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Abstract

The septum pellucidum is a thin translucent double-membrane structure located between the anterior horns
of the lateral ventricles. This mini review explores the gross and radiological anatomy, variations, and
clinical significance related to the septum pellucidum.

The article elaborates on the different types of variations, including cavum septum pellucidum (CSP),
cavum vergae (CV), and cavum veli interpositi (CVI). The CSP is a fluid-filled pocket located within the
two leaflets of the SP. It forms during fetal development and gradually obliterates before birth. However,
the fusion may be prolonged or persist into adulthood in some individuals. The CV is formed when the
two commissural plates fail to fuse completely during foetal development. When associated with CSP, the
CV is collectively known as the cavum septum pellucidum et vergae (CSPV). However, the isolated CV
is rare. The CVI is a CSF-filled space between two tela choroidea layers and communicates with the
quadrigeminal cistern, superior to the pineal gland.

This article discusses the radiological features of these variations using imaging techniques such as
ultrasound, magnetic resonance imaging (MRI), and computed tomography (CT). Ultrasonography is
particularly useful for evaluating the SP in fetuses and infants, while MRI and CT scans provide detailed
visualization of the SP and its variations. The SP has the potential to be associated with cerebral anomalies,
hydrocephalus, mental disorders, and neurological symptoms. Knowing the related anatomy and detection
of variations using imaging modalities are crucial for accurately diagnosing and managing these
conditions.
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Introduction

The septum pellucidum (SP) is a thin
translucent vertical double-membrane sheet of
white and grey matter between the anterior
horns of the brain's lateral ventricles (1). This
triangular membrane extends from the
rostrum, genu, and anterior part of the body of
the corpus callosum (CC) to the superior
surface of the fornix (1) (Figure 1 a-c).

The ependymal cells of the lateral ventricles
cover it on either side. Boundaries and
relations of the SP are illustrated in Table 1.

The SP is a double membrane structure with a
potential space in-between. The width of SP
varies from 1.5 to 3.0 mm (2). The SP belongs
to the limbic system and consists of glial cells,
fascicles, several scattered neurons, and veins
that connect to veins of the choroid plexus (1).

It connects the hypothalamus to the amygdala,
hippocampus, habenula, and the reticular
formation of the brain stem, serving as a relay
station (3).

Tablel: Relations of septum pellucidum

Relation Structure

Superior Body of CC
Anteroinferior Rostrum of the CC

Posteroinferior Columns of the fornix

Lateral Medial walls of
anterior horns lateral
ventricles

Figurela-c: Normal SP anatomy on T:W-MRI of a 39-year-old male. (a) The mid-sagittal section
shows the SP (green)and its boundaries. Superiorly, SP is attached to the body of CC (long arrow),
Anteroinferiorly, the rostrum of the CC (short arrow) and posteroinferioly it is attached to the columns
of the fornix (arrowhead). The solid line indicates the internal cerebral vein (b)The axial (c)coronal
sections show midline SP (dotted arrow) between lateral ventricles.
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Lateral View
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Figure 2a and Figure 2b: Sagittal and coronal line diagrams show the locations of the CSP (green),
CV (dark blue), and CVI (red) in relation to the lateral (light blue), third (3) and fourth (4) ventricles.

Case courtesy of Gaillard F, Ventricles
https://doi.org/10.53347/rID-35909

The SP is a double membrane structure with a
potential space in-between. The width of SP
varies from 1.5 to 3.0 mm (2). The SP belongs
to the limbic system and consists of glial cells,
fascicles, several scattered neurons, and veins
that connect to the veins of the choroid plexus
(1). It connects the hypothalamus to the
amygdala, hippocampus, habenula, and the
reticular formation of the brain stem, serving
as a relay station (3).

Anatomical variations and clinical significance
have been described in the literature. There are
three types of variations of SP exits naming
cavum septum pellucidum (CSP), cavum
vergae (CV) and cavum veli interpositi (CVI)
(Figure 2 and Figures 3). The objective of this
article is to describe the gross and radiological
anatomy of these variations and the clinical
implications of variations.
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cava. Case study, Radiopaedia.org.

Cavum septum pellucidum (CSP)

The development of the SP begins early
intrauterine life with the development of the
fetal brain. During the first trimester of
pregnancy, the SP arises due to the folding and
growth of the neural tissue in the midline. By
the latter part of the first trimester or beginning
of the second trimester of pregnancy, it
consists of two parallel sheets which project
downward from the roof of the developing
brain to form a fluid-filled pocket-like closed
vertically oriented compartment called CSP.
The CSP becomes visible ultrasonographically
from the second trimester and obliterates
between 36 and 40 weeks of gestation. Based
on cranial ultrasonography, Mott et al.
demonstrated that CSP is detected in all
normal infants under 36 weeks of gestational
age.
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Figure 3a-c: (a) Axial non-contrast CT brain shows CSP (long arrow), and (b) axial (C) coronal
T2W MRI brain shows small CSP (short arrow).

They further described the prevalence of CSP
at 36, 38, and 40 weeks of gestation, in about
69%, 54%, and 36% of foetuses, respectively
(4). Two leaflets gradually fuse each other,
starting anteriorly and progressing posteriorly
to obliterate the cavity, resulting in a fully
formed septum pellucidum. This fusion
occasionally delays up to 24 months after birth
and in some individuals, it may persist
throughout adult life. These midline
intracranial cysts are more common than
expected due to frequent detection using CT
and MRI brains up to 72 % in healthy adults
(5) (Figure 3a-c). The boundaries of CSP are
described in Table 2 (6).

In sagittal and coronal sections, it is triangular,
and the base is at the corpus callosum. This
cavity does not communicate with the lateral
ventricles, which are located on either side of
it. The CSP contains a concentration of
cerebrospinal fluid that filters through the
septal laminae. This fluid is reabsorbed by
capillaries and veins of the septal leaflets (7).
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Table 2: The boundaries of cavum septum
pellucidum.

Boundary Structure

Anterior Anterior limb of the
fornix

Superior Body of the CC

Posterior Splenium of the CC

Inferior Hippocampal
commissure

Cavum vergae (CV)

An Italian anatomist and psychiatrist first
described this fluid-filled midline space
(Andrea Verga: 1811 -1895), also known as a
Verga's ventricle. The CV is a horizontal cleft
between the commisura fornicis (or
psalterium) and the corpus callosum when the
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two commissural plates fail to fuse completely
during foetal development (6). It is also
considered a posterior extension of the CSP.
According to some authors, CV does not occur
without CSP, and vice versa it exists. (7).

CV has the following boundaries: anteriorly;
the anterior limb of the fornix, superiorly; the
body of the corpus callosum, posteriorly; the
splenium of the corpus callosum, inferiorly;
the hippocampal commissure (5).

They demonstrated a concurrent prevalence of
around 21.1% for CSP and CV in healthy
adults using an MRI brain study and isolated
CV in 4 % of subjects. Nakano et al. found that
the average prevalence of CV alone in 1,050
children was 0.4% using CT brains (8).
However, Schwidde et al. did not find CV
alone in any of the 1,032 CT brains they
examined (9). When associated with CSP, the
CV is collectively known as the cavum septum
pellucidum et vergae (CSPV) (Figure 4a-c).

Figure 4 a-c: Non-contrast MRI bran of a 77-year-old male (a) axial T:W, (b) coronal T2W, and (c)
sagittal TaW images show CSPV (arrow). Note that a moderate degree of cerebral atrophy is also

present.

Figure 5a-c: Non-contrast MRI bran of a 46-year-old male (a) sagittal T-W (b) axial T:W and (c)
coronal T2W images show CVI (arrow). Arrowhead indicates the internal cerebral vein. Note the
posterior location of the quadrigeminal cistern(green).
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Cavum velum interpositum (CVI)

The velum interpositum space is a triangular
shape midline potential space. When this space
is expanded, it is called CVI (Figure 5a-c).

This CSF-filled space is an anterior
continuation of the quadrigeminal plate
cistern. The CVI is located between two layers
of the tela choroidea. The inferior layer of the
tela choroidea attaches to the roof of the third
ventricle, and the superior layer attaches to the
inferior column of the fornix and the
hippocampal ~ commissure  (psalterium).
Anteriorly, tela choroidea fuses at the level of
the foramen of Monro and forms the apex of
triangular CVI. Its base or posterior end
remains open and communicates with the
quadrigeminal cistern, superior to the pineal
gland (10,11,12). CVI is closely related to the
internal cerebral veins and the posterior medial
choroidal artery. A layer of ependymal cells
does not line this space or contribute to CSF
production. Therefore, it is not considered a
part of the cerebral ventricular system (10).

The CVI disappears between the last two
months of pregnancy and up to the 3rd year of
postnatal life. Using ultrasonography, Chen et
al. demonstrated a prevalence of CVI of 21 %
in preterm infants (12). Another study
performed at Yas women's Hospital, Teheran
found the prevalence of CVI in the second
trimester was 18-23%, and this was nearly
similar to its prevalence in infancy (13). It is
rarely seen in adults; however, based on MRI
brains, Oktem et al. demonstrated a prevalence
of 1% among adults aged between 18 and 80
years (3). A CT examination conducted on 442
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adults revealed that the occurrence rate of CVI
was 7.24% (6).

Radiological Features of Anatomical
Variations of Septum Pellucidum

Sonographic imaging, Magnetic Resonance
(MR) and Computed Tomography (CT) have
been utilised as imaging techniques to identify
SP and its variations.

Ultrasonic evaluation of the brain

Ultrasonography (USG) is an extremely useful
tool in the evaluation of foetal and infants’
brain during the latter two-thirds of the
pregnancy to the first year of post-natal life. It
is a cost-effective, non-invasive, -easily
accessible bedside test with a real-time
imaging facility and a lack of ionizing
radiation. In the post-natal period, SP and its
variations are evaluated with axial and sagittal
images through the anterior fontanelle with a
symmetrical calvarium. Ultrasonically, the SP
appears as a midline hyperechoic line inferior
to the corpus callosum, separating the anterior
horns of the lateral ventricles. The CSP
appears as a fluid-filled box between the paired
septa, which separates the CSP from the frontal
horns of the lateral ventricles (Figure 6).

Winter et al. described the normal CSP on
sonographic imaging as a fluid-filled low
echogenic box between the echogenic paired
septa, which separates the CSP from the frontal
horns of the lateral ventricles (14).
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Jou et al. have shown that the width of CSP
ranged from 2.0 mm to 10.0 mm with a mean
width of 5.50 + 1.48 mm after studying about
608 consecutive fetuses between 19 and 42
weeks of age (15).

Figure 6: Ultrasound scan of the brain of a
day one neonate brain show CSP (arrow)
between lateral ventricles.

The CSPV is generally rectangular, with a
posterior border extending past the midpoint of
the brain (16). Tao et al. investigated 322
uncomplicated pregnancies from 25 to 39
weeks of gestation and showed that the width
of CSPV ranged from 5.1mm to 9 mm with
mean width is 6.7 £ 1.0 mm (16). The CVI may
appear as an anechoic cystic lesion inferior to
the splenium of the corpus callosum and above
the internal cerebral veins in the pineal region
on midsagittal neonatal ultrasound. It shows
the characteristic shape of an inverted helmet
with a mean anteroposterior diameter ranging
from 3mm to 10mm with an average of 5.6mm
(12).
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CT/MRI evaluation of the brain

The MR/CT findings of the SP and its
variations are straightforward and represented
by the presence of a fluid-filled cavity between
the two leaflets of the SP. Therefore, this will
follow CSF signal intensity in all the MRI
sequences. This is characterised by low signal
intensity on T:W, high signal intensity on T:W
and suppression of signal in FLAIR sequences.
The rapid advancement of in utero magnetic
resonance (iuMR) imaging techniques has
increased the prenatal detection of
abnormalities in the corpus callosum, such as
the absence of the corpus callosum, a narrow
or wide corpus callosum, and abnormal shape
of the corpus callosum (17).After conducting a
study on 200 iuMR in foetuses ranging from
18 to 37 weeks of gestational age, Javis et al.
concluded that the CSPV length constantly
increased throughout pregnancy. This increase
likely implies the rapid expansion of the
cerebral hemispheres during the second and
third trimesters. On the other hand, the width
and volume of the CSPV peaked between 29
and 31 weeks of gestational age and
subsequently decreased during the later stages
of pregnancy. They further stated that the
width of the cavum septi pellucidi is larger
than the width of the cavum vergae at each
stage of gestation. Born et al. studied three age
groups involving 151 healthy subjects. The
study revealed that the length of the SP was
measured to be 28 £ 6.9 mm in children, 35 £
7.3 mm in young adults, and 37 £ 5.0 mm in
elderly adults (mean £ SD) (18).
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Tsutsumi et al. applied the Coronal
Interference Steady State (CISS) sequence, a
gradient-echo MR imaging technique, to
precisely delineate a wide range of
pathologies. This method proves valuable
when standard MR imaging sequences fail to
provide adequate anatomical details and
enhanced sensitivity in diagnosing conditions
such as CSP, CV, and CVI (19).

The CV should be differentiated from the
Cavum Veli Interpositi at the roof of the third
ventricle. The two can be readily distinguished
on sagittal MR/CT images: the Cavum Veli
Interpositi lies inferior to the fornices whilst
the CV lies superiorly; it is characteristically
triangular with a broad base dorsally that
converges anteriorly at the interventricular
foramina (6).

Pathological Associations

A congenital absent SP can be due to a primary
developmental failure or a secondary
disruption (Figure 7).

Figure 7: Axial TIW MRI brain of a 42-year-
old male show absent SP. Case courtesy of:
Bruno Di Muzio, Radiopaedia.org, rID: 41832
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Barkovich et al. demonstrated in a case series
that absence of septum pellucidum (ASP) was
an indicator of additional brain anomalies such
as septooptic dysplasia (SOD),
schizencephaly, holoprosencephaly, agenesis
of the corpus callosum,
porencephaly/hydranencephaly, basilar
encephaloceles, Chiari 1l malformation and
aqueductal stenosis (19). Associations with
Alexander disease, tuberous sclerosis,
phakomatosis, pinealoma, trisomy 21 are also
seen (20). When the transverse diameter of
CSP is more than 10 mm and shows the lateral
bulging of the septal leaflets, it is referred to as
a cyst of the CSP (Figure 8).

Figure 8: Axial T2W MRI brain of a 60-year-
old female show large cavum interpositum
cyst. Case courtesy of: Frank Gaillard,
Radiopaedia.org, rID: 15981

However, if no symptoms are associated with
this finding, it is considered an anatomical
variation (21). A large CSP cyst obstructing
the foramen of Monro has been reported as
causing symptomatic obstructive
hydrocephalus (22). Furthermore, larger CSP
cysts can be linked to acute headaches and
multiple cranial nerve palsies (23). A meta-
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analysis conducted by Wang et al. found that
individuals with mental disorders had a
significantly higher occurrence of CSP of any
size compared to healthy comparison subjects.
However, no significant difference in the
prevalence of CSP was observed between
patients with schizophrenia spectrum and
mood disorders and psychiatrically healthy
comparison subjects (24). Boxers exhibit a
larger CSP and a more posterior extent than
individuals in the control group due to abrupt
elevations in intracranial pressure, which cause
the CSF to pass through minor defects in the
septal leaflets. This results in an enlargement
in the size and or extent of the CSP (25).

Conclusion

The SP (SP) and its variations, namely the
cavum SP(CSP), cavum vergae (CV), and
cavum veli interpositi (CVI), are in the midline
of the brain. These variants are linked to a
range  of structural and  functional
abnormalities in the brain. The anatomy and
variations of the SP can be detected using pre
and post-natal imaging techniques, such as
ultrasound, MRI, and CT scans. Knowledge
about its normal formation, gross and
radiological anatomy, and pathological
spectrum is essential when managing these
pathological conditions.
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