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Abstract

outcome.

postnatal developmental outcome.

Background: Corpus callosum agenesis (CCA) is a midline congenital anomaly. Routine prenatal 2D ultrasonography
(2D US) can suggest CCA. A definitive diagnosis and identification of more subtle associated neurological or non-
neurological abnormalities are difficult to be detected by prenatal 2D US; therefore, a further study by fetal magnetic
resonance imaging (MRI) is needed. This study highlights the role and evaluates the diagnostic value of fetal MRl in the
diagnosis of CCA and identifying the associated anomalies, which is a prognostic of the postnatal developmental

Results: Out of 27 fetuses that were suspected to have CCA on prenatal US, fetal MRI diagnosed 25/27 fetuses (92.5%)
with CCA, while the last 2/27 (7.5%) were ruled out; being false positive (FP) on prenatal US, they had normal corpus
callosum (CC). Cases diagnosed as CCA were either complete 77.7% (n = 21) or partial agenesis 14.8% (n = 4). They
were classified as followed: Only 5/25 (18.5%) had isolated CCA, while the majority 20/25 (74%) of CCA were complex
form associated with other anomalies (most of them 14 cases (70%) associated with other neurological anomalies,
while 4 cases (20%) associated with other non-neurological anomalies, and last 2 cases (10%) were having both
anomalies). The diagnostic performance of fetal MRI in diagnosis of CCA was as follows: sensitivity 100%, specificity
67%, positive predictive value (PPV) 96%, negative predictive value (NPV) 100%, and accuracy 96.3%. The sensitivity of
the detection of associated neurological abnormalities was 100% by fetal MRI for 75% by 2D US.

Conclusion: The prevalence of the complex CCA is higher than the isolated form. Fetal MRl is a valuable adjunctive
complementary imaging to prenatal 2D US with high diagnostic performance in the diagnosis of fetuses with CCA. It
confirms the diagnosis, assesses the extent of agenesis, and detects coexisting anomalies, which is a prognostic of the
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Background

Corpus callosum (CC) is a major commissures structure
in the human brain that consists of white matter tract
with millions of myelinated nerve fibers; it connects both
cerebral hemispheres. It is composed of four parts: the
rostrum, genu, body, and splenium; the isthmus which is
the narrow region between the body and splenium [1].
The development of CC starts between 8 to 11
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gestational weeks (GW) in humans, and it is complete in
its craniocaudal extent by 18 to 19 GW when it is de-
tected in prenatal imaging [2]. It can be considered fully
developed by about 4 years of the child’s age. However,
further maturation and growth continue throughout life
but at a slower rate [3]. Congenital anomalies of CC can
be classified as complete agenesis, partial and hypoplasia
[4]. The prevalence of CCA is about 0.1 to 0.7% in the
general population and 2.3% in the developmentally dis-
abled population [2]. The exact etiology is unknown.
However, a number of reasons are incriminated includ-
ing genetic factors; metabolic disorders or developmen-
tal insults to the developing brain, including infectious
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diseases [i.e., toxoplasma, rubella, cytomegalovirus, and
herpes], or vascular disorders [2].

Isolated CCA is uncommon. In most cases, a prenatally
detected CCA is commonly associated with other neuro-
logical or non-neurological malformations [2]. The associ-
ated neurological malformations are frequently present,
and it is the most important prognostic predictors of the
postnatal neurological deficits [5]. Routine prenatal 2D US
can suggest CCA which relies on detection of indirect
signs such as absent cavum septi pellucidi (CSP), ventricu-
lomegaly, widening of the interhemispheric fissure, colpo-
cephaly, high riding 3rd ventricle, and lack of the
pericallosal arteries are evident [6]. With the advent of
ultrafast T2 imaging techniques, fetal MRI allows better
direct visualization of the CC on a midline sagittal image.
Moreover, it allows detection of subtle neurological ab-
normalities that are prognostic indicators for the postnatal
neurodevelopmental outcome [7]. This study emphasizes
the diagnostic value of fetal MRI in the detection of CCA
and identification of the associated neurological and non-
neurological anomalies, which give insight on the postna-
tal developmental outcome.

Methods

Patients

The current study prospectively enrolled 27 pregnant fe-
males; 26 cases were singleton pregnancies, and 1 case
was dichorionic diamniotic twin pregnancy with 1 fetus
suspected to have CCA. They were referred from Fetal
Obstetric Ultrasound Unit to Radiology Department
with suspected CCA based on prenatal US for further
evaluation by fetal MRI. This study has been carried out
between January 2018 and December 2019. The mater-
nal ages ranged from 17 to 41 years with a mean + SD
(29.5 + 5.97 years) and gestational age (GA) based on
last menstrual period; it ranged from 20 to 37 GW with
a mean + SD (31 GW and 4 days + 5.2 GW).

Inclusion criteria

— The affected twin of the dichorionic diamniotic twin
pregnancy.

— Incidentally discovered or suspected fetus with CCA
monitored by fetal US, especially those fetuses with
limited US examination (e.g., maternal obesity,
oligohydramnios, fetal position).

— Fetuses with suspected associated congenital
anomalies which were not adequately assessed by
US.

Exclusion criteria:

— Fetuses with other central nervous system (CNS)
malformations other than CCA.
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— Pregnant female in the 1st trimester; (MRI
examination is not recommended during
organogenesis and due to a small-sized fetus with
excessive motion artifact).

— DPatients with contraindications for fetal MR[; (e.g., a
pacemaker, aneurysm clip, or metallic foreign body)

— DPatients who refused the examination.

Imaging

Patients were advised to fast for 4 h before the examin-
ation to reduce bowel peristalsis artifacts and to prevent
postprandial fetal motion. Also, patients were advised to
empty the urinary bladder immediately before undergo-
ing fetal MRI to prevent the urinary urge during the
examination. All metallic objects were removed. No con-
trast agents or sedation (maternal or fetal) was used. All
fetal MR examinations were performed using two MRI
1.5 T superconducting scanners (Intera, Philips Medical
Systems, Best, Netherlands and Magnetom Aera,
Siemens Healthineers, Germany). A multi-channel
phased array torso coil was used to allow increase signal
to noise ratio, increased coverage of the fetal head, and
improve the image quality. Patients were positioned in
the supine position (if < 30 weeks) or in left lateral pos-
ition (if > 30 weeks) to allow comfort of the patient dur-
ing the examination with feet first and ear plugs were
offered. The examination time ranged from 20 to 30
min. First maternal scout images were obtained using
true fast imaging with steady-state free precession se-
quence using 6-mm slices in the maternal coronal, axial,
and sagittal planes. These images are used to position
the subsequent high-resolution sequences adapted to the
position of the fetus. This was followed by T1-weighted
images (WI) sequence of the brain in axial plane. It was
used to detect hemorrhage or fat, sub-ependymal nod-
ules, and calcifications.

Ultra-fast T2-WI single-shot fast spin echo (SSFSE)
and balanced fast field of echo (B-FFE) were the main-
stay of the examinations and were acquired during ma-
ternal breath holding in the axial, sagittal, and coronal
planes. Whenever possible, imaging was repeated in each
plane until adequate images were obtained. The follow-
ing imaging parameters were used: TE = shortest (up to
2 ms), TR = shortest (up to 4 ms), slice thickness of 2—4
mm with a 0-2 mm gap, large FOV = 300-450 mm, flip
angle = 60-90°, number of excitations = 6-18, and
matrix about 1.5-mm in-plane resolution with 18-20
sequentially acquired imaging slices. All fetal MR images
were reviewed by 2 pediatric radiologists (S.E.EL. and
RI. with more than 10years’ experience). Fetal MRI
readers were blinded to the exact clinical history and
prenatal US results at the time of review. In this study,
CC shape, signal intensity, and length were evaluated.
Prenatal diagnosis of complete CCA was established in
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the absence of its visualization in mid-sagittal plane, and
a diagnosis of partial CCA was diagnosed at numerical
values of the length of the CC, less than the 5th percent-
ile of normative indices by Parazzini et al. [8] were con-
sidered for pregnancies between 18 and 22 weeks, and
those of Garel et al. [9] were utilized for pregnancies be-
tween 22 and 37 weeks. Follow-up information about the
outcome of the pregnancy, postnatal MRI studies, and
autopsy results were reviewed. This study was approved
by the hospital research ethics committee. All patients
were counseled and signed a consent form.

Statistical analysis

Data were coded and entered using the Statistical Pack-
age for Social Sciences, (SPSS 20) (Inc., Chicago, IL,
USA). Data were summarized using range, mean, and
standard deviation, in the quantitative data, using fre-
quency (count) and relative frequency (percentage) in
the categorical data. Standard diagnostic indices includ-
ing sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and diagnostic
accuracy were calculated.

Results
A total of 27 pregnant females participated in this study.
The maternal age ranged from 17 to 41 years with a mean
29.5years (SD = + 5.97), and the GA ranged from 20 to
37 WG, with a mean 31 WG and 4 days (SD+5.2 WQ).
Concerning the maternal obstetric history, the majority 20
cases were multi-gravida (74%). Regarding their consan-
guinity, only 9 (33.3%) had positive consanguinity. Con-
cerning the previous history of fetal CNS anomalies, only
5 (18.5%) gave history of previous CNS anomalies. Regard-
ing the fetal gender, the majority were males, 19 fetuses
(70.3%); demographic data are presented in Table 1. The
fate of pregnancy was 5 cases (18.5%) underwent termin-
ation of pregnancy (abortion), 2 cases (7.5%) had intra-
uterine fetal death, while the majority 20 cases (74%) con-
tinued their pregnancy to the 37th WG.

Out of 27 fetuses who were suspected to have CCA on
prenatal US, fetal MRI diagnosis agreed with prenatal

Table 1 Demographic details of pregnant females participated
in the study

Number of all participants n=27

Maternal age (mean/+SD) 29.5 years
(SD =+ 5.97)

GA (mean/+SD) 31GW,4 days
(SD £ 5.2 GW)

n =9 (33.33%)
n =20 (74%)
n =5 (18.5%)
n =19 (70.3%)

Positive consanguinity
Multigravida
Previous offspring with CNS anomalies

Fetal male gender
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US in 25/27 fetuses (92.5%); they had CCA, while there
were disagreements, FP on prenatal US in 2/27 (7.5%),
as they had normal CC by pre- and postnatal MRI. They
were classified into either complete 77.7% (n = 21) or
partial agenesis 14.8% (n = 4) (Fig. 1). Regarding their as-
sociation with other anomalies, only 5/25 (18.5%) had
isolated CCA, while the majority 20/25 (74%) of CCA
cases were complex form associated with other anomal-
ies (most of them 14 cases (70%) associated with other
neurological anomalies, while only 4 cases (20%) associ-
ated with other non-neurological anomalies, and the last
2 cases (10%) had both anomalies) (Fig. 2).

In this study there were 19/27 cases (70.4%) that had
ventriculomegaly (Fig. 3). Regarding the detection of as-
sociated neurological anomalies, the sensitivity of fetal
MRI was 100% compared to 75% in prenatal US; fetal
MRI identified all 16 cases that had other neurological
anomalies in the form of; 6/16 cases (37.5%) had inter-
hemispheric cyst (IHC) (Fig. 4), 5 cases (31.3%) had
neural tube defect (NTD) (Figs. 5, 6, 7, 8, 9, 10, and 11),
5/16 cases (31.3%) had cerebellarhemispheric and/ or
vermian hypoplasia (Figs. 4 and 6), 3 cases (18.8%) had
tonsillar herniation (Fig. 5), 3 cases (18.8%) had delayed
and abnormal cerebral sulcation (Figs. 4, 5, and; 8), 1
case (6.3%) had periventricular germinal matrix
hemorrhage (GMH) (Fig. 5), 1 case with microcephalic
skull (6.3%) and 1 case brain stem hypoplasia (6.3%)
(Table 2). anomalies, they were identified equally by pre-
natal US and MRI in 5 cases. In one case, MRI added
additional findings in the diagnosis of associated non-
neurological anomalies which were missed by prenatal
US. The associated non-neurological findings were renal
abnormalities (Fig. 3), thick nuchal fold, skeletal abnor-
malities (Fig. 2), duodenal atresia with polyhydramnios,
and last case with a diaphragmatic hernia illustrated in
Table 2.

Upon correlating the fetal MRI findings to the final
diagnoses (autopsy or postnatal MRI), 24 cases (88.9%)
were true positive (TP); two cases (7.5%) were false posi-
tive (FP) by US (7.5%), being true negative (TN) by MRL
MRI did not miss the diagnosis in any of the cases false
negative (FN = 0). While one case (3.7%) was FP diag-
nosed. Based on the previous findings, the diagnostic
performance of fetal MRI in diagnosis of CCA was as
follows: sensitivity 100%, specificity 67%, PPV 96%, NPV
100, and accuracy 96.3% (Fig. 11).

Discussion

The extent of CC malformation varies from partial to
complete agenesis or just hypoplasia; its thickness de-
creases along all its parts. In partial agenesis, the poster-
ior part is not developed. However, cases of anterior
agenesis have also been reported [10]. In CCA, identifi-
cation of indirect signs of CCA in the axial planes of
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2,(7.4%)

Fig. 1 Fetal MRI classification of CCA; (partial and complete agenesis)

Fetal MRI Corpous Callosum
Diagnosis

H Complete CCA
M Partial CCA
Normal CC

scanning allows suspecting this pathology. In order to
make the final diagnosis, it is necessary to assess CC in
the middle sagittal plane [7]. Fetal MRI allows better dir-
ect visualization of the CC. Moreover, the increased con-
trast resolution of fetal MRI allows detection of subtle
CNS abnormalities that are prognostic indicators for the
postnatal neurodevelopmental outcome [7]. Many disci-
plines, including obstetric, perinatology, genetics,
pediatric surgery, and neurology, are involved in fetal
MRI; therefore, the future of fetal MRI can be achieved
through multidisciplinary collaborative team [11].

A total of 27 pregnant females participated in this
study according to the inclusion criteria suspected to
have CCA on prenatal US. The maternal age ranged
from 17 to 41 years with a mean 29.5 years (SD = + 5.97).
The complete development of CC is around 18 to 19 GW
when it is detected in prenatal imaging [2]. Therefore,
in this study the GA ranged from 20 to 37 WG; with

a mean 31 WG and 4 days (SD+ 5.2 WG@). Concern-
ing the maternal obstetric history, most of the preg-
nant females, 20 cases, were multi-gravida (74%),
while only 7 cases (26%) were primi-gravida. Regarding
their consanguinity, only 9 (33.3%) had positive consan-
guinity, while the majority 18 cases (66.7%) were not
relatives. Concerning the previous history of fetal CNS
anomalies; only 5 (18.5%) gave history of previous CNS
anomalies in their offsprings. Regarding the fetal gender,
the majority were males, 19 fetuses (70.3%) while 8 fe-
tuses (29.7 %) were females; these were coinciding with
a study conducted by Manganaro et al. [12]: they re-
vealed that the average maternal age was 32.7 years (SD
= * 5.8), male fetuses were more numerous than female
fetuses. Considering the fate of pregnancy, Manganaro
et al. [12] found that 27% were terminated; 5.8% were
stillbirths; and 22% were born. In the current study, 5
cases (18.5%) underwent termination of pregnancy

14,(51.9%)

Fetal MRI Corpous Callosum
Diagnosis.

2,(7.4%)

2,(7.4%)

Fig. 2 Descriptive statistics of fetal MRI of CCA; (normal CC, isolated, and non-isolated CCA)

H Normal CC

M Isolated CCA

Associated neurological
anomalies

H Associated non-
neurological anomalies
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Fig. 3 A 29-year old pregnant female, 30th WG, (G2P1L1). T2 HASTE MRI of fetal brain in axial (a), coronal (b) views show: Parallel orientation of
the bodies of both lateral ventricles, being widely separated laterally with dilated posterior horn (colpocephaly). ¢ Mid-sagital view shows the
medial sulci and the adjacent cortical gyri are radiating in “sun burst” pattern perpendicular to the expected course of the corpus callosum and
absent pericallosal sulcus. Diagnosis: Picture suggestive of isolated complete CCA

(abortion), 2 cases (7.5%) had intra-uterine fetal death,
while the majority 20 cases (74%) continued their preg-
nancy to 37th WG.

Out of 27 fetuses who were suspected to have CCA on
prenatal US, fetal MRI diagnosis agreed with prenatal
US in 25/27 fetuses (92.5%); they had CCA, while there
were disagreements in 2/27 (7.5%) FP on prenatal US;

they had normal CC by pre- and postnatal MRI. A study
conducted by Sakar et al. [13] suspected 21% CC abnor-
mality by US. MRI confirmed in about 83% of cases
while in rest (16.7%), it disproved US diagnosis.

In the current study, CCA were classified into either
complete 77.7% (n = 21) or partial agenesis 14.8% (n =
4), and no hypoplastic cases. This was in accordance

bilateral clenched hands

Fig. 4 A 20-year old pregnant female at 30th WG, G1POLO, and negative consanguinity. T2* B-FFE-weighted MR images of the fetal brain
a and b Axial and c¢ sagittal views: shows typical indirect signs of CCA; supratentorial hydrocephalic changes, with colpocephaly,
deformed and upwards vertically oriented frontal horns and upwards extension of dilated 3rd ventricle, large dorsal inter-hemispheric
cyst, also diffusely abnormal delayed sulcation pattern. Dilated retrocerebellar space with small cerebellar hemispheres and brain stem,
absent inferior vermis. d and e sagittal view of the whole fetal body shows polyhydramnios, bilateral clenched hands, bilateral talipes.
Diagnosis: Partial CCA, inter-hemispheric cyst, lissencephaly, cerebellar and brain stem hypoplasia, polyhydraminos bilateral talipes, and
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Fig. 5 (See legend on next page.)
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(See figure on previous page.)

Fig. 5 A 29-year old pregnant female at 37th WG, with obstetric history of giving birth to a normal child, one previous abortion, and positive
consanguinity. T2*B-FFE fMRI (a and b) axial and sagittal images of the brain show supratentorial hydrocephalus, colpocephaly, absent corpus
callosum, sulcation delay (arrows), crowded posterior fossa, and tonsillar herniation (c and d) axial and sagittal images of the spine show
lumbosacral meningocele (arrows). Postnatal BFFE MRI brain (e) and (f) and spine (g) and (h) confirm the diagnosis. Diagnosis: Complete CCA

associated with Chiari Il malformation

with Riland et al. [14]; they diagnosed complete agenesis
in 76 %, partial agenesis 14%, and a hypoplastic CC in
9% of cases.

The classification of CCA can be either an isolated
anomaly or associated with other abnormalities: neuro-
logical or non- neurological anomalies. This study ob-
served that only 5/27 (18.5%) had isolated CCA, while
the majority 20/27 (74%) were complex form and associ-
ated with other anomalies. This was concordance with a
study done by Manganaro et al. [12]; they revealed that
fetal MRI demonstrated isolated CCA in 26.9%, while

the majority of the cohort about 73.1% CCA was associ-
ated with other anomalies. Another study done by
Riiland et al. [14] that found about 29 % was isolated and
71% was non-isolated form. However, these results are
higher than what had been reported in a previous study
done by Tang et al. [15]; they found that only 7% of
cases of CCA were isolated by fetal MRI; this may be
due to the younger GA and increased number of fetuses
in their study.

Ventriculomegaly was not considered an additional
finding because dilatation of the atria of the lateral

Fig. 6 A 35-year old pregnant female, 25th WG of twin (G2P1L1). MRI of the fetal brain of one twin: a Sagittal, b coronal views of the fetus, and ¢
axial view of fetal brain revealed enlarged posterior fossa showing large cyst which is communicating with the 4th ventricle, as well as occipital
meningeocele, hypoplastic laterally displaced cerebellar hemispheres with absent cerebellar vermis. Hypoplastic splenium of the corpus callosum,
widely separated occipital horns of the lateral ventricles. Bilateral small eye globes, bilateral enlarged high signal with innumerable small cystic
kidneys compressing the liver and shifting of the diaphragm upwards with hypoplastic lung. Diagnosis: Partial CCA associated with Dandy-Walker
syndrome, Meckel-Gruber syndrome, bilateral small eye globes, and hypoplastic lungs
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Fig. 7 A 30-year old pregnant female 30 WG, (G4P3L3), with positive consanguinity. MR of fetal brain axial (a and b), sagittal (c) views show a
small anterior part of CC that is lacking its body and splenium and only partially surrounds the 3rd ventricle, mild supratentorial ventriculomegaly
with widely separated parallel medial wall of lateral ventricles, and colpocephaly. Post-natal MRI fetal brain follow-up confirms the diagnosis; axial
(d) and mid-sagittal (e), coronal (f) views reveal absent CSP, high riding 3rd ventricle, mild supratentorial hydrocephalus, colpocephaly, hypoplasia
of the posterior part of the body and splenium of the corpus callosum, the adjacent cortical gyri are radiating in “sun burst” pattern perpendicular to
the dilated upward extended 3rd ventricle (arrow), the ventricles taking the appearance of moose head. Diagnosis: Isolated partial agenesis of the
corpus callosum

Fig. 8 A 29-year old pregnant female, 35th WG, (G3P2L2). MR/ of the fetal brain in sagittal (@) and axial (b and ¢) views show: Herniation of brain
parenchyma through a frontal midline defect measuring about 1.5 cm, associated with mild hypertolerism. Asymmetry of cerebral hemispheres,
enlarged right cerebral hemisphere shows abnormal cortical infoldings and sulcation, large right posterior porencephalic cyst is communicating
with deformed dilated right lateral ventricle body and the corpus callosum could not be identified, crowded posterior fossa with tonsillar
herniation, and small skull size. Diagnosis: CCA, Chiari | with frontal cephalocele, right hemimegalencephaly, right porencephaly, Abnormal sulcal
pattern, and microcephalic skull
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Fig. 9 A 36-years old pregnant female, 30 WG, (G2P1L1). Fetal BFFE MRI of the brain (a and b) T2 W/ axial views reveal marked ventriculomegaly of
both lateral ventricles with colpocephaly, frontal horns pointed anteriorly, 3rd ventricle upward elevation, thinning of cortical mantle at both
posterior parietal regions, bilateral periventricular nodular hypodensity, suspected germinal matrix hemorrhage, delayed sulcal pattern. Postnatal
MRI brain (c) FLAIR and (d) T1 WI confirm the diagnosis show punctate periventricular nodular being hypodense in FLAIR image and hyperdense
in TIWI (early sub-acute hemorrhage). Diagnosis: CCA with punctate periventricular GMH

Fig. 10 A 30-year old pregnant female, 34th WG, (G1POLO). Fetal MRI of the brain sagittal T2 WI shows complete absence of the CC with
herniation of the brain parenchyma and meninges through occipital defect about 6 mm. Diagnosis: CCA with occipital encephalo-meningeocele
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Table 2 Fetal MRI distribution of neurological and non-
neurological findings in CCA cases associated with other
anomalies

Neurological No.of  Non-neurological No. of

anomalies cases anomalies cases

HC 6 Renal abnormalities 2

Cerebellar/vermian 5 Diaphragmatic hernia 1

hypoplasia

Neural tube defect 5 Duodenal atresia 1

Tonsillar herniation 3 Hypoplastic lungs 1

Abnormal cerebral 3 Small eye globe 1

gyration

Porencephalic cyst 1 Thick nuchal fold (Down 1
syndrome)

Microcephalic skull 1 Skeletal abnormalities 1

Periventricular GMH 1

Brain stem hypoplasia 1

ventricle (more than 10 mm) can be attributed to callo-
sal agenesis; it is the main feature of isolated CCA. In
this study, there were 19/27 cases (70.4%) that had ven-
triculomegaly; one of them shows abnormal morphology
of the lateral ventricle involving the posterior horn,
which is incompletely formed, being deformed in shape,
with undulations along its margin, and focally dilated
due to communicating with porencephalic cyst.

For cases diagnosed to have complex form of CCA, they
are classified into: most of them 14 cases (70%) associated
with other neurological anomalies, while only 4 cases
(20%) associated with other non-neurological anomalies,
and the last 2 cases (10%) had both anomalies.

The most common associated neurological finding was
IHC about 6/16 cases (37.5%), 5 cases (31.3%) had NTD,
5/16 cases (31.3%) of cerebellar hemispheres and ver-
mian hypoplasia, 3 cases (18.8%) had tonsillar herniation,
3 cases (18.8%) had delayed and abnormal cerebral sul-
cation, 1 case (6.3%) had periventricular GMH, 1 case
with microcephalic skull (6.3%), and 1 case brain stem
hypoplasia (6.3%). The sensitivity of fetal MRI compared
to prenatal US in detection of neurological abnormalities
was 100%, while 2D US was 75%. In a study conducted
by Tang et al. [15], fetal MRI identified abnormalities
not detected by prenatal sonography in most (83%) pa-
tients; this difference is higher than that detected with
current study in which fetal MRI findings coincided with
that observed by prenatal US in 12 cases (75%). How-
ever, MRI added additional information to the US find-
ings in 4 cases only (25%) in the form of: 1 case with
small dorsal IHC, vermian hypoplasia, and small occipi-
tal meningocele; 2 cases with tonsillar descent (1 case
was Chiari I associated with frontal encephalocele, ab-
normal sulcation, and hemimegalencephaly), the other
case with small sacral meningocele (Chiari II).
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A study done by Manganaro et al. [12] found that
39.5% of cases had cortical developmental defects by
fetal MRI. In another study conducted by Tang et al.
[15], they observed that 42.8% of cases had abnormal
sulcal morphology, with gyral malformations. However,
in the current study, only 3 cases (18.8%) had delayed
and abnormal cerebral sulcation. Therefore, more sensi-
tive methods such as 3D morphometric study, diffusion-
weighted, and diffusion tensor imaging might detect
other sulcal abnormality cases.

Posterior fossa abnormalities were also a common
additional finding, in the form of 5/16 cases (31.3%) of
cerebellar and/or vermian hypoplasia, 3 cases (18.8%) of
tonsillar herniation, and 2 cases (12.5%) of occipital
meningocele/encephalocele. This was in agreement with
a study done by Manganaro et al. [12]; they confirmed
that fetal MRI detected associated cerebellar malforma-
tions in 30%. They also revealed that fetal MRI-
diagnosed CCA with cerebellar hemispheric abnormal-
ities were more common than vermian abnormalities;
they stated that it may be due to the difficulty in evaluat-
ing the fetal vermis or due to termination of those cases
with prenatally diagnosed cerebellar abnormalities. How-
ever, in current study, fetal MRI diagnosed CCA with
both cerebellar hemispheric abnormalities and vermian
abnormalities equally.

In the current study, the most common finding was
IHC, 6/16 cases (37.5%), while the least association was
periventricular GMH and a microcephalic skull each
represented in 1 case only (6.3%). In a study conducted
by Manganaro et al. [12], they detected that about 19.7%
had IHCs and only 9.2% had microcephaly.

Regarding the associated non-neurological anomalies,
Manganaro et al. [12] found that 22.4% had thoracoab-
dominal, 18.4% had musculoskeletal, 17% had craniofa-
cial, and 14.5% had cardiac malformations. However, in
this study, they were identified equally by prenatal US
and MRI in 5 cases. In the last case that had both neuro-
logical and non-neurological anomalies, MRI added add-
itional findings in the diagnosis of associated non-
neurological anomalies (hypoplastic lung and bilateral
small eye globes) which were missed by prenatal US.
The most common non-neurological anomalies were
renal abnormalities represented in 2 cases; one case in
the form of renal pelvic dilatation while the other was
bilateral enlarged multicystic kidneys (Meckel-Gruber
syndrome), it also had combined anomalies/associated
neurological anomalies, which were enlarged posterior
fossa showing large cyst which is communicating with
the 4th ventricle, as well as small occipital meningocele,
hypoplastic laterally displaced cerebellar hemispheres
with absent cerebellar vermis, widely separated occipital
horns of the lateral ventricles, 1 case with thick nuchal
fold (Down syndrome), 1 case of a duodenal atresia with
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subsequent polyhydramnios, 1 case of a diaphragmatic
hernia, and last case with skeletal abnormalities (bilateral
talipes equiovarus and clenched hands). It also had com-
bined anomalies/associated neurological anomalies in
the form of large dorsal IHC, also diffusely delayed sul-
cation pattern, enlarged retrocerebellar space with small
cerebellar hemispheres, absent inferior vermis, and hy-
poplastic brain stem.

Prenatal detection of CCA presents a challenge as the
US signs may be very subtle or appear late after the
second-trimester scans [15]. Many studies, such as
Wagenvoort et al. [16] and Malinger et al. [17] con-
cluded that MRI is superior to US, particularly in the
diagnosis of callosal anomalies. Raafat et al. [18] studied
the prevalence and value of fetal MRI in the diagnosis of
midline cerebral anomalies. They revealed that 5 cases
of partial callosal agenesis were missed by US and diag-
nosed by MRIL. The diagnostic accuracy for detecting
failed commissuration was 86.49% for US and 100% for
MRL In the current study, upon correlating the fetal
MRI findings to the final diagnoses, 24 cases (88.9%)
were true positive (TP) and two cases (7.5%) were false
positive (FP) by US (7.5%), being true negative (TN) by
MRI as they had a normal CC. MRI did not miss the
diagnosis in any of the cases false negative (FN = 0).
While one case (3.7%) was FP diagnosed as isolated par-
tial CCA, which was having a normal CC in postnatal
MRI. The diagnostic performance of fetal MRI in diag-
nosis of CCA was as follows: sensitivity 100%, specificity
67%, PPV 96%, NPV 100, and accuracy 96.3% to accur-
acy of 88.8% for prenatal US.

Superior soft tissue contrast, relative operator inde-
pendence, and a large field of view of fetal MRI make
it a valuable adjunctive complementary imaging to
prenatal 2D US with high diagnostic performance in
fetuses with CCA. However, MRI still has some dis-
advantages which include fetal motion artifact which
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affects image quality and its ability to obtain a true
sagittal plane, although it is reduced significantly by
using the ultrafast MR techniques; poorer spatial
resolution than US; high cost; and lack of expertise.
MRI showed superior value to US in diagnosis of
IHC, vermian abnormalities, tonsillar herniation,
NTD, and abnormal cerebral sulcation. While in non-
neurological anomalies MRI was superior in detection
of hypoplastic lung and small eye globes. The result
is not a technical advantage of the imaging method
but due to the fact that fetal MRI examination is al-
ways done for a specific organ of concern not for
whole fetal body; however, prenatal US is used for
screening the whole body for fetal anomalies.

This study highlights the diagnostic value of the fetal
MRI in the diagnosis of CCA; it has the ability to prog-
nosticate the developmental outcome through detection
of associated anomalies and allows informing the family
about the neurodevelopmental outcome of the child.
Therefore, continuous extended broad researches of fetal
MRI of CCA should be done, and longer follow-up is
needed because behavioral and cognitive difficulties may
not be detected until school age.

The study is limited by the fact that it included only
fetuses with prenatal US diagnosis of CCA and excluded
the cases with other brain anomalies; also, the study re-
lied on the prenatal US diagnosis; which depend on the
judgment of obstetrician whose learning curve was prob-
ably variable as US is an operator-dependent study. Fur-
thermore, the readers were from the same institution;
therefore, some variability in results if other institutions
replicated the work cannot be ruled out. Finally, fetal
MRI was performed at many different GA, which is
likely affecting the sensitivity of fetal MRI for CCA
diagnosis; thus, performing fetal MRI at a consistent GA
would probably give a better idea of the accuracy of the
study.
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Fig. 11 Statistical measures of fetal MRI performance in diagnosis of CCA and associated anomalies
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Conclusion

The prevalence of the complex CCA is higher than the
isolated form. US is the main primary survey; however,
MRI can add more additional information; it confirms
the diagnosis, assesses the extent of agenesis, and detects
coexisting anomalies; which is a prognostic of the post-
natal developmental outcome.
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