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Abstract

Objective: To define normal values of second trimester fetal corpus
callosum (CC) length and width in a low-risk population and to com-
pare the presented nomograms to those in the literature.

Methods: The prenatal records of singleton fetuses who underwent
second trimester anomaly screening at 18.0-22.0 weeks of pregnan-
cy were retrospectively analyzed for CC width and length. A total of
710 fetuses, whose anomaly scans were completely normal, were
included in the study. The correlations between CC and biparietal
diameter (BPD), head circumference (HC) and gestational age (GA)
were evaluated.

Results: At 18.0-22.0 weeks of pregnancy, the mean CC length was
19.7+2.8 mm, while the mean CC thickness was 1.98+0.4 mm. In
assessment of the correlations between the CC length and thickness
values and the HC, BPD and GA values by Pearson’s correlation coef-
ficient, there was a stronger correlation between the CC length meas-
urements and the BPD, HC and GA values (r=0.233 vs r=0.505,
p<0.001).

Conclusion: Assessment of the presence of corpus callosum as well
as its length and thickness during routine fetal anomaly evaluation
may be important owing to the relationship between corpus callo-
sum measurements and certain neurological disorders. Studies indi-
cate that populations should create their own nomograms due to dif-
ferent values reported in the literature.

Keywords: Corpus callosum, nomogram, low risk population,
sonography.

Ozet: ikinci trimester korpus kallozum 6lciimleri icin
nomogram: Nomogramlar giivenilir mi?

Amac: Diisiik riskli bir popiilasyonda ikinci trimester fetal korpus
kallozum (KK) uzunlugunun ve genisliginin normal degerlerinin
belirlenmesi ve sunulan nomogramlarin literatiir ile karsilagtiril-
masl.

Yontem: Gebeligin 18-22. haftalarinda ikinci trimester anomali ta-
ramasi yapilan tekil fetiislerin prenatal kayitlar1 KK genisligi ve
uzunlugu yoniinden retrospektif olarak analiz edildi. Yalnizca anom-
ali taramalar1 tamamen normal bulunan toplam 710 fetiis ¢calismaya
dahil edildi. KK ile bipariyetal cap (BPC), bas cevresi (BC) ve gestas-
yonel yas (GY) arasindaki korelasyonlar degerlendirildi.

Bulgular: Gebeligin 18-22. haftasinda ortalama KK uzunlugu
19.7+2.8 mm ve ortalama KK kalmligr 1.98+0.4 mm olarak bulun-
du. KK uzunlugu ve kalinlig: ile BC, BPC ve GY degerleri arasin-
daki korelasyonlarin Pearson korelasyon katsayist ile degerlendiril-
mesinde, KK uzunluk él¢timleri ile BPC, BC ve GY degerleri ara-
sinda giiclii bir korelasyon tespit edildi (r=0.233’e kargi r=0.505,
p<0.001).

Sonug: Rutin fetal anomali degerlendirmesinde korpus kallozu-
mun varliginm yani sira uzunlugunun ve kalinligmin degerlendi-
rilmesi, korpus kallozum 6l¢timleri ile belirli nérolojik bozukluk-
lar arasmndaki iliski nedeniyle 6nemli olabilir. Yapilan calismalar,
literatiirde bildirilen farkl: degerler nedeniyle her popiilasyona 6z-
gli nomogramlar olusturulmas: gerektigini gostermektedir.

Anahtar sozciikler: Korpus kallozum, nomogram, diisiik riskli po-
piilasyon, sonografi.

Introduction spheres." As a birth defect, agenesis of the corpus callo-

The corpus callosum (CC), the largest white matter
structure in the human brain, is responsible for normal
communication and cooperation between the two hemi-

sum (ACC) occurs in over 50 different human congeni-
tal syndromes.”’ CC develops between 11 and 15 weeks
of gestation with a process, and the final shape of CC is
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complete only at 20 weeks of gestation, while it contin-
ues to grow and develop until adolescence.” The report-
ed prevalence of these anomalies ranges from 1.8 per
10,000 in the general population to 230-600 per 10,000
in children with neurodevelopmental disabilities.”” Some
of these individuals are more susceptible to behavioral
and neuropsychiatric problems, and thus, learning diffi-
culties,” sleep disorders," language and social communi-
cation disorders” and visuospatial attention deficits."
However, there is insufficient information about the
effects of the presence of a thinner or thicker, longer or
shorter corpus callosum in the fetus than normal.

CC is anatomically defined in 4 regions: the ros-
trum, the genu, the body and the splenium. There are
different terminologies used to identify CC anomalies.
The most common anomalies are agenesis (partial: for
example, in only the rostral or the splenium region, or
complete), hypoplasia (fully formed but thinner),
hyperplasia (fully formed but thicker) or dysplasia.”

Several different CC nomograms have been pre-
sented in the literature."”"” The fact that the values
presented in these nomograms are very different from
each other emphasizes that different regions/popula-
tions will have different values. The different results
obtained even in studies with similar measurement
techniques reveal the necessity for populations to cre-
ate their own nomograms. For this reason, our aim is
to determine the nomogram of corpus callosum meas-
urements in fetuses in a low-risk Turkish population
with normal anomaly scans at 18.0-22.0 weeks of preg-
nancy with normal systemic and neurological examina-
tions. The values were compared to the nomograms
presented in the literature.

Methods

The data of 4728 patients who gave birth in the period
of 2015-2018 at our hospital were retrospectively
reviewed. The records of patients who gave birth at 37
weeks or later based on their last date of menstruation
under elective conditions and had singleton pregnancies
were examined. By including newborns whose first sys-
temic and neurological examinations after birth were
normal, their files were examined to assess their preg-
nancy follow ups. Among these patients, those who had
their all antenatal follow ups including the 18-22-week
tetal anomaly screening done at our center and had fetal
growth correlated with their crown lump length (CRL)
in the 1st trimester and biparietal diameter (BPD) and

head circumference (HC) measurements in the 2nd and
3rd trimesters were included in the study. Patients for
whom emergency labor was planned due to reasons such
as preeclampsia and fetal distress, those in whom fetal
anomaly was determined, those who were being moni-
tored due to detection of uncontrolled diabetes,
intrauterine developmental retardation (estimated fetal
weight [EFW]) of under 10th percentile in ultrasonogra-
phy) and those who did not have CC measurement
images in their files were excluded from the study.

Fetal evaluation consisted of a standard complete
anatomical survey as in second-trimester anomaly scans.
All ultrasound examinations were performed with a
Voluson E8 device (5- to 8-MHz 3D transducer:
General Electric Healthcare, Little Chalfont, UK) via
the transabdominal route. The patients in whom the 4
parts of CC (the rostrum, the genu, the body and the
splenium) could not be clearly examined during fetal
anomaly screening were not included in the study. The
CC images of all patients were examined from their files.
In the midsagittal view, the corpus callosum length was
measured from the anterior part of the genu to the pos-
terior part of the splenium, and the width was measured
from the thickest area of the corpus (Fig. 1). Calipers
were placed at the inner border of CC during the meas-
urements. Each fetus was included only once. The fetus-
es were not mentioned as male or female.

University Institutional Review Board (IRB)
approved the research protocol, and the study was sup-
ported by the University Research Fund (project no:
KA17/203). Due to the retrospective nature of the study,
informed consent was not applicable.

Fig. 1. Measurement of corpus callosum length and width.

Volume 28 | Issue 3 | December 2020 197




Alemdaroglu S et al.

Table 1. Length of fetal corpus callosum by gestational age.

Lower Mean length Upper
Gestational age (weeks) Observations (n) 95% ClI (mm) 95% ClI Min Max
18.0-18.6 75 17.17 18.05 18.93 11.10 27.76
19.0-19.6 221 17.95 18.27 18.58 11.64 27.14
20.0-20.6 262 19.86 20.15 20.44 14.26 29.90
21.0-21.6 139 21.33 21.68 22.04 15.12 26.68
22.0 13 22.37 23.52 24.66 20.49 27.14

Table 2. Thickness of fetal corpus callosum by gestational age.

Lower Mean thickness Upper
Gestational age (weeks) Observations (n) 95% ClI (mm) 95% CI
18.0-18.6 75 1.78 1.89 1.99 0.97 2.91
19.0-19.6 221 1.84 1.90 1.96 1.09 4.47
20.0-20.6 262 1.92 1.97 2.01 1.08 3.41
21.0-21.6 139 2.11 2.18 2.25 1.00 3.13
22.0 13 1.96 2.13 2.30 1.69 2.69

Statistical method

Based on the gestational age of pregnancy, the mean,
95% confidence interval for the mean, and minimum
and maximum values of CC length and thickness were
calculated. Additionally, the correlations between the
CC length and thickness values and the BPD, HC and
GA values were calculated by using Pearson’s correla-
tion coefficient. In the analyses, the IBM SPSS Statistics
Version 20.0 package program (IBM, Armonk, NY,
USA) was utilized. The level of statistical significance
was taken as 0.05 in all tests.

Results

A total of 710 patients who met the inclusion criteria
between 18.0 and 22.0 weeks of gestation were included
in the study. The participants’ mean gestational age was
20.0£0.9 weeks. At the gestational weeks of 18.0-22.0,
the mean CC length was 19.7+2.8 (range: 11.1-29.9)
mm, while the mean CC thickness was 1.98 +0.4 (range:
0.97-4.47) mm. The CC length and thickness values

based on gestational age are given in Tables 1 and 2.

The CC length and thickness measurements were
compared to the BPD, HC and GA values in linear
regression tests. There was no significant correlation
between the CC thickness measurements and the HC,
BPD and GA values (r<0.3). The correlation between
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the CC length measurements and the HC, BPD and GA
values was found to be stronger than the CC thickness
measurements, but still weak (r=0.5) (Table 3).

Discussion

An appropriate growth pattern of CC development is
important as it is accepted as an indicator of normal
brain development and maturation."” This is why it is
recommended to assess CC in the midsagittal plane dur-
ing fetal anomaly screening between 18.0 and 22.0 weeks
of pregnancy."”*”

The most frequently utilized technique in CC imag-
ing is utilization of the metopic suture acoustic window
of the trans-frontal image in the midsagittal plane with
the transabdominal or transvaginal route. In CC imag-

Table 3. The correlation between CC length and thickness measu-
rements and HC, BPD, and GA values.

All pregnancies Correlation coefficient p-value
CC-length - GA 0.505 <0.001
CC-thickness — GA 0.233 <0.001
CC-length — BPD 0.444 <0.001
CC-thickness — BPD 0.252 <0.001
CC-length — HC 0.499 <0.001
CC-thickness — HC 0.229 <0.001
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ing with 3D probes, higher success rates were reported
as it does not require a complete midsagittal plane, and
multiplanar images can be obtained 2D vs 3D: 74-76%
vs 100%)."**"" However, as it requires special training
regarding probe usage, and as not every clinic has 3D
probes, but all have 2D probes, our study was kept lim-
ited to 2D measurements. CC anomalies may be in the
form of complete structural absence of CC (agenesis),
partial absence, hypoplasia or dysplasia. The outcomes
of CC anomalies cannot be predicted and are highly
variable.”” While they may show comorbidity with
motor control, language and learning disorders, they
may also be seen in children with completely normal
neurodevelopmental characteristics.”” While diagnosis
is easier in agenesis of CC, fetal nomograms are needed
for the diagnosis of dysgenesis. Since hypoplastic CC
development has been shown in the etiology of autism,
epilepsy and movement disorders, during neuroanatom-
ical assessment, assessing not only the entire presence of
CC but also its developmental process has become com-
pulsory.”* Table 4 shows CC nomograms prepared by
different researchers."”"” As seen in the table, there are
societal differences among such studies (Table 4). This
situation not only reveals the necessity for different pop-
ulations to develop their own nomograms, but it also
requires questioning of the diagnostic accuracy of nomo-
grams. Are nomograms reliable with such different
measurements? The most reliable studies that will prove
the accuracy of nomograms are those that will be carried
out with patients whose antenatal, postnatal, childhood
neurological developments and academic success are
monitored. The existing studies in the literature and our
study could only be a small beginning for such studies.

Zhang et al.’s"" nomogram in a Chinese population
revealed a strong correlation between GA and CC meas-
urements (r=0.932, p<0.001). Finding a weaker correla-
tion between the GA and CC measurements in our study
is believed to have been caused by the fact that the
patient group was into their 18.0-22.0 weeks of pregnan-
cy (r=0.505, p<0.001) while Zhang’s population was
between 16 and 19 weeks of gestation. Chasen et al.
reported the maximal CC growth at the 19.6 week of
pregnancy.”” Nomograms are usually obtained between
18 and 22 weeks of gestation, when detailed assessments
for fetal anomalies are frequently made. As detection of
CC anomalies where outcomes are variable in a fetus
within living limits and termination based on these are
medically and ethically under debate, our study was kept
limited to the weeks 18.0-22.0 of pregnancy, where fetal
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anomaly screening is recommended for nomogram
weeks (Supplementary materials: S-Table 1. The per-
centiles of the measurement of CC length (1mm) by gestational
week; S-Table 2. The percentiles of the measurement of CC
thickness (mm) by gestational week & S-Fig. 1. Polynominal
regression analysis and scatter graph.)

The most important limitation of our study was that
the postpartum neurodevelopmental monitoring of the
children was not carried out. However, although several
children with CC anomalies share similar neuroanatom-
ical profiles, their neurodevelopmental outcomes are
highly variable. There are also contradictions among
studies due to the heterogeneity in assessment of neu-
rodevelopmental outcomes.” The reason for keeping
the CC measurement limited between the 18 and 22
weeks was that, in patients whose fetal anomaly screen-
ing was assessed to be normal, and where fetal growth
progressed normally during antenatal follow up to the
delivery, CC assessment would not be performed again.
"This situation led us to focus on the 18.0-22.0 weeks of
antenatal follow up.

Conclusion

"This study provides normal ranges of CC measurements
between 18.0 and 22.0 weeks of pregnancy in a low-risk
population. Reference values for the corpus callosum are
important for evaluation of brain development. A
reduced CC size may be correlated with a low 1Q), poor
motor and language performance and neuropsychologi-
cal impairment in childhood. It is important that com-
munities report their own nomograms because of differ-
ences in previously reported values.

Conflicts of Interest: No conflicts declared.
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