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Extending the basic fetal CNS 
examination at the second  

and third trimester scan

Introduction. The basic guidelines provide the diagnosis 
of most anomalies or at least help the examiner observe 
there is something wrong and refer the case to a specialised 
unit. Fetal neurosonography is a complex examination 
that needs time and making it routinely in a complete form 
(with multiple coronal and sagittal sections) may not be 
cost-efficient. We analyzed if some elements of advanced 
neurosonography, together with color Doppler, would 
im prove the examination, increase the diagnostic rate and 
de crease the referred case percentage, but also if they are 
feasible or prolong the examination time with minimal 
benefits. Materials and method. The new parameters 
used in our protocol were: sagittal image with the corpus 
callosum and vermis; color Doppler evaluation on a median 
approach with the pericallosal artery and Galen’s vein, and 
an axial approach with the circle of Willis, targeting the 
evaluation of vascular anomalies; acquiring a 3D volume of 
the fetal head for diagnostic purposes, but also for storing 
in a “3D volumes library”. Result. After the evaluation of 763 
cases, we noticed an extension of the examination of about 
three minutes, and the target was achieved in over 90% of 
the cases, the most difficult being the vascular median view. 
The use of new techniques helped us demonstrate more 
anomalies or anatomic variants, among which a Galen’s 
vein aneurysm, and also offered the possibility of using the 
3D volume library and offline examination for retrospective 
evaluation of certain cases. Conclusions. We believe that 
the new parameters had a good feasibility, they did not 
prolong the examination time, and brought new and more 
precise diagnosis. The benefits for the pathological cases 
were proved by the cases reported. Also, the existence 
of an ultrasound volume data base allows retrospective 
evaluation of cases and allows for new, sometimes better 
images, for later in pregnancy or even postnatally.
Keywords: neurosonography, color Doppler, 3D ultrasound

Introducere. Protocolul de bază asigură diagnosticarea 
ma jo rității anomaliilor sau cel puțin sesizarea prezenței unei 
anor ma lități şi direcționarea cazului către un for superior. 
Neu ro so nografia fetală este o examinare complexă care 
ne ce sită timp şi introducerea ei în forma completă ar putea 
să nu fie considerată cost-eficientă. Am analizat modul în 
care introducerea unor secțiuni din protocolul extins re co-
man dat de ISUOG ar îmbunătăți calitatea examinării, ar 
creş te rata diagnosticelor şi rapiditatea formulării lor, dar şi 
mă su ra în care acestea sunt fezabile sau  prelungesc timpul 
de examinare, cu beneficii minime. Materiale și metodă. 
Pa ra metrii noi introduşi au fost: a) secțiune sagitală – corp 
calos, vermis; b) evaluare Doppler color pe secțiune sagitală 
şi axială în scopul diagnosticului anomaliilor vasculare 
ce re bra le; c) obținerea unor  volume 3D ale capului atât în 
scop diagnostic, cât şi în scopul realizării unei „biblioteci” 
de volume pentru evaluarea retrospectivă a cazurilor. 
Re zul tate. În urma evaluării a 763 de cazuri am observat 
o prelungire a timpului de examinare cu aproximativ trei 
mi nu te, iar targetul a fost atins în peste 90% din cazuri, cea 
mai di fi ci lă fiind evaluarea vasculară sagitală. Adoptarea 
noilor tehnici ne-a ajutat să punem în evidență mai multe 
anomalii sau variante anatomice ale SNC, printre care un 
anevrism de venă Galen, dar şi evaluarea retrospectivă 
a cazurilor cu probleme, utilizând biblioteca de volume 
şi tehnici de eva lua re offline. Concluzii. Considerăm că 
metodele adi țio na le au avut o fezabilitate bună, nu au 
prelungit timpul de exa minare şi au asigurat diagnostice 
suplimentare. Aportul adus în cazurile patologice a fost 
demonstrat de cazurile pre zen tate. De asemenea, existența 
unei baze de date de vo lu me asigură evaluarea retrospectivă 
a cazurilor şi permite obținerea de imagini noi, mai 
relevante, acolo unde se sus pec tează ceva ulterior în sarcină 
sau chiar postnatal. 
Cuvinte-cheie: neurosonografie, Doppler color, ecografie 3D
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Introduction  
The basic protocol for central nervous system (CNS) 

evaluation recommended by ISUOG (for mid trimes-
ter) includes intact cranium, cavum septum pelucidum, 
midline falx, thalami, cerebral ventricles, cerebelum, 

and cisterna magna(1). In our unit, we use an ISUOG-
based protocol illustrated in Table 1 and Table 2. This 
standardized examination assures the diagnosis of most 
anomalies or at least allows to observe if there is some-
thing wrong and refer the case to a specialised unit. Fetal 
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neurosonography is a complex examination that needs 
time and making it routinely in a complete form (with 
multiple coronal and sagittal views) may not be cost-
efficient. We analyzed if some elements of advanced 
neurosonography, together with color Doppler, would 
improve the examination, increase the diagnostic rate 
and decrease the referred cases percentage, but also if 
they are feasible or prolong the examination time with 
minimal benefits. We also analyzed the opportunity of 
acquiring 3D volumes of the fetal head. The study took 
place from July 2017 to July 2018, on 763 cases of second 
and third trimester pregnancies (465 cases of second 
trimester pregnancies, with an average gestational age 
of 22 weeks + 1 day, and 298 third trimester cases, with 
an average gestational age of 32 weeks + 3 days). 

Materials and method
The new parameters used in our protocol were: 
nn Sagittal image with the corpus callosum and vermis. 
nn Color Doppler evaluation on a median approach with 
the pericallosal artery and Galen’s vein and on an 
axial approach with the circle of Willis, targeting the 
evaluation of  vascular anomalies.  

nn Acquiring a 3D volume of the fetal head for diagnostic 
purposes, but also for storing in a “3D volumes library”. 
All the examinations were performed on a Voluson  

E8 expert ultrasound machine (GE Healthcare, Kretz 
Ultrasound, Zipf, Austria), using a RAB 6D 3D abdomi-
nal probe and a  RIC 5-9D 3D transvaginal probe; the 
images were obtained transabdominally or transvagi-
nally (if necessary and possible). Sometimes, sagittal 
images were obtained from a 3D volume, when 2D direct 
visualization was not possible. The settings for color 
Doppler were done as recommended in previous stud-
ies(2,3), using a PRF (pulse repetition frequency) of 2 to 
4 MHz for routine examinations – however, in  cer-
tain situations, we used a PRF as low as 0.6 MHz. The 
settings for second trimester volumes were made to 
a high 2D quality with an average angle of 50 (with a 
small variability according to gestational age). For the 
third trimester we chose a 70-degree angle with an im-
age quality of max 1 or higher (if the fetus was still for 
enough period of time). We would like to mention that 
for the third trimester scan we used a special setting 
of the 2D with the specle reduction imaging (SRI) and 
the compound imaging (CRI) at level 1 and the dinamic 

Second-trimester CNS scan 

Normal cranial contour – intact cranium 

Cavum septum pellucidum 

Midline falx 

Thalami

Cerebral ventricles

Cerebelum

Cisterna magna

Table 1 Standard protocol for the second 
trimester

Table 2 Standard protocol for the third 
trimester

Third-trimester CNS scan 

Normal cranial contour – intact cranium

Cavum septum pellucidum 

Posterior horn – lateral ventricle 

Cerebelum

Cisterna magna 

*Circle of Willis –  
not mentioned, but used for middle cerebral artery Doppler

Table 3 Feasibility of proposed parameters

Parameter Success in acquiring the respective parameter

Sagittal section with corpus callosum and vermis 98.42% (751/763)

Pericalosal artery 94.62%(722/763)

Galen vein 91.48% (698/763)

Circle of Willis 100%

3D volume 100%
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contrast at level 4, for a better highlighting of the details 
of the cerebral tissue

Results and discussion 
We analyzed four aspects of the utility of our meth-

ods: feasibility, the extra examination time needed, 
special cases in which the new parameters used were 
helpful, the need for a 3D volume data base.  

Feasibility: we analyzed if the parameters were easy 
to obtain. Data shows (Table 3) that the parameters were 
obtained in over 90% of cases. 

The extra examination time needed: we analyzed 
how much each examination took with or without the 
new parameters. This was evaluated separately for the 
second and third trimester scans, with an average of 41 
minutes for every second trimester scan and 24 min-
utes for every third trimester scan – an extra 3 minutes 
for each type of examination compared to standard 
examinations. 

Special cases in which the new parameters 
used were helpful 

Case 1: Galen’s vein aneurysm
Galen’s vein aneurysm is a rare arteriovenous malfor-

mation that results from the abnormal communication 
between Galen’s venous sinus and branches of different 
cerebral arteries. It is associated with heart failure due 
to increased preload and may associate hydrocephaly 
due to compression of the aqueduct of Silvius(4,5). It is 
noticed on 2D ultrasound as a cyst-like structure and 

should be differentiated from other types of lesion such 
as arachnoid cysts, porencephaly, and cerebral hemato-
mas. The use of color Doppler allows the visualization 
of a turbulent vascular flow (Figure 2). Due to the rare 
nature of the disease, there is no standard treatment 
protocol. There is, however, a consensus regarding the 
need for prenatal and/or postnatal MRI and the use of 
embolization as a first line of treatment(6), with good 
results on limited series. The patient was referred for a 
third trimester scan at 32 weeks for the suspicion of an 
arachnoid cyst – the use of color Doppler as part of our 
new screening protocol allowed a fast diagnosis of the 
cerebral malformation.  

Case 2. Agenesis of the corpus callosum
Agenesis of the corpus callosum is the complete absence 

of the corpus callosum and has a prevalence of 1.4/10000 
births. The diagnosis is based on direct and indirect 
signs that include the absence of the cavum septum pel-
lucidi, abnormalities of the ventricles (colpocephaly), 
abnormal trajectory of the pericallosal artery, widening 
of the interhemispheric fissure, and radial disposition of 
the sulci on the internal side of the hemispheres(7). Our 
case was diagnosed at 22 weeks, after normal first tri-
mester screening. The examination revealed the typical 
signs on axial images, but the definitive diagnosis was 
made on the sagittal scan, with the demonstration of an 
absent corpus callosum and an abnormal arterial disposi-
tion – only the anterior cerebral artery was seen, with 
branches ascending linearly. The patient opted for the 
termination of pregnancy; the karyotyping was normal. 

0 10 20 30 40 50

standard  second trimester scan

second trimester scan +

standard third trimester scan

third trimester scan +

Figure 1. Time consumed (minutes) on standard second and third trimester scans versus second and third trimester scans 
+ additional parameters for CNS
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Figure 2. Galen’s vein aneurysm; a. 2D scan; b. color Doppler 

Figure 4. Dysgenesis of the corpus callosum Figure 5. Abnormal pericallosal artery 

Figure 3. Agenesis of corpus callosum; a. axial scan – absent cavum septum pelucidi; b. sagittal scan – absent corpus 
callosum; c. abnormal pericallosal artery 

Case 3. Dysgenesis of the corpus callosum
The terminology of the corpus callosum pathology holds a 

wide spectrum. The dysgenesis of the corpus callosum, in the 
sense of incomplete development, covers partial agenesis 
and hypoplasia(8). The size of the corpus callosum can be 
measured from existing nomograms(9,10). The prognosis is 
unknown due to the limited number of cases reported. The 

association with genetic disease has been described(11). The 
case was referred to our unit for absent cavum septum pellu-
cidi. The sagittal scan revealed a small corpus callosum – 15.1 
mm to 17.1 mm on different measurements, compared to 
the normal range of 21.66-24.74 mm (95% CI). We recom-
mended fetal MRI, karyotyping and microarray analysis. 
Unfortunately, the patient was lost from the follow-up. 
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Figure 6. Cavum velum interpositi; a. normal variant; b. cyst 

Case 4: Abnormal trajectory of the pericallosal 
artery 

Aberrant pericallosal artery has been described as 
part of the agenesis of the corpus callosum (partial or 
complete). However, due to the routine use of color Dop-
pler, we found a case with a normal corpus callosum (size, 
thickness and normal dynamic throughout the preg-
nancy) with an aberrant pericallosal artery. We attrib-
uted it to a small lipoma adjacent to the corpus callosum 
and we counselled the patient to have a fetal MRI, but 
the patient decided not to do it. Since the case was at 
the beginning of our study, we have information from 
birth and postnatal follow-up. The patient gave birth to 
a 3420 g baby, with an Apgar score of 9, 9 and 10 at 1, 
3 and 5 minutes, respectively. No neurological signs or 
seizures were registered in the third day of staying in the 
neonatal department. The 3-month and the 6-month 
evaluations revealed normal neuromotor development; 
no seizures or any abnormal signs were noticed. 

Case 5. Cavum velum interpositi (normal va riant/
cyst)

Cavum velum interpositi is located in the third ventricle, 
within the tela choroidea(12). When the structure is mini-
mally fluid filled, just enough to make it visible, it is consid-
ered an anatomical variant, with no impact on fetal CNS. 
When the size is larger than 10 mm, it is described as a 
cavum velum interpositi cyst. When associated with a normal 

CNS scan, the prognosis is excellent(13). In this study, we 
found one case of cavum velum interpositi – normal variant 
(Figure 6a) and one case of cavum velum interpositi cyst (Fig-
ure 6b). Our cases were diagnosed at the mid trimester scan 
in patients of the low-risk group. 3D ultrasound proved 
especially useful in establishing the location of the cyst and 
in excluding other types of cystic structures. Color Doppler 
was used to exclude vascular malformations. 

The 3D data base (our “library” of 3D volumes) proved 
useful in many situations, especially in patients who pre-
sented with ventriculomegaly later in pregnancy – the 
stored volumes allowed us to demonstrate the normal 
aspects on numerous axial sections. The offline volumes 
were accessed with the 4D view software. 

Conclusions 
We believe that the new parameters had a good fea-

sibility, they did not prolong the examination time, and 
brought new and more precise diagnosis. The benefits for 
the pathological cases were proved by the cases reported. 
Also, the existence of an ultrasound volume data base 
allows a retrospective evaluation of cases and allows 
for new and sometimes better images, useful later in 
pregnancy or even postnatally.   n
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