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Abstract

Background: Prenatal ultrasound has always been difficult to classify fetal corpus callosum abnormalities. This paper aims to evaluate
the added value of fetal magnetic resonance imaging (MRI) to ultrasound in detecting fetal corpus callosum anomalies and the consistency
of the classification of prenatal ultrasound and magnetic resonance imaging for corpus callosum anomalies. Methods: A retrospective
analysis was performed of fetuses with abnormal cavum septi pellucidi who had ultrasonography and MRI in utero in Sichuan Maternal
and Child Health Hospital and Wenjiang District Maternal in China and Child Health Hospital from January 2018 to December 2023.
Fetal corpus callosum anomalies are classified according to the severity of the findings. The classification results of MRI were used as
the diagnostic criteria. The findings detected on ultrasound (US) were compared to those detected on MRI. and the receiver operating
characteristic (ROC) curve was used to analyze the sensitivity and specificity of prenatal ultrasound in diagnosing corpus callosum
anomalies. The Kappa test was used to analyze the consistency of prenatal ultrasound and MRI in the classification of corpus callosum
anomalies. Results: Of the 203 cases of fetuses with abnormal cavum septi pellucidi, 143 cases (70.4%) were normal, 34 cases (16.7%)
had complete agenesis of the corpus callosum, and 18 cases (8.9%) had partial agenesis of the corpus callosum. Eight cases (3.9%) had
dysplasia of the corpus callosum. The area under the ROC curve of prenatal ultrasound for the diagnosis of corpus callosum anomalies was
0.840 (95% confidence interval (CI) 0.782–0.888), the sensitivity was 75.00%, and the specificity was 93.01%, The positive likelihood
ratio was 10.7 and the negative likelihood ratio was 0.3. Prenatal ultrasonography andMRI hadmoderate concordance in the classification
of corpus callosum anomalies (Kappa = 0.673, p < 0.001). The concordance was good in diagnosing complete agenesis of the corpus
callosum (Kappa = 0.862, p< 0.001), while the concordance was moderate in diagnosing partial agenesis of the corpus callosum (Kappa
= 0.643, p < 0.001). Conclusions: Prenatal ultrasonography is accurate and effective in the diagnosis of corpus callosum anomalies.
Magnetic resonance imaging can provide more information in the classification of corpus callosum anomalies and the diagnosis of
neurologic complications. The MRI should be combined with ultrasonographic transverse, midsagittal, and coronal views to evaluate
the classification of corpus callosum anomalies.
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1. Introduction

Abnormality of the corpus callosum is divided into
three types: complete absence of corpus callosum (com-
plete agenesis of the corpus callosum (CACC)), partial loss
of the corpus callosum (partial agenesis of the corpus callo-
sum (PACC)), and hypoplasia of corpus callosum (HpCC)
which is a thin or small corpus callosum [1]. The cavum
septi pellucidi is closely related to the embryonic origin of
the corpus callosum, and the abnormal development of the
cavum septi pellucidi suggests the abnormal development
of the corpus callosum and other structures [2,3]. Mag-
netic resonance is of great value for the evaluation of normal
fetal anatomy [4] and the diagnosis of birth defects, espe-
cially the prenatal diagnosis of the central nervous system
abnormalities [5,6]. According to literature reports, differ-

ent types of simple corpus callosum developmental abnor-
malities have a different prognosis. Both CACC and PACC
have a high risk of chromosomal abnormalities [1,7]. Ab-
normalities of the corpus callosum are strongly associated
with early-onset epilepsy with Aicardi syndrome. The in-
cidence of different types of corpus callosum abnormalities
in this disease varies [8]. Accurate classification of corpus
callosum abnormalities is particularly important. The use
of fetal magnetic resonance imaging (MRI) is valuable in
the classification of abnormalities of the corpus callosum
after the confirmation of a suspected diagnosis on prenatal
ultrasound [9]. Previous article had mainly focused on pre-
natal ultrasound and magnetic resonance diagnosis of the
corpus callosum [10]. However, few articles have reported
the consistency of the two methods in classification of cor-
pus callosum abnormalities [11]. This study aims to eval-
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uate the efficacy of prenatal ultrasound in the diagnosis of
corpus callosum abnormalities and analyze the consistency
of ultrasound and magnetic resonance examinations on the
classification of corpus callosum abnormalities.

2. Materials and Methods
2.1 Patient Data

The singleton fetus imaged in Wenjiang District Ma-
ternal in China and Child Health Hospital and Sichuan Ma-
ternal and Child Health Hospital in China from January
2018 to December 2023 was selected as the study image,
with inclusion criteria being: (1) Abnormal cavum septi
pellucidi in prenatal ultrasound screening; (2) Those who
have completed the fetal cranial MRI examination within
about a week of prenatal ultrasound; (3) A written consent
was signed by the patients or their families/legal guardians.
And the exclusion criteria were: (1) Patients whose fetal
cranial MRI images cannot be clearly classified; (2) Those
cases were lost to be followed by clinical care or telephone
contact.

2.2 Methods
Ultrasound examination was performed utilizing ei-

ther General Electric Company volusion E8 (GE Health-
care, Zipf, Austria), Mindray Resona 8S (Mindray Res-
ona, Shenzhen, Guangdong, China) color Doppler ultra-
sound diagnostic instrument, transabdominal probe (probe
frequency 2–5 MHz) and transvaginal 3 dimensional vol-
ume probe (probe frequency 5–9 MHz). Pregnant patients
were taken in the supine position and scanned through the
abdomen. Prenatal examination was conducted according
to the Guidelines for Ultrasound Examination (2012) of Ul-
trasound Branch of Chinese Medical Doctor Association
[12], and the transverse view of the fetal brain was re-
tained. When the abnormal development of the fetal cor-
pus callosum was suspected by the abnormal morphology
of the transparent septum cavity, the fetal sagittal views
were obtained by two-dimensional and three-dimensional
ultrasound. Focus was placed on the following contents: 1.
Direct signs: observe the morphology, size and integrity of
the corpus callosum on the median sagittal view. In the me-
dian sagittal view of the fetal brain, the corpus callosum is
located below the cingulate gyrus and above the thalamus,
and is strip-like hypoechoic; 2. Indirect signs: (1) Cavum
septi pellucidi (CSP) abnormal morphology: a. The width
of cavum septi pellucidi beyond the 95th percentile values
of CSP (3.7–7 mm) [13]; b. Ratio of anterior-to-posterior
diameter to transverse diameter (L/W) is less than 1.5 [14];
c. Absence of CSP; (2) Lateral ventricle expansion: The
value of the lateral ventricle body is greater than 1 mm; (3)
“Teardrop change”: The lateral ventricles lose their normal
morphology, with the anterior horns and anterior parts of
the body slender and the posterior parts of the body rounded
and blunt, resembling teardrops; (4) Three echogenic lines
running parallel in the upper cranium, the middle one repre-

senting the falx cerebri, the lateral ones representing theme-
dial borders of the separated hemispheres, the “three lines
sign”; (5) Midline thalamic posterior cystic mass; (6) Peri-
callosal artery disappearing or abnormal morphology with
color Doppler not collecting signals from the pericallosal
artery above the corpus callosum or color Doppler only col-
lecting part of the pericallosal artery signal above the cor-
pus callosum, and the pericallosal artery is abnormal; (7)
Combined with intracranial and external anomalies. Fi-
nally, two physicians qualified for prenatal diagnosis made
a clear diagnosis together, and the MRI examination re-
sults were not known at the time of diagnosis. All sub-
jects gave their informed consent for inclusion before they
participated in the study. The study was conducted in ac-
cordance with the Declaration of Helsinki, and the protocol
was approved by the Ethics Committee of Wenjiang Dis-
trict Maternal and Child Health Hospital (approval number:
WJFY2022LSLY-032).

All fetal MRI examinations were performed via a GE
Signa HDx 1.5T (GE Medical Systems, Waukesha, WI,
USA) with an 8-channel abdominal phased array coil. The
patient was lying on the examination table, supine or lat-
eral, with her head going first. The mother was scanned
in three planes to determine the fetal position. The fetal
head was then scanned in three directions: coronal, sagit-
tal, and axial, with the last image serving as the baseline
for each scan to assure image positioning accuracy. The
scanning sequences used and parameters were as follows:
(1) T2-weighted of single-shot fast spin echo (SS FSE) with
coronal, sagittal, and axial directions, slice thickness 4 mm,
gap 0.5 mm, field of view (FOV) 380 mm× 380 mm, echo
time (TE) 100 ms, repetition time (TR) 1800 ms, and ma-
trix 320× 256. (2) Axial three dimensional (3D) fast imag-
ing employing steady state acquisition (3D FIESTA), slice
thickness 3 mm, FOV 380 mm × 380 mm, TE minimum,
TR minimum, flip angle 65°, and matrix of 320 × 256. (3)
Axial T1-weighted of fast spoiled gradient echo (FSPGR),
slice thickness 4 mm, gap 0.5 mm, FOV 380 mm × 380
mm, TE min full, TR 155 ms, flip angle 80°, and matrix of
228× 160. (4) Axial diffusion-weighted imaging (DWI), b
value 600, slice thickness 4 mm, gap 0.5 mm, FOV 380 mm
× 380 mm, TE minimum, TR 4200 ms, and matrix 128 ×
130. The scanning time was about 12–17 minutes. Two ra-
diologists separately examined the fetal brain’s shape, size,
and signal, as well as the anatomy of the corpus callosum
and other abnormalities, with ultrasound data unknown at
the time of diagnosis.

Classification criteria of the corpus callosum was the
same in both ultrasound (US) andMRI: (1) Normal, normal
sagittal length and complete parts of the mouth, knee, body,
and pressure, with normal thickness; (2) CACC, refers to
corpus callosum not displayed; (3) PACC, refers to only
display part of the corpus callosum, including part of the
mouth, genu, body and splenium; and (4) HpCC, refers to
the short or thin corpus callosum. Malinger G et al. [15]
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Table 1. Basic information and prenatal ultrasound image characteristics of the 203 cases.

Types (NO.)
Gravida age
(year) #

Ultrasound gesta-
tional weeks
(week) #

Direct sign (%) Indirect sign (%)

Middle sagittal
view in 2D*

Sagittal tangent
view in 3D*

Abnormal CSP Lateral ventricle
dilates*

“Tear sign” *
“Three-lines
sign” *

Cystic behind
thalamic*

Upper third
ventricle*

Abnormal perica-
llosal artery*Missing* L/W <1.5* Narrow*

CACC 34 28.1 (26.4, 29.8) 26.8 (25.0, 28.7) 19 (55.9) 5 (14.7) 32 (94.1) 1 (2.9) 1 (2.9) 28 (82.3) 18 (52.9) 22 (64.7) 16 (47.1) 6 (17.6) 15 (44.1)
PACC 18 28.3 (26.3, 30.4) 27.3 (25.4, 29.1) 11 (61.1) 2 (25.0) - 2 (11.1) 2 (11.1) 17 (94.4) 2 (11.1) 3 (16.7) 8 (44.4) 1 (5.5) 4 (22.2)
HpCC 8 30.6 (25.9, 35.4) 28.7 (25.4, 32.1) 5 (62.5) 4 (50.0) - 1 (12.5) - 2 (2.5) - - 2 (2.5) - -
Normal 143 27.9 (27.3, 28.7) 26.8 (26.2, 27.4) 60 (41.9) 53 (37.0) - 2 (1.4) 101 (92.0) 8 (5.6) - - 2 (1.4) - -
Note: NO., number; Non-normally distributed continuous variables are shown as median (interquartile range). #, data are medians, data in parentheses are the interquartile range; categorical variables are
shown as n [%]. *, data are medians, data in parentheses are the interquartile range; CACC, complete corpus callossum loss; PACC, partial corpus callossum loss; HpCC, corpus callosum dysplasia; Normal,
normal corpus callosum; CSP, cavum septi pellucidi; L/W, ratio of anterior-to-posterior diameter to transverse diameter; 2D, two-dimensional; 3D, three-dimensional.
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data was used as the reference standard for the thickness
and length of the corpus callosum.

2.3 Statistical Analysis
Statistical analysis was performed using SPSS 24.0

software (IBM, Armonk, NY, USA) and MedCalc soft-
ware version 11.4.2.0 (MedCalc Software, Mariakerke,
Belgium). Measurement data were expressed by mean and
standard deviation (SD) or median (P25, P75) based on the
data distribution format in the manuscript, the number and
percentage were used for non-missing values of categori-
cal variables. The difference between the two continuous
variables was assessed by T-test and non-parametric test as
appropriate. Using MRI results, the sensitivity, the speci-
ficity, the positive likelihood ratio, and the negative like-
lihood ratio of ultrasound were calculated for the diagno-
sis of abnormal corpus callosum development. The diag-
nostic efficacy of prenatal ultrasound on the abnormality of
the corpus callosum was analyzed using receiver operating
characteristic curve (ROC). The Kappa method was used to
evaluate the level of agreement between the two diagnostic
modalities and between the two observers per each modal-
ity. Kappa Consistency classification: poor consistency
(Kappa = 0.00–0.20), general consistency (Kappa: 0.21–
0.40), moderate consistency (Kappa: 0.41–0.60), good con-
sistency (Kappa: 0.61–0.80), and excellent consistency
(Kappa: 0.81–1.00). Two-sided p < 0.05 was considered
as a statistically significant difference.

3. Results
3.1 Basic Information

Two hundred and three patients were studied and the
mean age was 28.2 (18, 40) years old. The gestational age
was 26.9 (20.6, 36.1) weeks on US, and the gestational age
was 27.1 (20.7, 36.4) weeks on MRI. There was no sig-
nificant difference in gestational age between ultrasound
and MRI examinations (Z = –10.183, p < 0.001). Among
the 203 included fetuses, 29 had arachnoid cysts (14.3%)
in brain midline, 1 had intracranial hemorrhage (0.5%), 1
had cerebellar vermis dysplasia (0.5%), 5 had cerebral cor-
tical malformation (2.5%) and 1 hadmidline lipoma (0.5%).
Among these, 2 cases midline cyst, 1 arachnoid cyst in the
posterior fossa, and 1 cerebral cortical malformation had
missed on ultrasound (Fig. 1). Of the 203 cases, 15 decided
to terminate the pregnancy (7.4%), one case of fetus with
normal corpus callosum development showed strabismus
after birth. Genetic testing of an HpCC patient confirmed
a 10.36 Mb heterozygous deletion in the 6q25.3q27 region,
which was a pathogenic copy number variation. and 8 cases
were lost to follow-up (3.9%). The infant health care results
of the remaining fetuses showed no abnormality after birth.

Prenatal ultrasound images were analyzed for the in-
cluded cases. Direct signs: In 203 cases, 95 cases (46.8%)
had obtained sagittal views successfully by 2D scanning,
and 64 cases (31.5%) showed median sagittal views by 3D

scanning. Indirect signs: in CACC, 34 cases had abnormal
cavum septi pellucidi (100%). The occurrence rate of other
indirect signs ranged from high to low as lateral ventricle
expansion, presence of “three lines sign”, the “teardrop”
sign of the lateral ventricle, cystica behind thalamic widen-
ing, abnormal pericallosal artery, and lifting of the third
ventricle. In cases of PACC, 2 (11.1%) had the length/width
of the cavum septi pellucidi being less than 1.5, and 2
(11.1%) had small cavum septi pellucidi (Table 1).

3.2 Analysis of the Diagnostic Efficacy of Prenatal
Ultrasound for Corpus Callosum Abnormalities

Of the 203 fetuses, 60 (29.6%) were diagnosed as ab-
normal corpus callosum, and 143 (70.4%) as normal by
MRI. Utilizing ultrasound, the results were 56 (27.6%) and
147 (72.4%). Prenatal ultrasound diagnosis of abnormal
corpus callosum had the area under the curve being 0.840
(95% CI 0.782–0.888) (Table 2, Fig. 2).

3.3 Consistent Analysis of Classification of Abnormal
Corpus Callosum by Prenatal Ultrasound and Magnetic
Resonance and Sonogram Characteristics

Of the 203 fetuses, 56 (27.6%) had abnormal cor-
pus callosum according to prenatal ultrasound, in which 36
(64.3%) cases were CACC, 17 (30.3%) cases were PACC,
and 3 (5.4%) were HpCC (Table 1).

Sixty (29.6%) had an abnormal corpus callosum ac-
cording to MRI, in which 34 (56.7%) cases were CACC, 18
(30.0%), cases were PACC and 8 (13.3%) was HpCC (Ta-
ble 1). Among patients with PACC, there were 2 (11.1%)
cases of rostrum dysplasia, 2 (11.1%) cases of body and
splenium dysplasia, and 14 (77.8%) cases of splenium dys-
plasia. Among patients with HpCC, seven cases (87.5%)
had short corpus callosum and 1 (12.5%) case had thin cor-
pus callosum.

Table 2. Results of prenatal ultrasound and MRI typing for
203 cases of suspected abnormal corpus callosum

development.

Ultrasound
Magnetic resonance

Amount to
Normal HpCC PACC CACC

Normal 133 6 7 1 147
HpCC 1 1 1 0 3
PACC 6 1 8 2 17
CACC 3 0 2 31 36
Amount to 143 8 18 34 203
Note: CACC, complete corpus callossum loss; PACC, partial cor-
pus callossum loss; HpCC, corpus callosum dysplasia; Normal,
normal corpus callosum; MRI, magnetic resonance imaging.

Prenatal ultrasound and MRI findings showed mod-
erate consistency (Kappa = 0.673, p < 0.001) in total. As
to CACC, high consistency was noted (Kappa = 0.862, p
< 0.001) and PACC demonstrated moderate consistency
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Fig. 1. Prenatal magnetic resonance imaging (MRI) and ultrasound images. (A) The corpus callosum and the cingulate gyrus were
not clearly shown at 33+6 weeks in the mid-sagittal view on T2WI, and the cerebral sulci on the medial side of the cerebral hemisphere
were arranged radially (red arrow). (B) The absence of rostrum, splenium (red arrow) and the posterior part of the body of the corpus
callosum was shown in the mid-sagittal view on T2WI at 35 weeks of gestation. (C) Noted was short corpus callosum (red arrow), and
its anteroposterior diameter being about 18 mm at 25+2 weeks in the mid-sagittal view on T2WI. (D) The lateral ventricle wall was
interrupted and lateral ventricle communicated with the subarachnoid space (red arrow) at 24+2 weeks of gestation in axial view on
T2WI. (E) At 22+2weeks of gestation, the interhemispheric cistern of the brain was enlarged, showing a “three-line sign” (red arrow) in
the craniocerebral axial view. (F) At 24+1weeks of gestation, in the cross view of the fetal brain, the septum pellucidum disappeared and
anterior horns of the bilateral ventricles communicated (red arrow). (G) There was no clear corpus callosum in the midsagittal view of
the fetal brain at 34+5 weeks of gestation with the pericallosal artery running upward at the parietal lobe abnormally (red arrow). (H) A
fetus with lobulated holoprosencephaly shown at 31+3 weeks of gestation. The midline of the brain was broken, the brain parenchyma
crossed the midline, and the bodies of the bilateral lateral ventricles were connected in axial view (red arrow).

(Kappa = 0.643, p < 0.001). Prenatal ultrasound diagnosis
of CACC had the area under the curve being 0.941 (95% CI
0.899–0.969), Prenatal ultrasound diagnosis of PACC had
the area under the curve being 0.725 (95%CI 0.658–0.786),
Prenatal ultrasound diagnosis of abnormal corpus callosum
had the area under the curve being 0.560 (95% CI 0.488–
0.630) (Table 2, 3).

4. Discussion
The consistency of US and MRI in classification of

corpus callosum abnormalities remains unclear. Our study
evaluated the Kappa of twomethods in classification of cor-
pus callosum abnormalities. Onemajor finding of this study
was that prenatal ultrasound and MRI findings showed
moderate consistency (Kappa = 0.673). As to CACC, high
consistency was noted (Kappa = 0.862) and PACC demon-
strated low consistency (Kappa = 0.643). Moreover, the
abnormal cavum septi pellucidi was the most common in-
direct sign in CACC. The occurrence rate of other indirect
signs sorted from high to low including lateral ventricle ex-
pansion, presence of “three lines sign”, the “teardrop” sign
of the lateral ventricle, cystica behind thalamic widening,
abnormal pericallosal artery, and lifting of the third ventri-
cle.

The incidence of abnormal corpus callosum develop-
ment in normal live births is about 0.3–0.7% [16], with and
incidence of up to 2–3% in childrenwith neurodevelopmen-
tal disorders [17]. Prenatal counseling for abnormal devel-
opment of the corpus callosum is extremely challenging.
The abnormal prognosis of the complex corpus callosum
is poor, which mainly depends on the type of combined
malformations, especially with severe neurologic malfor-
mations [18,19]. Different types of simple corpus callosum
development abnormalities also have different prognoses
[7,20]. Therefore, the prenatal typing of abnormal corpus
callosum is particularly important. In this study, prenatal
ultrasound can effectively diagnose the abnormal corpus
callosum, with high sensitivity, specificity and the area un-
der the curve. Prenatal ultrasound is accurate and effective
in diagnosing the abnormal corpus callosum. This study
concluded that there was a high consistency and moderate
consistency in classification of CACC and PACC. This is
similar to previous results by Manevich-Mazor et al. [11].
They found a high agreement between ultrasound and MRI
in CACC (Kappa: 0.742) andmoderate agreement in PACC
(Kappa: 0.258). The main reasons for the difficulty in typ-
ing partial corpus callosum are as follows: (1) The PACC is
not a typical sign as compared with CACC. It has been re-
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Table 3. Agreement analysis of classification of abnormal corpus callosum by prenatal ultrasound and MRI examination and
AUC of ROC curve of prenatal ultrasound for abnormal corpus callosum development.
Kappa p AUC 95% CI Sensitivity Specificity +LR –LR p

CACC 0.862 <0.001 0.941 0.899 to 0.969 91.18 96.99 30.27 0.09 <0.001
PACC 0.643 <0.001 0.725 0.658 to 0.786 50.00 95.05 10.11 0.53 0.0002
HpCC 0.168 0.001 0.560 0.488 to 0.630 12.50 99.48 24.00 0.88 0.338
Total 0.673 <0.001 0.840 0.782 to 0.888 75.00 93.01 10.73 0.27 <0.001

Note: CACC, complete callosal loss; PACC, partial callosal deletion; HpCC, corpus callosum dysplasia; AUC, the
area under the curve; ROC, receiver operating characteristic; +LR, the positive likelihood ratio; –LR, the negative
likelihood ratio; CI, confidence interval.

Fig. 2. ROC curve of prenatal ultrasound for abnormal corpus callosum development. (A) ROC curve of prenatal ultrasound for
abnormal corpus callosum development. (B) ROC curve of prenatal ultrasound for CACC. (C) ROC curve of prenatal ultrasound for
PACC. (D) ROC curve of prenatal ultrasound for HpCC. CACCUS, prenatal ultrasound for complete callosal loss; PACCUS, prenatal
ultrasound for partial callosal deletion; HpCCUS, prenatal ultrasound for corpus callosum dysplasia.

ported that the ratio of cavum septi pellucidi (length/width
less than 1.5) is an important indicator of partial corpus cal-
losum loss [14]. In this study, 11.1% of patients demon-
strated the cavum septi pellucidi ratio, and 11.1% of pa-
tients demonstrated a narrow cavum septi pellucidi. (2)
As there were partial corpus callosum structures, other in-
direct signs are not as typical as CACC. (3) When cases
had hydrocephalus, lipoma, or intracranial hemorrhage. the
mouth and splenium of the corpus callosum inmedian sagit-
tal views were difficult to identify. The typing accuracy
of ultrasound needs to be improved, especially for partial
corpus callosum deletion. The choice of imaging view and
imaging method is the main determinant of the display of
the fetal corpus callosum.

Fetal brain imaging is mainly composed of orthogo-
nal, transverse, sagittal and coronal views. (1) The trans-
verse view of the fetus brain was the most accessible one,
which can only assess indirect signs of corpus callosum ab-
normality. On the transverse view, cavum septi pellucidi
abnormality is the most common indirect sign [14,21]. In
this study, the incidence of absence of the cavum septi pel-
lucidi of CACC reached 94.1%, but not all corpus callo-
sum abnormalities had related indirect signs in the trans-
verse view. A large proportion of prenatal detected PACC
cases had an abnormal CSP shape. This should be consid-
ered as another indirect sign of PACC, and is usually the
only clue to the diagnosis. When observing this sign in a

screening setting, the PACC should be considered and fos-
ter an attempt to observe the corpus callossum directly in
the median sagittal direction [22]. In this study, the low
occurrence rate of indirect signs of PACC was the abnor-
mal cavum septi pellucidi (cavum septi pellucidi ratio was
11.1% and narrow was 11.1%). Zeng et al. [2] proposed
a method for observing the corpus callosum in three new
transverse views to provide more information about the cor-
pus callosum structure. (2) The observation of the callosal
structure in the median sagittal view is a direct sign for the
diagnosis of corpus callosal abnormalities [23]. However,
the display rate of median sagittal views obtained by ab-
dominal 2D ultrasound was low, and the literature reported
that the display rates of median sagittal views ranged from
52% to 84% [24]. In this study, the display rate of me-
dian sagittal view was approximately 66.7%. Overall, the
display rate of the median sagittal view during pregnancy
was higher than that of late pregnancy. When the fetal head
enters the pelvis, transabdominal ultrasound is often diffi-
cult to obtain the median sagittal view of the brain, with
the examination being difficult and time-consuming. (3)
Coronary view imaging of the brain in the fetus is highly
dependent on fetal position as well as physician experience
and technology. The International Association for Obstet-
rics and Gynecology Ultrasound (ISUOG) 2021 guidelines
for the ultrasound examination of the fetal central nervous
system (Part II) states that “the special examination of fetal
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brain anatomy is based on a series of serial scans of sagittal
and coronal views based on three transverse views of the
fetal brain” [25]. The American Association for Maternity
Ultrasound also noted that indirect signs are often detected
in the conventional axial scanning view of the fetal brain.
Not all signs must occur simultaneously to suspect this di-
agnosis and prompt detailed neuroimaging is suggested. If
possible, an ultrasound should be performed by transvagi-
nally in order to obtain the median and coronal views [26].
This study was retrospective, and only the transverse and
lost views of the fetal brain were collected, and no coronal
views were analyzed. Further studies can explore the trans-
verse view, along with the median sagittal view combined
with the coronal view facing the corpus callosum abnormal-
ities for classification.

The main imaging modalities of abnormal corpus cal-
losum development are two-dimensional ultrasound, three-
dimensional ultrasound and magnetic resonance imaging.
2D ultrasound has high resolution and simple operation.
However, the two-dimensional craniocerebral transverse
views are easy to obtain, but the median sagittal views
and coronal views are more difficult to obtain. Three-
dimensional ultrasound can obtain the volume data from
the transverse view of the fetal head to form three mutu-
ally vertical views. The C view is the median sagittal view
of the brain. However, the image quality obtained by 3D
reconstruction is far less than 2D images, and the diagno-
sis of corpus callosum abnormalities using 3D ultrasound
is insufficient. This is a reason why 3D ultrasound is not
clinically applied in the routine screening methods of the
brain [10]. In this study, only 31.5% of the structures on
the median sagittal view were clearly identified, which was
inconsistent with previous articles. The main reasons are
as follows: (1) The previous reports of 3D ultrasound have
mostly focused on the normal craniocerebral imaging of the
corpus callosum [24], and this has been reported in the ab-
normal corpus callosum [27,28]. This study included 34
(16.7%) cases of corpus callosum abnormalities, and the
lateral cerebral gyrus was arranged radially in CACC cases,
similar to previous reports. However, 3D ultrasound is dif-
ficult to identify the gyrus structure; (2) As the “sentinel” of
abnormal corpus callosum, cavum septi pellucidi plays an
important role [29,30]. All the cases included in this study
had an abnormal cavum septi pellucidi. Given the unclear
boundary between the corpus callosum and the cavum septi
pellucidi in the median sagittal view obtained from the 3D
reconstruction, the reconstructed corpus callosum may ac-
tually be an overlap of the cingulate gyrus, cingulate sulcus,
cerebrospinal fluid and the pericallosal artery [10].

Fetal brain MRI has the advantages of no ionizing ra-
diation, multi-directional imaging, and high soft tissue res-
olution, and can directly display the development of the fe-
tal ventricular system, brain tissue, and corpus callosum
[31,32]. With the clinical application of rapid sequence,
the fetal MRI image quality was significantly improved.

Though there is a direct correlation between corpus callo-
sum anomalies and the early-onset epilepsy of Aicardi Syn-
drome. However, corpus callosum anomalies cannot be the
only factor responsible for the clinical outcome. Most of
the aicardi patients with ACC had severe polymicrogyria
and a higher number of heterotopic nodules [8]. Sotiriadis
and Makrydimas [33] recognized that MRI could detect not
only the classical association (such as Dandy Walker lin-
eage and midline abnormalities), but also the cortical ab-
normalities, which can significantly alter the prognosis. In
this study, MRI also diagnosed a case of penetrating brain
malformation missed by ultrasound. In the classification
of corpus callosal abnormalities, fetal MRI can effectively
detect callosal abnormalities and can verify the presence
or absence of ultrasoundidentified corpus callosum abnor-
malities satisfactorily and add value to improve clinical
decision-making [11]. The International Association for
Maternity Ultrasound (ISUOG) in 2021 (Part 2) again em-
phasized thatMRI should be performed as a complementary
method to specific neuro-ultrasonography [25].

In this study, the main reasons for the low consistency
between ultrasound and magnetic resonance for HpCC are
as follows: (1) It is difficult for ultrasound to identify the
absence of the splenium of the corpus callosum and a short
corpus callosum; (2) Based on ultrasound imaging princi-
ples and angle of incidence of sound beam, the ultrasound
display of the rastrum of the corpus callosum is difficult. So
it is not sensitive to the absence of the rastrum of the corpus
callosum.

5. Conclusions
Prenatal ultrasound can accurately classify CACC and

PACC, among which the diagnosis of ultrasound CACC is
highly consistent with magnetic resonance. Magnetic reso-
nance imaging can provide not only accurate classification
but also other important prognostic information including
tuberous sclerosis and cortical dysplasia when abnormal-
ities of the corpus callosum are suspected by ultrasound.
However, prospective studies are needed in order to ex-
plore new methods to further improve the consistency of
ultrasound and magnetic resonance imaging in classifying
abnormalities of the corpus callosum, as well as new ideas,
to find more signs related to disease prognosis such as mor-
phological study of sulcal gyrus.
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