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Cerebrospinal fluid (CSF) leak occurs when there is an
osseous and dural defect at the skull base, with direct
communication of the subarachnoid space to the extracra-
nial space, usually a paranasal sinus. Recognition of the
leak site and source and appropriate treatment are neces-
sary to avoid rhinorrhea or otorrhea, low-pressure head-
aches, and meningitis, known complications of CSF leak.
The imaging evaluation has evolved over the past several
decades. Description of current techniques available to
direct treatment options, including multidetector thin-sec-
tion computed tomography, and imaging recommenda-
tions are presented.
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A cerebrospinal fluid (CSF) leak or
fistula describes the egress of CSF
from the intracranial cavity

through an osseous defect within the
skull base. It implies a breach or disrup-
tion of the underlying dura mater and
adherent pia-arachnoid mater, resulting
in a communication between the intra-
cranial cavity and either the nasal or
middle ear cavity. Leakage of spinal
fluid into either the nose or the ear has
been termed CSF rhinorrhea or otor-
rhea, respectively, and was first de-
scribed as a pathologic entity in 1899 by
St Clair Thompson (1). Over the subse-
quent decades, the clinical importance
of a CSF leak was recognized, demon-
strating affected patients to be at risk of
developing meningitis, up to 50% in
some earlier studies (1).

CSF leaks have been classified as to
the etiology and presentation. The most
widely accepted classification system,
described by Ommaya in 1960, divides

leaks into two categories: traumatic and
nontraumatic (2). A third category,
spontaneous, has been defined recently
and describes patients with no history
of trauma or other predisposing etiol-
ogy. Spontaneous CSF leak is most com-
monly found in the obese middle-aged
woman (3–5). While the radiologic eval-
uation for otorrhea or rhinorrhea is
similar in both the adult and the pediat-
ric population, the emphasis in this re-
view is on an adult CSF leak.

Posttraumatic CSF Leaks

Posttraumatic CSF leaks account for
nearly 90% of all cases, with approxi-
mately 80% manifesting as rhinorrhea
and 20% as otorrhea. Included in the
category of traumatic CSF leaks are
postoperative or iatrogenic defects,
which are caused most frequently by
otolaryngologic or neurosurgical proce-
dures, including endoscopic sinus sur-
gery, septoplasty, otologic surgery,
transnasal resection of pituitary tu-
mors, or other skull base surgeries.

A CSF leak secondary to skull base
fracture is reportedly a complication in
1%–3% of all closed head injuries (4,6).
The most common sites of injury involve
the anterior cranial fossa, with frac-
tures through the frontal sinus or cribri-
form plates of the ethmoid bones. Cen-
tral skull base fractures occur at the
sphenoid sinus or sella. Lateral skull
base fractures occur in the temporal
bone, with communication of CSF into
the mastoid complex, middle ear cavity,
or proximal eustachian tube. These
fractures may cause middle ear CSF ef-
fusion and drainage into the nasophar-
ynx or result in frank CSF otorrhea if
there is a tympanic membrane perfora-
tion.

Eighty percent of posttraumatic CSF
leaks occur within the first 48 hours af-
ter injury, and 95% will manifest within
the first 3 months (7). A small subset of
patients will present with rhinorrhea or
meningitis decades after the trauma.
Most traumatic CSF leaks (up to two-
thirds in some reports) close spontane-
ously, and otorrhea reportedly has a
greater chance of spontaneous resolu-
tion than does rhinorrhea. However,

persistent CSF leaks place the patient at
increased risk of meningitis, ranging
4%–50%, or less frequently, intracere-
bral abscess or encephalitis (1–4).

Nontraumatic CSF Leaks

Nontraumatic CSF leaks can occur in
both normal and elevated intracranial
pressure states, and causes include tu-
mors, infection, or congenital lesions.
Skull base tumors may cause CSF leaks
directly through erosion of the skull
base or indirectly through the develop-
ment of hydrocephalus. Additionally,
CSF leak may be seen as a sequela of
radiation and chemotherapy for treat-
ment of large skull base tumors, with
the resultant shrinkage of the lesion
leaving defects in the skull base and
dura. For this reason, many surgeons
recommend treatment of advanced
skull base tumors with craniofacial re-
section and dural reconstruction either
prior to or after tumor ablation with
chemotherapy and radiation therapy to
prevent CSF leak and infection (8). Os-
teoradionecrosis of the temporal bone
has also been reported to cause CSF
otorrhea (9).

Tumors or congenital lesions, such
as untreated aqueductal stenosis, may
lead to noncommunicating hydrocepha-
lus and eventual ventricular decompres-
sion through the cribriform plate or
sella turcica (10). In these cases, the
chronically elevated intracranial pres-
sure causes CSF to leak from a weak or
potential pathway, usually with massive
dilatation of the frontal horns of the lat-
eral ventricles that expand and leak into
the cribriform plate. However, CSF leak
secondary to massive untreated hydro-
cephalus is currently relatively uncom-
mon in the United States.

Other congenital causes of CSF leak
are due to developmental skull base de-
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Essentials

� Cerebrospinal fluid (CSF) leaks
can occur at multiple sites, and
predisposing events include
trauma, prior skull base or sinus
surgery, chronic increased intra-
cranial pressure, and arachnoid
granulations.

� Rhinorrhea should be collected
and sent for �2-transferrin, a pro-
tein found almost exclusively in
CSF, to confirm the presence of a
CSF leak.

� Historically, multiple modalities
have been used for the evaluation
of CSF leak; however, thin-sec-
tion multidetector CT with refor-
mations may be all that is neces-
sary for appropriate evaluation.

� Axial, coronal, and sagittal MR
imaging of the skull base and MR
cisternography are recommended
if meningoencephalocele is sus-
pected.

� Comprehensive evaluation should
be coordinated and carefully
planned by the radiologist and
clinician, and a treatment algo-
rithm is provided after the �2-
transferrin levels are obtained.
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fects with associated meningoceles, me-
ningoencephaloceles, large arachnoid
granulations or cysts, or congenital in-
ner ear anomalies (1–4).

Spontaneous CSF Leaks

Finally, spontaneous, or primary, CSF
fistula is considered a separate entity,
describing patients with no other dis-
cernible etiology for their CSF leak (ie,
history of trauma, tumor, or congenital
abnormality). Demographically, these
leaks most frequently occur in obese
middle-aged women and frequently co-
exist with a small encephalocele (11–
14). Although spontaneous leaks have
been reported to be rare (11), our expe-
rience suggests that they are more com-
mon than previously appreciated, and
with increasing average body mass in-
dexes in the United States, we expect
them to be even more frequent.

In these patients, associated empty
sella syndrome can occur, leading some
to hypothesize a similar etiology is
thought to cause idiopathic or benign
intracranial hypertension (formally
termed pseudotumor cerebri). One the-
ory proposed to explain spontaneous
CSF leaks is that chronically increased
intracranial pressure results in arach-
noid granulations that fill small pits in
the inner table of the calvarium or sinus
wall (Fig 1). The dura thins and small
diverticula of arachnoid extend through
the defect and rupture (15,16). Another
theory that has been proposed begins
with impaired CSF absorption, leading
to transiently elevated pulsatile CSF
pressure that ultimately causes dural
herniation and a CSF leak through ana-
tomically weakened sites (14).

Spontaneous CSF fistula can occur
anywhere in the skull base, but is most
common at the ethmoid roof, cribriform
plate, or at two locations in the sphe-
noid sinus, perisella or at the inferolat-
eral or pterygoid recesses (11,14,16).

Diagnosis

The accurate diagnosis of a CSF leak is
necessary prior to any potential inter-
vention. The method of diagnosis de-
pends greatly on the patient’s clinical

presentation. Patients who present
early after trauma may have pneumo-
cephalus or active CSF rhinorrhea or
otorrhea. However, the classic clinical
presentation is a patient with intermit-
tent clear nasal discharge, frequently
unilateral, often exacerbated by Val-
salva maneuvers.

Regardless of the presentation or
specific etiology, the clinical diagnosis is
confirmed by obtaining a sample of the
nasal or otologic secretions and measur-
ing the �2-transferrin activity. �2-
Transferrin, a protein highly specific for
human CSF, is an immunohistochemical
test that is considered the standard for
the clinical diagnosis of a CSF leak (17–
20). At least 0.5 mL of fluid is neces-
sary, and there may be a false-positive
result in the setting of chronic liver dis-
ease or inborn errors of metabolism of
glycoprotein (21). A positive �2-trans-
ferrin result confirms an active CSF
leak, but cross-sectional imaging is nec-
essary to locate the site of the defect.
Some patients experience intermittent
leaks, and �2-transferrin can only be
collected when the CSF is actively leak-
ing. Finally, occasionally patients will
present with recurrent episodes of men-
ingitis, without symptoms of nasal
drainage. This implies an occult CSF fis-

tula, and careful imaging work-up
should be performed (22).

Imaging Evaluation

Imaging studies are paramount in the work
up of a presumed CSF leak. The goals of
imaging are to confirm the diagnosis, eval-
uate for an underlying cause, localize and
characterize the defect site prior to surgical
repair, and exclude an associated meningo-
cele at the defect. Since small skull base
defects are now routinely repaired with na-
sal endoscopy, accurate localization is im-
perative.

Imaging was first used, to our
knowledge, by Dandy in 1926, when he
recognized the value of radiographs to
diagnose pneumocephalus (1). Since
that time, a variety of nuclear medicine
and cross-sectional computed tomo-
graphic (CT) and magnetic resonance
(MR) imaging techniques have been ap-
plied to diagnose, localize, and charac-
terize skull base defects responsible for
leakage of CSF. That there has been no
imaging “gold standard” reflects the dif-
ficulty with this elusive diagnosis.

Nuclear Medicine
Nuclear medicine studies, specifically
radionuclide cisternography, became

Figure 1

Figure 1: Axial CT scans in obese 48-year-old woman with history of extensive skull base defects and
multiple spontaneous CSF leaks presenting with both left-sided CSF otorrhea and rhinorrhea. No metabolic
disorder known. (a) Scan through the skull base shows extensive and multifocal erosive defects involving the
inner table of the calvarium (arrows). Coronal reformations revealed large tegmen defect, explaining the left
mastoid air cells and middle ear opacification (not shown). (b) T2-weighted scan shows arachnoid granula-
tions (arrow) and CSF in right Meckel cave (arrowheads). CSF in left mastoid and middle ear secondary to
tegmen defect was present on coronal images (not shown).
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popular in the 1970s and 80s in the diag-
nostic evaluation of a CSF leak (23).
The CSF must be actively leaking at the
time of the study. Regardless of the ra-
diotracer used, the procedure involves
lumbar intrathecal administration of a
radionuclide tracer, placement of pa-
tient in a Trendelenburg position to fa-
cilitate craniad flow of the tracer, fol-
lowed by image acquisition of the head
and paranasal sinuses in both anterior
and lateral projections once the radio-
tracer has reached the basal cisterns.
The most widely used radiotracer is
technetium 99m-labeled diethylenetri-
aminepentaacetic acid, which has a rel-
atively short half-life of about 6 hours.
The accumulation of the radiotracer
within the nasal cavity or nasopharynx
heralds a positive finding that suggests a
CSF fistula and provides some informa-
tion regarding the location of the com-
munication (24,25). In our practice, ra-
dionuclide cisternography is used only
when CSF leak is suspected but is oc-
cult, �2-transferrin cannot be collected,
and imaging does not show a definite
skull base defect.

Radionuclide cisternography is lim-
ited to detecting CSF leaks that are ac-
tive at the time of the study. Several
techniques have been utilized to in-
crease the sensitivity of the examina-

tion. The first and most universally ac-
cepted technique involves the strategic
endoscopic placement of nasal pledgets
by the otolaryngologist prior to adminis-
tration of the radiotracer agent. These
are most frequently placed in the office
setting, usually 1–2 hours before intra-
thecal radiotracer administration, bilat-
erally in the sphenoethmoidal recess,
adjacent to the middle meatus, and ei-
ther in the region of the cribriform
plates, olfactory recess, or eustachian
tubes. At our institution, planar image
acquisition is performed 2–4 hours and
24 hours after intrathecal radiotracer
administration (indium 111 [111In] di-
ethylenetriaminepentaacetic acid, see
below), with imaging of the head and
neck (and often spinal) regions, de-
pending on the clinical history. The
pledgets are removed when the patient
returns 24 hours later, and the activity
of the radiotracer within the pledgets is
measured and compared to that within
the serum. A positive result is indicated
by a pledget-to-serum activity ratio of
1.5–3.0:1 (24,25). While this technique
increases the sensitivity of the examina-
tion, reportedly up to 76% (26), oppo-
nents still argue that precise localization
of the site of the defect is limited, as
nasal secretions mix to collect on all of
the pledgets on a given side (5). In our

experience, few patients tolerate six in-
tranasal pledgets for 24 hours, and
when they return after 24 hours, one or
more of the cotton pledgets have fallen
out.

For intermittent CSF leaks, pro-
longed cisternography by using 111In di-
ethylenetriaminepentaacetic acid, with
a longer biologic half-life of 2.8 days, is
available, allowing delayed image acqui-
sition of up to 24–72 hours after the
original administration of the radio-
tracer. In one study (25), this method
resulted in a 25% success rate of dem-
onstrating intermittent leaks. This tech-
nique requires great patient compliance
to return for repeat imaging, sometimes
up to 72 hours later, and prolonged
placement of the nasal pledgets (26). In
an effort to shorten the duration of the
examination, improve placement of the
radiotracer bolus to the basal cisterns,
and possibly accentuate small or pin-
point dural fistulas, the method of high
or overpressure cisternography was de-
veloped. It involves administration of
the radiotracer, and transiently and un-
der a controlled setting, it elevates the
intracranial pressure by intrathecal in-
fusion of saline or artificial CSF. The
major side effect is patient discomfort
and headache (27). Thus, in our prac-
tice, we do not perform intrathecal
high-pressure techniques to exacerbate
a leak. Finally, positioning the patient in
a provocative position, such as prone,
or in a head-hanging position during im-
age acquisition may improve observa-
tion of intermittent leaks (28).

Even if the patient can tolerate the
nasal pledgets, none of the nuclear med-
icine examinations adequately localize
and characterize the defect well enough
to be the sole diagnostic examination.
Therefore, radionuclide cisternography
is reserved for complex cases when the
diagnosis is in question (5,7,23,26).

CT Imaging
The use of CT for evaluation of skull
base defects has become a mainstay in
the work up of CSF fistula, due to its
ability to resolve osseous structures
(29,30). With the advent of modern
thin-section and multidetector CT scan-
ners, smaller defects are visualized with

Figure 2

Figure 2: Images in 40-year-old woman with spontaneous left-sided CSF leak secondary to encephalo-
cele, confirmed intraoperatively. No predisposing risk factors. (a) Coronal CT reformation through cribriform
plates shows dehiscence of the left lateral lamella (arrow) and opacification of the ethmoid complex. Note
bilateral deep olfactory grooves. (b) Magnified sagittal reformatted image of left cribriform skull base defect
(arrows) and encephalocele, confirmed intraoperatively.
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a reported sensitivity as high as 92%
and specificity of 100% (31) (Figs 2, 3).
An active leak does not need to be
present for performing a multidetector
CT of the skull base.

Most studies to date have been per-
formed with the use of conventional sin-
gle-detector CT scanners, in which
1–1.5-mm-thick axial and direct coronal
sections are obtained through paranasal
sinuses and temporal bones without the
use of intrathecal contrast material. A
bone algorithm should always be used.
Axial images are considered best for
evaluation of the posterior wall of the
frontal sinus, the posterior and lateral
walls of the sphenoid sinus, and the
mastoid complex. Coronal images are
necessary for evaluation of the cribri-
form plates, roof of the ethmoid and
sphenoid sinuses, and tegmen tympani
(5,16,18,23,26,29,30).

In our opinion, direct coronal imag-
ing is no longer necessary for CT imag-
ing alone when thin-section multidetec-
tor CT is available. Multidetector CT
involves rapid, continuous volumetric
acquisition of raw data by using thin
collimation, allowing for isotropic vox-
els, which leads to improved resolution
for three-dimensional and multiplanar
reformations (32). Thus, with multide-
tector CT, images can be acquired in
only the axial plane, then the raw data
can be reformatted into additional
planes without a compromise in image
resolution. Minimum detector collima-
tion is recommended, with reconstruc-
tion intervals chosen so that the multi-
planar reformations are optimized.

The CT findings suggestive of a CSF
leak include a skull base bone defect and
an air-fluid level or opacification of the
contiguous sinus. In the evaluation of
temporal bone CT scans, a unilaterally
opacified mastoid and middle ear, in the
presence of a tegmen defect or fracture
through an inner ear structure, is con-
sistent with CSF fistula (Fig 4). CT may
also be helpful in evaluation of addi-
tional nontraumatic causes of CSF leak,
such as an intracranial or skull base tu-
mor or meningocele and/or meningoen-
cephalocele, which may then require
further evaluation with MR imaging
(26,30,31). Finally, the CT data can

provide intraoperative image guidance
for the endoscopic repair of a CSF leak.

At our institution, multidetector CT
is the first study, and frequently the only
study, used to localize the site of the
skull base defect and CSF leak (33).
However, as discussed below, situations
may arise that complicate the diagnosis,
such as multiple osseous defects and ad-

jacent opacified sinuses (ie, in the post-
traumatic patient). In this instance, fur-
ther imaging and evaluation may be nec-
essary to localize the site of the leak
with CT cisternography.

CT Cisternography
Since its development in the late 1970s,
CT cisternography has been the stan-

Figure 3

Figure 3: Images in 29-year-old obese woman with spontaneous left-sided CSF rhinorrhea secondary to
small sphenoid defect, confirmed intraoperatively. (a) Axial CT scan shows small left sphenoid defect (arrow)
and fluid layering in the sphenoid sinus. (b) Coronal oblique reformatted image shows defect (arrow) close to
the left foramen rotundum, which is a common location for spontaneous sphenoid sinus fistula.

Figure 4

Figure 4: Images in 40-year-old woman with left-sided rhinorrhea. Leak was suspected at anterior skull
base. CT for a possible CSF leak should always include temporal bones. (a) Coronal reformation shows opac-
ified middle ear and large defect of the tegmen tympani (arrow). Anterior skull base was normal. (b) Sagittal
reformation shows the defect (arrow). With two planes, the accurate size of the osseous defect can be deter-
mined, which is valuable preoperative information.
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dard for evaluating a possible CSF fis-
tula (34–38). This technique tradition-
ally involves obtaining thin-section coro-
nal and axial CT images in both prone
and supine positions through the region
of interest (maxillofacial or temporal re-

gion) both before and after intrathecal
contrast material. Approximately 3–10
mL of an iodinated nonionic low-osmo-
lar contrast agent is administered by
means of lumbar puncture, and the pa-
tient is placed in a Trendelenburg posi-

tion to opacify the basal cisterns, fol-
lowed by CT imaging immediately after
administration of contrast material. Ma-
neuvers that provoke an active leak,
such as sneezing or head hanging, are
performed prior to the CT portion of
cisternography. Postcontrast images
are then compared with the precontrast
images. A positive result involves the
presence of a skull base defect and con-
trast opacification within the sinus, na-
sal cavity, or middle ear (Fig 5). If the
sinus contents do not visually show an
attenuation increase after cisternogra-
phy, the region of interest feature of the
workstation may be used to measure
the Hounsfield units of fluid opacifica-
tion within the sinuses on both pre- and
postcontrast CT scans. An increase in
Hounsfield units of 50% or greater after
CT cisternography is considered a posi-
tive study for a CSF leak (26). Acquisi-
tion of precisternogram images is im-
portant to differentiate extracranial
contrast material accumulation from
sclerotic sinus walls, benign high-atten-
uation inspissated sinus secretions, or
blood (Fig 6). Optimal window and level
settings are chosen on the workstation
to enable differentiation of the bony si-
nus walls from the contrast material ac-
cumulating in the sinus (23).

While this examination appears to
combine the best of both worlds, being
able to identify the presence of an active
CSF leak and dural fistula and the pre-
cise anatomic characterization and lo-
calization of the osseous defect, there
are limitations to CT cisternography.
Similar to radionuclide cisternography,
the usefulness of the cisternogram por-
tion of the examination is limited to pa-
tients in whom the CSF is actively leak-
ing at the time of the examination, ei-
ther spontaneously or with provocative
maneuvers. High-pressure cisternogra-
phy, to precipitate an intermittent leak,
reportedly increases the yield (27), but
we do not perform that technique due to
potential complications of headache or
“opening” a defect. When the leak is
intermittent or nonactive, CT cisternog-
raphy may be no more sensitive than
noncontrast CT alone (23,24,26). The
overall reported sensitivity of CT cister-
nography is 48% (26), with sensitivity

Figure 5

Figure 5: Images in obese 38-year-old woman with rhinorrhea and positive �2-transferrin activity. (a)
Axial postcontrast cisternogram shows high-attenuation contrast material accumulating in the dependent
portion of the sphenoid sinus. Note the osseous defect (arrow). If only direct coronal images had been ob-
tained, the posterior sphenoid wall defect would not have been appreciated. (b) Sagittal reformations allow
accurate cranial-caudal measurement of bone defect.

Figure 6

Figure 6: Images in 35-year-old woman with multiple prior endoscopic sinus surgeries and revisions and
possible CSF leak. The case shows the importance of precisternogram images. (a) Coronal reformation shows
postoperative findings after septoplasty, bilateral uncinectomies, resection of most of both inferior and middle
turbinates, and bilateral ethmoidectomies. The walls of residual sinuses are thickened and sclerotic (arrows).
Osteoneogenesis is a common finding in patients with chronic sinus inflammatory disease. (b) Direct coronal
image after contrast material has been placed in the subarachnoid space. Note the pledgets (arrows) in the
nasal cavity. The high-attenuation osteoneogenesis could be misinterpreted as extracranial accumulation of
contrast material without precisternogram scan.
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from 92% in active leaks and only 40%
in inactive leaks (31).

CT cisternography is a minimally in-
vasive procedure, but adds to expense
and contains small but inherent risks of
infection and lumbar CSF leak. While
low-osmolarity contrast agents have a
very low incidence of the major side
effects seen with prior agents, including
headache, meningeal irritation, and sei-
zures, the possibility does persist. Fi-
nally, both cisternographic techniques,
CT and radionuclide, are relatively con-
traindicated in patients with meningitis
or elevated intracranial pressure, and
CT cisternography may be performed
concomitantly with radiotracer studies;
however, we do not feel that this ap-
proach is necessary or cost-effective.
We only couple the two examinations in
the most complex cases, when the pres-
ence of a leak is questionable and after
all other imaging findings have been un-
revealing.

Studies have compared thin-section
CT alone with CT cisternography. Lloyd
et al (30) have stated that thin-section
CT was all that was necessary for the
diagnosis of CSF leaks. In 1999, a retro-
spective review (26) of 42 patients with
clinically proved CSF leaks showed a
bone defect in 30 patients that was evi-
dent on thin-section CT scans, and 20 of
those patients had positive results at
cisternography. Every patient with a
positive cisternogram had an osseous
defect that was identified at noncontrast
CT. However, 10 patients had an osse-
ous defect seen at CT, without a corre-
sponding positive cisternogram (26).
Another prospective study (31) evalu-
ated 45 patients with clinically sus-
pected CSF rhinorrhea and showed that
plain thin-section CT alone depicted the
presence or absence of CSF fistula in 42
of 45 patients, citing an accuracy of
93%, irrespective of whether a CSF was
actively leaking at the time of the study.
Both of these studies advocate thin-sec-
tion CT alone as the initial screening
examination in the work up of a CSF
leak, with cisternography reserved for
patients with multiple skull base frac-
tures and/or defects, patients with neg-
ative CT scans, or those in whom the
diagnosis is in question. In our experi-

ence, cisternography in patients with
negative CT scans rarely confirms a CSF
leak. Finally, most of the current studies
regarding the use of thin-section CT for
the diagnosis of a CSF leak were per-
formed before the routine use of multi-
detector CT, which allows faster acqui-
sition of thinner images and which likely
has only improved resolution and diag-
nostic capability of CT, although this
has yet to be determined in formal stud-
ies.

MR Imaging
MR imaging techniques offer noninva-
sive methods of imaging a CSF leak and
are indicated to assess possible encephalo-
cele or meningoencephalocele. Herniation
of brain parenchyma or meninges
through the bone defect may be difficult
to differentiate from obstructed secre-
tions on CT scans but is obvious on MR
images (Fig 7). An MR is always per-
formed in our practice if there is an
osseous defect and complete opacifica-
tion of an adjacent sinus in the patient
with a possible CSF leak, as these find-
ings could indicate the presence of a
meningocele or encephalocele, particu-
larly if the soft-tissue opacification is
lobular or nondependent.

MR cisternography typically in-
volves heavily T2-weighted fast spin-
echo sequences with fat suppression
and subtraction of the adjacent back-
ground tissue signal to enhance conspi-
cuity of the fistulous tract, or CSF col-
umn (Fig 8). The fast spin-echo se-
quences have decreased susceptibility
artifacts at the air-bone interface of the
skull base, compared with conventional
T2-weighted imaging (31). Images are
generally obtained in coronal, axial, and
sagittal planes, and, similar to conven-
tional MR, the finding of a contiguous
CSF column communicating from the
subarachnoid space to the extracranial
space and/or the herniation of brain pa-
renchyma and/or meninges extracrani-
ally heralds a positive examination (39).

At our institution, in addition to the
routine sagittal and axial T1-weighted
and fluid-attenuated inversion recovery
images of the whole brain, the MR cis-
ternographic technique includes coro-
nal T1-weighted images acquired at
3-mm section thickness with a 1-mm
gap, a matrix of 256 � 256, and a field of
view of 230 mm. Overlapping heavily
T2-weighted fast spin-echo sequences
with fat suppression are then per-
formed at 6 mm with a 1-mm gap and

Figure 7

Figure 7: Images in adult woman with spontaneous right-sided rhinorrhea. (a) Coronal and (b) axial T2-
weighted MR images through anterior cranial fossa reveal right gyrus rectus herniating inferiorly in the region
of the right cribriform plate, with loss of normal CSF signal at that level, which is consistent with a small right-
sided cribriform encephalocele (arrow). The left side is normal.

REVIEW: Imaging of Skull Base Cerebrospinal Fluid Leaks Lloyd et al

Radiology: Volume 248: Number 3—September 2008 731



are reconstructed at 5 mm with param-
eters of 8000/1000 (repetition time
msec/echo time msec), two signals ac-
quired, a turbo factor of 256, and a
250-mm field of view, with images ac-
quired in sagittal, coronal, and axial
planes. Gadolinium-enhanced images in
all three planes help differentiate poten-
tial meningocele from sinus secretions
and may detect dural enhancement
(Fig 8).

The data on MR cisternography are
promising, with studies touting sensitiv-
ities of 87% and accuracies ranging
78%–100% (22,31,35). The proponents

of MR cisternography state that the
noninvasive and nonionizing technique
can localize the actual site of a fistulous
tract, which may be particularly helpful
in patients who have multiple potential
fracture sites or osseous defects at CT.
While many continue to feel that, simi-
lar to CT and radionuclide cisternogra-
phy, visualization of fistulas is limited to
those actively leaking, other authors
have reported success in localizing in-
termittent or low-flow leaks (22,31).

A study from 1998 (31) reported a
sensitivity of 87% and accuracy of
89% for MR cisternography, com-

pared with a sensitivity of 92% and
accuracy of 92% for thin-section CT
alone, taking into account both active
and inactive CSF leaks. Additionally,
while MR cisternography showed a
high positive predictive value, the neg-
ative predictive value for both active
and inactive leaks is relatively lower
for MR cisternography (58%) com-
pared with CT alone (70%).

Early reports in which 0.5 mL of
intrathecal gadolinium-enhanced con-
trast material was used with MR cister-
nography show promise (40–43). This
is currently an off-label use of gadolin-

Figure 8

Figure 8: Images in 39-year-old woman after endoscopic sinus surgery with iatrogenic right-sided CSF rhinorrhea. Skull base defect and encephalocele were con-
firmed intraoperatively. (a) Coronal CT reformation shows post– endoscopic sinus surgery changes after septoplasty, resection of the entire left middle turbinate, left
uncinectomy, and bilateral ethmoidectomy. Osseous defect (arrows) with encephalocele seen at right ethmoid roof and cribriform plate. (b) Sagittal CT reformation
shows the full anteroposterior extent of the defect (arrows). (c) Sagittal T1-weighted MR image at same location as b shows gyrus rectus (arrows) herniating through the
defect. Note encephalomalacia (arrowhead) associated with encephalocele. (d) Coronal T1-weighted postcontrast image through the anterior cranial fossa shows dystro-
phic brain (arrow) sagging through the osseous defect, with minimal dural enhancement. (e) Coronal heavily T2-weighted MR cisternogram confirms flow of CSF below
the level of the cribriform plate (arrow), consistent with meningoencephalocele.
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ium agents, and because it is not ap-
proved by the Food and Drug Adminis-
tration, it is not performed in our prac-
tice.

Because the major limitation of MR
imaging is the lack of osseous detail and
decreased ability to visualize subtle frac-
tures or osseous defects, thin-section
CT remains the initial examination of
choice for possible leaks. In our prac-
tice, MR cisternography is reserved for
patients suspected of having encephalo-
cele or meningoencephalocele or in
complex cases when multiple fracture
sites or osseous defects are present.

CT and MR Imaging Findings

The most common location for a CSF
leak is at the cribriform plate, followed
by anterior ethmoid, posterior ethmoid,
and sphenoid and frontal sinus. Tegmen
tympani is less common but should be
included in the imaging, as CSF leak into
the middle ear can manifest with rhinor-
rhea. In our experience, most defects
can be detected at multidetector CT,
when the reconstruction intervals are
submillimeter (Figs 2–5). Active manip-
ulation of the data on a three-dimen-
sional workstation by the radiologist fa-
cilitates defect detection by allowing
evaluation in multiple obliquities in ad-
dition to standard axial, coronal, and
sagittal planes, as well as manual opti-
mization of window and level settings. If
a bone dehiscence is detected, the size
of the defect should be measured in two
dimensions so the surgeon can be pre-
pared to repair the hole. Measurements
on a workstation correlate well with the
size of the defect found at surgery (33).

Anterior skull base defects, either
congenital, secondary to trauma, or iat-
rogenic, are usually adjacent to the ver-
tical insertion of the middle turbinate or
at the lateral lamella. Both the cribri-
form plate and lamella may be normally
very thin, making detection of a defect
even harder. Comparison with the con-
tralateral side is helpful. Soft-tissue or
mucosal thickening beneath a thin cribri-
form plate or ethmoid roof, especially if
asymmetric, is evidence that the thin
skull base may be due to a defect. The
roof of the nasal cavity, including the

space between the nasal septum and the
vertical insertion of the middle turbi-
nate, should be carefully evaluated for
fluid or soft tissue. Deviation of the
crista galli, probably due to weakness at
the junction with the cribriform plate, is
associated with a CSF leak (44).

Spontaneous CSF leak, seen in the
obese middle-aged female, deserves
special mention, especially with the in-
creasing body mass indexes in the
United States. In our experience, there
are two sites that should be carefully
evaluated: the cribriform plate and lat-
eral lamella and the sphenoid sinus
roof. Extensive sphenoid sinus pneuma-
tization into the inferolateral recess ap-
pears to predispose one to a CSF leak.
Coronal reformations show small bone
defects lateral to the foramen rotun-
dum, at the most lateral sphenoid sinus
roof near the middle cranial fossa floor.

MR of the skull base is always indi-
cated if soft tissue or fluid is present
near the bone defect at multidetector
CT. At MR cisternography, a continu-
ous high-signal-intensity column on T2-
weighted images from the subarachnoid
space into the involved sinus is consid-
ered a positive study. Multiplanar, T1-
and T2-weighted images help character-
ize the soft tissue and determine whether it
is fluid, mucosal thickening, or hernia-
tion of brain or meninges through the
bone defect. Sagging of the gyrus rec-
tus, when the cribriform plate and/or
ethmoid roof is the site of the leak, is
common. Subtle encephalomalacia is
anecdotally often present at the site of
leak, seen in all types of CSF leak (not
only posttraumatic), and especially in
cases with meningoencephalocele, pos-
sibly secondary to traction on the brain.
Dural enhancement after gadolinium
chelate administration is another sec-
ondary sign.

CT cisternography is usually not
necessary, as the defect can be detected
at multidetector CT. However, as men-
tioned earlier, CT cisternography can
be useful in cases of multiple osseous
defects with adjacent opacification of
the sinuses.

At our institution, CT cisternogra-
phy is always performed with a me-
thodical step-wise approach. First,

thin-section submillimeter multidetec-
tor CT in the supine position is per-
formed through the sinuses and tem-
poral bones. We obtain the initial pre-
cisternogram images according to an
image-guided protocol by using supine
0.625-mm-thick sections in an axial
plane only to limit motion and amal-
gam artifacts, which can be seen with
direct coronal images. The data set is
actively reviewed and manipulated on
the workstation by the radiologist, and
each site is carefully assessed in mul-
tiple planes. The patient then goes to
the fluoroscopy suite, where 3–10 mL
of nonionic low-osmolar contrast ma-
terial is placed by means of a lumbar
puncture after return of clear CSF. At
our institution, we prefer the rela-
tively higher osmolarity (300-mg/mL)
dose of the iodinated contrast material
(iohexol) to the 240-mg/mL dose, as
we feel there is better opacification of
the basilar cisterns. The cranial flow
of contrast material is confirmed with
fluoroscopy, and the patient remains
head down for at least 90 seconds.
Prior to repeat CT imaging, the pa-
tient is asked to perform any provoc-
ative maneuvers that exacerbate the
leak. The patient then returns to CT,
where a direct coronal CT scan in the
prone position is obtained. This is the
only instance where we feel that direct
coronal images are warranted, and
this is done to provoke the leak in the
prone position and to visualize the
tract into the sinuses, especially useful
for ethmoid leaks. Most patients re-
port increase in rhinorrhea in the
prone position. Axial images are also
obtained, again in the supine position
and according to an image-guided pro-
tocol, with 0.625-mm section thick-
ness, which allows for three-dimen-
sional reformations to be generated on
a workstation. A positive cisterno-
gram is contrast material accumula-
tion in the nasal cavity, sinus, middle
ear, or mastoid complex or an in-
crease in Hounsfield units in sinus
fluid, and an associated bone defect. When
the leak is high volume and rapid, con-
trast material at the leak site may be
less dense than at the contralateral side,
due to rapid washout and leaking of the

REVIEW: Imaging of Skull Base Cerebrospinal Fluid Leaks Lloyd et al

Radiology: Volume 248: Number 3—September 2008 733



contrast material and CSF (Fig 9). With
this careful evaluation, even the most
elusive CSF leaks can usually be de-
tected.

Intraoperative and/or Endoscopic
Evaluation

Most patients suspected of having CSF
rhinorrhea will undergo endoscopic
evaluation by an otolaryngologist as
part of their initial examination. De-
pending on the degree of exposure of
the skull base (ie, prior endoscopic
sinus surgery) and the size of the de-
fect, Valsalva maneuver may result in
CSF pooling that can be seen in the
office. Intrathecal administration of
5% sodium fluorescein, a technique
described by Kirchner et al in the
1960s, followed by either nasal
pledget placement or thorough endo-
scopic evaluation may also aid in local-
ization of the site of CSF leak on ex-
amination (5,18,23,45). Its use is pri-
marily intraoperative, when wide
surgical exposure can be obtained to
confirm the site of the leak in equivo-
cal cases and also to confirm water-
tight closure of the defect after repair
and graft placement. It is often admin-
istered prior to the induction of gen-

eral anesthesia, occasionally at the
time of lumbar drain placement.

Treatment

Most CSF leaks (particularly posttrau-
matic) will resolve spontaneously with
conservative measures, including bed
rest, head elevation, and avoidance of
straining. Occasionally, repeat spinal
taps or lumbar drain placements are
necessary to decrease the intracranial
pressure and encourage healing (46).
However, because of the risk of infec-
tion, persistent CSF leaks require surgi-
cal management. The surgical approach
used depends on the size, site, and na-
ture of the defect.

Intracranial repair, or open re-
pair, since its advent in the 1920s has
traditionally been the definitive
method to address a CSF leak, with
the benefits of being able to directly
visualize and repair the dural tear, of-
ten with the use of a pericranial flap.
The disadvantages, however, include
the morbidity of a craniotomy, as well
as anosmia associated with the disrup-
tion of olfactory bulbs and tracts (47).
Additionally, the success rates of open
repair often approach only 80%, with
recurrence rates of up to 40% in some
reports (48).

Endoscopic sinus surgery techniques
have allowed for a transnasal approach
to repair anterior and central skull base
CSF leaks. Exposure of the defect can
be difficult and pre- and intraoperative
localization of the defect is paramount,
often by direct inspection or by using
intrathecal fluorescein. Some endo-
scopic surgeons routinely use intraoper-
ative image guidance, particularly for
revision surgeries. Once the defect is
identified, the recipient bed is pre-
pared, any encephalocele is reduced or
resected, and the defect is grafted, ei-
ther with a bone, fascial, or mucosal
graft or often some combination
thereof. Harvest sites for grafts or flaps
often include the temporalis fascia, na-
sal septum, and middle turbinate, as
well as synthetic materials such as hy-
droxyapatite and tissue adhesives such
as fibrin glue. In experienced hands, the
reported success rates of extracranial

endoscopic repair approach 90% on ini-
tial attempt, an improvement over in-
tracranial repair, without the morbidity
of craniotomy. However, limitations
still exist with extracranial techniques,
and patients with multiple defects, de-
formed skull bases, invasive skull base
tumors with intracranial extension, or
high-pressure leaks may require intra-
cranial approaches (5,48).

Our Approach

We have developed an algorithm for the
patient with a definite or possible CSF
leak. A careful history is taken by the
surgeon to assess for a predisposing
cause that might direct the work-up.
For example, if there has been prior
endoscopic sinus surgery, the anterior
skull base is carefully examined. If the
leak is spontaneous with no predispos-
ing etiology, the leak is likely at the an-
terior skull base, the cribriform plate,
or superior wall of the sphenoid sinus,
especially in a middle-aged obese pa-
tient. Fluid is collected either in the of-
fice or the patient is sent home with a
vial to collect fluid for �2-transferrin
analysis.

In our practice, the initial study is
bone algorithm multidetector CT with
reconstruction intervals of less than 1
mm and multiplanar reformations in all
planes. It is suggested that the radiolo-
gist manipulate the data and perform
reformations at a workstation, as de-
tecting the site of the leak may require
oblique planes. We have found that
standard coronal and sagittal reforma-
tions performed by the technologist are
not enough (33). Even if there is a pre-
disposing event that suggests the site of
the leak, the entire skull base and mas-
toid and/or middle ears are scanned.

Our algorithm is described as fol-
lows:

1. When the �2-transferrin test is
positive and multidetector CT scan
shows a single osseous defect, no other
imaging is necessary to direct the re-
pair. This is the most common scenario
in our practice.

2. If the �2-transferrin test is posi-
tive and the multidetector CT scan
shows more than one osseous defect

Figure 9

Figure 9: Direct coronal CT cisternogram in a
patient with surgically confirmed right-sided crib-
riform plate defect. Note the contrast in the right
olfactory groove is of lower attenuation than that
on the left due to rapid washout and leaking of the
contrast material and CSF.
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and an opacified sinus, a CT cisterno-
gram will be obtained to determine
which site is actively leaking.

3. If the �2-transferrin test is posi-
tive but the multidetector CT scan does
not show an osseous defect, the �2-
transferrin test is repeated in the rare
chance the result was a false-positive. If
a second sample is positive, CT cister-
nography or MR cisternography may be
performed, preferably when the CSF is
actively leaking. This clinical scenario
is, in our experience, very rare. If all
imaging findings are negative and repeat
�2-transferrin test is positive, the pa-
tient is endoscopically examined under
anesthesia directed at the side of prior
trauma, if applicable, and possibly with
the use of intrathecal fluorescein, evalu-
ating for the presence of pulsatile pool-
ing of CSF or fluorescein. This step re-
mains in the algorithm because occa-
sionally osseous defects may be too
small to resolve with current imaging
techniques.

4. CT cisternography, therefore, is
reserved for patients who have a nega-
tive multidetector CT scan but in whom
the CSF is actively leaking or those with
more than one defect.

5. MR cisternography is always per-
formed if multidetector CT reveals an
osseous defect with soft-tissue opacifi-
cation within an adjacent sinus (particu-
larly if it is lobular or nondependent) to
exclude the possibility of meningocele
or encephalocele. Gadolinium chelate is
routinely administered to detect dural
enhancement at the site of the leak.

6. Only in the most complex cases is
nuclear cisternography with pledgets
performed, and then to help document
the presence and side of the leak.
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