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Abstract

Objective The aim of this study was to evaluate the validity of a semiautomated volumetric approach (SDCNS+) for the detailed
assessment of the fetal brain in a clinical setting.

Methods Stored 3D volumes of > 1100 consecutive 2nd and 3rd trimester pregnancies (range 15-36 gestational weeks) were
analyzed using a workflow-based volumetric approach SDCNS+, enabling semiautomated reconstruction of diagnostic planes of
the fetal central nervous system (CNS). All 3D data sets were examined for plane accuracy, the need for manual adjustment, and
fetal-maternal characteristics affecting successful plane reconstruction. We also examined the potential of these standardized
views to give additional information on proper gyration and sulci formation with advancing gestation.

Results Based on our data, we were able to show that gestational age with an OR of 1.085 (95% CI 1.041-1.132) and maternal
BMI with an OR of 1.022 (95% CI 1.041-1.054) only had a slight impact on the number of manual adjustments needed to
reconstruct the complete volume, while maternal age and fetal position during acquisition (p =0.260) did not have a significant
effect. For the vast majority (958/1019; 94%) of volumes, using SDCNS+ resulted in proper reconstruction of all nine diagnostic
planes. In less than 1% (89/9171 planes) of volumes, the program failed to give sufficient information. SDCNS+ was able to
show the onset and changing appearance of CNS folding in a detailed and timely manner (lateral/parietooccipital sulcus
formation seen in < 65% at 16—17 gestational weeks vs. 94.6% at 19 weeks).

Conclusions The SDCNS+ method provides a reliable algorithm to produce detailed, 3D volume—-based assessments of fetal CNS
integrity through a standardized reconstruction of the orthogonal diagnostic planes. The method further gives valid and repro-
ducible information regarding ongoing cortical development retrieved from these volume sets that might aid in earlier in utero
recognition of subtle structural CNS anomalies.
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Introduction neuromotoric sequelae. Although ultrasound techniques have
markedly improved over past decades, the prenatal diagnosis
of fetal cerebral anomalies remains challenging. The detection
rates of gross fetal CNS anomalies via ultrasound are
96.6% (anencephaly), 82.5% (spina bifida), and 73.4%
(hydrocephaly) [8]. Similar results have been reported else-

where [3, 17]. For more rare and subtle lesions in CNS ana-

The diagnosis of fetal cerebral anomalies can be devastating
for parents-to-be because most severe central nervous system
(CNS) malformations lead to in utero demise or severe
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tomic integrity, including disorders of cortical development
like lissencephaly or schizencephaly, antenatal diagnosis is
not straightforward and detection rates are rather low, thereby
underscoring the urgent need of a skilled sonographic assess-
ment both in high- and low-risk cohorts.

The benefits of a three-dimensional (3D) comprehensive
examination of the brain have been clearly demonstrated.
However, difficult fetal orientation within the 3D volume,
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non-intuitive manipulation along the x, y, z planes, and,
most strikingly, the lack of standardization perceived to be
challenging. The ability to obtain correct diagnostic planes
for a detailed neurosonogram from a 3D volume is operator-
dependent and directly related to the expertise of the examiner
13]. Recent studies were able to show that a semiautomated
approach might overcome these shortcomings [25]. Rizzo
et al. reported the potential for the SDCNS+ software to be
an accurate and reliable technique for fetal neurosonography
[22-25].

The primary objective of this study was to evaluate the
clinical use and validity of SDCNS+ as a postprocessing tool,
enabling the correct display of all diagnostic planes of the
fetal CNS. We further investigated the applicability of
SDCNS+ to assess details of cortical development throughout
advancing pregnancy with a particular focus on gyration and
operculization.

Methods

This study included 1110 volume data sets obtained by two
operators with expertise in prenatal ultrasound from singleton
pregnancies acquired between April 2015 and April 2019 ata
single tertiary referral center. Fetuses with abnormal CNS
anatomy were excluded from final analysis. All examinations
were performed with WS80A Elite ultrasound equipment
(Samsung HME, Korea) equipped with a 1-8 MHz curved
transducer (S-Vue™- Transducer CV1-8A) using the trans-
abdominal technique. The referral base was comprised of a
mixed-risk cohort (women at either high or low risk for fetal
abnormalities).

Prior to volume acquisition, all fetuses underwent a con-
ventional 2D ultrasound examination of the CNS as part of the
anatomic survey. Subsequently, image adjustment using high-
resolution magnification was necessary to have the fetal head
occupy approximately 75% of the screen in an axial
(transverse) view. Originating from this axial view, which cor-
responds to the transthalamic plane that is routinely used for
basic CNS assessment and biometry, all 3D volumes were
acquired in the absence of fetal movements (step 1). The vol-
ume acquisition angle of the US sweep was set between 45°
and 65° according to the gestational age to include the entire
fetal brain in the volume. In the resulting triplanar view, the
orthogonal planes were reorientated in order to align the falx
cerebri horizontally (A and B plane; video clip 1 and 2). Then,
to run the SDCNS+ tool properly during step 2, two reference
points as local constraints that define the correct cutting plane
were marked manually—the 1st seed in the middle of the
thalami and the 2nd seed within the cavum septi pellucidi.
Finally, the workflow implemented in the SDCNS+ algorithm
allows for semiautomatic reconstruction of all nine diagnostic
CNS planes (comprising a complete fetal neurosonogram).
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Then, the resulting three axial, four coronal, and two sagittal
diagnostic planes can be displayed, reviewed, and manipulat-
ed separately or in groups (Fig. 1; see also supplemental files).

All volumes obtained by SDCNS+ technique were ana-
lyzed and judged in terms of adequately displayed planes,
the need for manual adjustment, and accuracy of program-
derived biometric measurements (and compared with manu-
ally calculated measures). For detailed assessment of the fetal
cortex and insula region, the axial transventricular plane was
abstracted and augmented before evaluation. The changing
shape of both the sylvian fissure and parietooccipital sulcus
was highlighted as illustrated in Fig. 2.

Only those 3D volumes from examinations between
the 15th and 36th week of pregnancy were included to ensure
an accurate evaluation (at earlier and later gestational ages,
a detailed evaluation can be compromised due to the not-
yet-detectable landmarks of the developing brain or by
shadowing artifacts caused by progress in bony calcification,
respectively).

All statistical tests were run through Sigmaplot (Version
12.0, SyStat, USA). To evaluate a possible impact of fetal
and maternal factors, multiple logistic regression was used
(p values < 0.05 were considered as statistically significant).

Results

A total of 1019 cases were enrolled in the final analysis after
excluding abnormal cases and volumes acquired during first
trimester. The mean gestational age was 23.2 weeks (ranging
from 15.0 to 36.4 weeks), the mean maternal age was
32.2 years (ranging from 16 to 53 years), and the mean body
mass index was 25.9 (ranging from 16.7 to 49 kg/m?). One to
four separate volumes were obtained per patient (a mean
of 1.1 exams) (Table 1). Pregnancies with proven CNS
anomalies were excluded. Regarding the accuracy of
semiautomatized biometric measurement of biparietal diame-
ter and head circumference compared with manually calculat-
ed dimensions (expressed as z-scores) we noticed a
slight difference between both methods as shown in
Fig. 3. Interestingly, subgroup analysis revealed that this
difference reached statistical significance only beyond
25 completed weeks.

To determine fetal and maternal factors that might compli-
cate the feasibility of the SDCNS+ tool due to a potential
confounding impact, maternal age, gestational age, maternal
body mass index, and fetal position in utero were analyzed
with regard to a need to manually adjust the plane. Multiple
logistic regression revealed a small impact of gestational
age and body mass index on additional volume manip-
ulation for successful plane reconstruction. Maternal age
seemed to have no significant effect on proper volume
postprocessing (Table 2).
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Fig. 1 Resulting multiplanar view of the fetal CNS at 23 gestational drawing a straight line between the thalami and the cavum septi pellucidi
weeks after successful volume acquisition (step 1) (a). Following (step 2). The resulting diagnostic planes may be displayed all together or
orthogonal plane reorientation along the x-, y-, z-axis to align the falx grouped in axial, coronal, and sagittal planes as intended by the operator
cerebri horizontally, the SDCNS+ tool has been applied by simply (b)

16 - 18 wks 28 - 30 wks

20 - 22 wks 32 - 34 wks

Fig. 2 TIllustration of additional information that can be taken from the reconstructed diagnostic planes. Progress of CNS folding with advancing
pregnancy (16 to 34 weeks) demonstrated in axial views retrieved from volume reconstruction using the semiautomized SDCNS+ technique
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Table 1 General characteristics of the study population
Variable Mean [range]

Maternal age (years) 32.2 [16-53]
25.9 [16.7-49]

23.2[15.0-36.4]

Maternal body mass index (kg/m?)
Gestational age at ultrasound examination (weeks)

In a second step, the effect of fetal position at time of
volume acquisition was evaluated. There were 676 fetuses in
a cephalic position, 71 fetuses in a transverse position, and
273 fetuses in a breech position, respectively. The Kruskal
one-way analysis of variance (ANOVA) on rank showed no
significant differences among all three groups (p = 0.260).

In 999/1019 (98%) of the volumes, > 8 diagnostic planes
were sufficiently visualized, and in 958/1019 (94%) of vol-
umes, all nine planes were sufficiently visualized. Manual
adjustment was needed in at least one diagnostic plane in
nearly half of the cases, and more than two diagnostic planes
had to be adjusted in 206/1019 cases (20.4%). Examining the
volumes in detail showed differences between the orthogonal
planes. In general, adjustment to the coronal planes was re-
quired less often compared with adjustment to the axial planes
(492 vs. 628). A sufficient reconstruction of the midsagittal
plane in all 1019 enrolled cases was noticed, whereas the axial
transventricular plane was not successfully reconstructed in
244 cases that needed an additional manual adjustment. The
dropout rate (number of planes with an unsatisfactory location
after manual adjustment) was small. Of 9171 planes in total,
89 planes (0.97%) could not be obtained properly. While the
parasagittal plane had 55 dropouts, the remaining eight diag-
nostic planes had less than ten dropouts (Table 3).

In addition to the complete and satisfactory reconstruction
of the neurosonographic planes, morphologic assessment re-
vealed that in 860 of 1019 volumes, the typical appearance of
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anatomic structures could be clearly identified. Particularly in
an axial (transventricular) view, a profound and detailed ex-
amination of the sylvian fissure, the parietooccipital sulcus
and the calcarine sulcus could readily be performed. A thor-
ough judgment regarding the completion of developmental
milestones in a timely manner was feasible. The same method
was applied to the process of operculization (the differentia-
tion of the lateral sulcus with programmed invagination of the
insula), which was sufficiently demonstrated using SDCNS+
(Fig. 2). The latter was visualized in two-thirds of cases
assessed at 16-17 weeks (64.3%), which rapidly changed to
94.6% at 19 weeks and 100% at 20 weeks.

Discussion

Although a large number of congenital anomalies of the fetal
CNS can be consistently recognized during an anatomic ultra-
sound survey, there is still a marked variation in detection
rates. This difference might be mainly attributed to the varying
prevalence of CNS anomalies, the (developmental) stage-
dependent visualization, and the expertise of the examiner.
According to recent data published by the EUROCAT
working group, the reported prevalence of cerebral anomalies
increased within a decade, potentially because of improved
antenatal detection rates [16]. On the other hand, the accuracy
of a prenatal diagnosis remains heterogeneous, hampering in-
dividually tailored parental counseling [26]. Prerequisites for
detailed fetal neurosonographic work-ups include an exact
understanding of the anatomic integrity of the normal brain,
the correct delineation of all diagnostic planes, and the ability
to instantaneously retrieve valuable information on CNS ab-
normalities during conventional 2D ultrasound examinations.
These operator-dependent tasks may hamper the precise and
early recognition of more subtle changes in cerebral anatomy,

250 - b

200 -
150 A

100

CNS volumes (n)

50

z score head circumference (HC)

Fig. 3 Histogram of the differences of biometric measurement of head circumference (HC; a) and biparietal diameter (BPD; b) acquired either
semiautomatically by the SDCNS+ tool (dotted line) or manually calculated (straight line)
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Table 2 Impact of maternal and
fetal factors

Variable Odds ratio 95% confidence interval
Maternal age 0.981 0.953-1.009
Maternal body mass index 1.022 1.041-1.054
Gestational age at ultrasound examination 1.085 1.041-1.132

which impacts timely and informed decision making on ex-
tended genetic testing, amenability to fetal surgery, or termi-
nation of the pregnancy. The diagnostic value of volumetric
3D approaches for advanced assessments of the fetal CNS has
been demonstrated in the literature [7, 29]. With the recent
introduction of the intelligent semiautomatic SDCNS/
SDCNS+ technology, a 3D volume assessment standardiza-
tion via workflow-based axial, coronal, and sagittal plane re-
construction has been achieved, contributing to a further re-
duction of intra- and interobserver variability.

Based on our results, we were able to show that using
SDCNS+ after a 3D volume acquisition allows for rapid and
reliable plane reconstruction in 98% of all pregnancies, which
is in line with previously published data. In 958/1019 cases, a
detailed neurosonogram [4, 12, 28] including all nine diagnos-
tic planes as recommended by international guidelines [11]
was obtained. Initial reports have emphasized the feasibility
and potential for modulating the efficiency of qualitative and
quantitative CNS assessments by this method [22, 25]. We
further showed that using SDCNS+ results in neither addition-
al time for completion of the anatomic survey nor any change
in established workflow. The average time required for the
semiautomatic reconstruction was less than 40 to 50 s and
could be readily integrated in the examination protocol. As
image segmentation, which is the methodological basis of

Table 3  Frequency of satisfactory views (%) according to type of CNS
plane
No dropout No dropout
or adjustment
Axial planes
Transventricular plane 99.6 78.5
Transthalamic plane 99.9 83.3
Transcerebellar plane 99.9 759
Coronal planes
Transfrontal plane 99.2 77.2
Transcaudate plane 99.7 90.7
Transthalamic plane 99.8 98.3
Transcerebellar plane 98.9 83.1
Sagittal planes
Midsagittal plane 99.6 99.6
Parasagittal plane 94.6 77.5

quite a number of automated volumetric approaches, allows
for axial plane extraction from the original volume needed for
an automated biometry of the CNS, it may further aid in com-
pletion of the anatomic survey in a time-saving manner.
However, the results derived from algorithm-based calcula-
tion in advanced pregnancy should be interpreted with caution
as these measures tend to be slightly underestimated as shown
in Fig. 3. Examining the relevance of fetal-maternal factors
such as maternal age and body mass index, as well as gesta-
tional age and fetal position in utero at acquisition, revealed in
insignificant or a weak impact on final image reconstruction
via SDCNS+. This result might seem in contrast to previous
studies; Rizzo et al. stated that 5.5% of CNS volumes assessed
were of limited clinical value because of poor image quality
[23, 24]. Maiz et al. reported a direct link of diminished image
quality and both gestational age and fetal head position [13]. On
the other hand, the outcome might illustrate the improvements
of volume postprocessing using the SDCNS+ technique.
Imaging technologies for antenatal cerebral anatomy as-
sessments have substantially evolved over the last two de-
cades, allowing more detailed descriptions of the ongoing
process of gyration and sulci formation. To ascertain normal
vs. abnormal cortical development (due to cerebral
malformations or as sequelae of intrauterine growth restriction
[10] or extracerebral diseases (e.g., congenital heart disease)
[18]), there have been several attempts in the literature to
systematically evaluate the physiological changes in the ap-
pearance of primary fissures. It has recently been shown that
the development of the sylvian fissure, a landmark of gyration,
can be identified on a 2D ultrasound from 16 gestational
weeks onward [21, 27]. Accordingly, an accurate grading of
the time-dependent cortical folding for other primary fissures
such as the parietooccipital fissure, calcarine fissure, and the
cingulate sulcus is feasible with obligate visualization from 23
and 24 weeks onward [1, 5]. There are also technical issues in
the comprehensive assessment of the sylvian fissure in the
same cutting plane and a lack of standardization in both plane
reconstruction and the quantification of spatial-cerebral rela-
tionships [19]. In 2015, two publications reported the reliabil-
ity of multiplanar 3D ultrasounds for systematic (longitudinal)
assessments of cortical differentiation, confirming prior stud-
ies [2, 6,9, 14, 15]. Gindes et al. demonstrated that the sylvian
fissure grows asymmetrically in an anterior-posterior direction
rather than laterally or in the inferior-superior direction. Very
recently, reference charts of the sylvian fissure angle obtained
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in strictly coronal views have been published [20], giving
early hints towards delayed development seen in most cortical
malformations [19]. Our data corroborate and further specify
the time pattern of CNS folding because we had 100% visu-
alization of the lateral sulcus and the ongoing process of
operculization at 20 completed weeks.

However, there is not widespread, daily use because
most examiners lack familiarity with the focused use of
3D ultrasound and because volume navigation is com-
plex. The aforementioned SDCNS+ is able to simplify
thorough 3D volume-based examinations of the fetal
brain. Our data suggest that this technology even allows
concomitant and highly replicable reconstruction of
those diagnostic planes needed for the proper evaluation
of cortical differentiation.

The strength of this study is its large sample size of more
than 1000 patients scheduled for a targeted anatomic survey.
Our study includes in-depth analysis of the clinical applicabil-
ity of a semiautomated volumetric diagnostic technique, pro-
viding detailed insights into how this tool might aid prenatal
assessments of complex CNS anatomy.

One of the limitations of the current study is that all
volumes were acquired by operators with expertise in
fetal neurosonography. Moreover, as a referral center,
our patient population is biased. Consequently, the suc-
cess rate of volume reconstruction might be lower in
peripheral centers with less experienced examiners,
underscoring the need for training so that volume acqui-
sition itself is no longer the major limiting factor.

In conclusion, SDCNS+ is an efficient and valuable
method to readily provide detailed additional information
on the integrity of the fetal CNS. Its clinical applicability
has been clearly demonstrated; this workflow-based volu-
metric approach supports the evaluation of the brain in a
standardized manner (1), and it might aid early and sys-
tematic assessments of fetal cortical development (2) and
potentially allows for the detection of subtle anatomic
changes of the CNS (3). Our data illustrate the potential
of this technique in helping extract essential information
from CNS anatomy and providing a link to postnatal im-
aging and (re) assessment of the spatial arrangement and
severity of fetal anomalies.

However, the reliability and effective sensitivity of
SDCNS+ in the case of minor and major CNS abnormalities
have to be addressed in further studies.

Acknowledgments The authors thank S. Schmidt for data preparation
and logistic support.

Author contributions JW, AW: Protocol/project development. JW, AW,
MG: Data collection. JW, AW: Data analysis. JW, AW, AR: Manuscript
writing/editing.

Funding Information Open Access funding provided by Projekt DEAL.

@ Springer

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics statement The protocol was approved by the institutional ethics
committee. Informed consent was obtained.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Alonso I, Borenstein M, Grant G, Narbona I, Azumendi G (2010)
Depth of brain fissures in normal fetuses by prenatal ultrasound
between 19 and 30 weeks of gestation. Ultrasound Obstet
Gynecol 36:693-699

2. Alves CMS, Araujo Jinior E, Nardozza LMM, Goldman SM,
Martinez LH, Martins WP, Oliveira PS, Moron AF (2013)
Reference ranges for fetal brain fissure development on 3-
dimensional sonography in the multiplanar mode. J Ultrasound
Med 32:269-277

3. British Isles Network of Congenital Anomaly Registers (2012)
Congenital Anomaly Statistics England and Wales. http://www.
binocar.org/content/Annualreport2012_ _FINAL nologo.pdf.
Accessed 21 Nov 2019

4. Chaoui R, Heling KS, Kainer F, Karl K (2012) Fetale
Neurosonografie mittels 3-dimensionaler multiplanarer
Sonografie. Z Geburtshilfe Neonatol 216:54—62

5. Chen X, Li S-L, Luo G-Y, Norwitz ER, Ouyang S-Y, Wen H-X,
Yuan Y, Tian X-X, He J-M (2017) Ultrasonographic characteristics
of cortical sulcus development in the human fetus between 18 and
41 weeks of gestation. Chin Med J 130:920-928

6. Contro E, Salsi G, Montaguti E, Morganelli G, Pilu G, Rizzo N,
Bonasoni P, Ghi T (2015) Sequential analysis of the normal fetal
fissures with three-dimensional ultrasound: a longitudinal study.
Prenat Diagn 35:493-499

7. De Keersmaecker B, Claus F, De Catte L (2011) Imaging the fetal
central nervous system. Facts Views Vis Obgyn 3:135-149

8. EUROCAT (2014) EUROCAT Annual Surveillance Report.
EUROCAT Central Registry, University of Ulsterhttps://webgate.
ec.europa.eu/chafea pdb/assets/files/pdb/20133307/20133307
d0500_en_ps.pdf. Accessed 21 Nov 2019

9. Gindes L, Malach S, Weisz B, Achiron R, Leibovitz Z, Weissmann-
Brenner A (2015) Measuring the perimeter and area of the Sylvian
fissure in fetal brain during normal pregnancies using 3-
dimensional ultrasound. Prenat Diagn 35:1097-1105

10. Husen SC, Koning IV, Go ATJI, van Graafeiland AW, Willemsen
SP, Groenenberg IAL, Steegers-Theunissen RPM (2019) Three-
dimensional ultrasound imaging of fetal brain fissures in the growth
restricted fetus. PLoS One 14:¢0217538


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Childs Nerv Syst (2020) 36:2989-2995

2995

11.

13.

14.

15.

16.

17.

18.

19.

20.

International Society of Ultrasound in Obstetrics & Gynecology
Education Committee (2007) Sonographic examination of the fetal
central nervous system: guidelines for performing the “basic exam-
ination” and the “fetal neurosonogram.”. Ultrasound Obstet
Gynecol 29:109-116

Karl K, Kainer F, Heling KS, Chaoui R: Fetale Neurosonografie
(2011) die erweiterte Untersuchung des ZNS beim Fetus.
Ultraschall Med-Eur J Ultrasound 32:342-361

Maiz N, Alonso I, Belar M, Burgos J, Irasarri A, Molina FS, de
Paco C, Pijoan JI, Plasencia W, Rod6 C, Rodriguez MA, Tajada M,
Tubau A (2016) Three dimensional ultrasonography for advanced
neurosonography (Neurosofe-3d). Analysis of acquisition-related
factors influencing the quality of the brain volumes. Prenat Diagn
36:1054-1060

Mittal P, Gongalves LF, Kusanovic JP, Espinoza J, Lee W, Nien JK,
Soto E, Romero R (2007) Objective evaluation of Sylvian fissure
development by multiplanar 3-dimensional ultrasonography. J
Ultrasound Med 26:347-353

Monteagudo A, Timor-Tritsch IE, Mayberry P (2000) Three-
dimensional transvaginal neurosonography of the fetal brain: “nav-
igating” in the volume scan. Ultrasound Obstet Gynecol 16:307—
313

Morris JK, Wellesley DG, Barisic I, Addor M-C, Bergman JEH,
Braz P, Cavero-Carbonell C, Draper ES, Gatt M, Haeusler M et al
(2019) Epidemiology of congenital cerebral anomalies in Europe: a
multicentre, population-based EUROCAT study. Arch Dis Child
104(12):1181-1187

Morton CC, Metcalfe A, Yusuf K, Sibbald B, Wilson RD (2019)
The impact of prenatal diagnosis of selected central nervous system
anomalies for prenatal counselling based on significant pregnancy
morbidity and neonatal outcomes. J Obstet Gynaecol Can 41:166—
173.el

Peng Q, Zhou Q, Zang M, Zhou J, Xu R, Wang T, Zeng S (2016)
Reduced fetal brain fissures depth in fetuses with congenital heart
diseases. Prenat Diagn 36:1047-1053

Pooh RK, Machida M, Nakamura T, Uenishi K, Chiyo H, Itoh K,
Yoshimatsu J, Ueda H, Ogo K, Chaemsaithong P, Poon LC (2019)
Increased Sylvian fissure angle as early sonographic sign of mal-
formation of cortical development. Ultrasound Obstet Gynecol 54:
199-206

Poon LC, Sahota D, Chaemsaithong P, Nakamura T, Machida M,
Naruse K, Wah IYM, Leung TY, Pooh RK (2019) Transvaginal
three-dimensional assessment of Sylvian fissures at 18-30 weeks’
gestation. Ultrasound Obstet 54:190—198

21.

22.

23.

24.

25.

26.

27.

28.

29.

Quarello E, Stirnemann J, Ville Y, Guibaud L (2018) Assessment of
fetal Sylvian fissure operculization between 22 and 32 weeks: a
subjective approach. Ultrasound Obstet Gynecol 32:44-49
Rizzo G, Abuhamad AZ, Benacerraf BR, Chaoui R, Corral E,
Addario VD, Espinoza J, Lee W, Mercé Alberto LT, Pooh R,
Sepulveda W, Sinkovskaya E, Vinals F, Volpe P, Pietrolucci ME,
Arduini (2011) Collaborative study on 3-dimensional sonography
for the prenatal diagnosis of central nervous system defects. J
Ultrasound Med 30:1003-1008

Rizzo G, Pietrolucci ME, Capece G, Cimmino E, Colosi E,
Ferrentino S, Sica C, Di Meglio A, Arduini D (2011) Satisfactory
rate of post-processing visualization of fetal cerebral axial, sagittal,
and coronal planes from three-dimensional volumes acquired in
routine second trimester ultrasound practice by sonographers of
peripheral centers. ] Matern Fetal Neonatal Med 24:1071-1076
Rizzo G, Aiello E, Pietrolucci ME, Arduini D (2016) The feasibility
of using 5D CNS software in obtaining standard fetal head mea-
surements from volumes acquired by three-dimensional ultrasonog-
raphy: comparison with two-dimensional ultrasound. J Matern
Fetal Neonatal Med 29:2217-2222
Rizzo G, Capponi A, Persico N, Ghi T, Nazzaro G, Boito S,
Pietrolucci ME, Arduini D (2016) 5D CNS+ software for automat-
ically imaging axial, sagittal, and coronal planes of normal and
abnormal second-trimester fetal brains. J Ultrasound Med 35:
2263-2272
Snoek R, Albers MEWA, Mulder EJH, Lichtenbelt KD, de Vries
LS, Nikkels PGJ, Cuppen I, Pistorius LR, Manten GTR, de Heus R
(2018) Accuracy of diagnosis and counseling of fetal brain anom-
alies prior to 24 weeks of gestational age. J Matern Fetal Neonatal
Med 31:2188-2194
Toi A, Lister WS, Fong FW (2004) How early are fetal cerebral
sulci visible at prenatal ultrasound and what is the normal pattern of
carly fetal sulcal development? Ultrasound Obstet Gynecol 24:706—
715

Voigt F, Franz C, Stickeler E, Goecke TW (2017)
Ultraschalldiagnostik im 2. Trimenon. Frauenheilkunde Up2date
11:335-355
Yang F, Leung KY, Lee YP, Chan HY, Tang MHY (2010) Fetal
biometry by an inexperienced operator using two- and three-
dimensional ultrasound. Ultrasound Obstet Gynecol 35:566-571

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	Validation...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


