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REVIEW ARTICLE

Arachnoid Membranes: Crawling Back into
Radiologic Consciousness

S. Lu, A. Brusic, and F. Gaillard

ABSTRACT

SUMMARY: The arachnoid membranes are projections of connective tissue in the subarachnoid space that connect the arachnoid
mater to the pia mater. These are underappreciated and largely unrecognized by most neuroradiologists despite being found to be
increasingly important in the pathogenesis, imaging, and treatment of communicating hydrocephalus. This review aims to provide
neuroradiologists with an overview of the history, embryology, histology, anatomy, and normal imaging appearance of these mem-
branes, as well as some examples of their clinical importance.

ABBREVIATIONS: ETV ¼ endoscopic third ventriculostomy; LM ¼ Liliequist membrane

The subarachnoid space is traversed by projections of connec-
tive tissue covered in leptomeningeal cells that connect the

arachnoid mater to the pia mater. These have a variety of mor-
phologies ranging from thin cylinders (referred to as “pillars,”
“rods,” or “trabeculae”) to more elongated flattened structures
(referred to as “septa”).1 In some areas, these septa are particu-
larly extensive, forming semicontinuous sheets referred to as
“arachnoid membranes” (also known as “subarachnoid trabecu-
lar membranes” or “inner arachnoid membranes”). The subar-
achnoid cisterns, typically named according to the brain
structures they abut, are often separated from each other by these
membranes, which, in turn, determine the flow of CSF from one
cistern to the next.

The importance of arachnoid membranes is well-known
within the neurosurgery community because these membranes,
together with the subarachnoid cisterns, provide natural avenues
for dissection during surgery.2 In contrast, current neuroradiolo-
gists and modern radiology literature are less familiar with their
existence and anatomy despite their impact on everyday clinical
imaging and their potential importance in understanding a vari-
ety of conditions characterized by abnormal CSF flow.

This review seeks to provide neuroradiologists with an over-
view of the histology, embryology, anatomy, and normal imaging
appearance of these membranes, as well as some examples of
their clinical importance.

History
While the dura and pia mater were described by Galen in the sec-
ond century AD,3 the intervening arachnoid mater was not
described until the 17th century. Gerardus Blasius (1626–1692)
was the first to describe and name the arachnoid layer of the
meninges in 1664, naming it in recognition of its cobweb-like tra-
versing membranes and trabeculations, and Frederick Ruysch
(1638–1731) confirmed that the arachnoid mater comprised a
complete layer surrounding the brain.4,5 In the 1690s, Humphrey
Ridley (1653–1708) wrote about the concept of the subarachnoid
cistern, describing the cerebellomedullary, quadrigeminal, and ol-
factory cisterns.5

It was not until the 19th century that the role of the arachnoid
membranes in influencing the flow of CSF was recognized. In
1842, Francois Magendie (of foramen of Magendie fame; 1783–
1855) demonstrated that CSF in the ventricles freely communicates
with the subarachnoid space, and in 1869, Axel Key (1832–1901)
and Magnus Retzius (1842–1919) published detailed drawings of
the subarachnoid cisterns and the arachnoid trabeculations and,
with a series of experiments using injected dye, demonstrated the
free communication of CSF through the fenestrations in the
arachnoid.6

The importance of the arachnoid membranes in neurosurgery
was recognized by Gazi Yasargil (1925), one of the pioneers of
microneurosurgery, who introduced the technique of moving
from 1 cistern to another during neurosurgical procedures by
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dividing the arachnoid membranes that separate the cisterns.2

Yasargil also noted that the arachnoid membranes were often po-
rous with various-sized openings and that the openings could
become plugged and obliterated after subarachnoid hemorrhage.

The radiologic importance of the anatomy of the subarach-
noid space dates back to the very earliest days of imaging. In
1919, a mere 24 years after Wilhelm Röentgen took the first-ever
x-ray image (of the hand of his wife on December 22, 1895),
Walter Dandy developed pneumoencephalography. At the time a
novel technique, this aided the diagnosis and localization of
intracranial tumors and was widely used until the 1970s.
Pneumoencephalography was an invasive and unpleasant proce-
dure, involving injecting air either directly into the ventricles or
into the lumbar subarachnoid space and maneuvering the patient
to allow the air to float into the intracranial subarachnoid space
and ventricles.7 This procedure caused the CSF to be displaced,
creating greater contrast between the brain parenchyma and the
ventricles, sulci, cisterns, and recesses on cranial radiography.
Thus, distortion in the shape or alteration in the location of nor-
mal structures could be identified, and the presence of a tumor,
inferred. Incidentally, it was recognized that air tended to accu-
mulate within predictable areas of the subarachnoid space, indi-
rectly allowing imaging of the arachnoid membranes.

It was only in 1956 that a Swedish neuroradiologist, Bengt
Liliequist8 (1923–2008), having noted that during pneumoence-
phalography air often paused in the interpeduncular cistern
before gradually filling the chiasmatic cistern, first described the
imaging appearance of the membrane bearing his name.9 The
Liliequist membrane (LM) could often be seen on a lateral pneu-
moencephalogram as a fine line with a convexity forward,
extending from the tip of the dorsum of the sella to the anterior
edge of the mammillary bodies (Fig 1).

As pneumoencephalography fell out of favor in preference to
the newly developed and noninvasive cross-sectional modalities
of CT and MR imaging, so too did routine radiologic visualiza-
tion of the arachnoid membranes, and, with time, their anatomy
largely receded from our collective radiologic memory.

Fortunately, with the advent of higher-field-strength and
higher-resolution MR imaging, we are now in a position to once
more image these important structures.

Embryology
The embryologic development of the subarachnoid space and its
membranes occurs in 2 phases. The first is the development of a
primitive space-holding mesenchymal layer known as the meninx
primitiva, or primitive subarachnoid space, and the second is the
development and expansion of lacunae, causing compaction of
the mesenchyme.10

In the first phase, shortly after the closure of the neural tube at
approximately days 10–13 postconception (fourth week of preg-
nancy), mesenchymal cells move from the developing cervical
spine into the space formed between the embryonic epithelium
and neuroepithelium of the telencephalon.10,11 At this stage, the
meninx primitiva consists of a gel-like layer of glycosaminogly-
cans (chains of repeating disaccharides) with widely spaced pluri-
potent stellate mesenchymal cells and a vascular plexus.12

In the second phase, random fluid-filled cavities or lacunae
begin to form in this gel-like meninx primitiva, gradually enlarg-
ing and pushing the mesenchymal cells apart. Where the walls of
the cavities meet, the cells become compacted, forming mem-
branes. At this stage, primary or congenital arachnoid cysts may
form as a result of duplication of the arachnoid membranes or
failure of meningeal fusion.13,14 On the inner and outer aspects of
the meninx primitiva, the mesenchymal cells begin to specialize,
forming the arachnoid and pia mater; this process is usually com-
plete by day 17.10,15 The arachnoid membranes are, therefore, the
remaining trabeculated structures joining the 2 inner layers of the
meninges.

Histology
Arachnoid septa, trabeculae, and membranes are projections that
extend from the arachnoid mater to the pia mater (Fig 2).
Arachnoid trabeculae are composed of collagen bundles coated
by leptomeningeal cells, which are joined by desmosomes and

FIG 1. Lateral pneumoencephalogram demonstrating the LM (left)
and the air column arrested in the interpeduncular cistern against the
LM (right). Arrow in the left image points to the LM (left).
Reproduced with permission from Liliequist.8 Copyright (1956) SAGE
Publications.

FIG 2. Scanning electron microscope image obtained in the brain of
a Sprague-Dawley rat, showing the arachnoid trabeculae (AT) located
in the subarachnoid space (SAS) and connected to the arachnoid
mater (AM) and pia mater (PM) just next to the brain (B). The parame-
ters are the following: magnification¼ 2.50 K X; high current ¼ off;
electron high tension¼ 5.00 kV; signal A ¼ InLens; scan speed¼ 7;
focus¼ 4.6 mm; stage at Z¼ 45.724mm; system vacuum¼ 2.51e-006
mbar; tilt angle¼ 0.0°; working distance¼ 4.6 mm. Used with permis-
sion from Saboori. Copyright (2020) Wiley.48
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gap junctions.16 Small vessels within the subarachnoid space are
enclosed within the trabeculae, and larger vessels are coated by
leptomeningeal cells, which are continuous with cells in the tra-
beculae. Where the trabeculae join the pia mater, the cellular
layers of the trabeculae become continuous with the outer layer
of the pia mater.

In certain areas, very dense networks of semicontinuous tra-
beculae are present and have the appearance and qualities of true
membranes.17 These membranes divide the subarachnoid space
into individual cisterns and provide support for the neurovascu-
lature that passes through them.17 These arachnoid membranes
vary greatly in macroscopic appearance: They can be transparent
or semitransparent, membranous or reticulated, porous or intact,
and thin or thick, and the same anatomic membrane can appear
different in different specimens.5

Imaging
The arachnoid membranes were first seen radiologically on pneu-
moencephalography. As CT and MR imaging became established
imaging modalities, however, pneumoencephalography became
effectively obsolete in the 1970s.18 Unfortunately, due to the limita-
tions of spatial resolution of early CT and MR imaging, it was also
no longer possible to visualize the arachnoid membranes. It has
not been until recently with the development of high-resolution
MR imaging techniques, such as the true fast imaging with steady-
state precession and CISS (Siemens), FIESTA and FIESTA-C (GE
Healthcare), Balanced fast field echo (Philips Healthcare), balanced
SARGE and phase-balanced SARGE (Hitachi), and True steady-
state free precession (Toshiba), that some of the arachnoid mem-
branes are again sometimes visible on routine imaging.

Normal arachnoid membranes, when visible, appear as thin
T2-hypointense lines traversing the CSF in the subarachnoid
space. Because the arachnoid membranes are very thin, especially
in the absence of disease, most normal membranes remain elusive
and difficult to visualize, even with high-resolution high-field-
strength scans (Fig 3). Instead, the presence of the arachnoid
membranes can often be inferred on most routine scans from the
containment and separation of CSF flow voids and artifacts in
neighboring subarachnoid cisterns (Fig 4). In contrast, in the
presence of subarachnoid hemorrhage, inflammation, or tumor,
arachnoid membranes may become thickened, facilitating easier
identification, typically on dedicated high-resolution imaging
(Fig 5).

Anatomy
Similar to the subarachnoid cisterns,
the arachnoid membranes are generally
named according to their relationship
to the adjacent brain, with the excep-
tion of the eponymously named LM.
The microsurgical anatomy of multiple
arachnoid membranes has been well-
described in the neuroanatomy litera-
ture,17,19-31 and these are summarized
in the Online Supplemental Data.5 The
list is rather extensive, and identifica-
tion of these membranes is difficult
even with high-resolution MR imaging
techniques. Furthermore, the exact
attachments and boundaries of various
membranes are variably described, pre-
sumably representing variability not
only in description but also in true

FIG 3. Axial reformat of a high-resolution T2-weighted sequence of a
cadaveric head on a 7T MR imaging scanner.49 The arachnoid mem-
branes (arrows) in the prepontine cistern are very thin and barely per-
ceptible. Acknowledgment: The authors acknowledge the facilities
and scientific and technical assistance of the National Imaging
Facility, a National Collaborative Research Infrastructure Strategy
capability, at the Melbourne Brain Center Imaging Unit, Department
of Radiology, University of Melbourne. Financial support was pro-
vided via the “See It, Slice It, Learn It” project funded by a University
of Melbourne internal grant.49

FIG 4. A, T2-weighted axial image (section thickness = 3mm) shows a prominent CSF flow void
around the basilar artery confined to the prepontine cistern. The lateral margins of the flow void
(arrows) are likely due to the anterior pontine membranes. B, T2-weighted midline sagittal image
(section thickness¼ 3mm) demonstrates a CSF flow void tracking along the prepontine and
interpeduncular cisterns, with an abrupt change in signal superiorly at the expected location of
the diencephalic leaf of the LM (arrow).

AJNR Am J Neuroradiol 43:167–75 Feb 2022 www.ajnr.org 169



anatomy. Nonetheless, it is worthwhile discussing the anatomy of
the arachnoid membranes associated with the interpeduncular and
prepontine cisterns (Figs 6 and 7) because abnormally thickened

membranes are commonly identified in these cisterns in some
patients with communicating hydrocephalus.32,33

The interpeduncular cistern is bounded by the midbrain poste-
riorly and the 2 leaves of the LM ante-
rior-superiorly and anterior-inferiorly.
The LM (Figs 8 and 9) arises from the
posterior clinoid processes and dorsum
sellae and extends posterior-superiorly,
separating into 2 sheets.19

One sheet, known as the dience-
phalic leaf, extends posterior-superi-
orly and attaches to the diencephalon
at or anterior to the mammillary
bodies. It is fairly complete anteriorly,
thus impeding the spread of air on
pneumoencephalography, but it is less
complete posteriorly near its attach-
ment.26 The diencephalic leaf thus
separates the chiasmatic cistern from
the interpeduncular cistern. The other
sheet, known as the mesencephalic

FIG 5. Axial (A) and sagittal (B) T1 MPRAGE images of a patient with subarachnoid hemorrhage
show a T1-hyperintense blood product attached to the LM (arrows). The MR imaging examination
was performed on day 8 postpresentation.

FIG 6. Illustration of arachnoid membranes in relation to the neurovascular structures in the interpeduncular and prepontine cisterns in the cor-
onal (A) and sagittal (B) planes. The LM runs posterior-superiorly from the dorsum sellae and posterior clinical process. Its diencephalic leaf con-
tinues to run posterior-superiorly and attaches to or just anterior to the mammillary bodies, separating the interpeduncular cistern from the
chiasmatic cistern. The mesencephalic leaf of the LM extends posteriorly and is divided by the oculomotor nerves into medial and lateral parts.
The medial part, attached to the distal basilar artery or the pontomesencephalic junction, separates the interpeduncular cistern from the pre-
pontine cistern. The lateral parts, attached to the tentorium and the mesial temporal lobes, separate the ambient cisterns from the cerebello-
pontine cisterns. The anterior pontine membranes run on either side of the basilar artery and are medial to the abducens nerves, separating the
prepontine cistern from the cerebellopontine cisterns. The medial pontomedullary membrane, located in the midline portion of the pontome-
dullary sulcus, separates the prepontine cistern from the premedullary cistern. The lateral pontomedullary membranes, located in the lateral
portion of the pontomedullary sulcus, separate the cerebellomedullary cisterns from the cerebellopontine cisterns. The numbers represent the
following: 1) diencephalic leaf of the LM; 2) medial attachment of the mesencephalic leaf of the LM; 3) lateral attachment of the mesencephalic
leaf; 4) anterior pontine membrane; 5) medial pontomedullary membrane; 6) lateral pontomedullary membrane. III indicates the oculomotor
nerve; V, trigeminal nerve; VI, abducens nerve; AC, ambient cisterns; CC, chiasmatic cistern; CM, cerebellomedullary cistern; CP, cerebellopontine
cistern; IP, interpeduncular cistern; MB, mammillary bodies; PCA, posterior cerebral artery; PM, premedullary cistern; PP, prepontine cistern; SCA,
superior cerebellar artery. Reproduced with permission from Frank Gaillard and Radiopaedia.org. Copyright (2021) Radiopaedia.
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leaf, extends posteriorly and is divided by the oculomotor nerves
that course along its upper border into a medial and lateral part.
The medial part attaches along the distal basilar artery or the

pontomesencephalic junction,23,30,31 separating the interpedun-
cular cistern from the prepontine cistern below. It is seen less fre-
quently on imaging than the diencephalic leaf, in keeping with

FIG 7. Illustration of arachnoid membranes and the CSF flow at the level of the interpeduncular and prepontine cisterns in the coronal (A) and
sagittal (B) planes. The CSF enters the prepontine cistern from the cerebellomedullary and the premedullary cisterns. It runs superiorly within
the prepontine cistern and enters the interpeduncular cistern. From there, the CSF can flow laterally and anteriorly into the chiasmatic cistern
or posteriorly into the ambient cisterns. The numbers represent the following: 1) diencephalic leaf of the LM; 2) medial attachment of the mes-
encephalic leaf of the LM; 3) lateral attachment of the mesencephalic leaf; 4) anterior pontine membrane; 5) medial pontomedullary membrane;
6) lateral pontomedullary membrane. AC indicates ambient cisterns; CC, chiasmatic cistern; CM, cerebellomedullary cistern; CP, cerebellopon-
tine cistern; IP, interpeduncular cistern; MB, mammillary bodies; PM, premedullary cistern; PP, prepontine cistern. Reproduced with permission
from Frank Gaillard and Radiopaedia.org. Copyright (2021) Radiopaedia.

FIG 8. Microsurgical photograph of the LM taken in an adult human
cadaveric brain in an oblique coronal view (about 45° to the anterior/
posterior commissure line) with the clivus removed, looking up at the
attachment between the diencephalic leaf and the mesencephalic leaf
of the LM. The numbers represent the following: 1) the mesencephalic
leaf of LM; 2) the attachment between the diencephalic leaf and the
mesencephalic leaf; 3) the pituitary stalk; 4) the oculomotor nerve; 5)
the basilar artery; 6) the pons; and 7) the optic nerve. Reproduced with
permission from Lü and Zhu.23 Copyright (2003) Thieme.

FIG 9. 3D T2 sampling perfection with application-optimized contrasts
by using different flip angle evolution (SPACE sequence; Siemens) left
paramedian sagittal image shows the LM with its diencephalic leaf
(straight arrow) and the incomplete mesencephalic leaf (curved arrow).
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the microsurgical finding that the mesencephalic leaf is typi-
cally thinner, incomplete, or porous.19 The lateral part fans out
to the tentorium and the mesial temporal lobes, usually located
between the posterior cerebral arteries and the superior cere-
bellar arteries, thus separating the ambient cistern from the
cerebellopontine cistern.26

The prepontine cistern is separated from the interpeduncular
cistern superiorly by the mesencephalic leaf of the LM and is sep-
arated from the premedullary cistern inferiorly by the medial
pontomedullary membrane, located at the level of the pontome-
dullary sulcus. Laterally, the prepontine cistern is separated from
the cerebellopontine cisterns by the paired paramedian anterior
pontine membranes, which run on both sides of the basilar artery

between the pons and the clivus (Fig 10). These membranes
ascend in line with the oculomotor nerves superiorly and extend
inferiorly along the medial side of the abducens nerves. They
become progressively thinner as they extend caudally and may
disappear in the lower pons (Fig 11).19

Clinical Significance
Role in CSF Flow. The subarachnoid space, traversed by the trabe-
culated arachnoid membranes, is filled with CSF, an ultrafiltrate of
plasma, which performs multiple vital functions including nutrient
provision, waste removal, buoyancy (reducing the effective weight
of the brain from �1500 g to�50 g),34 and shock absorption. CSF
is primarily produced by the choroid plexus within the ventricles
at a rate of �20mL/h, with a fairly constant total volume of
�130mL (in adults) spread between the ventricles (�30mL) and
subarachnoid space surrounding the brain (�25mL) and cord
(�75mL).34,35

The typical basic explanation of CSF flow is that after produc-
tion in the choroid plexus, CSF flows through the ventricles (cra-
niocaudal), exiting through the foramina of Luschka and Magendie
into the subarachnoid space. Once within the subarachnoid space,
it flows through the basal cisterns, over the convexity of the brain,
and along the spinal cord where it is absorbed into the blood of the
cerebral venous sinuses through arachnoid villi.36 CSF flow is pre-
sumed to be driven by a combination of a hydrostatic pressure gra-
dient from the choroid plexus to the arachnoid villi and pulsations
of the choroid plexus, with effects of both respiration and cardiac
pulsations contributing to pulsatile bidirectional flow.37 Other lesser
factors affecting CSF flow are posture, jugular venous pressure,
physical exertion, and time of day.36

With much ongoing research in this field, the traditional view
of circulatory bulk flow of CSF has increasingly been challenged.
Several studies have, instead, identified and described a complex,
multidirectional system with continuous fluid exchange at the
blood-brain barrier and cell membranes at the CSF/interstitial
fluid interface.35,38-40 Drainage and absorption of CSF are also
more complex than just to the venous sinuses via the arachnoid
villi, with drainage to cervical and spinal lymph nodes via the cri-
briform plate and spinal canal nerve roots also demonstrated.35

Recent studies have also pointed to the presence of a func-
tional cerebral lymphatic or glymphatic system. In this system,
CSF enters the Virchow-Robin perivascular spaces around
arteries and arterioles in the subarachnoid space; the vessels are
lined by the glia limitans, a thin layer of astrocyte foot processes
rich in the aquaporin-4 water channels. Movement of CSF across
the aquaporin-4 channels into the interstitial space of the brain is
the result of convective flow (the transport of a substance by bulk
flow, in which bulk flow is often the movement of fluid down a
pressure gradient).41 In the interstitial space, various waste prod-
ucts including amyloid are dissolved in the CSF before the CSF
again moves out through aquaporin-4 channels in the Virchow-
Robin spaces lining the venules and veins.35,40,42

Nonetheless, a substantial volume of CSF flows from the ven-
tricles, through the basal cisterns, and over the convexity of the
brain, and this flow is affected by the anatomy of the arachnoid
membranes.43 The semiconstant arachnoid membranes that
form the boundaries of the interpeduncular and prepontine

FIG 10. 3D T2 SPACE sequence axial image (0.5-mm thickness) at the
level of the superior pons reveals the anterior pontine membranes
bilaterally (arrows). The right anterior pontine membrane appears
incomplete posteriorly.

FIG 11. 3D T2 SPACE sequence with an oblique axial reformat (parallel
to the abducens nerves) at the level of the lower pons shows an
incomplete right anterior pontine membrane (straight arrow) medial
to the right abducens nerve (curved arrow). The left anterior pontine
membrane could not be seen at this level.
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cisterns may potentially form a major conduit in which the CSF
flows in a caudocranial direction in a somewhat predictable fashion.
After the CSF exits the fourth ventricle through the foramina of
Luschka and enters the cerebellopontine angle, it enters the prepon-
tine cistern via apertures in the anterior pontine membranes. It con-
tinues cranially and enters the interpeduncular cistern via the
openings in the medial part of the mesencephalic leaf of LM and the
medial pontomesencephalic membrane. From the interpeduncular
cistern, the CSF may flow either ventrally through the pores in the
diencephalic leaf into the chiasmatic cistern or dorsally around the
cerebral peduncles into the ambient cisterns (Fig 7). The ventral
flow of CSF from the interpeduncular cistern is somewhat limited
by the diencephalic leaf, as demonstrated by the arrested air column
on the pneumoencephalogram in Fig 1 and the abrupt loss of CSF
flow void anterior to the diencephalic leaf in Fig 4B. From here, CSF
flows more slowly in the subarachnoid space superiorly over the

cerebral convexities and inferiorly
around the spinal cord. Absorption, as
mentioned above, is via the arachnoid
villi/granulations in the venous sinuses,
the cribriform plate in the anterior cra-
nial fossa, and at the spinal nerve roots.

Endoscopic Third Ventriculostomy.
Endoscopic third ventriculostomy
(ETV) is a surgical procedure used to
treat noncommunicating hydrocepha-
lus by creating a bypass for the CSF
from the third ventricle to the basal cis-
terns. It involves introducing an endo-
scope through the brain parenchyma,
usually the right frontal lobe, into the
lateral ventricle. From there the endo-
scope is navigated through the foramen
of Monro into the third ventricle. A
stoma is created at the floor of the third
ventricle allowing CSF to flow out of
the third ventricle directly into the
interpeduncular cistern.44

The importance of perforating the
diencephalic leaf of the LM during
ETV is well-known in the neurosurgery
community. Buxton et al45 reported
that the diencephalic leaf of the LM
may block the flow of CSF from the
third ventricle into the interpeduncular
and prepontine cisterns and therefore
needs to be fenestrated during the oper-
ation for a successful ETV. The CSF
flow voids from the third ventricle to
the interpeduncular cistern can be read-
ily visualized on high-resolution T2-
weighted sequences (Fig 12).

Subarachnoid Hemorrhage
The arachnoid membranes separating
the cisterns may impede the spread of

blood to the adjacent cisterns, much as CSF flow may be
obstructed (see section on “Role in CSF Flow” and Fig 7). In cases
of aneurysmal subarachnoid hemorrhage, the site of the ruptured
aneurysm can often be predicted by assessing the distribution of
the blood on the initial unenhanced CT scan. Furthermore, nonan-
eurysmal perimesencephalic subarachnoid hemorrhage is often
localized to the interpeduncular, ambient, and prepontine cisterns
without spreading to the chiasmatic cistern (Fig 13). This localiza-
tion is likely due to the presence of the diencephalic leaf of LM.46

However, due to the anatomic variations of the arachnoid mem-
branes and the amount of extravasated blood, the extent of the
perimesencephalic subarachnoid hemorrhage can be variable.

Hydrocephalus
Arachnoid membranes may be thickened secondary to inflam-
mation or hemorrhage, and as a result, the apertures in these

FIG 12. Postendoscopic third ventriculostomy 3D T2 SPACE midsagittal (A) and left paramedian
sagittal (B) images in a patient with obstructive hydrocephalus at the level of the third ventricle
outlet due to a left thalamic glioma with extension into the pineal gland (asterisk). A, The stoma
and the CSF flow void from the third ventricle to the interpeduncular cistern are shown (arrow).
B, The CSF flow void extends into the chiasmatic cistern (curved arrow), which suggests that the
diencephalic leaf has been fenestrated or is incomplete.

FIG 13. Axial (A) and midline sagittal (B) T1 MPRAGE images in a patient with nonaneurysmal peri-
mesencephalic subarachnoid hemorrhage show that the hyperintense blood is mostly confined
to the interpeduncular and prepontine cisterns (straight arrows), with only a tiny amount of
blood entering the chiasmatic cistern (curved arrow).
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membranes may be occluded. This occlusion impedes the CSF

flow within the prepontine and interpeduncular cisterns and

can lead to hydrocephalus. In addition, the arachnoid mem-

branes may be displaced due to altered CSF flow dynamics and/

or tethering from other arachnoid membranes, further imped-

ing CSF flow. The resultant tetraventricular hydrocephalus is

often interpreted as communicating hydrocephalus, but a more

accurate term would be extraventricular intracisternal obstruc-

tive hydrocephalus.47 These obstructive cisternal membranes

cannot be visualized on conventional MR images but can be

seen on higher-resolution sequences such as the 3D-CISS

sequence (Fig 14).32,33

On 3D-CISS imaging, Laitt et al32 identified “complex
membranes” in the basal cisterns in 18 of 43 patients with hy-
drocephalus, confirmed surgically in those who underwent
ETV. In patients whose ETV failed, absence of flow voids in
the basal cisterns (particularly in the prepontine cistern) was
usually seen and was attributed to the arrest of CSF flow by
these membranes.

In their study of 134 patients with hydrocephalus, Dinçer et
al33 found cisternal membranes causing obstruction in 28 cases.
Most of these membranes are located in the prepontine cistern,
interpeduncular cistern, or both. Seventeen of 28 cases were
proved surgically during ETV, and some of these membranes
were fenestrated during the operation.

In patients with tetraventricular hydrocephalus, identifying
obstructive arachnoid membranes is crucial because these
patients, who would have otherwise been treated with shunt
insertion, can be selected for ETV. Furthermore, neurosur-
geons can fenestrate these thickened membranes during ETV
and, by doing so, potentially increase the success rate of the
operation.

CONCLUSIONS
The arachnoid membranes play a
role in both normal CSF flow dy-
namics and conditions characterized
by abnormal CSF flow. The abnor-
mally thickened membranes and
sometimes the normal membranes
can be visualized on high-resolution
T2-weighted sequences. Therefore,
understanding the presence and
anatomy of the arachnoid mem-
branes is becoming increasingly im-
portant for neuroradiologists.
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