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İDİD

Introduction
Corpus callosum (CC), originating from white matter, is
the greatest interhemispheric connection between the
hemispheres.[1,2] These connections play a significant role
in the integration of sensational, motor and cognitive
functions.[2] Complete agenesis, partial agenesis, hypopla-

sia and hyperplasia are among the developmental anom-
alies of CC during fetal process, and the prevalence of
CC anomalies vary according to the population, which is
1.8/1000 birth in the general population and increases up
to 3% in the societies displaying developmental disabili-
ties.[3,4] The callosal anomalies (CA), including other cere-

Özet: Fetal MR izole korpus kallozum agenezisi
tan›s›nda gebelik yönetimini de¤ifltirir mi?
Amaç: ‹zole korpus kallozum agenezisi (CCA) olgular›nda fetal
MR’nin gebelik yönetimi ve aile kararlar›n› de¤ifltirip de¤ifltirme-
di¤ini saptamak. 
Yöntem: Çal›flmaya kat›lan, 2013–2019 y›llar› aras›nda hastane-
miz Perinatoloji Ünitesinde CCA tan›s› alan olgulara, kompleks ve
izole CCA fleklinde ay›rt edildikten sonra fetal MR uyguland›. MR
sonuçlar›n›n aile kararlar› üzerine etkisi ve terminasyon düflünce-
sine yaklafl›mlar› incelendi. 
Bulgular: Toplam 139 olgunun 109 tanesi izole CCA olarak de-
¤erlendirildi. Bu olgular›n 93 tanesine (%85.32) komplet CCA ta-
n›s› konulurken, 16 olgu (%14.68) parsiyel CCA tan›s› ald›. Tüm
hastalara fetal MR önerilen 2017 sonras› dönem incelendi¤inde,
fetal MR çekimi yapt›ran 30 olgunun 7 tanesi (%23.3) ile yapt›r-
mayan 10 olgunun 2 tanesinin (%20) gebelik sonland›rmas› yolu-
na gitti¤i görüldü. Fetal MR çektiren ve çektirmeyen hastalar›n
gebelik sonland›rmas› kararlar› aç›s›ndan iki grup aras›nda istatis-
tiksel bir fark görülmedi. 
Sonuç: ‹zole CCA’da fetal MR görüntülemesi ailelerin gebeli¤in
sonland›r›lmas›na iliflkin karar›n› de¤ifltirmemektedir. Gebelik
sonland›rmas› aç›s›ndan gebelik haftas› ve sosyo-kültürel etkenle-
rin etkisi daha fazla olabilir. 

Anahtar sözcükler: ‹zole korpus kallozum agenezisi, komplet/par-
siyel, fetal MR, gebelik sonland›rmas›.
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Abstract

Objective: To determine if fetal MR alters the management of
pregnancy and family decisions in the isolated corpus callosum age-
nesis (CCA) cases or not.
Methods: Fetal MR was carried out in the cases diagnosed with
CCA in the Perinatology Unit of our hospital between 2013 and
2019 after they were differentiated as complex and isolated CCA
cases. The impact of MR results on the family decisions and their
approaches towards termination were assessed. 
Results: A total of 109 out 139 cases were evaluated as isolated CCA.
While 93 (85.32%) of them were diagnosed with the complete CCA,
16 (14.68%) cases were diagnosed with the partial CCA. When the
period after 2017 during which fetal MR was recommended to all
patients was reviewed, it was seen that 7 (23.3%) of 30 cases who
underwent fetal MR and 2 (20%) of 10 cases who did not undergo
fetal MR terminated their pregnancies. There was no statistical differ-
ence between two groups in terms of the decisions of the patients for
gestational termination who did and did not undergo fetal MR.
Conclusion: Fetal MR imaging in the isolated CCA does not
change the decisions of the families for the gestational termination.
In terms of the termination decision, week of gestation and socio-
cultural factors may have more impacts.

Keywords: Isolated corpus callosum agenesis, complete/partial,
fetal MR, gestational termination.
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bral and extra-cerebral malformations, are associated
with the chromosomal pathologies and genetic syn-
dromes. Therefore, the general prognosis of CA is con-
troversial, and neurodevelopmental delay is seen fre-
quently in the presence of additional anomaly.[5] The eti-
ology of corpus callosum agenesis (CCA) is heteroge-
neous in this regard; it may exist as a component of
Aicardi syndrome, and it may coexist with CNS malfor-
mations such as Dandy-Walker or Arnold-Chiari mal-
formation. Besides, CCA may also be associated with
holoprosencephaly, schizencephaly, TORCH or Zika
virus infections. Genetic interaction may occur depend-
ing on autosomal dominant, autosomal recessive or X.[6]

While 30–35% of the genetic reasons can be identified
depending on the syndromes, 20–35% of them are under
the influence of monogene. Major chromosomal anom-
alies such as trisomy 18, trisomy 13 or mosaic trisomy 8
were found in 18% of CCA cases.[7]

Fetal ultrasonography and neurosonography are the
basic / primary imaging methods, and they can be used
after 18 weeks of gestation. Normal CC development
may also be imaged indirectly by revealing pericallosal
artery before 18 weeks of gestation, but this practice is
not recommended in the routine evaluation for the final
diagnosis.[8] It has been found out in the recent years that
fetal MR imaging can be used to confirm the diagnosis
and it may provide information about the related fetal
central nervous system anomalies including cortical
development disorders in particular, and that it can
change the prognosis and clinical management with the
help of additional fetal clinical findings in 20% of the
cases after 24 weeks of gestation.[9]

The aim of our study is to evaluate the impact of addi-
tional fetal MR practice on the decisions of families for
gestational termination (GT) in the patients diagnosed
with isolated CCA.

Methods
The fetuses diagnosed with CCA in the Perinatology
Unit of ‹stanbul Kanuni Sultan Süleyman Training and
Research Hospital between 2013 and 2019 were included
in this retrospective study. All fetuses with CCA pre-diag-
nosis/diagnosis were evaluated by detailed sonographic
and neurosonographic (GE Healthcare Ultrasound E6;
RAB 6D [2-7 MHz] probe; Milwaukee, WI, USA) exam-
inations in terms of additional anomalies. The patients
were assessed in two groups as the fetuses with isolated
and non-isolated/complicated CCA diagnosis.

The fetal neurosonography for the pregnant women
was conducted transabdominally on axial, sagittal and
coronal planes in accordance with the guidelines pub-
lished by ISUOG (International Society of Ultrasound
in Obstetrics and Gynecology) in 2007.[10] The anatomic
parts (rostrum, genu, truncus and splenium) of CC were
evaluated in all fetuses and the total lengths and thick-
nesses of CCs were measured. In addition, all cases
underwent detailed anomaly examination and fetal
echocardiography screening. The transvaginal fetal
examination was carried out in the cases which were not
on cephalic position in accordance with the recommen-
dations of Timor-Trisch and Monteagudo.[11] The diag-
nosed cases were recommended karyotype analysis after
they were provided genetic consultation. Fetal MR
imaging was done by using 1.5% system (General
Electric Healthcare, Explorer 1.5T; Milwaukee, WI,
USA) without sedation. Ultra T2 weighted single-shot
fast spin echo imaging was used for axial, coronal and
sagittal planes with 2–3 mm section thickness, and it was
for the detection of early myelination. In addition, T1
radiofrequency sections were taken on axial planes, and
these sections were applied for fat tissue to reveal myelin
structure in the developed brain and bleeding.

It was started to conduct fetal MR as a routine prac-
tice for the patients with isolated CCA diagnosis after
2017 in our institution. While fetal MR imaging was a
partial practice before 2017 in accordance with the rec-
ommendations of the international guidelines, all cases
admitted to our hospital as of this date were recom-
mended and imaging was conducted in the cases whose
families accepted. In our study, the sonography results of
the patients diagnosed with isolated partial CCA (pCCA)
and isolated complete CCA (cCCA) were checked with
fetal MR and their diagnosis compatibilities were evalu-
ated. After the families together with the diagnosed
fetuses were re-examined in the multidisciplinary perina-
tology council of our family, they were informed about
the postpartum outcomes, risks and prognosis of isolat-
ed pCCA and cCCA cases through the consultation of
pediatric neurology unit, and the gestational termination
was offered to the families as an option.

The variables evaluated in the study were the demo-
graphic data of the pregnant women, diagnosis age dur-
ing pregnancy, week of gestation during fetal MR, addi-
tional cranial and extracranial malformations, karyotype
results and the impacts of related results on the decision
of families for the gestational termination.



SPSS 23.0 (Statistical Packages for Social Sciences;
SPSS Inc., Chicago, IL, USA) was used for the statistical
analyses. The numerical data were presented as mean ±
standard deviation and range (min–max), and the cate-
gorical data were represented as percentage (%) in the
evaluation. TOP values of the cases who did and did not
undergo MR were compared by using Kruskal-Wallis
test (in 95% CI, p<0.05 is significant). 

Results
Of 139 cases diagnosed with CCA in our hospital or
admitted to our hospital through referral, 109 (78.4%)
were evaluated as isolated CCA. Additional anomaly/
anomalies were found in other 30 (21.6%), and they were
evaluated as non-isolated/complicated cases (Fig. 1). The
mean age of the pregnant women with isolated CCA
diagnosis was 28.6±6.4, and their mean week of gestation
during diagnosis was 28.6±4.8. The demographic charac-
teristics of both groups are shown in Table 1. The mean
age of the patients in the isolated CCA group was 28.63±
6.43, and the mean week of gestation was 22.67±3.50
months in the non-isolated/complicated CCA group.
This difference was significant in terms of age variable in
the both groups (p=0.041). When mean gravida was
compared between two groups, it was seen that the mean
gravida of the patients in the isolated CCA group
(2.42±1.43) was higher than the mean value of the
patients in the non-isolated/complicated CCA group
(1.13±2.59), but this difference was not significant.
Similarly, the mean parity of the patients in the isolated
CCA group (1.04±1.09) was slightly higher than the val-
ues of non-isolated/complicated CCA group (0.52±1.29),

but it was not significant. The ultrasonographic diagno-
sis was established at 28.66±4.86 weeks in in the isolated
CCA cases while the diagnosis was established at
26.57±3.45 weeks in the other group. The week of gesta-
tion during diagnosis was statistically significant for both
groups (p= 0.028).

When all patients are considered, 93 (85.3%) of iso-
lated CCA cases were evaluated as cCCA and 16 (14.7%)
of them were evaluated as pCCA after the detailed
assessment conducted in our clinic. Twenty-seven cases
diagnosed with cCCA and 7 cases diagnosed with pCCA
underwent fetal MR imaging. After fetal MR imaging, it
was observed that MR diagnoses were fully compatible
with cCCA diagnosis of the fetuses (US/MR diagnosis
compatibility for cCCA diagnosis: 27/27 cases) and
highly compatible with pCCA diagnosis of the fetuses
(US/MR diagnosis compatibility for pCCA diagnosis:
5/7 cases) (Fig. 2). Accordingly, neurosonography and
fetal MR were compatible for 94% of the cases. Of the
two patients who were observed to have incompatible
US/fetal MR results, inferior vermian hypoplasia was
found in the first one as an additional anomaly. For the
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Fig. 1. Isolated partial CCA case. (a) Isolated partial CCA diagnosis after corpus callosum (CC) measured shorter according to the week of gesta-
tion in the fetus at 24 weeks of gestation. (b) It is seen that the splenium part is missing in CC structure after the fetal MR was performed
in the same patient.

a b

Table 1. The demographic characteristics of the cases.  

Non-isolated / 
Isolated CCA complicated CCA 

(n=109; 78.4%) (n=30; 21.6%)
mean ± std   mean ± std p-value

Age 28.63±6.43 22.67±3.50 0.041*
Gravida 2.42±1.43 1.13±2.59 0.234
Parity 1.04±1.09 0.52±1.29 0.325
Week of gestation 
during diagnosis  28.66±4.86 26.57±3.45 0.028*

*p<0.05.
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second patient, a fetus diagnosed with cCCA by sonog-
raphy during antenatal period was reported to have CC
hypoplasia after fetal MR. It was seen that the last diag-
nosis of postnatal MR was also cCCA in this patient who
was followed up during pregnancy.

Similarly, when the period after 2017 in which all
patients were recommended fetal MR was reviewed, it
was seen that 24 of 34 pregnant women who were estab-
lished the preliminary diagnosis of cCCA accepted fur-
ther investigation and underwent fetal MR, and US/MR
compatibility was observed. Five of 6 patients who were
recommended fetal MR due to the preliminary diagno-
sis of partial CCA accepted further investigation and
US/MR compatibility was observed in these patients as
well (Fig. 3).

The decisions of the families for the gestational ter-
mination, who did / did not undergo fetal MR during
antenatal period, were assessed in the council and pro-
vided consultation by the pediatric neurology, were eval-
uated. When all patients were assessed, it was seen that
gestational termination was preferred for 8 (23.5%)
fetuses in the group (n=34) that underwent fetal MR
imaging, and 16 families in the group (n=75) which did
not undergo MR imaging. When diagnosis distribution
was conducted for these 24 cases, it was seen that 20
(21.5%) of isolated CCA cases were cCCA and 4 (25%)
of them were pCCA cases. There was no statistically sig-
nificant difference between 34 cases who underwent fetal
MR imaging and 75 cases who did not undergo fetal MR
imaging (p=0.624). While 8 (23.5%) of the families
accepted gestational termination according to the fetal
MR result in isolated CCA anomaly cases, 16 (21.3%) of
them did not accept it. There was no difference for the
decisions of gestational diagnosis in terms of isolated
CCA diagnosis (p=0.078).

When the period after 2017 during which all patients
were recommended fetal MR was reviewed, it was seen
that 7 (23.3%) of 30 cases who underwent fetal MR
imaging and 2 (20%) of 10 cases who did not undergo
fetal MR imaging preferred the gestational termination.
During this period, 7 (23.3%) families in the isolated
CCA anomaly cases accepted gestational termination
according to the fetal MR results while 20% of the
patients who did not undergo fetal MR imaging did not
accept termination (p=0.212).

In our study, we used Kruskal-Wallis test to investi-
gate the impact of fetal MR result on the termination
decisions of families in isolated CCA anomaly cases sta-
tistically; no statistically significant difference was found

between all patients during both periods and between
the groups during the period after 2017 (p=0.098; 95%
CI, p<0.05) (Table 2).

42 pregnant women diagnosed with cCCA and 7
pregnant women diagnosed with pCCA underwent inva-
sive procedure for karyotype analysis in terms of genetic
diagnosis during diagnosis and follow-up processes. The
diagnosis was trisomy 21 only in one fetus diagnosed
with cCCA, and it was seen that this fetus died at the 34
weeks of gestation during gestational follow-up.

In addition, intrauterine loss was observed for 3 other
fetuses diagnosed with pCCA during antenatal follow-up
after diagnosis. Only one of them underwent fetal MR
imaging, and none of the cases accepted karyotype offer
after diagnosis.

Discussion
The screening at axial and sagittal planes for the image
sections of fetal anterior and mid-brain is done by imag-

Fig. 2. Flowchart of the cases with corpus callosum agenesis (CCA)
(all cases). cCCA: complete corpus callosum agenesis; iCCA:
isolated corpus callosum agenesis; pCCA: partial corpus cal-
losum agenesis; US: ultrasonography.  

Fig. 3. The flowchart of the cases with isolated corpus callosum age-
nesis (CCA) after 2017. cCCA: complete corpus callosum age-
nesis; iCCA: isolated corpus callosum agenesis; pCCA: partial
corpus callosum agenesis; US: ultrasonography. 



Volume 28 | Issue 2 | August 2020

Does fetal MR alter the management of pregnancy in the diagnosis of isolated corpus callosum agenesis?

117

ing cavum septum pellucidum (CSP) and ventricles in
the head.[10,11] While cCCA diagnosis is established by the
failure of imaging corpus callosum through direct imag-
ing in the sagittal sections, incompatibilities related with
the length or thickness of CC or malformations are con-
sidered among the findings of pCCA and CC hypopla-
sia.[12] On the other hand, the failure of imaging CSP in
the standard cranial axial sections, CS width, length or
the disproportions between them, interhemispheric fis-
sure mark (three-line view consisting of the medial mar-
gins of falx and hemispheres), atrial width being ? 10 mm
and the presence of medium severity of ventricu-
lomegaly, the colpocephaly view formed by the dilation
of occipital horns related with the non-development of
the posterior part of CC, the tear drop view of the later-
al ventricles, and more separate view of lateral ventricles
from each other are among the indirect findings in the
sonography. The displacement of 3rd ventricle upwards
in the coronal sections and delta-like view are considered
among the indirect findings. Lastly, the pathological
course of pericallosal arteries is also among the findings
of CCA. While these sonographic findings can be seen in
cCCA distinctly, they can be seen partially or nonspecif-
ically in the cases diagnosed with pCCA. In this regard,
CSP helps us more: although CSP development has a
pathological view usually in cCCA cases, the posterior
part of CC generally has a developmental disorder (not a
rule) and CSP view is preserved in pCCA cases.[12–18]

In the literature, the incidence of chromosomal
anomaly was reported as high as 17.8% in the cases diag-
nosed with CCA.[16] However, this rate is not only for iso-
lated cases but applies for all patients diagnosed with
CCA whereas our case included only the cases diagnosed
with isolated CCA. We found Trisomy 21 (the incidence
of aneuploidy was 2.2%) only in one of 49 fetuses after
karyotype analysis in our series. As we excluded multiple
anomalies from our study, we did not observe potentially
higher aneuploidy rates in our study. However, as poor
postnatal development possibility usually can be seen
highly together with euploidy series in CCA cases even
the isolated ones, microarray first and then exome
sequencing, if necessary, as a two-step process in the pre-
natal genetic panel are the additional recommendations
that can be done for the diagnostic test during antenatal
process.[19] Sub-microscopic copy number variation
(CNV) can be seen with a rate of 3.1–7.9% in the fetuses
which are found to have limited anomaly by a single sys-
tem in the sonography but found to be euploidy in the
classic karyotyping, and it provides more detailed infor-
mation about fetal prognosis together with phenotype.[20]

Paladini et al. evaluated different sonographic cranial
findings in their study,[12] and they found ventriculomegaly
in about 26% of the fetuses diagnosed before the 24 weeks
of gestation and in 74% of the fetuses diagnosed after the
24 weeks of gestation. Similarly, they found colpocephaly
finding in about 21% of the cases diagnosed before the 24
weeks of gestation and in 69% of the cases diagnosed after
the 24 weeks of gestation. It is seen that the ventricles
dilate by becoming clearer after the 24 weeks of gestation
in fetuses diagnosed with both pCCA and cCCA. In
another study assessing ventriculomegaly, 10 (13.5%) of
74 fetuses with lateral ventricle more than 10 mm were
diagnosed with CCA.[16] This correlation shows both the
importance and the difficulty of imaging CC in fetuses
with ventriculomegaly. Similarly, Paladini et al.[12] showed
that the colpocephaly finding which is an indirect indica-
tor of CCA becomes clear as the weeks of gestation
advance. Conversely, the failure of imaging CSP in the
same study was assessed only for pCCA cases, and the fail-
ure of imaging CSP was observed in 35.3% of the cases
younger than 24 weeks while the rate was 20% in cases
above 24 weeks. Karl et al. reported that pCCA diagnosis
can be established more easily through the differences
between CSP shapes and rates.[17] Similarly, Shen et al. also
presented the data showing that CSP deformities could be
an indirect indicator for pCCA diagnosis.[21]

Although there is a general literature information stat-
ing that the fetal MR imaging for distinctive diagnosis
after the preliminary diagnosis of ventriculomegaly may
detect additional 15–20% pathologies, it is usually not
specified whether the sonography procedure is carried out
by experienced experts or not when comparing both
methods.[6,11–14] However, fetal MR was highlighted more
for the investigation of a general multi-etiological finding
such as ventriculomegaly through partial bias in the early
2000s.[22] The arguments such as the exact number of
intracranial pathologies which do not require MR and
established the final diagnosis with the sonography and

Table 2. The impact of fetal MR results on the termination decision of
families in isolated CCA anomaly cases (total and routine
imaging procedures after 2017).

Cases who Cases who did 
underwent not undergo 

(n, %) (n, %) p-value

Total
Fetal MR imaging 34 75 0.624
Gestational termination 8 (23.5%) 16 (21.3%) 0.078

After 2017
Fetal MR imaging 30 10 0.315
Gestational termination 7 (23.3%) 2 (20.0%) 0.212

Kruskal-Wallis test. *p<0.05.
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the direct MR request instead of neurosonography and
transvaginal sonography procedures, if necessary, after
the preliminary diagnosis by transabdominal sonography
were suggested among the primary topics as the reasons
of bias.[23] This argument started discussions among those
working on radiology, fetal sonography and imaging
fields in terms of developing algorithms.[9,23] However,
many studies reported that the diagnosis during prenatal
period can be provided via sonography/neurosonography
by the experts without fetal MR or independent from fetal
MR in both isolated cCCA[12,13,24,25] and isolated
pCCA[12,13,26,27] cases. Accordingly, Malinger et al. suggest-
ed in their editorial article for the evaluation of CCA diag-
nosis that the limitation of cranial evaluation only with the
axial sections and the exclusion of sagittal and coronal sec-
tions from the examination are the most important issues
missing in the sonographic examination.[28]

After the ventriculomegaly diagnosis published most
recently on this topic, the rate of detecting additional
anomaly after neurosonography was 5.0% while it was
16.8% after only standard axial sections for the anomalies
in which the neurosonography was applied/not applied
before fetal MR. The rate of detecting additional anomaly
in the birth after prenatal MR was reported 0.9%. It was
reported that maternal body mass index (BMI), the cases
with medium-severe level ventriculomegaly more than
mild ventriculomegaly and fetal MR conducted after 24
weeks of gestation were among the factors affecting the
detection of additional anomaly.[29,30] Although the fetal
MR conducted before 24 weeks of gestation also performs
well, the cortical and white matter anomalies and intracra-
nial hemorrhage diagnoses were the diagnosis groups
which made fetal MR superior at the third trimester.[28,29]

According to the literature data, prognosis cannot be
predicted in pCCA cases due to the uncertainty of ante-
natal, postnatal and newborn processes.[18] In our clinic,
we routinely recommend diagnosed families the gesta-
tional termination due to these unpredictable prognosis
conditions. In this way, four pCCA cases decided to ter-
minate pregnancy while three of them which rejected ter-
mination had intrauterine fetal loss after 32 weeks of ges-
tation. Therefore, the families diagnosed with pCCA
should also be informed the fact that they may encounter
the risk of spontaneous intrauterine fetal death during
pregnancy follow-up.

There is a limited number of publications on the con-
tribution of fetal MR to the gestational termination. In the
review of Di Mascio et al.,[30] the rate of gestational termi-
nation request after standard sonography was 5.1% while

it was 2.9% after the fetal MR which was added later.
Similar to our study, it can be concluded that we need to
investigate other factors rather than the diagnosis type in
terms of convincing patients. A study investigating gesta-
tional termination in our society reported that newborn
being incompatible with life after pregnancy, multiple
anomalies and pathologies such as chromosomal / genetic
anomalies are more prominent reasons than mental retar-
dation.[14] Similarly, another study reported that the early
diagnosis of anomaly was one of the leading reasons for
preferring termination in the conservative societies.[31]

Conclusion
In relation to our study, we found similar diagnostic
accuracies in the fetal MR and regular multi-sectional
prenatal sonographic examinations for the prenatal diag-
nosis of CCA. On the other hand, we concluded that
conducting fetal MR imaging for the decision of gesta-
tional termination and/or the confirmation of diagnosis
does not change the decision of parents for the gesta-
tional termination. Further studies are required on the
gestational termination, and the impacts of multifactori-
al topics such as socio-cultural and religious perspective
of families/mothers, week of gestation during diagnosis
and additional methods should be investigated.

Conflicts of Interest: No conflicts declared.
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