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Abstract

Background: Cavum septi pellucidi (CSP) is easily evaluated in the
second and third trimester of the pregnancy. The structure is an im-
portant feature of the standard planes used for routine morphological
assessment of fetal head and central nervous system (CNS): trans-
thalamic and trans-ventricular plane. The standard description of the
CSP is an anechoic rectangular box between two hyperechoic lines
represented by the septum pellucidum. The pathological aspects are
mainly represented by the absence of its normal appearance, which
is associated with severe CNS malformations of the brain midline as
corpus callosum agenesis, hydranencephaly, porencephaly, schizen-
cephaly, holoprosencephaly, syntelencephaly or severe chronic hy-
drocephaly. Other issues such as increased or reduced dimensions of
the CSP are not considered significant if found isolated, although the
fetal genetic investigation is suggested by some authors. The objec-
tive of the study was to evaluate the outcome of fetuses with abnormal
CSP detected by sonography in the last 5 years, in the Prenatal Diag-
nosis Unit (PDU) of our tertiary center.

Methods: We performed a retrospective review of the cases with ab-
normal CSP evaluated in our tertiary unit, diagnosed between January
2012 and November 2016. The fetal anatomy was evaluated in all
cases following the recommendations of the international guidelines.
In abnormal CSP cases, fetal neurosonogram and an extended fetal
anomaly scan were performed and amniocentesis was proposed to
identify genetic disorders.

Results: A total of 7,520 cases were examined for morphological pur-
poses and abnormal CSP was found in 36 cases. Absent CSP was the
initial observation that triggered further investigation and diagnosis
in the cases with agenesis of corpus callosum (ACC) (seven cases)
and septo-optic dysplasia (two cases). In hydranencephaly or severe
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hydrocephaly, porencephaly, schizencephaly and holoprosencephaly,
the heavily malformed aspect of the brain is obvious, and the absence
of CSP is only an observation, with less diagnostic importance and
clinical implications. Partial or total ACC was mainly associated to
absent CSP, as the development of two structures is merged. Almost
half of the total abnormal CSP cases (16/36) were associated with
genetic disorders, most of them with abnormal karyotype and all of
them were associated with the absence of CSP. The persistent enlarge-
ment of CSP (4/36 cases) and the hyperechoic aspect of CSP (1/36)
were not associated with other structural or genetic abnormalities and
the postnatal neuromotor development was normal.

Conclusions: The CSP evaluation is mandatory and normal aspects
suggest a normal development of the midbrain. Genetic testing should
be offered especially for the cases with absent CSP because of the
high incidence of chromosomal disorders. As the absence of CSP is
associated with severe structural or genetic disorders, its visualiza-
tion in the second half of pregnancy is mandatory for any anomaly
scan. The enlargement and echogenicity variations of CSP associate a
favorable neonatal outcome. However, long-term follow-up is recom-
mended in the apparently normal neonates and infants, as they may
develop abnormal psychological behavior lately.

Keywords: Cavum septi pellucidi; Corpus callosum; Ultrasound
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Introduction

Cavum septi pellucidi (CSP) is an important structure, devel-
oped together with the corpus callosum (CC) starting from 10
weeks gestation age (GA) until 18 weeks GA. It is located in
the middle of the brain, placed above the fornix, between the
two medial walls of the lateral ventricles and below the CC.
This structure is continued posteriorly with cavum vergae and
the limit between these two is a plane between the Monroe
foramens. Most of the authors use the term CSP for “CSP and
Vergae”. We comply with this term and use “CSP” for both of
the structures. The septi pellucidi serves as an important relay
station; its most important anatomical and functional fiber con-
nections are with the hippocampus and the hypothalamus.
CSP is routinely imaged after 18 gestational weeks on the
three mandatory views of the fetal head obtained during fetal
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Figure 1. 3D fetal CNS evaluation with tomographic ultrasound imaging (TUI). The absence of CSP is indicated by the red circle
in cases with severe brain anomalies: holoprosencephaly and schizencephaly.

sonography. Specifically, in addition to the images of the ven-
tricles and the posterior fossa, an axial view at the level of the
paired thalami yields both the biparietal diameter and the CSP
[1-8]. An important issue for the abnormal CSP diagnostic is
not to mistake fornix for CSP, because of their proximity and
relative similar appearance. The normal CSP should appear as
a dark box due to the fluid within the cavum, surrounded by
two white lines on both lateral sides, represented by the septum
pellucidum. At the level of the fornix, the box is divided by a
third sagittal line. The differentiation is of major importance,
as the fornix development is not related to CC [9].

Abnormal aspects of CSP include its absence, enlarge-
ment or echogenicity. The normal widening of CSP has been
standardized between 2 and 4.7 mm (+ 2 SD) at 19 - 20 weeks
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GA and up to 9 mm as an upper limit at 38 weeks, considering
2 SD as well [10]. The enlargement of the CSP was associated
with hydrocephaly, chromosomal translocations and growth
restriction. When found as an isolated sonographic abnormal-
ity, the fetal outcome is favorable, although fetal genetic evalu-
ation should be offered [11-13]. The normal evolution of CSP
after birth is closure from cavum vergae to CSP, and only 15%
of this space is visible at 6 months after birth. An enlarged
CSP of more than 1 cm after birth, and the persistence of a
CSP after infancy have been described as “subtle markers of
cerebral dysgenesis”, possibly associated with neuropsychiat-
ric disturbances, particularly schizophrenia. Thus, postpartum
follow-up of cases with prenatal enlargement of CSP is impor-
tant [14].
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Figure 2. Fetal CNS abnormalities associated to absent CSP: syntelencephaly (a), hydrocephaly (b), Dandy-Walker syndrome

(c), porencephaly (d).

The absence of CSP in the second and third trimester has
been associated with ACC, septo-optic dysplasia, hydranen-
cephaly, porencephaly, schizencephaly, holoprosencephaly,
syntelencephaly or severe chronic hydrocephaly [1-10, 14].

The prenatal population large studies regarding the mor-
pho-genetic associations of abnormal CSP and their rates are
useful for the prenatal parental counseling. Given the low
prevalence of the anomaly, and its heterogeneity, a large num-
ber of cases are needed. Our series is one of the largest in lit-
erature, and the spectrum of our data offers the possibility of
inclusion in larger meta-analysis. Our objective was to report
the outcome of the cases with any abnormal aspect of CSP
that does not comply with the normalcy criteria, e.g. abnormal
echogenicity.

Methods

The prenatal characteristics were retrospectively analyzed
from the ultrasound database, over a S-year period, between
January 2012 and November 2016. The cases were examined
in a tertiary center - the Prenatal Diagnosis Unit (PDU) of the
University Emergency County Hospital, Craiova, Romania.
The fetal anatomy was evaluated in all cases following the
recommendations of the international guidelines [8]. The ex-
aminations were performed by obstetricians with special inter-
est in fetal medicine, with minimum 2 years of experience in
prenatal US. The cases with suspected abnormalities that could
not be confirmed during the initial examination were invited
for reassessment. Whenever abnormalities were suspected at
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US examination, two experienced examiners studied the fetus
to confirm the anomalies. In abnormal CSP cases, fetal neuro-
sonogram and an extended fetal anomaly scan were performed
and amniocentesis was proposed to identify genetic disorders.
2D and 3D fetal ultrasounds were carried out in all cases with
CNS abnormalities (Voluson 730 Pro US machines, GE Medi-
cal Systems). Post-processing of the acquired volumes was
intended for a better visualization of the abnormalities or the
associated features. After confirmation, appropriate counseling
and management were provided by interdisciplinary team (ob-
stetrician, genetician, neonatologist - pediatrician, pediatric
surgeon).

Results

During the time interval, we examined 7,520 pregnancies for
morphologic purposes, CNS malformations were found in 257
cases, and the main anomaly was ventriculomegaly (Fig. 1).
Abnormal CSP was found in 36 cases as follows: the absence
of CSP was found in 31 cases (86.1% from CSP anomalies), an
enlarged CSP was measured in four cases (11.1%) and hyper-
echoic CSP was noted in one case (2.7%)).

The CNS abnormalities (Fig. 2) associated with the ab-
sence of CSP were: agenesis of corpus callosum in seven cases
(22.5%), holoprosencephaly (HPE) in three cases (9.6%), syn-
telencephaly in two cases (6.4%), porencephaly in two cases
(6.4%), massive hydrocephaly in five cases (16.1%), anen-
cephaly in four cases (12.9%), schizencephaly in two cases
(6.4%), encephalocele in one case (3.2%) and septo-optic dys-
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Figure 3. Enlarged CSP (a) with normal anterior cerebral complex in coronal plane (b) and pericallosal artery (c).

plasia in three cases (9.6%). Dandy-Walker malformation was
associated to ACC on three of the seven cases.

In two cases, CSP was absent in pregnancies after 37 GW
(6.4%), at their admission to our unit, as a first antenatal imag-
istic evaluation.

We considered one case of hyperechoic CSP as “abnor-
mal”, as it does not fulfill normal CSP criteria: “a black box
between two white lines”. Persistent enlargement of CSP (Fig.
3), if consider two standard deviations as cut-off limit, was
found in four cases. All of them had no other structural anom-
aly, and the genetic tests yielded normal results.

Genetic tests were available in 24 CSP abnormal cases,
and disorders were found in 16 cases, all associated with ab-
sent CSP (Table 1). Genetic disorders were found in 16 cases,
half of the cases with absence of CSP. Most frequent genetic
disorders were trisomies (21,18,13), but we also found other
chromosomal alteration, deletions and translocations.

Discussion

A normal CSP suggests a normal development of the prozen-
cephalon and may rule out some commonly found CNS struc-
tural anomalies. Three ultrasound studies, including a total of
1,024 normal fetuses, during the second and third trimester,
showed that the CSP can be visualized and measured in 100%
of normal fetuses between 20 and 37 weeks of gestation [13,
15, 16].

The CSP closure starts from posterior cavum vaergae to
anterior real space of CSP. It has been communicated that ca-
vum is present at term in 85% of the cases and in 15% at 6
months after birth [14]. We found two cases of absent CSP
in ultrasound examinations performed beyond 37 weeks. This
cases did not present associated anomalies. Their presentation

for fetal ultrasound was the first during the current pregnancy.

The CSP development is strongly related to corpus cal-
losum, and most of the authors concluded that normal CSP
equals normal CC. Although non-visualization of the CSP is
not synonymous with agenesis of the corpus callosum, these
two entities are frequently associated. As corpus callosum is
not routinely visualized during the basic CNS evaluation at the
fetal anomaly scan, the identification of a normal appearence
of CSP is of major importance in the detection of ACC. Still,
the CSP may not be visualized in spite of normal CC [1-10,
14]. As the absence of CSP is mostly associated to ACC, in
such cases the first step is to evaluate the development of CC
in axial, coronal and sagital views and to visualize the perica-
losal artery using Doppler investigation of the sagittal plane.
MRI and tractography are useful to confirm the ultrasound
aspects [17, 18]. In our study, the absence of CSP was associ-
ated with ACC in seven cases (two cases as partial and five
as total agenesis). In four of these cases (57%), non-cerebral
structural anomalies were described and other CNS anomalies
were found in about 42% of all cases. We found two out of
seven cases with Dandy-Walker syndrome - most of the au-
thors reported approximately one-third of cases [14, 17] and in
one case spina bifida was present.

Another major abnormality that benefits from CSP visu-
alization is septo-optic dysplasia. In this condition, the only
prenatal ultrasound abnormal sign may be the absence of CSP,
therefore the routine CSP evaluation is very important for the
detection of these cases, although MRI is crucial for diagnosis
confirmation. There were two Morsier syndrome cases (septo-
optic dysplasia) that associated absence of CSP with normal
CC. CSP was absent and a slight communication between the
lateral ventricular anterior horns was present, while the CC
was normally developed. The condition was confirmed post-
partum and one of these cases associated unilateral labial cleft.

Table 1. Spectrum of CNS Abnormalities and the Associated Abnormalities

A 1 ti
bnormal cavum septi Number

Other CNS structural

tructural anomali ther ..
LG omalies, othe Genetic disorders

pellucidi anomalies than CNS

Absent 31 28 14 16
Persistent enlarged

Other aspects: hyperechoic 1

Total 36 28 14 16
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In the other case, right aortic arch with left ductus arteriosus
was found.

There were 24/36 genetic exams available (cytogenetic and
molecular samples). Disorders have been found in 16 abnormal
CSP cases, from which 13 were abnormal karyotype and the
other three were abnormal molecular array CGH results. Ge-
netic assessment is mandatory especially for absence of CSP,
karyotype and microarray being also highly recommended [19].

Absent CSP may be associated to a large number of struc-
tural disorders as holoprosencephaly (HPE), from alobar to lo-
bar, and the more recently described entity of syntelencephaly;
septo-optic dysplasia (SOD); callosal dysgenesis and hypo-
genesis; chronic severe hydrocephalus, typically from aque-
duct stenosis or the Chiari II malformation; schizencephaly;
porencephaly, hydranencephaly; basilar encephaloceles; and
isolated septal deficiency [1-10, 13, 14-17, 19]. In hydranen-
cephaly, porencephaly, schizencephaly, holoprosencephaly
and severe hydrocephaly, the heavily malstructured aspect of
the brain is obvious, and the abnormality of CSP is only an
observation, but with less importance in the diagnostic and
prognostic of the cases.

The real clinical importance of an enlarged prenatal CSP
is unknown, but it has been stressed that this finding should
be followed by a detailed search for associated anomalies and
postnatal imaging and developmental evaluation is indicated.
The persistence of a wide CSP after birth has been related to
schizophrenia if its wideness exceeds 10 mm, thus a close fol-
low-up is required in these cases [11-14].

Hyperechoic CSP has not been described in literature up
to date, therefore a close follow-up of our isolated case is quite
important. The prenatal extended investigations of this case as
MRI and genetic tests yielded normal results. The infant had a
good progress in the first year.

Conclusions

Absent CSP is a very important CNS malformation marker,
and its presence should trigger extended fetal morpho-genetic
evaluation. In our experience, almost half of the cases associ-
ated genetic disorders and 39% associated structural malfor-
mations.

Other aspects as isolated enlargement or hyperechoic CSP
need further evaluation in larger studies on a long-term out-
come in order to establish their significance, as our cases pre-
sented a normal postpartum initial evolution, but the number
of these abnormalities communicated in the literature is low.
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