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CSF Leaks: Correlation of High-Resolution CT and
Multiplanar Reformations with Intraoperative
Endoscopic Findings
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N. McLean
S.K. Wise

J.M. DelGaudio
P.A. Hudgins

BACKGROUND AND PURPOSE: Skull base defects can result in CSF leaks, with meningitis as a potential
complication. Surgeons are now routinely repairing these leaks via a nasal endoscopic approach.
Accurate preoperative imaging is essential for surgical planning. A variety of imaging regimens have
been employed, including axial and direct coronal CT, CT cisternography with iodinated contrast,
radionuclide cisternography, and MR imaging. Now that multidetector helical CT is available, the
purpose of this study was to determine how well coronal and sagittal multiplanar reformatted (MPR)
images generated from a high-resolution axial dataset correlate with intraoperative findings in a group
of patients with clinically proved CSF leaks.

MATERIALS AND METHODS: We retrospectively reviewed imaging findings and surgical records of 19
patients who presented to our tertiary care institution during a 2.5-year period with clinically proved
CSF leak. Patients underwent preoperative imaging with high-resolution helical CT (section collimation,
10 patients with 0.625-mm and 9 patients with 1.25-mm images), with MPR images processed by a
neuroradiologist at a workstation. Two neuroradiologists, blinded to the intraoperative findings, deter-
mined the location and size of the skull base defects. All patients underwent endoscopic evaluation by
an experienced sinonasal otolaryngologist, who confirmed the site of the CSF leak by direct inspection
and measured the corresponding osseous defect. CT was considered accurate if it correctly localized
the CSF leak and was within 2 mm of the endoscopic measurement.

RESULTS: At endoscopy, 22 leaks of CSF were identified in 18 of 19 patients. CT correctly predicted
the site of the leak in 20 (91%) of 22 cases and was accurate (within 2 mm of the endoscopic
measurement) in 15 (75%) of 20 cases preoperatively localized. The CT measurement of the skull base
defect differed from the endoscopic size in 5 (25%) of 20 cases, ranging from 7.4 mm below to 13 mm
above the intraoperative measurement. When analysis was limited to the subgroup of 10 patients who
had 0.625-mm axial images, the accuracy was improved, and of the 11 CSF leaks described at CT, all
were verified at endoscopy. In addition, the submillimeter CT accurately measured the size of the
osseous defect in 9 (82%) of 11 cases. In the remaining 2 (18%) of 11 cases, CT minimally
overestimated the size of the osseous defect by only 3 mm.

CONCLUSION: Axial images, and coronal, sagittal, and oblique MPR images generated from high-
resolution axial CT performed well preoperatively, localizing the skull base defect responsible for the
CSF leak. However, active manipulation of the axial dataset at a workstation is crucial in identifying and
correctly describing these lesions. When submillimeter collimation is available, measurement of the
osseous defects are accurate most of the time.

Skull base defects that result in dural tears and CSF leaks can
be associated with significant long-term disability, pri-

marily related to central nervous system infection. Bacterial
meningitis is the major cause of morbidity and mortality, with
encephalitis and parenchymal abscess occurring much less fre-
quently1. Left untreated, some may resolve spontaneously, but
the risk for meningitis is 10% annually and up to 40% in the
long term.2 CSF leaks occur in approximately 2% of closed
head injuries, the most common cause of CSF leak.3 Other
causes include a tumor or developmental malformations of
the skull base, and surgical trauma. CSF leaks may also arise
spontaneously, especially in the setting of idiopathic intracra-

nial hypertension. More than 90% of CSF leaks are success-
fully treated by minimally invasive intranasal endoscopic re-
pair.2,3 Even when CSF leaks cease spontaneously, early
endoscopic repair is often considered because of a significant
risk, estimated at 30% to 40%, for ascending meningitis.3

In patients with profuse posttraumatic or postsurgical CSF
leaks, the diagnosis is obvious. However, in patients with in-
termittent CSF leaks that result in minimal discharge, the di-
agnosis may remain elusive. In this circumstance, beta2-trans-
ferrin (�2-TF) assay provides a highly sensitive and specific
(97% and 99%, respectively) method to confirm CSF leak.4

�2-TF protein is found almost exclusively in CSF, and as little
as 0.5 mL of CSF is needed for the assay.3 Once the clinical
suspicion of CSF leak is confirmed with �2-TF, the skull base
defect responsible for the leak must be identified.

A variety of diagnostic modalities have been proposed for
the preoperative localization of CSF leaks. In the traditional
sense, CT and radionuclide cisternography have been the
mainstays in the diagnostic evaluation, but their accuracy di-
minishes when CSF leaks are intermittent, a frequent occur-
rence. More recently, high-resolution CT without intrathecal
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contrast and with the use of axial and direct coronal planes has
been shown to reliably demonstrate skull base defects that re-
sult in CSF leaks.5,6 With this technique, the skull base defect
can be localized even when there is no active leak. Given that
coronal images are essential in identifying skull base defects,
the purpose of our study was to determine how well high-
resolution coronal, sagittal, and oblique multiplanar refor-
matted (MPR) images generated from an axial dataset cor-
rectly predict the site of a CSF leak. It is perhaps more
important to note that our series is the first, to our knowledge,
to evaluate how accurately CT measurements compare with
intraoperative sizes of the responsible skull base defects.

Methods
Imaging findings as well as the clinical and intraoperative data of 19

patients who underwent endoscopic repair for skull base defects dur-

ing a 30-month period were retrospectively analyzed. Inclusion crite-

ria required clinical suspicion for a CSF leak, preoperative CT imag-

ing, and intraoperative exploration, with description of the location

and size of any skull base defect. Patients with central skull base de-

fects from tumors were excluded because the operative notes de-

scribed only a “large” skull base defect. CSF leaks from temporal bone

defects were not included because they are not repaired

endoscopically.

CSF leaks were confirmed preoperatively in 17 patients with use of

the �2-TF assay of the clear rhinorrhea. All patients underwent non-

contrast high-resolution multidetector row CT (MDCT) before un-

dergoing surgery. Patients were scanned in the supine position. Ten

patients were imaged on a 16-detector scanner, which generated

0.625-mm section collimation. A total of 9 patients were imaged on

an 8-detector scanner, providing 1.25-mm section collimation. Scan-

ning parameters were the same for both groups: 25-cm field of view,

512 � 512 matrix, and a bone reconstruction algorithm to enhance

bony detail. The field of view included the sinonasal region and tem-

poral bones to evaluate all potential sites of CSF leaks. Images were

reconstructed with approximately 30% to 50% overlap. MPR images

were generated and reviewed simultaneously with the axial dataset on

a workstation.

Two neuroradiologists recorded the site and size of the skull base

defect by consensus. The largest measurable defect obtained in the

coronal, sagittal, oblique, or axial plane was reported. The CT images

were interpreted without knowledge of the intraoperative findings;

specifically, neither the presence, site, nor size of the leak was known

at the time of image review. Positive CT criteria included an osseous

defect in the skull base with associated mucosal thickening, soft tissue,

or an air-fluid level in the adjacent sinonasal space. If the skull base

was thinned but for a short segment, and there was no associated soft

tissue on the nasal cavity side and no evidence for previous trauma or

surgery at that location, the thinning was assumed to be normal. The

cribriform plate was the most common place where the skull base

appeared thin, but that was considered normal. CT was considered

accurate if the findings correctly predicted the location of the CSF leak

and the CT measurement was within 2 mm of the endoscopic defect

measurement.

All patients were taken to surgery by a single experienced otolar-

yngologist. The preoperative CT directed the initial intraoperative

endoscopic examination, but the skull base was carefully examined

around the suspected leak site. The CSF leak was confirmed endo-

scopically by the presence of pooling CSF or a meningocele or menin-

goencephalocele. Once the leak was identified, the mucosa surround-

ing the skull base defect was completely stripped away to expose the

entire osseous defect. The size of the skull base defect was measured

with a surgical probe of known diameter. The largest size in a single

dimension was recorded and compared with the maximum dimen-

sion reported on CT for the same location. Follow-up ranged from 2

weeks to 30 months (average, 6 months) in 18 of 19 patients, with

cessation of CSF leaks in all patients who had clinical follow-up. Pa-

tient 15 had no clinical follow-up.

Results
The study group consisted of 2 men and 17 women (age range,
35– 68 years; average, 48 years). Seventeen patients presented
with a CSF leak that was preoperatively confirmed with �2-TF.
Of the 2 patients with no laboratory confirmation of a CSF
leak, 1 presented with a known skull base defect after endo-
scopic sinus surgery (ESS), and 1 presented with a spontane-
ous encephalocele described on MR imaging. Among the 19
patients, 8 had spontaneous skull base defects, 9 had postsur-
gical defects (6/9 ESS, 2/9 transsphenoidal hypophysectomy,
1/9 craniotomy), 1 had a posttraumatic defect, and 1 had an
iatrogenic defect (inadvertent nasogastric tube placement).

CT demonstrated 23 suspected skull base defects in 19 pa-
tients, ranging in size from 2 to 18 mm, with an average size of
6 mm. Endoscopy identified 22 CSF leaks in 18 of 19 patients.
At endoscopy, there were 15 patients with a single site of a CSF
leak, 2 patients with 2 separate sites, and 1 patient with 3 sep-
arate sites. A single patient had no leak identified at endos-
copy, though CT showed 2 suspected 3-mm defects. Although
initial results of �2-TF in this patient were positive, results of
repeat �2-TF after negative endoscopy were also negative, and
we speculate that the CSF leak healed spontaneously. The skull
base defects ranged in size from 2 to 15 mm, with an average
size of 6 mm.

CSF leaks detected on endoscopic examination occurred at
4 sites: 7 of 22 at the ethmoid, 7 of 22 at the sphenoid, 5 of 22
at the cribriform plate, and 3 of 22 in the posterior wall of the
frontal sinus. The 8 spontaneous CSF leaks confirmed at en-
doscopy were distributed among the ethmoid roof (1/8), sphe-
noid (2/8), cribriform (3/8), and posterior wall of the frontal
sinus (2/8). A total of 11 postsurgical CSF leaks in 9 patients,
with the exception of a single leak at the cribriform plate, were
evenly distributed between the ethmoid roof and sphenoid
bone. The accompanying Table summarizes the imaging and
clinical data.

Of the 22 CSF leaks confirmed at surgery, CT predicted the
correct site in 20 (91%) (Fig. 1 and 2). Therefore, endoscopy
identified only 2 small CSF leaks that were missed by CT, a
3-mm right cribriform plate defect (patient 12, Fig 3), and a
2-mm sphenoid defect (patient 10). In both of these patients,
more than 1 site of a leak was detected on endoscopic exami-
nation, and CT correctly identified the other site of the CSF
leak. Therefore, in the 2 patients who had leaks missed on CT,
both had additional CSF leaks that were repaired endoscopi-
cally. In patient 12 were 2 separate leaks in the right cribriform
plate. CT detected the larger 4-mm defect but missed a 3-mm
defect that was seen on endoscopic examination. The 3-mm
cribriform defect was found in retrospect once the intraoper-
ative findings were revealed to the neuroradiologists. In pa-
tient 10 were 3 endoscopic defects in the sphenoid sinus, 2 of
which were correctly located on CT. The third lesion could not
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be identified on CT even after the intraoperative findings were
reported.

Of the 23 skull base defects described on CT, 20 (87%) were
corroborated endoscopically. There were 3 of 23 skull base
defects that were noted on CT but were not considered to be
sites of a CSF leak at surgery. Patient 1 had 2 skull base defects
noted on CT, only 1 of which was actively leaking CSF intra-
operatively. In this case, the leaking defect at the right poste-
rior ethmoid was accurately described on CT, but the left eth-
moid defect was not leaking CSF intraoperatively. However,
the left ethmoid defect noted on CT corresponded to a previ-
ously repaired spontaneous encephalocele, with an intracra-
nial bone graft above the endoscopically verified skull base
defect. Even in retrospect, the bone graft could not be identi-
fied on CT. In patient 3 were 2 separate skull base defects
identified on CT. An air-fluid level was associated with the
right sphenoid defect (Fig 4) and mucosal thickening with the

left ethmoid defect, but at endoscopy, no active CSF leak or
bony defect was identified at either site. Results of a repeat
�2-TF in this patient were negative.

In the 20 defects in which CT correctly predicted the site of the
CSF leak, the CT measurement was accurate in 15 (75%). In the
remaining 5 (25%) cases, CT correctly located the CSF leak site
but inaccurately measured the osseous defect, ranging from 7
mm below to 13 mm above the intraoperative measurement.
When the analysis was limited to the 10 patients who had the
0.625-mm reconstructed axial images, rates of accuracy im-
proved. Submillimeter CT identified 11 CSF leaks, all of which
were corroborated intraoperatively. Of the 22 skull base defects,
15 (68%) were accurately measured on CT. Of the 5 cases consid-
ered to be inaccurate, CT overestimated the size of the skull base
defect in 4 of 5 by an average of 6 mm (range, 3–l3 mm) (Fig 5).
Submillimeter CT missed only 1 CSF leak, which was the 3-mm
cribriform defect in patient 12 mentioned previously.

Imaging and clinical data on CSF leaks

Patient No. Cause SC (mm) CT Defect (mm) Endo Defect (mm) Accurate (� 2 mm) Discrepancy (mm, Over/Under)

1 SP 1.2 R eth (6) R eth (5) Y �
L eth (6) � � �

2 S 0.6 L eth (6) L eth (6) Y �
3 SP 1.2 R sph (3) � � �

L eth (3) � � �
4 SP 1.2 R fr p wall (13) R fr p wall (15) Y �
5 SP 0.6 L sph (6) L sph (6) Y �
6 S 0.6 R eth (5) R eth (2) N 3 over
7 S 0.6 Rt sph (3) R sph (3) Y �
8 S 0.6 L eth (9) L eth (10) Y �
9 S 1.2 L crib (7) L crib (7) Y �
10 S 1.2 L sph (7) L sph (14) N 7 under

R sph (3) R sph (2) Y �
� R sph (2) � �

11 SP 1.2 L crib (12) L crib (10) Y �
12 SP 0.6 R crib (5) R crib (4) Y �

� R crib (3) � �
13 SP 0.6 L sph (2) L sph (2) Y �
14 T 0.6 L eth (11) L eth (10) Y �

L fr p wall (3) L fr p wall (3) Y �
15 S 0.6 R eth (6) R eth (3) N 3 over
16 S 1.2 R eth (18) R eth (5) N 13 over
17 SP 0.6 R fr p wall (6) R fr p wall (8) Y �
18 I 1.2 L crib (8) L crib (3) N 5 over
19 S 1.2 L sph (5) L sph (4) Y �

Note:—Endo indicates endoscopy; SP, spontaneous; S, surgical; T, traumatic; I, iatrogenic (other); p, posterior; eth, ethmoid; sph, sphenoid; fr, frontal; crib, cribriform; SC, slice collimation;
L, left; R, right.

Fig 1. Patient 5. CT and endoscopy are concordant. Coronal
(A) and oblique sagittal (B) MPR images generated from a
0.625-mm axial dataset demonstrate a 6-mm defect in a
pneumatized pterygoid recess of the left sphenoid bone.
There is mucosal thickening and an air-fluid level was
present (other images) in the sphenoid sinus. At endoscopy,
CSF was actively leaking at this site and the maximum size
of the skull base defect (anteroposterior dimension), was
identical to the CT measurement (6 mm).
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Discussion
Until recently, CT cisternography has been considered the
standard reference for preoperative evaluation of a CSF leak.7

With this technique, contrast pooling in a sinus is considered
to be a positive study. The ability of CT cisternography to
accurately identify the culprit skull base defect depends on
performing the procedure while CSF is actively leaking. There-
fore, the overall sensitivity is poor because intermittent leaks
will be missed. During active leaking, sensitivity approaches
92%, but it drops significantly to 40% when the CSF leak is
intermittent.7 CT cisternography carries some risk, albeit low,
including infection, bleeding at the puncture site, and lumbar
CSF leaks resulting in low-tension headaches. Another diag-
nostic technique used for CSF leaks is radionuclide cisternog-
raphy, which also has a low sensitivity (62%–76%) and a false-
positive rate of nearly 33%.3 Furthermore, radionuclide
cisternography typically localizes the leak to the right or left
sinonasal space without precise subsite localization. Stone et
al8 directly compared noncontrast high-resolution CT with
radionuclide cisternography and CT cisternography in 42 pa-
tients with CSF leaks.8 The sensitivity of noncontrast high-
resolution CT was greater than that of radionuclide cisternog-
raphy and CT cisternography. In the subgroup of 21 patients
who had surgical corroboration, the sensitivity of noncontrast
high-resolution CT was 100% compared with 76% for radio-
nuclide cisternography and 48% for CT cisternography. It is
important to note that there were no positive radionuclide and
CT cisternogram studies without previous positive identifica-
tion of a skull base defect on noncontrast CT.

MR cisternography, typically consisting of multiplanar
heavily T2-weighted sequences, is reported to be a highly sen-
sitive and specific (85% and 100%, respectively) technique in
localizing CSF leaks by demonstrating high signal intensity
extending from the subarachnoid compartment into the si-
nonasal spaces.7 Success with MR cisternography does not
seem to be dependent on an active CSF leak but, like high-
resolution CT, is an anatomic study. MR cisternography also
identifies associated meningoencephaloceles and secondary
parenchymal changes in signal intensity that reflect underly-

ing CSF leaks, without exposing patients to lumbar puncture.
However, MR cisternography does not provide the fine bony
detail necessary for planning minimally invasive endoscopic
repair. In our experience, all patients with positive results on a
MR cisternogram, usually obtained after the CT scan to ex-
clude a meningocele, have already had a high-resolution skull
base CT for the surgical repair to be planned.

Shetty et al7 compared high-resolution noncontrast CT
and MR cisternography in the diagnosis of a CSF leak. The
sensitivity, specificity, and accuracy of noncontrast CT cister-
nography were 92%, 100%, and 93%, respectively, and the
sensitivity, specificity, and accuracy of noncontrast MR cister-
nography were 87%, 100%, and 89%, respectively.7 Noncon-
trast CT and MR cisternography provided complementary in-
formation, with CT demonstrating the bone defect and MR,
the leaking CSF column. As a result, the combined sensitivity,
specificity, and accuracy improved to 95%, 100%, and 96%,
respectively. Another important finding was that the accuracy
of noncontrast CT was equally good in active and inactive CSF
leaks.

CT protocols used to date5,7,8 have used direct coronal im-
ages in addition to axial sections. The coronal plane has been
necessary to completely evaluate the skull base because osse-
ous defects in the ethmoid roof and planum sphenoidale are
parallel to the scan plane and therefore are almost never ap-
parent on axial sections. With recent developments of volu-
metric MDCT, high-resolution, essentially isotropic datasets
can be acquired and, in turn, can be used to generate high-
quality multiplanar images that can be viewed in any arbitrary
plane.9 It has been demonstrated that the image quality of
coronal multiplanar reconstructions with 0.5-mm collima-
tion, with or without overlapping reconstructions, is similar to
that of contiguous direct coronal 0.5-mm sections.10

Our study is the first, to our knowledge, to show that high-
resolution multiplanar images generated from a thin-collima-
tion axial dataset reliably localize CSF leaks. Of the 22 leaks
verified on endoscopic examination, MPR images correctly
identified 20, a rate similar to that achieved with thin-section
direct coronal CT.7,8 The false-negative rate was also low. MPR

Fig 2. Patient 4. CT underestimates defect size by 2 mm. Sagittal MPR image from 1.25-mm axial dataset demonstrates a 13-mm defect in the posterior wall of the right frontal sinus
with soft tissue suggestive of encephalocele protruding through the defect. At endoscopy, this was a 15-mm defect. MR was performed preoperatively and showed no encephalocele.
Fig 3. Patient 12. Both readers missed a defect found at endoscopy. Coronal MPR image from 0.625-mm axial dataset missed a subtle defect of the right cribriform plate, measuring 3
mm endoscopically and 2 mm by imaging. Two defects were present on the right in this patient; readers detected the first, but not the second, defect. In retrospect, a small amount of
soft tissue or fluid attenuation extends medially along the horizontal insertion of the middle turbinate, or olfactory recess, through the skull base defect.
Fig 4. Patient 3. CT shows a defect but no CSF leak at endoscopy. Axial image from 1.25-mm axial dataset demonstrates a 3-mm defect in the right sphenoid bone. During endoscopy,
after mucosa was elevated off the defect, no egress of CSF was seen from the defect.

AJNR Am J Neuroradiol 29:536 – 41 � Mar 2008 � www.ajnr.org 539



images only missed 2 small lesions, both of which occurred in
patients with additional larger CSF leaks. This highlights the
fact that there may be multiple active CSF leaks, so careful
scrutiny of the entire skull base is crucial even after 1 skull base
defect is found. In patient 12 (Fig 3), minimal soft tissue below
the osseous defect suggested the presence of a defect. Although
subtle, we consider this an interpretive error rather than a
failure of the technique.

The second goal of our study was to evaluate the accuracy
of CT imaging in determining the size of skull base defects. To
date, the literature has reported only on the ability of various
imaging modalities to localize CSF leaks. However, knowledge
of the size and configuration of a skull base defect provides
useful information that facilitates presurgical planning, espe-
cially if the defect is large. Endoscopic repair of CSF leaks has a
high rate of success and is currently the mainstay of repair of
CSF leaks.11-14

Our series demonstrated that MPR images from 0.625- and
1.25-mm collimated sections accurately characterized the size
of skull base defects in 15 (75%) of 20 patients. Of our 19
patients, 10 had MPR images based on 0.625-mm axial data-
sets. In this group, MPR images described 11 (92%) of 12 leak
sites found at endoscopy and overestimated 2 of 11 cases by
only 3 mm each. We speculate that this overestimation is
probably because of demineralized and nearly dehiscent bone
present along the edge of the skull base defect that remains
imperceptible despite high-resolution imaging. In some cases,
the skull base defect may have been minimally enlarged at
endoscopy while the overlying mucosa was stripped away to
fully expose the defect.

The discrepancy between CT and endoscopy in the 3 of 9
cases based on the 1.25-mm axial datasets is larger, with an
average of 8 mm. A side-by-side comparison of MPR images
based on 0.625- and 1.25-mm axial datasets demonstrates the

Fig 6. Patients 13 (A and B) and 19 (C and D). Coronal and
sagittal MPR images in A1 and A2 and B1 and B2 are
generated from 0.625-mm and 1.25-mm axial datasets, re-
spectively. Although both of these MPR images resulted in
accurate measurements of the CSF leaks, a 2.0-mm defect of
the left sphenoid roof in patient 13 is better appreciated than
the larger, 5.0-mm defect of the left sphenoid roof in patient
19 because of the overall improved resolution of submillime-
ter axial collimation.

Fig 5. Patient 6. CT overestimated the size of the defect.
Coronal (A) and sagittal (B) MPR images generated from a
0.625-mm axial dataset demonstrate a 5-mm defect in the
right ethmoid roof. This patient has had a total ethmoidec-
tomy, and the right middle turbinate has been resected at the
skull base. There is mild mucosal thickening below the
defect. At endoscopy, the CSF leak localized to this defect
but measured only 2 mm.
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superior quality of the submillimeter dataset (Fig 6). Depic-
tion of fine bony detail is clearly sharper with 0.625-mm col-
limation. The images from 1.25-mm collimation are noisier,
and the margins of the skull base defect are more ambiguous.
Accordingly, CT evaluation of the true margins of the osseous
defects may suffer.

A limitation of our study was that analysis of imaging and
surgical data was performed retrospectively, so MPR images
were not directly compared with thin-section direct coronal
CT or MR imaging. However, the MPR images correctly de-
tected CSF leaks at a rate similar to what has been reported
with the use of high-resolution direct coronal scans.8,10 In-
creasing the dose of radiation by adding direct coronal CT to
compare with MPR images would be difficult to justify, but
repeating the study in a prospective fashion with submillime-
ter CT collimation in all patients would be of benefit. With
near-isotropic imaging, the value of MPR imaging could be
further explored. Measurements of skull base defects could be
compared with intraoperative measurements in multiple
planes.

Conclusion
High-resolution MPR images from thin-collimation axial CT
reliably detected CSF leaks. Active manipulation of the dataset
at the workstation was crucial in identifying these defects, es-
pecially the smaller and more subtle ones, as oblique images
were evaluated. Imaging should be performed after a positive
�2-TF assay confirms that the rhinorrhea contains CSF. In this
way, the positive and negative predictive value of CT will be
improved. In the presence of multiple skull base defects, MR
cisternography or CT cisternography should be considered to
pinpoint the active leak. The use of cisternography, however, is
surgeon dependent because experienced endoscopists can

usually determine at the time of surgery if a defect is leaking.
Finally, when compared with intraoperative interrogation, CT
measurements of the skull base defects are accurate when sub-
millimeter collimation is available.
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