ular diverticulum or an enlarged third ventricular suprapineal recess
were excluded from further analysis.

MR Imaging

Fetal MR imaging was performed on a 1.5T magnet (Achieva or
Ingenia; Philips Healthcare, Best, the Netherlands). Postnatal MRIs
were performed on both 1.5T and 3T magnets (Achieva or Ingenia;
Philips Healthcare). Representative prenatal imaging protocols were
as follows: 3-plane T2-weighted single-shot fast spin-echo, sagittal
T2-weighted balanced steady-state free precession, and axial T1-
weighted gradient echo, all at 3- to 4-mm slice thickness with no gap.
All studies performed after 2010 also had axial DWTI and axial EPI for
the evaluation of ischemia and blood products, respectively. Postna-
tal imaging included sagittal T1-weighted, axial and coronal T2-

sequence or aqueduct patency was uncer-
tain on the basis of initial sequences.

Image Review and Analysis

First, a catalog of imaging findings that might be expected to be
relevant in aqueductal stenosis was generated on the basis of the
literature.®'® These categorical findings fell into 3 main catego-
ries: 1) direct findings related to aqueductal stenosis, 2) indirect
findings related to obstructive hydrocephalus, and 3) findings re-
lated to associated malformations (Table 1).

Second, postnatal imaging in all subjects was reviewed,
blinded to the initial interpretation, to assign each patient to ei-
ther the CAS group or the control group. All imaging examina-
tions were reviewed by 2 pediatric neuroradiologists (C.V.G. and
N.K.D.) with dedicated subspecialty expertise in fetal neuroimag-
ing and 9 and 7 years of post-training experience, respectively.
Next, the 2 readers reviewed the prenatal MR imaging in all sub-
jects for the presence/absence of each of the categorical findings
described in Table 1. Discrepancies were settled by consensus.
Enlarged inferior third ventricular recesses, aqueductal funneling,
and tectal thickening were primarily evaluated on the sagittal
plane. All other imaging findings were reviewed using a combina-
tion of all imaging sequences. Findings not adequately evaluated
for any reason, including technical limitations (eg, excessive fetal
motion or lack of adequate sequence), were tabulated as negative.
In addition to the categorical findings, lateral and third ventricu-
lar dimensions were measured and recorded. Ventriculomegaly
was defined as a width of >10 mm of the lateral ventricular atria at
any gestation measured in the axial plane according to standard
method."" Severe ventriculomegaly was defined as an atrial diam-
eter of >15 mm.” The third ventricle was measured on the coro-
nal plane using the technique described by Garel'* and Kline-Fath
etal.””

Statistical Analysis

All statistical analyses were performed with R statistical and com-
puting software, Version 3.0.2 (http://www.r-project.org/). First,
univariate associations of individual categorical imaging findings
with the diagnosis of aqueductal stenosis were assessed across all
gestational ages and compared between the second and third tri-
mester using the Fisher Exact test (o = .05, corrected for multiple
comparisons according to the Bonferroni method)."* In addition,
sensitivity and specificity as well as the positive and negative pre-
dictive values of each imaging finding for the diagnosis of aque-
ductal stenosis were calculated using standard methods. Ventric-
ular measurements in patients with aqueductal stenosis were
compared with those of controls using the Wilcoxon rank sum
test (¢ = .05, corrected). Classification Tree Analysis'® was
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FIG1. Sagittal single-shot fast spin-echo sequence of a 32-week fetus
demonstrating normal midline anatomy. Note the fully formed cor-
pus callosum (white arrows), normal tectum (black arrow), a patent
cerebral aqueduct with normal intraluminal proportions (white ar-
rowhead), and a normal fourth ventricle (asterisk). Note also the nor-
mal expected midline morphology of the third ventricle (light gray
shaded area) with normal supraoptic and infundibular third ventricu-
lar recesses (black arrowheads).

used to assess the optimal thresholds for the diagnosis of aq-
ueductal stenosis based on lateral and third ventricular size.
Finally, a multivariate analysis was used to quantify the impor-
tance of each prenatal imaging finding to the diagnosis of aq-
ueductal stenosis using a random forest approach. Random
forest is a machine-learning algorithm for classification and
regression that uses multiple decision trees (decision forest) at
training time in a random fashion. This method can estimate
the independent contribution of an individual variable while
accounting for the contribution of all the other studied

variables.'®

RESULTS

Patients

Seventy-five patients with ventriculomegaly met the criteria
for inclusion. After blinded review of postnatal imaging, only a
single case of suspected CAS prenatally was not confirmed on
postnatal MR imaging and therefore was included in the con-
trol group. The final study group comprised 43 patients with
CAS (gestational age range, 19-36 weeks; median age, 23
weeks), and the final control group comprised 32 cases of ven-
triculomegaly not related to CAS (gestational age range, 20-38
weeks; median age, 23 weeks). The CAS group included iso-
lated (n = 15) and nonisolated (n = 28) cases of aqueductal
stenosis. A normal sagittal midline view of the fetal brain and
representative examples of findings seen in CAS are provided
in Figs 1-6. A summary of the associated CNS abnormalities
observed in the CAS group and in the ventriculomegaly control
group is shown in On-line Table 1.
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FIG 2. Sagittal balanced steady-state free precession sequence from
fetal MR imaging (A) of a 33-week fetus and a postnatal sagittal TI-
weighted sequence (B) of the same patient demonstrating stenosis of
the inferior cerebral aqueduct with associated aqueductal funneling
(arrow). As a result, there is marked enlarged of the lateral and third
ventricles with dilation of the inferior third ventricular recesses (white
arrowheads) depicted by bowing of the lamina terminalis and inferior
third ventricular floor. The corpus callosum is thin and superiorly
bowed (black arrowheads). Note also the normal size of the fourth
ventricle.

FIG 3. Fetal MR imaging of a 30-week fetus (A) and postnatal MR
imaging correlation (B) of prenatally diagnosed aqueductal stenosis
with tectal thickening and loss of intercollicular sulcus (arrows). There
is subtle early prominence of the supraoptic recess of the third ven-
tricle on fetal MR imaging (white arrowhead), which progressed to
more obvious dilation of both supraoptic and infundibular recesses
on postnatal imaging (white arrowheads). Note also the presence of
a superiorly bowed and thinned corpus callosum (black arrowheads).

Prenatal MR Imaging Findings

The association of categorical prenatal MR imaging findings with
CASissummarized in Table 2. All relevant findings were observed
across the range of gestational ages included in this study. Fre-
quencies of each finding did not differ significantly when patients
with aqueductal stenosis were imaged in the second trimester ver-
sus those imaged in the third trimester. Statistically significant
findings associated with aqueductal stenosis at univariate analysis
included the following: enlargement of the inferior recesses of the
third ventricle (P < .0023), an abnormally thinned and/or dysge-
netic corpus callosum (P < .0023), and the presence of a lateral
ventricular diverticulum (P = .0276) (Figs 2—4). Along similar
lines, enlargement of the third ventricular recesses and the pres-
ence of a lateral ventricular diverticulum were both highly specific
(97% specificity) for a diagnosis of CAS (Table 2). Direct findings
of stenosis of the aqueduct, including a funnel-shaped morphol-
ogy of the aqueduct (Fig 2) and hemorrhage within the aqueduct
(Fig 5), were also highly predictive of the diagnosis but rarely
detected (100% positive predictive value; 48%/44% negative pre-
dictive value, respectively). Finally, ventriculomegaly in the set-
ting of rhombencephalosynapsis (Fig 4) or dystroglycanopathy



FIG4. Asingle-shot fast spin-echo sequence in the axial planes (A and
B) through the fetal head in a 23-week fetus and postnatal axial T2-
weighted sequence (C and D) demonstrate asymmetric lateral ven-
triculomegaly with focal parenchymal disruption resulting in a poste-
rior ventricular diverticulum (black arrowheads). Note also
perforation of the septum pellucidum in A and C (arrow). Within the
posterior fossa (B and D), there are a small transverse cerebellar diam-
eter, absence of the cerebellar vermis, midline fusion of cerebellar
folia, and a convex posterior cerebellar contour (white arrowheads),
compatible with rhombencephalosynapsis.

FIG 5. T2-weighted EPI sequences of 2 different fetuses with aque-
ductal stenosis demonstrating T2-hypointense hemorrhage within
the cerebral aqueduct (A) in a 21-week fetus (white arrow) and within
the lateral ventricles (B) in a 23-week fetus (black arrows).

(Fig 6) was highly likely to be related to CAS (100% positive pre-
dictive value).

On the other hand, the value of callosal abnormalities lies in
their high negative predictive value (84%) and low specificity
(50%) (Table 2). Most interesting, dilation of the temporal horns
of the lateral ventricles, a finding seen with obstructive hydro-
cephalus, also demonstrated a high negative predictive value
(80%) and low specificity (38%) for the diagnosis of CAS.

Third and lateral ventricular sizes were all significantly larger
in patients with CAS than in ventriculomegaly controls (On-line
Table 2). Classification Tree Analysis identified an optimal
threshold of 14 mm for the size of the smaller lateral ventricle,
meaning that a measurement of the smaller of the 2 lateral
ventricles exceeding 14 mm was very likely to represent aque-

FIG 6. Single-shot fast spin-echo sagittal midline (A) and axial poste-
rior fossa (B) images in a 34-week fetus with multiple findings of dys-
troglycanopathy suggesting Walker-Warburg syndrome. Postnatal
correlation includes a sagittal T1-weighted sequence (C) and an axial
T2-weighted sequence (D). Sagittal views of both pre- and postnatal
MR imaging demonstrate a hypoplastic kinked brain stem (white ar-
rowheads) and a markedly hypoplastic cerebellar vermis. Note also
the dysplastic midbrain with thickening of the tectum causing steno-
sis of the cerebral aqueduct (arrows). Lateral and third ventricles are
markedly enlarged. Incidentally noted was a small occipital cephalo-
cele (asterisk). Axial views show cerebellar dysplasia with irregular
cerebellar margins (black arrowheads) and multiple small cerebellar
cysts, which account for the increased white matter T2 signal on fetal
MR imaging (asterisk). Note also a midline pontine cleft (white arrow-
heads in B and D), another common finding in Walker-Warburg
syndrome.

ductal stenosis in our cohort. No statistically significant size
threshold for the larger lateral ventricle or third ventricle could
be identified.

Multivariate analysis demonstrated that though several cate-
gorical findings did contribute independently, enlargement of the
inferior recesses of the third ventricle, size of the lateral and third
ventricles (especially enlargement of the smaller lateral ventricle),
and an abnormally thin and/or dysgenetic corpus callosum were
the dominant imaging findings driving an accurate diagnosis of
CAS (Fig 7).

DISCUSSION

Congenital aqueductal stenosis is the most common cause of pre-
natal obstructive hydrocephalus.'® Fetal MR imaging has become
a major problem-solving tool in the evaluation of ventriculo-
megaly based on its ability to define the underlying etiology as well
as any associated abnormalities.'”

The etiology of CAS is multifactorial, including both genetic
and acquired forms.” Acquired causes can be intrinsic (obstruc-
tion of the aqueduct lumen) or extrinsic (external compression).
Prenatally, acquired causes are most commonly intrinsic, result-
ing from infection (aqueduct gliosis/web) or intraventricular
hemorrhage. Extrinsic causes are less common in the prenatal

AINR Am J Neuroradiol 39:942-48 May 2018 www.ajnr.org 945



Table 2: Univariate analysis of categorical variables on prenatal MRI

Control AS Adjusted Sensitivity Specificity PPV NPV
Categorical Variable (n=32) (n=43) P Value (95% Cl1) (95% CI) (95% CI) (95% CI)
Enlarged inferior 3rd ventricular recesses 1(3.1%) 31(72%) <.0023* 72 (56-85) 97 (84-100) 97 (84-100) 72 (56-85)
Lateral ventricular diverticulum 1(3.1%) 15 (35%) .0276* 35 (21-51) 97 (84-100)  94(70-100) 53 (39-66)
Callosal thinning and/or dysgenesis 16(50%) 40(93%)  <.0023*  93(81-99) 50(32-68)  71(58-83) 84 (60-97)
Aqueductal funneling 0(0%) 9 (21%) 1909 21(10-36) 100 (89-100) 100 (60-100) 48 (36-61)
Blood in the aqueduct 0(0%) 3(7%) 1 70(15-19)  100(89-100) 100 (29-100) 44 (33-57)
Rhombencephalosynapsis 0(0%) 4(93%) 1 9 3(2.6-221)  100(89-100) 100 (40-100) 45 (33-57)
Cerebellar dysplasia 0(0%) 7 (16%) Anz 16 (6.8-31) 100 (89-100) 100 (59-100) 47 (35-60)
Tectal plate thickening 2(63%)  12(28%) 437 28 (15-44) 94 (79-99) 86 (57-98) 49 (36-62)
Intracranial hemorrhage 2(63%)  15(35%) 1035 35 (21-51) 94(79-99)  88(64-99) 52 (38-65)
Enlarged ventricular temporal horns 20(63%)  40(93%) .0575 93 (81-99) 38 (21-56) 67 (53-78) 80 (52-96)
Macrocephaly 4 (13%) 17 (40%) 2484 40 (25-56) 88 (71-96) 81(58-95) 52 (38-66)
Cerebellar hypoplasia 12(38%)  5(12%) 2714 12(3.9-25  63(44-79)  29(10-56)  34(22-48)
Vermian hypoplasia 4 (13%) 9 (21%) 1 21(10-36) 88 (71-96) 69 (39-91) 45 (32-58)
Brain stem abnormality 4 (13%) 10 (23%) 1 23 (12-39) 88 (71-96) 71(42-92) 46 (33-59)
Fourth ventricle dilation 3(94%)  4(93%) 1 93(2.6-22) 91(75-98)  57(18-90)  43(31-55)
Abnormal sulcation 8(25%) 10 (23%) 1 23 (12-39) 75 (57-89) 56 (31-78) 42 (29-56)
Perforated septum pellucidum 14(44%) 29 (67%) 1 67 (51-81) 56 (38-74) 67 (51-81) 56 (38-74)

Note:—NPV indicates negative predictive value; PPV, positive predictive value; AS, aqueductal stenosis.

2 Significant.

Enlarged Inferior 3rd Ventricular Recesses
Lateral Ventricle Atrial Diameter 2 (smaller)
Third Ventricle Diameter

Callosal Abnormality

Lateral Ventricle Atrial Diameter 1 (larger)
Aqueduct Funneling

Intracranial Hemorrhage

Lateral Ventricular Diverticulum

Abnormal Sulcation Pattern

Tectal Plate Thickening

Perforated Septum Pellucidum

Hemorrhage in the Aqueduct

Cerebellar Dysplasia related to Dystroglycanopathies
Rhombencephalosynapsis

Macrocephaly

Vermian hypoplasia

Enlarged Lateral Ventricular Temporal Horns
Fourth Ventricle Dilatation

Brainstem Abnormality

Cerebellar Hypoplasia

Relative Contribution to AS Diagnosis

o

20

FIG7. Random forest variable importance plot. This graphic shows the importance (x-axis) of each evaluated prenatal MR imaging finding (y-axis)
with respect to the diagnosis of CAS. The independent contribution of each prenatal finding was estimated as the error of CAS classification by
the machine-learning algorithm compared with the error that results when that finding is negated. The most important imaging findings
associated with an accurate diagnosis of CAS are highlighted in red. Dominant findings include enlargement of the third ventricle inferior
recesses, size of the lateral and third ventricles (especially enlargement of the smaller lateral ventricle), and an abnormally thin and/or dysgenetic
corpus callosum. AS indicates aqueductal stenosis.
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period and include tectal plate mass, periaqueductal vascular mal-
formation, or compression from a ventricular diverticulum.®'®

Of the genetic causes, X-linked and autosomal recessive disor-
ders have been described.'® X-linked mutation in the gene for the
L1 cell adhesion molecule is a known association with CAS as part
of what has been described as callosal hypoplasia, retardation,
adducted thumbs, spasticity (from absent or hypoplastic cortico-
spinal tracts), and hydrocephalus syndrome.”® Other described
malformative and genetic abnormalities associated with CAS
include rhombencephalosynapsis, diencephalic-mesencephalic
dysplasia, dystroglycanopathy, Chiari II malformation, and Dan-
dy-Walker malformation.”""*> We observed a similar spectrum of
associated malformations. Furthermore, ventriculomegaly in
rhombencephalosynapsis or dystroglycanopathy was highly likely
to be caused by aqueductal stenosis (100% specificity and positive
predictive value in our cohort). These results are in line with pre-
vious reports on CAS, suggesting that approximately 10% of cases
have associated rhombencephalosynapsis and most rhomben-
cephalosynapsis cases have CAS, with an incidence reaching near
100% in some series.”>** Dystroglycanopathies can often present
with CAS as a result of midbrain-hindbrain dysplasia and tectal
plate thickening.>> A dysplastic cerebellum is also a common find-
ing seen in dystroglycanopathies. This feature showed 100% pos-
itive predictive value in our cohort, suggesting a strong associa-
tion between CAS and dystroglycanopathies presenting with
prenatal ventriculomegaly. Although we observed cases of Chiari
II malformation and diencephalic-mesencephalic dysplasia with
midline fusion (diencephalo-mesencephalosynapsis), their asso-
ciation with the diagnosis of CAS was not statistically significant
in this cohort.

The spectrum of imaging findings seen in prenatally diagnosed
CAS depends on the underlying cause, severity of stenosis, and
gestational age. CAS commonly presents with moderate-to-se-
vere ventriculomegaly due to its obstructive nature. Given that
patients with severe ventriculomegaly often have poor neurode-
velopmental outcomes, it is not surprising that patients with CAS
are at an elevated risk for long-term neurologic dysfunction.>>°
Neurologic deficits in CAS result in large part, from the effects of
CSF obstruction: Reduced or abolished third ventricular outflow
leads to an increase in upstream intraventricular pressure; in-
creased pressure results in decreased periventricular cerebral
blood flow, regional ischemia, an altered neuronal microenviron-
ment, and, ultimately, axonal shear and gliosis.””

Morphologic abnormalities originate due to similar phenom-
ena. Ventricular enlargement and hypertension tend to stretch
and bow the corpus callosum superiorly, often with disruption of
normal callosal formation, resulting in varying degrees of thin-
ning and dysgenesis.”® In severe cases, periventricular parenchy-
mal injury based on increased intraventricular pressure can cause
focal destruction of the cerebral mantle, leaving only a thin gliotic
membrane, allowing the formation of a diverticulum.>’

Consistent with this pathogenesis, we observed that the most
predictive findings associated with an accurate diagnosis of CAS
were related to increased intraventricular pressure resulting from
obstructive hydrocephalus. These findings, especially the degree
of ventricular enlargement and formation of ventricular divertic-
ula, imply a severe obstructive pathophysiology in CAS compared

with control patients with ventriculomegaly. Prenatally, an en-
larged third ventricle in the setting of lateral ventriculomegaly and
anormal fourth ventricle have been used as a key finding suggest-
ing stenosis of the cerebral aqueduct. This is particularly impor-
tant in the early second trimester, when direct visualization of
aqueduct patency may fall below the resolution of fetal MR imag-
ing. The normal size for gestational age of the third ventricle has
been previously described on both sonography and MR imaging
methods.'*'*?°? An MR imaging measurement on the coronal
plane of >4 mm is considered enlarged at any gestational age."” In
our cohort, the mean lateral third ventricular diameter in CAS
cases was 7.37 = 3.61 mm compared with 3.78 = 1.89 mm in the
control group. Another important aspect in the prenatal evalua-
tion of the third ventricle is the assessment of the third ventricular
recesses. Enlargement of the inferior recesses of the third ventricle
is a morphologic finding that tends to result in obstructive hydro-
cephalus and is thought to reflect the absence of brain tissue sur-
rounding these recesses, precluding enlargement on an ex vacuo
basis. Although we expected this finding to be seen in both CAS
and non-CAS cases with obstructive physiology, recess enlarge-
ment was highly specific for CAS in our cohort, which may reflect
the tendency for patients with CAS to present with a greater de-
gree of hydrocephalus.

In the postnatal setting, the diagnosis of CAS relies heavily on
direct findings related to aqueduct narrowing or obstruction, in-
cluding a funnel-shaped morphology of the proximal aqueduct
reflecting distal obstruction. These findings, although highly pre-
dictive on fetal MR imaging when present, were rarely identified
on prenatal imaging, which may be due to the small size of these
structures relative to the spatial resolution typical of fetal MR
imaging.

Although it is not without risk, it has been hypothesized that
decompression of the ventricular hypertension with in-utero ven-
triculoamniotic shunting may normalize cerebral blood flow and
ventricular size, thus preventing progressive neurologic injury in
cases in which aqueductal stenosis is an isolated finding.”® A study
of in-utero intervention for aqueductal stenosis in the 1980s,
however, failed to demonstrate value in this approach.”” Many
attribute this failure to poor patient selection, in that ventriculo-
megaly cases caused by CNS malformations other than CAS were
not adequately identified and excluded before surgical interven-
tion.”””’ Recent studies have demonstrated that CAS can be ac-
curately diagnosed prenatally by sonography.*® Our study further
solidifies this diagnostic accuracy using a larger sample size to
analyze specific characteristics of CAS found on prenatal MR
imaging.

Limitations of this study include those related to the retrospec-
tive design and the intrinsic limitations of fetal MR imaging, in-
cluding low spatial resolution and the effects of fetal motion. In
particular, the small size of some of the structures evaluated in
this study can present a challenge at fetal imaging. This limita-
tion may explain the relatively poor sensitivity of direct imag-
ing findings for the diagnosis of aqueductal stenosis in our
cohort. Last, there was inconsistent postnatal genetic evalua-
tion in our cohort, resulting in an unknown incidence of spe-
cific genetic causes of CAS.
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CONCLUSIONS

We have presented fetal MR imaging findings that can contribute
to a reliable prenatal diagnosis of CAS. Findings related to the
severity of obstruction, especially enlargement of the inferior re-
cesses of the third ventricle, the degree of lateral and third ventric-
ular enlargement, and the presence of a lateral ventricular diver-
ticulum, were most predictive for the diagnosis of CAS in our
cohort. Direct findings related to stenosis of the aqueduct, such as
a funnel-shaped morphology of the aqueduct and hemorrhage
within the aqueduct, are highly specific for the diagnosis of CAS
but are rarely detected prenatally. Last, identification of certain
brain malformations, such as rhombencephalosynapsis and those
seen in dystroglycanopathy, should raise suspicion for CAS as the
cause of prenatal ventriculomegaly. An accurate diagnosis may
provide prognostic information and obstetric guidance and can
potentially improve patient selection for any future studies of in-
utero intervention for ventriculomegaly.
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