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Objective

With recent advances and frequent use of prenatal ultrasound, the antenatal diagnosis of agenesis of the corpus
callosum (ACC) is not rare in obstetrics practices. However, information regarding the long-term neurological outcome
remains uncertain. The aim of this study was to investigate clinical outcomes of prenatally diagnosed ACC and to analyze
postnatal neurodevelopmental outcomes of ACC neonates born in our single center.

Methods
We retrospectively reviewed 56 cases of prenatally suspected ACC referred to our center.

Results

Fifty-six fetuses were diagnosed with ACC, and 12 of those were followed-up in our center until delivery. Of the
remaining 44, 7 were delivered after being referred back to the original hospital, 23 were lost to follow-up, and 14
had unknown outcomes. Among all 56, 29 were considered to have isolated ACC and 27 were considered to have
non-isolated ACC. Of the 10 live fetuses delivered in our center, four had isolated ACC, three had non-isolated ACC,
and the rest had outcomes unrelated to ACC. Neurodevelopmental outcome was followed-up until approximately
age 3 years. Of the four with isolated ACC, three (75%) had normal neurodevelopmental outcomes.

Conclusion

Similar to other studies, the results of our single-center study included positive neurodevelopmental outcomes for
those with isolated ACC. However, despite our endeavor to counsel patients with prenatally diagnosed ACC, the
delivery rate in our center was quite low. Therefore, larger, multicenter, retrospective studies including long-term
neurological development outcomes are crucial and urgently needed to provide better counseling.
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The corpus callosum connects two interhemispheres [1],
and agenesis of corpus callosum (ACC) is the most common
central nervous system defect [2]. ACC has been reported in
0.3% to 0.7% of the general population and in 2% to 3%
of those with developmentally retarded [3-5]. It may be either
complete or partial [6]; the partial form of ACC is also called
hypogenesis [7] of corpus callosum. If there are no other
anomalies accompanying ACC, then it is defined as isolated
ACC.

Since the 1990s, ACC has been diagnosed prenatally
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through ultrasound screening [8]. Prenatal diagnosis of ACC
is considered important because it may be associated with
central nervous system abnormalities [9,10] such as mental
retardation, epilepsy, cerebral palsy, and others [11,12]. If

other anomalies are combined with non-isolated ACC, then
outcomes, especially those regarding neurodevelopment, are
usually poor [13]. Thus, termination of pregnancy is some-
times recommended when non-isolated ACC is diagnosed

Fig. 1. Ultrasonographic findings in a normal fetus (left) and with agenesis of corpus callosum (right). (A) Transventricular view. (B) Tear-drop
sign. (C) Normal sagittal view. Corpus callosum can be seen. (D) Bull’s head sign. Lateral displacement of anterior horns in the coronal plane. (E)

Normal pericallosal artery. (F) Pericallosal artery is not visible on Doppler.
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[14]; however, this option varies by country .

Long-term studies, especially those regarding neurodevel-
opmental outcomes, are not available worldwide. Although
there is still much controversy [15], most patients with isolat-
ed ACC have had good prognoses [16]. In those with isolated
ACC, 72.2% showed normal development [16]; in several
small sample studies, 100% showed normal development
[17]. Normal or mildly delayed neurodevelopment resolves in
67% of isolated ACC, but in non-isolated ACC only 7% re-
solves [18]. Therefore, distinguishing isolated ACC from non-
isolated ACC is clinically important for prenatal counseling.

Few studies have targeted Korean patients regarding the
long-term neurodevelopmental outcomes of ACC despite the
common practice of targeted ultrasound. Therefore, based
on our patients, we aimed to investigate clinical outcomes of
prenatally diagnosed ACC and, importantly, to analyze the
neurodevelopmental outcomes of those with prenatally diag-
nosed ACC so that appropriate counseling can be provided.

Materials and methods

We retrospectively reviewed 70 cases of antenatally suspected
ACC in fetuses referred to or diagnosed at our center be-
tween 2008 and 2015. We excluded 14 patients (20%) with
suspected ACC diagnosed at a referral hospital. Thus, only 56
fetuses (80%) with suspected ACC examined at our center
were included in this study. Among these, 53 were referred to
our center due to abnormal findings on ultrasonography per-
formed at a referral hospital and three were followed-up at
our center. The study was approved by the institutional review
board.

We investigated the following data for each patient: gesta-
tional age and ultrasonography findings at the time of referral
or first diagnosis of ACC including ventriculomegaly and tear-
drop sign; karyotype result if performed; brain ultrasound or
magnetic resonance imaging (MRI) findings before or after
birth; neonatal outcome; postnatal diagnosis; delivery mode;
delivery indication; gestation age at delivery; neonatal birth
weight; and neonatal intensive care unit admission. Gestation
age at diagnosis was recorded based on the gestation age at
the time of transfer or time of diagnosis in our hospital. The
diagnosis of ACC was made by using indirect signs of ACC
on ultrasound, including the presence of a tear-drop sign
and absence of cavum septum pellucidum (CSP), or by direct
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nonvisualization of the corpus callosum on the sagittal plane
(Fig. 1). Ventriculomegaly, an enlargement of the posterior
horn more than 10 mm, was not regarded as an associated
anomaly because it may be one of the characteristics of ACC.

Isolated ACC was defined when there was no other anom-
aly on ultrasound or MRI based on prenatal or postnatal find-
ings, respectively. The partial or complete form of ACC was
not separately distinguished because they showed no signifi-
cant difference with respect to functional subtyping of the
callosum and neurological outcome [19].

We analyzed the neurodevelopmental outcomes based on
medical records assessed and described by the pediatric neu-
rology or rehabilitation doctors if delivery was performed in
our center. Neurodevelopmental outcomes were followed-up
until approximately age 3 years. To supplement neurodevel-
opmental outcomes of isolated ACC, we also tried analyzing
neurodevelopmental outcome of postnatally diagnosed ACC
patients (n=9) who primarily visited the pediatric neurology or
rehabilitation department of our center. We classified neuro-
developmental outcomes into four categories; normal, mild,
moderate, severe. ‘Mild" included children with neurodevelop-
ment delay within six months, ‘Moderate’ with 6 months to
12 months delay, and ‘Severe’ with neurodevelopment delay
of more than 12 months. The assessment of neurologic devel-
opment was performed through the clinical history taking of
development milestones. Objective development evaluation
includes hand evaluation, Alberta infant motor score, Activi-
ties of Daily Living evaluation, Denver Developmental Screen-
ing Test, etc. but which were not performed on every child.
Follow-up evaluation for all cases with prenatally diagnosed
ACC (and postnatally diagnosed ACC) was performed by pe-
diatricians and pediatric neurologists. The final neurodevelop-
mental outcome was assessed by two pediatric neurologists
(JWL and JHL) by review of medical record.

Since we could not obtain results by directly calling the
patient, which was not permitted by IRB, we endeavored to
ascertain follow-up or delivery results by calling the referral
institution if delivery was not performed in our institution.
“Follow-up loss” meant that patients did not go back to the
original clinic or give birth there. Patients of hospitals that no
longer exist or of hospitals that could not provide information
were classified as “unknown.” To check whether ACC was
present, brain ultrasound was performed after birth. Some
patients underwent brain MRI when other brain anomalies
were suspected.

www.ogscience.org
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Results

This study included 56 patients with ACC prenatally diag-
nosed by ultrasound examination. Through prenatal diagno-
sis, we classified 56 patients as having either isolated or non-
isolated ACC and summarized the clinical characteristics (Table
1). Among these 56 patients, 29 (51.8%) were considered to
have isolated ACC and 27 (48.2%) were considered to have
non-isolated ACC. These classifications were based on prena-
tal sonographic findings alone and did not consider the post-
natal diagnosis. Ventriculomegaly and a tear-drop sign were
observed in approximately 70% to 80% cases of prenatally
diagnosed ACC. The median atrial diameters were 16.3 mm
and 12.6 mm for isolated ACC and non-isolated ACC, re-
spectively. Prenatal chromosomal analyses were performed for
6/29 (20.7%) in the isolated ACC group and for 8/27 (29.6%)
in the non-isolated ACC group. With the exception of un-
known results, all fetuses in the isolated ACC group showed
normal chromosomes and one of eight (12.5%) in the non-
isolated ACC group had a chromosomal abnormality (trisomy
18). According to follow-up results, the rates of referral back

to the hospital were 17.2% for the isolated ACC group and
7.4% for the non-isolated ACC group.

We investigated the follow-up results of these fetuses with
prenatally diagnosed ACC (Fig. 2). Twelve deliveries were
performed in our center, including two terminations that oc-
curred during the early study period; the other 44 patients
were referred back to the original clinic or lost to follow-
up. Among 44 patients who did not undergo delivery at our
hospital, seven were referred back to the original clinic due
to their long distance from our center and were confirmed as
having delivered the pregnancy. Twenty-three patients did not
go back to the original clinic or did not give birth there and
were considered lost to follow-up. This group was suspected
of undergoing termination. The remaining 14 patients of no
longer existing hospitals or hospitals that could not provide
information were classified as unknown. These follow-up
data indicate that the overall percentage of follow-up loss for
prenatally diagnosed ACC was 41%, but it increased up to
66% when the unknown category was included.

Clinical characteristics and outcomes for 12 fetuses with
ACC delivered at our center are presented in Table 2. Among

Table 1. The characteristics of patients when prenatally diagnosed with ACC in our center (n=56)

Isolated ACC (n=29) Non-isolated ACC (n=27) P-value

Maternal age (yr) 30 (25-43) 32 (23-40) 0.036
Gestational age at diagnosis” (wk) 25 (20-37) 22 (17-36) 0.007
Ultrasound findings

Presence of ventriculomegaly 23(79.3) 19 (70.4) 0.440

Size of ventriculomegaly (mm) 16.3(10.4-22.8) 12.6(10.5-25.4) 0.069

Presence of tear-drop sign 21(72.4) 19 (70.4) 0.866
Chromosomal analysis 1.000

Normal 6 (100) 7(87.5)"

Abnormal 1(12.5)
Prenatal brain MRI 6(20.7) 4(14.8) 0.566
Follow-up results 0.661

Refer back 5(17.2) 2 (7.4)

Follow-up loss 12 (41.4) 11 (40.7)

Unknown 7(24.1) 7 (25.9)

Delivery in our center 5(17.2) 7 (25.9)

Data presented as median (minimum-maximum) or number (%).
ACC, agenesis of corpus callosum; MRI, magnetic resonance imaging.

IThe gestational age at diagnosis was when the first ultrasonography gestational age was performed in our center and may not reflect the
exact time of diagnosis. Five out of 56 cases were transferred to our center after gestational age of 34 weeks and 0 days, in which 4 of those
cases delivered and are considered to have visited our center for the purpose of neonatal evaluation or neonatal intensive care unit care after

delivery; "One case is inv(9)(p12q713) which is normal variant.
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10 live fetuses delivered, four had isolated ACC, three had
non-isolated ACC, and the rest were found to have outcomes
unrelated to ACC after birth. Excluding termination cases,
three out of four suspected isolated ACC cases during the
prenatal period were actually confirmed as isolated ACC
postnatally, but the other one was finally diagnosed as non-
isolated ACC combined with semilobar to lobar holoprosen-
cephaly. On the contrary, one out of the six cases considered
to be non-isolated ACC was finally proven to be isolated
ACC because the degree of enlarged mega cisterna magna

56 Suspect ACC by ultrasound

- 7 ACC

4 Isolated ACC

3 Non-isolated ACC*

was found to be normal on postnatal ultrasound. In the non-
isolated ACC group, two patients had holoprosencephaly
(patients 2 and 7) and one had cleft lip and right inguinal her-
nia (patient 10). One of two patients had lobar holoprosen-
cephaly, was followed-up for delayed development, and was
lost to follow-up after 17 months (patient 2); another had
semilobar to lobar holoprosencephaly and is currently being
observed for symptomatic localization-related epilepsy (patient
7). Among our study population, there were two patients
who were initially suspected with ACC but were subsequently

12 SMC follow-up —

7 Refer back-delivery

2 Termination —

23 Follow-up loss

10 Delivery ||

14 Unknown

1 Cleft lip

2 Holoprosencephaly

1 Lobal type

1 Semilobar to lobar type

Fig. 2. Clinical characteristics

— 3 Not ACC

— 1 Hydrops-death

—| 1 CoA, hypospadias

- 1 Cystic GMH, hydrocephalus

12

of 56 patients with prenatally
suspected agenesis of corpus cal-
losum (ACC) based on postnatal
findings. SMC, Samsung Medical
Center; CoA, coarctation of aorta;
GMH, germinal matrix hemor-
rhage. “Isolated ACC was defined
when there was no other anom-
aly on ultrasound or MRI based
on prenatal or postnatal findings,
respectively.
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Transfer

IACC
IACC

Prenatally  Non-iIACC (MCM)

Prenatally & iACC

Postnatally

Not done
Normal

36+2 Present

27

No delayed development (until 19

month) — follow-up loss

Termination

24+1 Present

25

Not available
iACC

Non-iACC (pyelectasis)

IACC

Not done
Prenatally

2442 Present Normal

32
29

No delayed development (until 12

month) — follow-up loss

Normal

Present

30+2

Symptomatic localization-related epilep-
sies (until now, for 29 month)

Non-ACC (SGA, semi-

IACC

Postnatally

37+6 Present  arr Xp11.22

31

lobar to lobar holo-

prosencephaly)
CoA, hypospadias

(53,166,281~

53,427,895)x1

Normal

Follow-up (until now, for 27 month)

Non-iACC (CoA)

Not done

21+0 Present

34+4

33

No delayed development (until 32

month) — observation

Cystic GMH, bilateral
ventriculomegaly

Prenatally  Non-iACC (RO right IVH)

Normal

Present

Non-iACC (cleft lip, Follow-up (until now, for 3 month)

Non-IACC
(cleft lip)

Absent Normal Not done

20+1

34

10

Right inguinal hernia)

Expired (2 days after birth)

Non-iACC (posterior neck Fetal hydrops

21+2 Absent  Normal Not done
lymphangioma, bilateral py-

39

"

electasis, RO Dandy-Walker

syndrome)
iACC

Termination

Not available

Prenatally

Normal

Absent
MRI, magnetic resonance imaging; IACC, isolated agenesis of corpus callosum; RO, rule out; MCM, mega cisterna-magna; SGA, small for gestational age; CoA, coarctation of aorta;

IVH, intraventricular hemorrhage; GMH, germinal matrix hemorrhage.

20+6

12

diagnosed as having complications of fe-
tal hydrops and coarctation of the aorta.
ACC was originally diagnosed because the
CSP was not visible on ultrasound.

Among the four diagnosed with isolated
ACC, one was transferred to another
hospital because of the mother's personal
preference (patient 3). The other three
(patients 1, 4, and 6) were followed-up
for at least 12 months and showed no de-
velopmental delay, suggesting that at least
75% of patients with isolated ACC had
normal neurodevelopment.

Table 3 shows the summary of clinical
characteristics of 10 live births (with the
exception of two terminations). Median
gestation age at diagnosis was 27 weeks.
However, with the exclusion of four pa-
tients admitted for delivery near term or at
term, the median gestation age at prena-
tal diagnosis was 22 weeks. Chromosomal
study results were available for 8 of the
10 patients who delivered. Two did not
undergo a chromosomal study (patients
1 and 3) because they planned for deliv-
ery regardless of abnormal chromosome
results of the fetuses. Of these eight who
underwent chromosomal study, a normal
karyotype was found in seven fetuses
and one had chromosomal anomalies: arr
Xp11.22(53,166,281-53,427,895)x1 (pa-
tient 7). One patient who had a chromo-
somal abnormality had non-isolated ACC
and semilobar to lobar holoprosencephaly
and was small for gestational age; this pa-
tient later presented with epilepsy.

Supplementary analysis including
postnatally diagnosed isolated ACC, in
which follow-up was performed at least
9 months to maximum 4 years in the
pediatric neurology or rehabilitation de-
partment, demonstrated that 5 (55.6%)
showed normal developmental outcome,
2 (22.2%) showed mild developmental
delay, another 2 (22.2%) showed moder-
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Table 3. Characteristics of delivered case® in our center (n=10)

Variable Value
Maternal age (yr) 31.5(25-39)
Gestational age at diagnosis” (wk) 27 (20-37)
Gestational age at diagnosis‘> (wk) 22 (20-30)
Ultrasound findings

Presence of ventriculomegaly 8

Presence of tear-drop sign 8
Chromosomal analysis 8

Normal 7 (87.5)
Gestational age at delivered (wk) 36.5(31-39)

Delivery mode
Cesarean section 5
Induction failure 1
Previous cesarean section 1
Fetal distress 2
Breech position 1
5

Vaginal delivery (50)
Preterm delivery 5
Neonatal birth weight (g) 2,470 (960-3630)
NICU admission 4 (40)

Data presented as median (minimum—maximum), number, or num-
ber (%).

NICU, neonatal intensive care unit.

“Except termination case; "Includes all 10 cases; “Except 4 cases who
transferred to our center just for delivery.

ate developmental delay, and none showed severe develop-
mental delay.

Discussion

Our data demonstrated that approximately 75% of isolated
ACC showed normal neurodevelopment. Although limited in
number, our finding is in line with previous studies reporting
that the rate of normal neurodevelopment for 16 patients
with isolated ACC was 71.2% [20]. In our study, we also
found that the follow-up loss rate for prenatally diagnosed
ACC is substantial even for isolated ACC, despite our en-
deavor to counsel these patients. In fact, each physician in
our center generally provides information about normal neu-
rodevelopmental outcomes being more than 80% for isolated
ACC based on previous works [17,21]. Therefore, a conun-
drum beyond proper counseling at the time of prenatal diag-

14

nosis of ACC and subsequent follow-up remains in our coun-
try. However, the impact of proper counseling for prenatally
diagnosed ACC was demonstrated by a study performed in
another country. For instance, in France, the termination rate
for ACC has decreased by almost 17%, from 13/35 (37.1%)
in 2000-2003 to 9/44 (20.5%) in 2003-2006 [22]. This de-
crease seems to be attributable to proper counseling based on
information regarding the good prognosis for isolated ACC.
Therefore, although it is difficult to lower the termination rate
for non-isolated ACC with associated anomalies, appropriate
counseling regarding the higher percentage of normal neu-
rodevelopment for isolated ACC is expected to reduce that
termination rate.

When checking brain structures during the mid-trimester
fetal anatomy survey, there is a tendency to obtain a mainly
transverse view. However, a mid-sagittal view is more accurate
for determining ACC. Moreover, indirect signs of ACC are
either absent or not clearly visible at the time of mid-trimester
screening ultrasonography, which is performed before 24
weeks of gestation in many cases [23]. The gestational age at
diagnosis of ACC in other countries is 23 to 26 weeks [24,25],
which appears rather late compared to that in our country,
although this is probably due to the more frequent use of
ultrasound in our country. ACC is frequently associated with
ventriculomegaly; our data show that up to 70% to 80% of
those with ACC have ventriculomegaly. Therefore, fetuses
with ventriculomegaly shown by prenatal ultrasound require a
more detailed examination for the existence of the corpus cal-
losum. In fact, it is reported that there is a callosal abnormality
in 13% of ventriculomegaly cases [18]. When indirect signs
of ACC are suspected on mid-trimester ultrasound screen-
ing, short-term follow-up and repeat ultrasound with a mid-
sagittal view are recommended.

Sometimes it may be difficult to confirm ACC as being
isolated on prenatal ultrasonography alone. Our data also
showed that one out of four cases of prenatally diagnosed
ACC was subsequently found to be non-isolated after birth.
In reality, it was reported that approximately 5% to 20% of
cases are misdiagnosed as isolated ACC during the prenatal
period [26]. On the contrary, 16% (1/6) of non-isolated ACC
cases were finally proven to be isolated ACC, indicating that
false-positive diagnoses are possible. To overcome this kind
of false-negative or positive diagnosis, differential diagnoses
such as septo-optic dysplasia and holoprosencephaly should
be considered if there is no CSP on ultrasonography; in addi-
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tion, some ancillary tools such as 3D ultrasonography or fetal
MRI have been suggested. A study by Pashaj et al showed
that 3D ultrasonography is helpful in the diagnosis of ACC
[27]. Recently, several studies demonstrated the usefulness of
fetal MRI to improve the sensitivity of the ACC diagnosis and
to affirm associated anomalies [28,29]. Therefore, fetal MRI is
recommended when necessary. In our study population, fetal
MRI was performed for only 16% during the perinatal period.
This low rate of fetal MRI performed in our center may reflect
the specific laws of Korea, which prohibit abortion solely for
fetal indications.

One-third of ACC cases are isolated ACC and the other
two-thirds are non-isolated ACC [25]. In our study of 56
patients, 51.8% were considered to have isolated ACC and
48.2% were considered to have non-isolated ACC prenatally.
Postnatally, 57% (4/7 cases) in this study had isolated ACC.
However, this result might have been affected by selection
bias, because these cases were found in patients who had
been prenatally suspected to have isolated ACC and were
followed-up after delivery.

The limitations of our study include the high rate of follow-
up loss and insufficiency of long-term follow-up. There were
37 fetuses with unknown results. Data regarding the results
for these patients could not be obtained for 14; the remain-
ing 23 did not return to the original centers from which they
were referred, and they were confirmed to be follow-up loss-
es. There is a possibility that these patients underwent delivery
in referred hospitals or other locations other than our center,
but there is a high possibility that the majority chose termina-
tion. Therefore, adequate counseling regarding ACC is neces-
sary to reduce the termination rate. Also, long-term follow-
up at least until the age of beginning school [30] is necessary
because there is a possibility that some neurodevelopmental
delay may develop with time; the current follow-up dura-
tion is too short. In addition, large numbers of children with
isolated ACC are needed for future studies. The incidence of
ACC is less than 1%; therefore, multicenter studies of ACC
and regular follow-ups conducted through consultation with
pediatrics, neurology, or rehabilitation medicine departments
are essential. Future studies will be meaningful for determin-
ing the prognosis of ACC and will be helpful for counseling
patients.

It is noteworthy that we also supplemented the neurode-
velopmental outcome of postnatal isolated ACC to partially
overcome the limitation of small number in our study popu-

www.ogscience.org

lation. Considering that outcome of postnatally diagnosed
ACCs could be comparatively unfavorable to prenatally diag-
nosed ACCs as they visit the hospital due to the presentation
of symptoms, the findings that 55.6% and 75% of isolated
ACC (postnatally and prenatally, respectively) showed normal
neurodevelopmental outcome may be in accordance each
other.

In summary, we demonstrated that neurodevelopmental
outcomes for those with isolated ACC are favorable. How-
ever, we found very few studies on ACC in our country. A re-
cent article from the perspective of rehabilitation investigated
the neurodevelopmental outcomes of corpus callosal anomaly
in Korea, but this study also included hypoplasia of corpus
callosum as well as ACC [31]. Although limited in number,
our single-center study has modest implications regarding
neurodevelopmental outcomes of isolated ACC in Korea. We
believe this clinical information is helpful for properly counsel-
ing these patients.
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