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Evaluation of High-Resolution CT and MR
Cisternography in the Diagnosis of

Cerebrospinal Fluid Fistula

Prashant G. Shetty, Manu M. Shroff, Dushyant V. Sahani, and Milind V. Kirtane
PURPOSE: We undertook this study to determine the accuracy of MR cisternography and
plain high-resolution CT as a noninvasive alternative to CT cisternography in the diagnosis of
CSF fistula in patients with clinically suspected CSF rhinorrhea.

METHODS: Forty-five consecutive patients with clinically suspected CSF rhinorrhea were
examined prospectively for CSF fistula with MR cisternography and plain high-resolution CT.
Twenty-one patients also underwent CT cisternography. The MR imaging technique included
3-mm thin-section T1-weighted coronal sequences and fast spin-echo T2-weighted coronal,
axial, and sagittal sequences in the supine position. The plain high-resolution CT study
included 3-mm and sometimes 1- to 1.5-mm thin coronal sections in the prone position. Similar
sequences were used after injecting nonionic contrast material intrathecally via lumbar punc-
ture for the CT cisternographic study. The plain high-resolution CT and MR cisternographic
studies were compared with results of CT cisternography; surgical findings were used as the
standard of reference.

RESULTS: Plain high-resolution CT successfully depicted the presence or absence of CSF
fistula in 42 of 45 patients, whereas MR cisternography was correct in 40 patients. MR
cisternography or plain high-resolution CT correctly showed the site(s) of CSF fistula leakage
in 36 of the 38 cases proved surgically. The combined techniques also correctly indicated the
absence of CSF leakage in seven cases, six of which were confirmed at CT cisternography. Both
MR cisternography and high-resolution CT failed to definitively locate the CSF fistula in two
patients. High-resolution CT was accurate in 93% of patients, whereas MR cisternography was
accurate in 89% of patients. The combination of high-resolution CT and MR cisternography was
accurate in 96% of patients.

CONCLUSION: In the presence of clinically diagnosed CSF leakage, the combination of MR
cisternography and plain high-resolution CT is highly accurate in locating the site and extent
of CSF fistula and should be considered a viable noninvasive alternative to CT cisternography.
CSF fistula has always been a diagnostic challenge.
It is imperative to precisely locate the site of CSF
fistula whenever surgical intervention is considered.
Accurate localization enhances the chance of success-
ful preoperative identification of the site of CSF fis-
tula and dural repair, thereby eliminating the chance
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of negative or recurrent explorations. Accurate pre-
operative localization has become especially impor-
tant since the emergence of newer minimally invasive
surgical techniques in which nasal endoscopes are
used for the treatment of CSF fistula and the field of
view is limited.

Numerous techniques, including plain skull radiog-
raphy, pluridirectional tomography, intraoperative in-
jection of fluorescein dye, positive contrast (iophen-
dylate) studies, and radionuclide cisternography, are
all helpful in a limited way. For over a decade, CT
cisternography has been considered the most reliable
and accurate method of diagnosing CSF fistula; how-
ever, this technique is invasive and time-consuming,
and is contraindicated in patients with active menin-
gitis.

MR cisternography is a noninvasive technique that
can detect a CSF fistula by the inherent bright signal
3
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of CSF on T2-weighted images. High-resolution CT is
highly effective in the demonstration of small defects
in bone at the site of a CSF fistula. Both these tech-
niques are safe, less time-consuming than CT cister-
nography, and have a high patient compliance rate.

Methods
Forty-five consecutive patients with clinically diagnosed CSF

rhinorrhea underwent MR cisternography and plain high-res-
olution CT for the diagnosis of CSF fistula. The two tests were
performed within a day of each other in all patients. No pro-
vocative maneuvers were used during the studies. Twenty-one
of the patients also underwent CT cisternography within 2
weeks of the noninvasive studies. The MR cisternographic and
plain high-resolution CT studies in all patients were interpreted
separately by two neuroradiologists, who reached a consensus
after combining the results from preoperative localization of
the CSF fistula. When both high-resolution CT and MR cis-
ternography were in agreement as to the location of a CSF
fistula, CT cisternography was performed only at the behest of
the referring clinician. This was especially the case early in the
series. CT cisternography was performed most commonly when
results of MR cisternography and high-resolution CT were not
in agreement (four patients) or were negative (six patients).

The CT protocol was conducted on CT 9800 Hi Lite Quick
and Hi Speed CT/i scanners in which 1- to 1.5-mm contiguous
coronal sections were obtained through the region of interest
after 3-mm routine sections were obtained through the floor of
the anterior cranial fossa, the roof of the sphenoidal sinus, and
the temporal bones (in five cases) in the prone position. The
field of view was 120 mm and the matrix was 512 3 512. Axial
sections were obtained in patients with suspected CSF leakage
at the temporal bones. A bone algorithm was used for greater
bone detail. The high-resolution CT criteria included a bone
defect with CSF-density fluid communicating from the sub-
arachnoid space extracranially, a bone defect with air commu-
nicating from the paranasal sinuses intracranially, and/or her-
niation of brain/meninges extracranially.

MR cisternography was performed using a 1.5-T Magnetom
SP 6000 (Siemens, Erlangen) unit. Coronal, axial, and sagittal
fast spin-echo T2-weighted images were obtained with param-
eters of 6000/90/1 (TR/TE/excitation) in the supine position,
because we found that patients felt uncomfortable in the head
coil in the prone position, which led to degradation of image
quality. T1-weighted coronal sections were obtained with 3-mm
thin sections with a 0.1 distance factor, a field of view of 230
mm, and a matrix of 192 3 256. The MR criteria for locating
CSF leakage included a CSF column communicating from the
subarachnoid space extracranially and/or herniation of brain
tissue/meninges extracranially.

Subjects ranged in age from 3 to 62 years; 28 were male and
17 were female. Twenty-eight patients had active CSF leakage
at the time of the study; in 21 cases the CSF fistula was
generated by trauma, in the remaining 24 patients it arose
spontaneously (Table 1). None of the patients with spontane-
ous CSF fistula had raised intracranial pressure. The presence
of a bone defect without concomitant communication of CSF/
air or herniation of brain tissue/meninges extracranially was not

TABLE 1: Pathogenesis of CSF rhinorrhea in 45 patients with clini-
cally suspected CSF fistula

No. of Patients

Trauma 21
Noniatrogenic 18
Iatrogenic 3

Spontaneous 24
considered a site of CSF fistula. Thirty-eight of the 45 patients
underwent surgical treatment for CSF fistula. Patients with
CSF fistula at the cribriform plate, fovea ethmoidalis, or sphe-
noid roof underwent nasal endoscopic surgery.

The term active CSF leakage indicates the presence of CSF
leakage at the time of clinical presentation; likewise, inactive
CSF leakage indicates lack of CSF leakage at the time of
clinical presentation. The surgeons identified the site of CSF
leakage at the time of surgery, correlating their findings with
those on the imaging study.

Results

Of the 45 patients, six with inactive CSF leakage
did not have a CSF fistula either on MR cisterno-
grams or high-resolution CT scans. CT cisternogra-
phy also did not reveal CSF fistula in these patients.
Of these six patients, three had recurrent low-grade
pyogenic meningitis: one of these three (case 36)
underwent surgery for mastoiditis; no parameningeal
focus was identified in the other two. The remaining
three patients had paranasal inflammatory mucosal
disease. None of the six had clinical evidence of CSF
leakage during a 1-year follow-up period. One patient
had nasal drip (clinically active CSF leak) 6 months
after surgery, but no definite evidence of CSF fistula
was identified on plain high-resolution CT or MR
cisternography. CT cisternography was not per-
formed in this patient, as laboratory analysis of the
fluid excluded the presence of CSF.

Of the remaining 38 patients, both MR cisternog-
raphy and plain high-resolution CT could not con-
vincingly demonstrate CSF fistula in two patients. In
one of these (case 3), with active CSF leakage, CT
cisternography showed the site to be at the junction of
the fovea ethmoidalis and cribriform plate, which was
confirmed surgically. In the second patient (case 25),
with inactive CSF leakage, the CSF fistula was at the
lamina cribrosa of the internal auditory canal, and
this patient proved to have a Mondini deformity at
surgery; CT cisternography was not performed. CT
cisternography (performed in 21 patients) produced
findings that were in complete agreement with surgi-
cal results; there was also a high degree of concor-
dance between CT cisternography and plain high-
resolution CT and MR cisternography.

In three patients, high-resolution CT convincingly
showed the CSF fistula where MR cisternography
failed. Two patients (cases 11 and 38) had 2-mm
defects at the cribriform plate, whereas the third
patient (case 31) had a posttraumatic fracture involv-
ing the lamina cribrosa and vestibulocochlear com-
plex. CT cisternography and surgery confirmed the
site of CSF fistula in these patients. In one patient
(case 33), MR cisternography showed the fistula to be
at the roof of the frontal sinus. High-resolution CT of
this patient showed the bone defect without the CSF
column density. CT cisternography and surgery con-
firmed the site of CSF fistula. MR cisternography
correctly identified the site of CSF fistula in 40 of 45
patients (accuracy, 89%). Plain high-resolution CT
successfully depicted the site of CSF fistula in 42
patients (accuracy, 93%). MR cisternography and
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high-resolution CT were in agreement in 38 of 45
patients (accuracy, 85%). At least one of these tech-
niques correctly identified the presence or absence of
CSF fistula in 43 patients (sensitivity, 95%; accuracy,
96%).

While MR cisternography had a sensitivity and
specificity of 87% and 100%, respectively, high-reso-
lution CT had a sensitivity of 92% and a specificity of
100%. When MR cisternography and plain high-res-
olution CT were combined, and the study was con-
sidered positive on the basis of detection of CSF
fistula by any one of the two studies, accuracy was
96%, sensitivity was 95%, and specificity was 100%.
The most common site of CSF fistula was the cribri-
form plate (12 patients, 32%), whereas seven patients
(18%) had leakage at the junction of the cribriform
plate and fovea ethmoidalis (Table 2). Interestingly,
four patients (11%) had CSF leakage through the
lamina cribrosa (two traumatic and two congenital,
associated with Mondini deformity). Three patients
with multiple trauma had CSF fistulas at more than
one site. Two patients had additional bone defects
besides those at the site of CSF fistula that did not
show any evidence of CSF leakage at imaging or
endoscopic surgery.

CT cisternography was performed in 21 (46%) of
the 45 patients. Although this technique provided
additional useful information in only one patient, it
increased confidence in excluding CSF fistula in six
patients. The CSF leakage stopped immediately after
surgery in all 37 patients. No patient who was fol-
lowed up had any clinical evidence of CSF rhinor-
rhea. Of the five patients who consented to follow-up
imaging studies, none showed radiologic evidence of
CSF fistula. CT cisternography indicated the pres-
ence or absence of CSF leakage in all 21 patients in
whom it was performed. It also helped increase the
confidence of the radiologist and the clinician in the
diagnosis of CSF leakage during the initial part of the
study as well as in the six patients in whom CSF fistula
was not evident on the noninvasive studies.

Discussion
Over the years, different techniques have yielded

varying rates of success in attempts to accurately
locate CSF fistulas. Precise localization of a CSF

TABLE 2: Sites of documented CSF fistula

No. of Patients

Cribriform plate 13
Fovea ethmoidalis 2
Cribriform plate and fovea ethmoidalis 8
Frontal sinus 4
Planum sphenoidale 3
Sphenoidal sinus 2
Lamina cribrosa of internal auditory canal 4
Frontal sinus and fovea ethmoidalis 2
Cribriform plate to planum sphenoidale 1
Posterior wall of internal auditory canal 1
Frontal sinus to planum sphenoidale 1
fistula helps in surgical planning and enhances the
chance of successful dural repair, thus precluding
negative or recurrent explorations. Surgical plugging
of a CSF fistula is important, as the fistula can be a
source of recurrent pyogenic meningitis (1). Current
investigators have put the risk of recurrent pyogenic
meningitis at 4% (1, 2).

For more than a decade contrast-enhanced CT
cisternography has been considered the standard of
reference for the diagnosis of CSF fistula (3). CT
cisternography has a higher success rate than other
techniques in locating CSF leaks, reaching 92% in
active leaks and 40% in inactive leaks (4). However,
CT cisternography is invasive, time-consuming,
slightly uncomfortable for the patient, and carries a
slight risk for such complications as headache and
infection; moreover, it is relatively contraindicated in
patients with active meningitis (4) or raised intracra-
nial pressure.

The recent quantum leap in computer technology
has resulted in better quality images, both in CT and
MR imaging. Thinner sections (up to 1 mm) with high
spatial resolution can be obtained with the modern
CT scanner in a much shorter period of time. T2-
weighted fast spin-echo MR imaging provides better
quality thin-section images in a shorter time, thus
reducing motion-related artifacts. This technique also
allows a definite reduction in the degree of paramag-
netic susceptibility artifacts emanating from the air-
bone interface at the skull base as well as from dental
fillings and braces as compared with conventional
T2-weighted imaging (6). Previous studies have
shown that detection of a CSF fistula by plain CT
alone is low (7, 8). Eljamel et al (9) showed that plain
high-resolution CT was accurate in the localization of
inactive CSF fistula in 10 of the 21 patients in their
series. However, in our series, high-resolution CT
correctly identified a CSF fistula or the lack of it in 16
of 17 patients with inactive CSF leak (Table 3). Of the
remaining 28 patients, with active CSF leakage, high-
resolution CT could correctly identify the fistula or its
absence in 26 cases (accuracy, 93%). High-resolution
CT is extremely useful in the identification of bone
defects (Fig 1). It is also useful in detecting fractures
that are or could be the site(s) of CSF leakage.

MR cisternography can noninvasively demonstrate
CSF leakage in multiple planes without the disadvan-
tage of ionizing radiation. On the T2-weighted fast
spin-echo sequence, the bright signal emanating from
the CSF column is well seen against the black back-
ground of air in the paranasal sinuses (Fig 2). The
bone defect may, however, not always be well appre-
ciated on MR images. The literature is limited con-
cerning the use of MR cisternography for localization
of CSF fistulas, but recent studies have recommended
its use as a primary investigative tool for diagnosing
CSF fistula (4, 9–12).

In our study, MR cisternography could accurately
depict a CSF fistula or its absence in 24 of 28 patients
(accuracy, 86%) with active CSF rhinorrhea (Table
3). These results are contrary to the findings de-
scribed by Eljamel et al (9), who hypothesized that
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FIG 1. A, Plain high-resolution coronal CT scan, 1-mm thick, through the cribriform plate
reveals a bone defect in the left cribriform plate (arrow) with a CSF-density column
extending extracranially.

B, After cisternography, coronal high-resolution CT scan through the same region reveals
contrast leakage through the bone defect (arrow). Note pooled contrast material (C) within
the left concha bullosa (arrowhead ).

FIG 2. Fast spin-echo T2-weighted
coronal MR image through the frontal si-
nus shows a hyperintense CSF column
extending extracranially through the de-
fect at the roof of the right frontal sinus
(arrow).
MR cisternography may not be useful for studying
patients with active CSF leakage. Their contention
was that the high flow rate of CSF may result in loss
of signal indistinguishable from bone, thus resulting
in false-negative studies. However, in our experience,
we had no difficulty in identifying the CSF column at
the site of the fistula in patients with active CSF
leakage. We believe that flow of CSF through the
bony defect and complex maze of air cells of the bony
labyrinth in the paranasal sinuses is not fast enough to
cause loss of signal.

MR cisternography complements high-resolution
CT in demonstrating the extracranial extension of the
CSF column (Fig 3). Indirect evidence of CSF fistula
is provided by the presence of a low-lying gyrus rectus
if the leak is in the region of the cribriform plate
(gyrus rectus sign). This is possibly caused by the
negative pressure created by the fistula (Fig 4). This
sign was positive in 14 (52%) of the 27 cases of CSF
fistula seen in the region of the cribriform plate. Four
more patients had brain tissue herniation at other
sites of CSF fistula. The leaked CSF that sometimes
gets collected in the paranasal sinuses has a charac-
teristic signal that can generally distinguish it from
inflammatory paranasal secretions (Fig 5). The
pooled extracranial CSF is typically more hypointense
than the proteinaceous inflammatory secretions on
T1-weighted images, which have a brighter signal
(11). However, it may sometimes be difficult to dis-
tinguish pooled CSF from acute sinus secretions, as
the mucosal secretions can also appear relatively dark
on T1-weighted images and bright on T2-weighted
images.

In our series, four patients had CSF leakage
through the lamina cribrosa of the internal auditory
canal. In two of these patients, the pathogenesis was
traumatic whereas in the other two the leakage was
caused by a Mondini deformity (Fig 6). Spontaneous
CSF fistula through the lamina cribrosa of the inter-
nal auditory canal is a well-described entity (12–14).
In one child, with Mondini deformity (case 25), both
MR cisternography and high-resolution CT were
equivocal (statistically false negative) in the diagnosis
of CSF leakage, although the patient underwent sur-
gery on the basis of indirect findings on MR cister-
nography and high-resolution CT, because the par-
ents were reluctant to authorize CT cisternography.
The indirect findings consisted of fluid in the middle
ear cavity and dysplastic vestibulocochlear complex in
the clinical setting of bilateral otorhinorrhea. In an-
other patient, with a posttraumatic lamina cribrosa
defect, high-resolution CT showed the defect with
leakage of CSF into the middle ear whereas MR
cisternography was inconclusive, as the thin bone de-
fect could not be identified.

TABLE 3: Types of CSF leakage

Inactive CSF Leakage (17 Patients)

MRC: HRCT:
TP 5 10 TP 5 10
TN 5 6 TN 5 6
FN 5 1 FN 5 1
FP 5 0 FP 5 0

MRC/HRCT: accuracy 5 94%,
sensitivity 5 91%,
specificity 5 100%,
PVP 5 100%,
PVN 5 86%.

Active CSF Leakage (28 Patients)

MRC: HRCT:
TP 5 23 TP 5 25
TN 5 1 TN 5 1
FN 5 4 FN 5 2
Accuracy 5 86% Accuracy 5 93%
Sensitivity 5 85% Sensitivity 5 93%
Specificity 5 100% Specificity 5 100%
PVP 5 100% PVP 5 100%
PVN 5 20% PVN 5 33%

Combined Active and Inactive CSF Fistulas

MRC: HRCT:
Accuracy 5 89% Accuracy 5 93%
Sensitivity 5 87% Sensitivity 5 92%
Specificity 5 100% Specificity 5 100%
PVP 5 100% PVP 5 100%
PVN 5 58% PVN 5 70%

Note.—TP indicates true positive; TN, true negative; FN, false
negative; FP, false positive; MRC, MR cisternography; HRCT, high-
resolution CT; PVP, predictive value positive; PVN, predictive value
negative.
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FIG 3. A, Plain high-resolution coronal CT section through the sphenoidal sinus shows
a bone defect (bd) at the left lateral recess (arrow) with CSF-density fluid extending into
the sphenoidal sinus.

B, Coronal T2-weighted fast spin-echo MR image through the same region shows
hyperintense CSF column extending through this defect (arrow) into the sphenoidal sinus.
Note pooling of CSF (f) in the sphenoidal sinus due to supine position of the patient.

FIG 4. T1-weighted coronal MR image
shows presence of herniated gyrus rectus
through the left cribriform plate and fovea
ethmoidalis (arrowhead ).
FIG 5. A, T1-weighted coronal MR image
through the sphenoidal sinus reveals CSF
fistula involving the right lateral recess of
the sphenoidal sinus. Brain tissue is seen
to extend into this defect (small arrow).
Note the characteristic hypointense nature
of the pooled CSF in the sphenoidal sinus
(large arrow).

B, Fast spin-echo T2-weighted coronal
sequence also shows the CSF fistula (ar-
row).
FIG 6. A, Plain high-resolution coronal
CT section through the temporal bone re-
veals a bony defect at the lamina cribrosa
of the right internal auditory canal (closed
arrow). The vestibulocochlear complex is
dysplastic and the cochlea is represented
by a saclike diverticulum (open arrow).

B, Fast spin-echo T2-weighted coronal
MR image shows the hyperintense CSF
extending through the lamina cribrosa of
the internal auditory canal (arrowhead ).
High-resolution CT is extremely useful in the
detection of thin fractures involving the inner ear
structures and therefore greatly increases confi-
dence in the diagnosis of CSF otorhinorrhea asso-
ciated with suspected CSF fistula in the temporal
bone. High-resolution CT in conjunction with MR
cisternography also proved to be useful in the di-
agnosis of postoperative leakage through the pneu-
matized posterior wall of the internal auditory ca-
nal in a patient with acoustic schwannoma. The
ability of CT to obtain 1-mm thin sections coupled
with bone algorithm to enhance bone detail has
significantly improved the detection of tiny CSF
fistulas. High-resolution CT showed an accuracy,
sensitivity, and specificity of 92%, 92%, and 100%,
respectively, as opposed to MR cisternography, in
which accuracy, sensitivity, and specificity were
89%, 87%, and 100%, respectively. This difference
may possibly be attributed to the thinner sections
possible with high-resolution CT as compared with
MR imaging. However, with the newer MR tech-
nology and high-resolution images, the accuracy of
this technique may increase. CT is also useful in
patients with multiple fractures of the skull base, in
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FIG 7. A, Plain high-resolution coronal
CT scan reveals a CSF fistula (arrow) at
the left cribriform plate and fovea eth-
moidalis with a pool of CSF in the eth-
moidal air cells.

B, Fast spin-echo T2-weighted coronal
MR image through the same region also
shows the fistula.
that bone defects can be identified and studied with
high-resolution CT sections as well as with MR
cisternography to document the site(s) of CSF leak-
age.

While high-resolution CT is useful in detecting
bone defects, MR cisternography is helpful in depict-
ing the CSF column extending extracranially (Fig 7).
These techniques therefore complement each other,
and together the accuracy, sensitivity, and specificity
were 96%, 95%, and 100%, respectively. The positive
predictive value for both active and inactive CSF
leakage on plain high-resolution CT and MR cister-
nography was 100%. However, these tests may not be
very accurate in the detection of CSF leaks in patients
in whom CSF rhinorrhea is not clinically indicated.
All patients in this study underwent imaging only on
the basis of a high clinical index of suspicion for CSF
rhinorrhea. It would have been useful to evaluate the
nasal fluid by laboratory analysis for the presence of
CSF in doubtful cases of CSF leakage. b2-transferrin
analysis has recently gained favor in the identification
of CSF. The protein is highly specific for human CSF,
and only a small sample size (, 1 cm3) is required
without the need for special handling or refrigeration
(2). This test was not used in our study population
owing to availability constraints; however, it would

FIG 8. Flow chart shows an algorithm for performing CT cister-
nography (CTC). 1ve, positive; -ve, negative; HRCT, high-reso-
lution CT; MRC, MR cisternography.
certainly have eliminated the need to perform imag-
ing in at least some of the seven patients in whom
CSF leakage was not seen at MR cisternography,
high-resolution CT, or CT cisternography. Instead,
we relied on CT cisternography for these six patients
to confirm the absence of a CSF fistula. Also, inter-
observer variation has not been studied. We suggest
that other workers undertake such trials to establish
the reliability of this technique with respect to ob-
server and instrument variations. (The negative pre-
dictive value for both active and inactive CSF leakage
on plain high-resolution CT was 70%; and for MR
cisternography it was 58%.)

In two patients, both plain high-resolution CT and
MR cisternography could not depict the CSF fistula
proved at surgery. In the first patient (case 3), with
active CSF leakage at the junction of the fovea eth-
moidalis and cribriform plate, surgery showed a hair-
line defect extending anteroposteriorly. Even retro-
spectively this was difficult to appreciate on high-
resolution CT and MR cisternography. In the second
patient (case 25), with inactive CSF leakage and a
Mondini deformity, plain high-resolution CT and MR
cisternography revealed indirect evidence of CSF
leakage through the lamina cribrosa in the form of
fluid in the middle ear cavity and a dysplastic vestibu-
locochlear complex. No continuous communication
of CSF from the basal cisterns to the middle ear cavity
was demonstrable by MR cisternography or plain
high-resolution CT. The CSF fistula was subsequently
proved surgically.

It is important that an experienced radiologist
monitor these imaging studies, especially the plain
high-resolution CT examination, so as to obtain thin-
ner (up to 1-mm) sections through the region of
interest. The optimum window and level for appro-
priate documentation of subtle CSF fistulas can be
obtained only on the CT monitor.

High-resolution CT scans would presumably be dif-
ficult to interpret in the presence of soft tissue in the
paranasal sinuses (eg, inflammatory secretions or pol-
yps) or in the middle ear cavity, although we did not
encounter this problem in our series. It would also be
difficult to rely only on high-resolution CT in the
presence of multiple fractures of the skull base, as
hematoma or fibrous tissue in the paranasal sinuses
may preclude optimum evaluation of the correct
site(s) of CSF fistula. Similarly, MR cisternography in
isolation may not show the fracture site(s) in these
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patients, although the CSF column extending ex-
tracranially is often seen well. Thus, in cases of mul-
tiple fractures of the skull base with a possibility of
more than one CSF fistula, a combination of high-
resolution CT and MR cisternography may be useful,
and CT cisternography may have to be performed
only in cases in which the findings are equivocal.

Conclusion
High-resolution CT should be the first line of in-

vestigation in patients with clinically diagnosed CSF
rhinorrhea (and after confirming the presence of CSF
by laboratory analysis in doubtful cases). MR cister-
nography may be performed if the findings on CT
scans are equivocal or if one wishes to focus on the
suspected site of CSF leakage seen at CT. If either of
these techniques fail to convincingly show a CSF
fistula, CT cisternography may be performed as a last
resort, preferably with a nasal pledget, as the leakage
could be too slow to be detected on a routine study
(Fig 8). High-resolution CT or MR cisternography is
also useful for following up patients who have had
surgery for CSF fistula. We believe this algorithm
represents a cost-effective, noninvasive alternative for
the demonstration of CSF fistula in patients in whom
CSF rhinorrhea is suspected clinically.
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