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Abstract 

Background:  The aim of this study was to evaluate the accuracy and reliability of a semiautomated volumetric 
approach (5D CNS+™) when examining fetuses with an apparent abnormal anatomy of the central nervous system 
(CNS).

Methods:  Stored 3D volumes extracted from a cohort of > 1.400 consecutive 2nd and 3rd trimester pregnancies 
(range 15–36 gestational weeks) were analyzed using the semiautomatic software tool 5D CNS+™, enabling detailed 
reconstruction of nine diagnostic planes of the fetal brain. All 3D data sets were examined and judged for plane accu-
racy, the need for manual adjustment, and fetal CNS anomalies affecting successful plane reconstruction.

Results:  Based on our data of 91 fetuses with structural cerebral anomalies, we were able to reveal details of a wide 
range of CNS anomalies with application of the 5D CNS+™ technique. The corresponding anatomical features and 
consecutive changes of neighboring structures could be clearly demonstrated. Thus, a profound assessment of the 
entire altered CNS anatomy could be achieved in nearly all cases. The comparison with matched controls showed a 
significant difference in volume acquisition (p < 0.001) and in need for manual adjustment (p < 0.001) but not in the 
drop-out rates (p = 0.677) of both groups.

Conclusion:  5D CNS+™ is applicable in the majority of cases with brain lesions and constitutes a reliable tool even if 
the integrity of the fetal CNS is compromised by structural anomalies. Using volume data that were acquired in identi-
cal cutting sections needed for conventional biometry allows for detailed anatomic surveys grossly independent of 
the examiner’s experience.
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Background
Although the central nervous system (CNS) was the 
first fetal anatomic structure whose pathology was suc-
cessfully visualized in utero more than 100  years ago 
and although anencephaly was the first fetal anomaly to 
be diagnosed prior to viability using ultrasound in the 

1970s, CNS abnormalities comprise one of the most 
common causes of referral for prenatal assessment that 
evade early diagnosis [1–3]. Their overall prevalence has 
recently been estimated to be 9.8 per 10,000 live births 
or potentially higher with newer imaging technologies, 
as discussed below [4, 5]. The apparent continuing trend 
of improved detection of a subset of CNS anomalies may 
also be attributed to increased prenatal screening. On the 
other hand, the increasing prevalence of different entities 
may reflect increases in potential risk factors, although 
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more detailed information and the impact of confound-
ing cofactors are mostly lacking.

The majority of severe congenital anomalies of the fetal 
CNS can be identified prenatally by applying a systemic, 
protocol-based ultrasound survey carefully performed 
by a knowledgeable and experienced examiner follow-
ing established guidelines as previously shown (overall 
accuracy of 98% in cases with multiple anomalies and 
81% in those with isolated lesions) [6]. Nevertheless, the 
detection rates of fetal brain lesions in an unselected 
population remain unsatisfactory, which may in part be 
explained by the fact that differentiation and growth of 
the fetal CNS is not completed even until after birth. 
Moreover, many complex CNS lesions develop through-
out gestation and often become apparent only later in 
pregnancy. The implications of delayed detection and/
or misdiagnoses of abnormal brain anatomy can be pro-
found and per se constitute a source of anxiety, as these 
anomalies often carry a poor prognosis and might also be 
related to malformation syndromes that further deterio-
rate the individual outcome both in utero and after birth 
[7, 8].

In this regard, the diagnostic value of a three-dimen-
sional (3D) all-embracing examination of the entire fetal 
brain has been clearly demonstrated in the literature [9, 
10]. However, applying 3D ultrasound (3DUS) to obtain 
exact diagnostic planes for a detailed neurosonogram 
(as claimed by national and international guidelines) 
is highly operator-dependent, correlates to the exam-
iner’s expertise, and can be considerably hampered by 
fetal or maternal factors (e.g., unfavorable fetal position 
in utero, high maternal body mass index, or fetal move-
ments). Recent studies have shown that a semiautomated 
volumetric approach has the potential to overcome these 
limitations, since this workflow-based technique (5D 
CNS+™) has been proven to be an accurate and reliable 
technique for fetal neurosonography [8, 11–14].

The primary objective of this study was to evaluate 
both the validity and accuracy of 5D CNS+™ in proper 
reconstruction of all diagnostic planes in the case of an 
abnormal fetal CNS anatomy. The findings could consti-
tute the basis of ideal interdisciplinary counseling and 
may in turn provide answers to the most likely pre- and 
postnatal course of the disease.

Methods
Study population
Three-dimensional volume datasets from all fetuses 
with an apparently abnormal CNS anatomy obtained by 
two operators with high expertise in performing pre-
natal ultrasound and acquired between April 2015 and 
December 2020 at a single referral center were included 

in this study. All examinations were performed transab-
dominally during a targeted anatomical survey using 
a Samsung WS80A Elite and HERA W10 ultrasound 
system (Samsung Medison, Seoul, Korea) equipped 
with a 1–8  MHz curved transducer (S-Vue™ Trans-
ducer CV1-8A). The referral base comprised a mixed-
risk cohort (women at either high or low risk for fetal 
abnormalities). The study protocol was approved by the 
institutional ethics committee, and informed consent 
was obtained. To ensure a comprehensive evaluation of 
the CNS anatomy, only 3D volumes recorded between 
the 15th and 36th gestational weeks that met sufficient 
quality requirements were included. Eligibility criteria 
further included all cases affected by major structural 
CNS anomalies (Table  3). Exclusion criteria were: (1) 
minor lesions that not necessarily require further diag-
nostic or therapeutic treatment; (2) inadequate image 
quality; (3) incomplete capture of the skull/CNS dur-
ing volume acquisition; (4) inability to apply the 5D 
CNS™ tool. A matched control group (3:1 matching for 
both maternal and pregnancy variables—e. g., maternal 
BMI, parity, gestational age, amniotic fluid index) was 
created to assess whether, in the case of CNS anoma-
lies, more volumes had to be acquired per patient or 
whether manual readjustments of the cutting planes 
(incl. dropout rate) were necessary more frequently.

Software application and volume processing
Originating from an axial view of the fetal skull, which 
corresponds to the transventricular plane, all 3D vol-
umes were acquired in the absence of fetal move-
ments and maternal breathing (for further details see 
Table  1; Fig.  1; Additional file  1: Video clip 1). In the 
resulting triplanar view, the orthogonal planes were 
reoriented to align the falx cerebri horizontally (A and 
B plane). Then, to run the 5D CNS+™ tool, two refer-
ence points were placed manually (the 1st seed placed 
in the middle of the thalami and the 2nd seed placed 
in the cavum septi pellucidi) followed by the automatic 
reconstruction of the nine diagnostic planes of the CNS 
as described previously. In the case of an apparently 
absent cavum septi pellucidi (CSP), the second point 
was placed on the midline or close to the estimated 
level of the CSP when gross forebrain anomalies were 
present (Additional file 2: Video clip 2).

All statistical tests were run through Sigmaplot (Ver-
sion 12.0, SyStat, USA). To compare the abnormal 
cases with match controls, the paired t-test (Normal-
ity Test Shapiro–Wilk) and Wilcoxon Signed Rank Test 
were used. p < 0.05 was considered to be statistically 
significant.
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Results
A total of 79 cases were enrolled in the final analysis 
after excluding 11 cases with minor cerebral anomalies 
(e.g., isolated plexus cysts, borderline ventricle diam-
eter, or dolichocephaly) because these anatomic altera-
tions did not meet the inclusion criteria. In one case, the 
semiautomatic reconstruction of all planes failed in a 
fetus affected by a giant encephalocele and was therefore 
excluded from final analysis.

The mean gestational age at the time of examination 
was 23.7  weeks (ranging from 16.6 to 35.1  weeks), the 
mean maternal age was 31.2  years (ranging from 19 to 
44  years), and the mean maternal body mass index was 
26.9 (ranging from 17.6 to 47.5 kg/m2) (see Table 2).

A variety of major CNS anomalies were present in the 
population enrolled in this study (see Figs.  2, 3, 4, 5). 
Regarding the predominant defect, the included fetuses 

comprised those with neural tube defects (n = 22), ven-
triculomegaly (n = 15), hydrocephaly (n = 13), holopros-
encephaly (n = 6), cystic lesions (n = 6), Dandy-Walker 
malformation (n = 4), corpus callosum agenesis (n = 6), 
rhombencephalosynapsis (n = 2), and mega cisterna 
magna (n = 2). One fetus had a vascular malformation 
of the circle of Willis, one had an intracranial hemor-
rhage, and another suffered from tuberous sclerosis, as 
described in Table 3. In ten fetuses, an additional chro-
mosomal aberration was identified. A subanalysis of 
our data reviewed the occurrence of CNS anomalies in 
euploid and aneuploid fetuses. In our cohort, occlusive 
lesions as well as midline and fossa posterior anoma-
lies could be observed in both groups, whereas spinal 
and solely cystic lesions exclusively occurred in euploid 
fetuses (see Table 1). Fifty-nine percent (40 of 67 cases) 
were terminated on parental request, and the mean 

Table 1  Recommended steps for appropriate volume acquisition and postprocessing using 5D CNS+™ (adapted from Dall’Asta et al. 
2019 and Abuhamad 2005) [65, 66]

General considerations Specific recommendations

Patient selection All pregnant women are theoretically eligible Limitations such as high maternal body mass index, fetal 
movement, and unfavorable fetal position may occurNo informed consent needed

Volumetric approach may be regularly included in anatomic 
survey

Ideal gestational age starting from 20 to 34 completed 
weeks (occasionally even at earlier GA)

Consider that anatomic structures may have not yet fully 
developed before 20 completed weeks

General machine settings Presets need to be adjusted at a higher contrast and smaller 
dynamic range

An initial orienting 2D evaluation of the intracranial anatomy 
using the same image settings is mandatory (ideally in 
advance of the volume acquisition)

Volume acquisition Insonation for 3D transabdominal volume acquisition A transthalamic axial plane is a prerequisite for proper 
volumetry

Other scanning planes potentially suitable for 3D brain 
assessment are not applicable

Region of Interest (ROI) position and size ROI should capture the entire contour of the fetal head (the 
box boundaries should be placed outside the skull)

Scanning angle (sweep width of the 3D acquisition) and 
quality

Scanning angle needs to be adjusted according to the GA 
(between 60 and 85°), scan quality needs to be highest 
(‘extreme)

Visualization of the cerebellum is crucial

Intermediate steps Manipulation of the triplanar volume display along the x, y, 
and z-axis

The falx cerebri needs to be orientated horizontally in both 
the a and b planes

Application of 5D  CNS+™ and following the onscreen 
pictograms

Two reference marks need to be placed:

1st seed between the rostralmost third of the thalami,

2nd seed central in the cavum septi pellucidi

Reconstruction Automatic reslicing of the volume to generate nine diagnos-
tic planes for a complete neurosonogram

Generation of the entire template takes approximately 3–5 s

Evaluation of all planes in a single template or grouped for 
axial, coronal, and sagittal planes separately

Postprocessing Optimization of diagnostic plane alignment If needed manual plane adjustment (plane by plane)

Adjustment of biometric measurement Manual correction of the calipers for exact biometric assess-
ment of the CNS

Integration of these measures into the structured biometric 
report
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gestational age at termination of pregnancy (TOP) was 
22.2  weeks (range 17.6–32.3). In 33 cases, the parents 
opted for continuation of the pregnancy. The mean ges-
tational age at delivery was 35.3 weeks (range 29.3–42.1). 
Three fetuses were stillborn.

To ascertain fetal CNS anomalies that might hamper 
proper application of the 5D CNS+™ tool due to poten-
tial technical implications, matched control groups based 
on 3D volumes of fetuses with normal CNS anatomy at 
similar gestational ages and similar maternal features 
were built as a reference. The analysis with paired t-test 
(Normality Test Shapiro–Wilk) and Wilcoxon Signed 
Rank Test showed a significantly higher need for man-
ual plane adjustment in the abnormal collective (3.1 vs. 

1.06 planes compared with the control group; p < 0.001). 
The same applied to the number of volumes required 
for a successful semiautomatic reconstruction using the 
5D CNS+™ tool. We noticed a mean of 1.7 volumes in 
anomalous fetuses compared to 1.02 volumes (p < 0.001) 
in the matched control group. Based on our results, there 
was no significant difference (p = 0.677) found between 
the drop-out rates in both groups, with 0.1 in the abnor-
mal group versus 0.03 in the control group.

Discussion
In our study on 3D volume data sets of second- and 
third-trimester fetuses, we were able to demonstrate the 
potential of a standardized semiautomated approach of 

Fig. 1  The transthalamic diagnostic plane (recommended for biparietal diameter quantification) is needed for proper volume acquisition. The 
part of the frontal lobe is not sufficiently delineated, and an enlargement of the lateral ventricle is suspected. For further assessment, additional 
views are necessary. Application of the 5D CNS+™ algorithm automatically reslices the volume data set in predefined diagnostic planes as needed 
for a complete neurosonogram. The reconstructed planes show abnormal CNS morphology found in errors of ventral induction (e.g., semilobar 
holoprosencephaly)
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anatomic reconstruction of diagnostic CNS planes in the 
presence of congenital brain anomalies. Given the non-
satisfactory detection rates of CNS lesions in utero in an 

unselected population on the one hand and the diagnos-
tic value of 3D ultrasound with simultaneous analysis in 
three orthogonal planes for advanced assessments of the 
fetal CNS (as presented herein) on the other hand, the 
question arises why most of the available data still rely on 
conventional two-dimensional ultrasound (2DUS). Fol-
lowing the recently revised ISUOG practice guidelines 
for sonographic examination of the fetal central nerv-
ous system, further assessment of additional diagnostic 
planes is mandatory in cases of a positive family history, 
congenital heart disease, suspected intrauterine infec-
tion, monochorionic twin gestation, abnormal genetic 
testing, or when an anatomic abnormality is suspected 
during routine or nuchal translucency scans [15]. As 
exemplified by an apparent enlargement of the ventricu-
lar system, a careful assessment of the entire intracranial 
anatomy is arbitrative, including the lateral, third, and 
fourth ventricles; (peri-)callosal region; thalami; germi-
nal matrix region; and cerebellum, to rule out additional 
CNS anomalies (and extracranial defects). However, this, 
in turn, implicates attainment of numerous additional 

Table 2  Birth and maternal characteristics

Birth and maternal characteristics Value/mean [range]

Maternal age at diagnosis (years) 31.8 [20–44]

Termination of pregnancy (TOP/n) 40

stillbirth (n) 3

Live-born infants (n) 35

 Spontaneous vaginal (n) 16

 Primary cesarean section (n) 11

 Secondary cesarean section (n) 8

 > 37 weeks of pregnancy (n) 24

 < 37 weeks of pregnancy (n) 9

Gestational age at diagnosis (weeks) 22.2 [13.6–35.0]

Gestational age at TOP (weeks) 22.4 [17.6–32.3]

Gestational age at delivery (weeks) 35.3 [29.3–42.1]

Fig. 2  Comparative alignment of complete neurosonograms comprising nine diagnostic planes of normal (a) and abnormal CNS anatomy 
(b–e). Panel b demonstrates a cystic lesion located in the midline. The information gained from different cutting sections shows a slight 
enlargement of the 3rd ventricle (and reduced interthalamic adhesion diameter) but normal appearance of the aqueduct seen in the midsagittal 
and transventricular and transcerebellar planes. The lesion is more caudally located, expanding symmetrically toward the median border of the 
lateral ventricles, both of which are slightly enlarged, suggesting a functional obstruction of cerebrospinal fluid (CSF) drainage via the left and 
right foramen of Monro. Panels c-e depict varying degrees of ventricular enlargement caused by different underlying causes. Agenesis of corpus 
callosum with colpocephaly (panel c), note the absent cavum septi pellucidi seen in transthalamic and anterior coronal planes; the patent aqueduct 
in the midsagittal and axial planes as well as the steer horn/bull’s head appearance of the anterior horns displayed in the transcaudate cutting 
section. Panel d shows features of occlusive hydrocephaly clearly emphasized in nearly all diagnostic planes and most likely caused by aqueductal 
stenosis (dilated 3rd ventricle and nonvisualization of the sonolucent aqueduct in midsagittal and axial planes). Panel e illustrates abnormal 
intracerebral findings attributed to a Chiari II malformation as a sequela from spina bifida aperta (descent of the tonsils and abnormal bowing of 
cerebellum in midsagittal and transcerebellar planes). There was also a marked dilatation of the lateral ventricles seen in all planes
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planes and views that primarily constitute a complete 
neurosonogram. Developing and maintaining the skills to 
perform a targeted anatomic survey in general, but fetal 
neurosonography in particular, requires an investment 
and an organized approach [16, 17].

A collaborative study analyzing the results from 11 
international prenatal centers emphasized that 3D US of 
the fetal CNS constitutes an accurate and reliable method 
for the diagnosis of fetal brain malformations [8]. Assess-
ment of prospective data from the Neurosofe-3D study 
demonstrated that acquisition of brain volumes following 
evidence-based guidelines is able to improve the quality 
of the volumes and visualization rates of the intracranial 
structures (satisfying evaluation of 91.5% structures in 
the axial plane, 81.8% in the coronal plane, and 89.9% in 
the sagittal plane) [18]. In light of very recent data from 
a complementary analysis of the INTERGROWTH-21 
project cohort that investigated and measured fetal 
brain structures on ultrasound images extracted from 
3D volumes of the fetal head, the importance of obtain-
ing standardized planes using a volumetric approach has 
been underscored [19].

Current research on volumetric assessment of CNS 
anatomy
In the last fifteen years, substantial efforts have been 
made toward a thorough volumetric assessment of fetal 
midbrain and hindbrain structures and their defects in 
utero (e.g., corpus callosum including pericallosal blood 
supply, 3rd ventricle and adjacent structures, posterior 
fossa and cerebellum, Sylvian fissure) [9, 20–26]. Spi-
nelli et  al. provided data on how the exact biometry of 
posterior fossa structures (vermian crest angle) can be 
obtained in a feasible and reproducible manner using 3D 
US [27]. Rodriguez-Sibaja and colleagues published inter-
national standards for fetal cerebellar growth and Sylvian 
fissure maturation using 3D ultrasound volumes from 
the same population-based project [28]. Qualitative and 
quantitative studies of cortical development evaluation 
using volume data sets clearly showed the potential of 
multiplanar assessment and confirmed 3D US as a robust 
diagnostic method [14, 29, 30]. Detailed prenatal judg-
ment of even subtle changes in terms of cortical grad-
ing and sulci shape and depth is feasible [31–34], but it 
necessitates exact image alignment and, more strikingly, 

Fig. 3  Nine-image template after 5D CNS+™ application depicting abnormal CNS anatomy of a dichorial twin gestation at 18 completed weeks. 
The transthalamic plane (TT; acquisition plane) shows enlarged lateral ventricles (LV) and a fluid-filled area (*) in the midline (also seen in the sagittal 
and transventricular (TV) cutting sections), most likely representing a dilated suprapineal recessus. Turricephaly was clearly displayed in the sagittal 
planes. The aqueduct of Sylvius cannot be distinguished in either the sagittal or transcerebellar plane (TC), which accomplishes the clinical picture 
of an obstructed liquor circulation. The transverse diameter of the cerebellum is small, suggesting severe hypoplasia and fusion of the hemispheres, 
as found in rhombencephalosynapsis (RES; solid arrow). The coronal transthalamic plane (TTc) reveals thalamic fusion (dotted arrow)
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an awareness of the adequacy of planar image adjustment 
based on anatomical landmarks, as described in the cur-
rent literature [29, 35].

In fact, quite a number of the studies analyzed vol-
ume information derived from transvaginally acquired 
3D datasets, as these showed a higher image resolu-
tion (through US propagation via the sagittal suture and 
subsequent volume postprocessing) [36–38]. Three-
dimensional TVS has been reported to have higher 
success rates than the 2D approach and is capable of 

multiplanar volume manipulation along the x-, y-, and 
z-axes to achieve high-quality images without requir-
ing acquisition in the exact mid-sagittal plane [39, 40]. 
However, due to technical obstacles, such as the inabil-
ity to manipulate the fetal head to an optimal scanning 
position or due to physical constraints that may limit the 
number of  degrees of freedom of the US probe, trans-
vaginal access to capture fetal CNS anatomy might be 
challenging or even impossible. Taking this into account, 
it becomes obvious that despite the somewhat lower 

Fig. 4  Transcerebellar plane depicting different cerebellar appearances from normal (a) to abnormal (b–d). The latter findings are part 
of gross intracranial pathology that needs further planes for delineating additional anomalies and establishing the final diagnosis. The 
rhombencephalosynapsis seen in panel b should necessarily stress an assessment of the ventricular system including the aqueduct of Sylvius 
(see also Fig. 3). In this particular case, aqueductal stenosis and triventricular enlargement were confirmed. An obstructed CSF pathway resulting 
in dilated lateral ventricles seen in all diagnostic planes underscored the impression of a Chiari II malformation (panel c). The fetus in panel d had 
vermian hypoplasia referred to as Dandy-Walker malformation

(See figure on next page.)
Fig. 5  Intraventricular hemorrhage delineated using 5D CNS+™ in utero at 35 gestational weeks and correlated to the corresponding MR 
appearance on the 1st day after cesarean section. Note the severe hydrocephalus and the echogenic outlining of the ventricles. The blood clots 
predominantly seen in the axial and anterior coronal planes during prenatal imaging were markedly degraded in size or could not be reproduced 
postnatally. However, severe asymmetric enlargement of the ventricular system remained, and the cerebral cortex was thinned, corroborating the 
prenatal findings. MR images that correspond exactly for both the transcerebellar and parasagittal planes from 5D CNS+™ reconstruction could not 
be assigned due to the predetermined oblique cutting section.
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Fig. 5  (See legend on previous page.)
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resolution, an abdominal (rather than a transvaginal) 
approach using an axial acquisition plane is much more 
appropriate in a screening setting. Nevertheless, manual 
navigation through brain volume datasets necessitates a 
comprehensive understanding of fetal CNS architecture 
and a spatial sense of anatomic relations and hence is 
highly operator dependent, especially when CNS abnor-
malities are suspected. It has recently been shown that 
automated volumetric approaches efficiently enable rapid 
and standardized evaluation of the fetal brain in terms of 
basic examination [41–43] or reconstruction of an entire 
neurosonogram [12–14]. However, it remains widely 
unclear how these automatic techniques are of clini-
cal use in delineating different CNS lesions by means of 
proper plane reconstruction and visualization of struc-
tural defects in detail.

Clinical implications of the study findings
In all cases of our cohort affected by anomalies desig-
nated to the posterior fossa, including cerebellar lesions 
(Fig.  4), the diagnostic planes depicting the particu-
lar lesion were correctly reconstructed, which is in line 
with previous findings using the 5D CNS+™ algorithm 
[13]. The added value of orthogonally oriented sections 
displayed in a single template is exemplary and was dem-
onstrated in both fetuses with rhombencephalosynapsis 
(RES) and cerebellar hypoplasia (Fig.  3). The common 
features of abnormal rhombencephalic differentiation 
as described previously can be tracked in a step-by-step 
manner [44–47]. While summarizing the abnormal ana-
tomic hints of the fetus in Fig.  3, a Goméz-López-Her-
nandéz syndrome might be likewise suggested. Subtle 
anatomical measures that might point to concomitant 
mid- and hindbrain lesions such as tectum length/thick-
ness and tegmental thickness or the absence of the sono-
lucent appearance of the aqueduct (best visualized in 
longitudinal and transcerebellar cutting sections) can 
also be quantified in detail as very recently reported [48]. 

Accordingly, occlusive lesions caused by obstruction of 
cerebrospinal fluid (CSF) pathways either to aqueductal 
stenosis or secondary to Chiari-II malformation were 
present in 7 cases and 21 cases, respectively, and were 
effectively displayed using 5D CNS+™ (Fig. 2). Depicting 
axial, coronal, and longitudinal simultaneously in a sin-
gle template allows for a more comprehensive anatomic 
evaluation of the most likely underlying cause of the 
intracranial pathology. In Fig. 3, indirect signs of internal 
obstruction that were highly suggestive of AS and com-
monly seen on comparative MR imaging studies could be 
readily observed [49, 50]. Notably, in > 90% of cases with 
open spina bifida, there were no sonographic hints of dis-
continuation of CSF circulation downstream of the third 
ventricle. Birnbaum et al. introduced objective measures 
of the 3rd ventricle and its surrounding landmarks that 
have proven to be useful in diagnosing primary obstruc-
tion with high accuracy [20]. Prerequisites for assessment 
of the interthalamic adhesion diameter as the strongest 
proxy are precise midsagittal views through the mid- and 
hindbrain.

A detailed description of intracranial signs of neural 
tube defects (NTDs) from the first trimester onwards 
other than a small posterior fossa and the infratentorial 
descent of the brainstem and cerebellar tonsils (Chiari II 
malformation) has been proposed by several groups [51–
54]. Very recently, the interpeduncular angle (IPA) was 
reported to be reduced in MR tomography in second- 
and third-trimester fetuses with dorsal dysraphism cor-
responding to a complete collapse of the interpeduncular 
cistern following severe hypotension in hindbrain hernia-
tion [55]. In our study cohort, a wide range of anatomi-
cal severities of intracranial pathology were encountered, 
encompassing different degrees of ventriculomegaly and 
hydrocephaly secondary to the observed changes within 
the Chiari II malformation spectrum.

As the correct plane for the calculation of the IPA is 
rather confined to an oblique cutting section traversing 
the eyes toward the occiput above the dislocated cerebel-
lum, this measure could not be obtained accordingly.

In spite of the higher need for manual adjustment 
and numbers of volumes for proper semiautomatic 
reconstruction, 5D CNS+™ is an efficient and valuable 
method, but it must, however, be considered that simi-
lar to conventional 2D US, volume US has several tech-
nical limitations, particularly in advanced gestation 
(e.g., hardly defined edges, multiplicative speckle noise, 
and the only partially solved issue of estimating missing 
information in occluded areas caused by acoustic shad-
ows, as seen in the analysis of the proximal parasagittal 
plane). Moreover, extraction of appropriate cutting sec-
tions from the fetal brain volumes depends on acoustic 
beam penetration and tissue impedance and is further 

Table 3  Clinical classification of CNS anomalies

CNS anomaly n

Isolated ventriculomegaly 15

Occlusive lesions 13

Neural tube defects 22

Midline defects 12

Posterior fossa anomalies 8

Vascular malformations 1

Tumors/cysts 6

Intracranial hemorrhage 1

Tuberous sclerosis 1
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influenced by the fact that most of the brain tissue has 
similar acoustic properties and impedance values [56]. 
A further limitation of our study is that the initial vol-
ume acquisition was made by operators with expertise in 
fetal US, which may introduce a certain bias on the suc-
cess rates of 5D CNS+™ volume reconstruction. Another 
(methodologically) relevant fact has been stressed by 
Quarello et al., who stated that the choice of CSP instead 
of fornices as the anterior most structure (or pivotal 
point for automatic plane reconstruction) for cortical 
maturation assessment may lead to misinterpretation of 
the modification of the SF shape and is prone to a certain 
variation in cutting sections [35]. Although we generally 
agree, we believe that adherence to workflow-based volu-
metric approaches might considerably limit the extent of 
variation, imprecise diagnostic planes, and the need for 
manual plane adjustments.

The advent of newer imaging technologies, as discussed 
and illustrated herein, might further nourish the contro-
versial debate regarding the role of fetal MRI in the diag-
nostic work-up of fetal brain anomalies (Fig.  5). Recent 
data from the European Neurosonography (ENSO) 
Working Group indicate that the incidence of an associ-
ated fetal anomaly in fetuses with a sonographic diagno-
sis of isolated mild or moderate ventriculomegaly (VM) 
or corpus callosum agenesis that was missed on ultra-
sound and detected only on fetal magnetic resonance 
imaging (MRI) is lower than that previously reported. 
These anomalies merely involve migration disorders and 
hemorrhage [57, 58]. Notably, no statistically significant 
differences were noted between the diagnostic accuracy 
of fetal neurosonography and fetal MRI for CC and CSP 
anomalies, NTDs, PFA, and PVM [59–61]. Accordingly, 
van der Knoop and colleagues stated that fetal MRI did 
not demonstrate any anomalies that were not seen on 
multiplanar neurosonography [62]. The complementary 
information of MR imaging in the evaluation of CNS 
pathologies might be of value when clarification of a 
US-identified lesion may advise pre- and postnatal man-
agement (including parental decision to terminate the 
pregnancy) or when feto-maternal conditions hamper 
detailed US examination [63, 64].

Conclusions
In conclusion, although the assessment of fetal CNS 
anomalies continues to improve, the diagnostic poten-
tial of 3D ultrasound as a valuable tool in detailed 
structural analysis of the fetal brain has not been fully 
utilized. Despite the clinical value and advantages of 
3D US its diagnostic potential remains underestimated, 
as many centers have not embraced this modality. The 
main reason for this dilemma and the limited uptake 

of 3D US might be attributed to the lack of standardi-
zation in the acquisition and postprocessing of vol-
ume data sets, constituting a major limiting step for 
the effective performance of 3D US. A workflow-based 
three-dimensional ultrasound approach, as reviewed 
herein, has been shown to reproducibly improve the 
assessment of both the normal and abnormal fetal CNS 
architecture and can be considered as an easy-to-apply 
screening and diagnostic tool in a clinical setting, since 
it enables a more refined diagnosis of most congeni-
tal malformations of the brain. Moreover, storage of 
3D volume data sets enables offline review of the data 
volumes and facilitates, if needed, remote second opin-
ions of specialists in the field. However, inexperienced 
examiners need to become familiar with the anatomy, 
rendered views, and spatial relationships of the fetal 
CNS and implement volume acquisition of fetal targets, 
giving them the opportunity to improve their daily rou-
tine in a convenient and time-saving manner.

In contrast to this rapid semiautomatic US technique, 
MRI consumes vast amounts of time (during which the 
main questions asked by parents could be addressed in 
detail by neuropediatricians) and resources and may 
overlook subtle anatomic anomalies such as a faulty 
cortical migration or intracranial hemorrhage (Fig. 5).
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