Providing Choice & Value | ) fesees

CONTACT REP

AJNR

Thisinformation is current as
of July 18, 2025.

Optic Nerve Sheath MR Imaging

M easurementsin Patientswith Orthostatic
Headaches and Normal Findingson
Conventional Imaging Predict the Presence of
an Underlying CSF-Venous Fistula

Wouter |. Schievink, Marcel M. Maya, Angelique Sao-Mai
S. Tay, Peyton L. Nisson, Jay Acharya, Rachelle B. Taché
and Miriam Nufio

AINR Am J Neuroradiol 2024, 45 (5) 655-661
doi: https://doi.org/10.3174/gjnr.A8165
http://www.aj nr.org/content/45/5/655


http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
https://doi.org/10.3174/ajnr.A8165
http://www.ajnr.org/content/45/5/655

ORIGINAL RESEARCH
SPINE IMAGING AND SPINE IMAGE-GUIDED INTERVENTIONS

Optic Nerve Sheath MR Imaging Measurements in Patients
with Orthostatic Headaches and Normal Findings on
Conventional Imaging Predict the Presence of an Underlying
CSF-Venous Fistula
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ABSTRACT

BACKGROUND AND PURPOSE: Spontaneous spinal CSF leaks typically cause orthostatic headache, but their detection may require
specialized and invasive spinal imaging. We undertook a study to determine the value of simple optic nerve sheath MR imaging
measurements in predicting the likelihood of finding a CSF-venous fistula, a type of leak that cannot be detected with routine
spine MR imaging or CT myelography, among patients with orthostatic headache and normal conventional brain and spine imaging
findings.

MATERIALS AND METHODS: This cohort study included a consecutive group of patients with orthostatic headache and normal
conventional brain and spine imaging findings who underwent digital subtraction myelography under general anesthesia to look for
spinal CSF-venous fistulas.

RESULTS: The study group consisted of 93 patients (71 women and 22 men; mean age, 47.5 years; range, 17-84 years). Digital subtrac-
tion myelography demonstrated a CSF-venous fistula in 15 patients. The mean age of these 8 women and 7 men was 56 years
(range, 23-83 years). The mean optic nerve sheath diameter was 4.0 mm, and the mean perioptic subarachnoid space was 0.5mm in
patients with a CSF-venous fistula compared with 4.9 and 1.2 mm, respectively, in patients without a fistula (P <.001). Optimal cut-
off values were found at 4.4 mm for optic nerve sheath diameter and 1.0 mm for the perioptic subarachnoid space. Fistulas were
detected in about 50% of patients with optic nerve sheath diameter or perioptic subarachnoid space measurements below these
cutoff values compared with <2% of patients with optic nerve sheath diameter or perioptic subarachnoid space measurements
above these cutoff values. Following surgical ligation of the fistula, optic nerve sheath diameter increased from 4.0 to 5.3 mm and
the perioptic subarachnoid space increased from 0.5 to 1.2 mm (P <.001).

CONCLUSIONS: Concerns about a spinal CSF leak should not be dismissed in patients with orthostatic headache when conven-
tional imaging findings are normal, and simple optic nerve sheath MR imaging measurements can help decide if more imaging needs
to be performed in this patient population.

ABBREVIATIONS: BMI = body mass index; DSM = digital subtraction myelography; ONS = optic nerve sheath; ONSD = optic nerve sheath diameter;
OP = opening pressure; SAS = subarachnoid space; SIHDAS = SIH Disability Assessment Score; SIH = spontaneous intracranial hypotension

O rthostatic headaches, ie, headaches that worsen after assum-
ing the upright position and that are least noticeable on
awakening in the morning before getting out of bed, are the hall-
mark of spontaneous intracranial hypotension (SIH)."* CSF leaks

Received October 17, 2023; accepted after revision January 4, 2024.

From the Departments of Neurosurgery (W.L.S,, A.S-M.S.T., PLN, RB.T.)and
Imaging (M.M.M., J.A.), Cedars-Sinai Medical Center, Los Angeles, California; and
Department of Public Health Sciences (M.N.), University of California, Davis, Davis,
California.

Please address correspondence to Wouter I. Schievink, MD, Department of
Neurosurgery, Cedars-Sinai Medical Center, 127 South San Vicente Blvd, Los Angeles,
CA 90048; e-mail: schievinkw®cshs.org; @WouterSchievink

Indicates article with online supplemental data.
http://dx.doi.org/10.3174/ajnr.A8165

at the level of the spine are responsible for causing SIH in most
patients.!

The diagnosis of SIH can be made with confidence under the
following circumstances: 1) brain MR imaging shows a combina-
tion of =1 of the typical reversible findings of SIH, ie, subdural
fluid collections, enhancement of the pachymeninges, engorge-
ment of venous structures, pituitary enlargement, and sagging of
the brain (mnemonic, SEEPS); or 2) if spine imaging shows the
presence of an extradural CSF collection, indicating a dural tear
and CSF leak."”® An estimated one-fifth of patients with spinal
CSF leaks have normal findings on brain imaging.* However, a
common type of spontaneous spinal CSF leak, the CSF-venous
fistula, is not associated with an extradural spinal CSF collection
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and thus is not detectable on routine CT myelography or spine
MR imaging." These spinal CSF-venous fistulas require special-
ized imaging with digital subtraction myelography (DSM)™° or
dynamic CT myelography®” for their detection. In a prior study
using DSM, we found that approximately 10% of patients with
orthostatic headaches and normal conventional brain and spine
imaging findings have an underlying spinal CSF-venous fistula.®
Since the completion of that study, we have added MR imaging
sequences to our SIH protocol that allow precise measurements
of the optic nerve sheath (ONS). The ONS diameter (ONSD) is
correlated with CSF pressure and is known to be significantly
altered in not only intracranial hypertension but also SIH.”"*
However, to our knowledge, the ONSD has not been studied in
patients with orthostatic headaches and normal findings on rou-
tine brain and spine imaging. The hypothesis of the current study
is that ONSD could be affected by the presence of a CSF-venous
fistula causing loss of CSF in the setting of otherwise normal
brain MR imaging findings.

MATERIALS AND METHODS

This cohort study was approved by the Cedars-Sinai Medical
Center institutional review board, who waived the requirement
for written informed consent.

The patient population consisted of a consecutive group of
patients with orthostatic headaches, normal findings on brain MR
imaging, and no evidence of extradural CSF on spine MR imaging
with MR myelography,'® who underwent DSM in the lateral decu-
bitus position between June 2020 and May 2022. The goal of DSM
was to identify a spontaneous spinal CSF-venous fistula. Patients
who had a history of any prior brain MR imaging or spinal imag-
ing consistent with SIH or spinal CSF leak and patients who did
not have a brain MR imaging performed at our institution with the
SIH protocol before DSM were excluded from the analysis.

SIH Disability Assessment Score
All patients completed a modified Migraine Disability Assessment
Test 5-item questionnaire to assess the severity of the symptoms

before and after treatment.'

This questionnaire measures disability
in 3 domains of activity (employment, household work, and
nonwork activities), capturing the number of days affected
during a 3-month period, with the score ranging from 0 to 270
(3 [domains] x 3 [months] x 30 [days]).16 The modification con-
sists of substituting “symptoms of SIH” for “headaches.” We refer
to this modified questionnaire as the SIH Disability Assessment
Score questionnaire. (STHDAS)."” A score of 0-5 (grade I) equates
to little or no disability, a score of 6-10 (grade II) is mild disability,
a score of 11-20 (grade III) is moderate disability, and a score of
21-270 (grade IV) is severe disability.

Brain MR Imaging Protocol

MR imaging was performed on 1.5 or 3T scanners. The SIH brain
MR imaging protocol is shown in the Online Supplemental Data.
The MR imaging sequences allowing precise measurements
of the ONS consisted of coronal fat-suppressed T2-weighted
sequences through the orbit (TR = 5750 ms, TE = 99 ms, flip
angle = 150°, section thickness = 3.0 mm, section gap = 0%,
FOV =230 mm?).
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Definition of Normal Brain MR Imaging Findings

The findings of a normal brain MR imaging were based on the
report of 1 of 4 board-certified neuroradiologists, all with a spe-
cial interest in STH. For this study, findings of all brain MR imag-
ing designated as normal were re-reviewed by 1 board-certified
neuroradiologist who was not involved in the initial interpreta-
tion of the brain MR imaging and 1 board-certified neurosurgeon
to confirm the absence of the reversible findings of SIH, ie, sub-
dural fluid collections; enhancement and/or thickening of the
pachymeninges; venous engorgement using the venous distention
sign;'® pituitary enlargement using the measurements of maximal
pituitary height;'® and brain sagging using a cutoff of 5.5 mm for
the pontomammillary distance,” a cutoff of 45° for the pontome-
sencephalic angle,”" and a cutoff of 5mm for cerebellar tonsillar
herniation. In addition, the absence of infratentorial superficial
siderosis®? and calvarial hyperostosis,23 the 2 mostly irreversible
brain MR imaging findings that may be observed in patients with
chronic SIH, was confirmed. Any discrepancies were adjudicated
by a second board-certified neuroradiologist.

Brain MR Imaging Assessments

The ONSD and perioptic subarachnoid space (Fig 1) were meas-
ured by 2 board-certified neuroradiologists and 1 senior neurosur-
gery resident blinded to the outcome of the DSM. On the basis of
prior measurements of ONSD and perioptic subarachnoid space as
reported by Rohr et al,>* who found significant variability of these
measurements within the first 10 mm of the optic nerve, measure-
ments were made 10-12 mm posterior to the globe. In addition, a
previously published and validated probabilistic score for the pres-
ence of SIH, known as the Bern score,?” was calculated by the same
2 board-certified neuroradiologists and a senior neurosurgery resi-
dent blinded to the outcome of the DSM. Measurements by an
individual physician of the ONSD, perioptic subarachnoid space,
and Bern score were averaged for the final measurement.

DSM Technique

In all patients, the DSM technique as described by Hoxworth et al*®
was used with some minor modifications.” Briefly, DSM is per-
formed with the patient under general endotracheal anesthesia with
deep paralysis and suspended respiration for maximal detail and
temporal resolution. Patients are positioned in the lateral decubitus
position in a biplane angiography suite, with tilt table capability.
Pillows or foam padding are placed to optimize cervicothoracic
alignment. Under fluoroscopic guidance, a 22-ga needle is placed
midline, usually at the L2-3 level, being careful to avoid tenting and
subdural injection. An opening pressure is obtained at this time.
Then, an accurate needle position is confirmed with an injection of
0.5 mL of contrast (Omnipaque 240 or 300 mg/mL; GE Healthcare).
Patients are then further positioned on the basis of the area of inter-
est, with the table tilted to achieve contrast flow to the cervicothora-
cic spine. Finally, contrast is injected manually 1 mL per second,
with suspended respiration for 60-75seconds while acquiring
biplane subtraction images at 1-2 frames per second.

Statistical Analysis
Continuous variables are presented as means (SDs) in addition to
medians and interquartile ranges. Categoric variables are presented



as absolute numbers and percentages. Comparison of demographic
and disease characteristics between groups by fistula status are per-
formed using a ¢ test or Mann-Whitney Wilcoxon test for continu-
ous variables, and )(2 and Fisher exact tests are performed to
compare categoric variables. Logistic regression analysis was used
to calculate the predicted probability of a fistula. Receiver operating

perioptic
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C

FIG 1. How to measure the ONSD and perioptic subarachnoid space. Illustration (A) depicting
the measurements for the ONSD and the perioptic subarachnoid space. Pre- (B) and post- (C) op-
erative coronal fat-suppressed T2-weighted MR imaging shows restoration of the perioptic subar-

characteristic curves were used to determine optimal thresholds
for perioptic subarachnoid space and the ONSD for the outcome
of a fistula. We computed agreement (k) of the perioptic subarach-
noid space, ONSD, and Bern scores among multiple raters imple-
menting the Magree macro (https://www.agreestat.com/books/
sas2/chap3/chap3sas.pdf) in the subarachnoid space (SAS). Pearson
correlation coefficients were calculated
among body mass index (BMI), opening
pressure (OP), ONSD, and the perioptic
subarachnoid space. All statistical analy-

optic ses were performed using SAS, Version
herve 9.4 (SAS Institute).
sheath
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The mean age of the 93 patients with
orthostatic headache was 47.5 (SD, 15.7)
years. There were 71 women (76.3%)
and 22 men (23.7%). The mean duration
of orthostatic headache was 51.2 months
(median, 32 months). An occipital or
suboccipital headache was the most
common, occurring in 43 patients
(46.2%). At the onset of symptoms,
orthostatic worsening of the headache
occurred within 10 minutes in 35 patients
(37.6%), between 11 and 60 minutes in
32 patients (34.4%), and after 60 minutes
in 26 patients (31.2%).

Lateral decubitus DSM demonstrated
a CSF-venous fistula in 15 (16.1%) of the
93 patients. The mean age of the 7 men
and 8 women was 56 (14.4 SD) years.
There was a less pronounced female
preponderance among the patients with
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FIG 2. ONSD and perioptic subarachnoid space measurements in patients with and without spinal CSF-venous fistulas. Box and whisker plots
of the ONSD and perioptic SAS in patients without and with a spinal CSF-venous fistula. The box represents the upper and lower quartiles with
the line splitting the box representing the median. The diamond represents the mean. The whiskers represent the upper and lower values of
the data, up to 1.5 times the interquartile range. The single points represent the outliers.
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decreased in patients with a CSF-
venous fistula (4.0 mm), compared with
patients without a CSF-venous fistula
(4.9 mm) (P <.001) (Fig 2). This differ-
ence in the ONSD was mostly due to
the reduction of the perioptic subarach-
noid space, a component of the ONSD.
The mean perioptic subarachnoid space
measured 0.5mm among the patients
with a CSF-venous fistula and 1.2 mm
in the patients without a CSF-venous
o fistula (P <<.001) (Fig 2). By means of
5.6"7 6.1 the Youden index analysis, optimal cut-
off values were found at 4.4mm for
ONSD and 1.0mm for the perioptic
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FIG 3. Predicted probability of finding a spinal CSF-venous fistula based on the ONSD and peri-
optic subarachnoid space measurements. The graphs depict the predicted probability (and 80%
confidence intervals) of identifying a CSF-venous fistula according to ONSD and perioptic SAS.

a CSF-venous fistula (P =.022), and these patients were about a dec-
ade older than patients without a CSF-venous fistula (P=.015), but
there were no significant differences in the duration of symptoms,
location of the headache, time to orthostatic worsening of the head-
ache, BMI, results of prior epidural blood patching, time interval
between the onset of symptoms and the first brain MR imaging, or
time interval between the brain MR imaging with the SIH protocol
and DSM (Online Supplemental Data). Although CSF opening
pressure was normal in all patients (reference range, 6-25 cm
CSF), it was lower in those who were found to have a CSF-venous
fistula (13.3 versus 16.1 cm CSF; P <.016). A CSF-venous fistula
was found in 19.4% of patients with a spinal meningeal diver-
ticulum and in 4.8% of those without such a diverticulum
(P=.177). The SIHDAS was II in 1 patient, III in 1 patient,
and IV in 13 patients. All 15 patients had a single CSF-venous
fistula, and all fistulas were located in the thoracic spine. The
CSF-venous fistula was on the right side in 9 patients and on
the left side in 6 patients.
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54% of patients, respectively, with the
ONSD or perioptic subarachnoid space
measurements below these cutoff values
compared with 0% and 2% of patients
with ONSD or perioptic subarachnoid
space measurements above these cutoff
values. The predicted probability of iden-
tifying a CSF-venous fistula increased
<1% at a perioptic subarachnoid space
of 1.8 mm to 82% at a perioptic subar-
achnoid space of 0 mm, and from <1%
at an ONSD of 57mm to 93% at an
ONSD of 2.6 mm (Fig 3).

Receiver operating characteristic
curve analysis revealed an area under
the curve of 0.883 (95% CI, 0.816-
0.950) for ONSD and 0.932 (95% CI,
0.877-0.987) for the perioptic subar-
achnoid space. By means of the ONSD
cutoff point of 4.4 mm for identifying a CSF-venous fistula, speci-
ficity was 79.5% and sensitivity was 100%. With the perioptic sub-
arachnoid space cutoff point of 1.0mm for identifying a CSF-
venous fistula, specificity was 85.9% and sensitivity was 93.3%.

There was no significant difference in the mean Bern score
between patients with a CSE-venous fistula (0.58) compared with
those without a CSF-venous fistula (0.64) (P—=.78). Interrater
agreement was substantial for all measurements, including the
Bern score (k = 0.73), perioptic subarachnoid space («x = 0.79),
and the ONSD (k = 0.87). Significant linear correlations were
found between the ONSD and the perioptic subarachnoid space
with CSF opening pressure and BMI (Fig 4).

Treatment of a Spinal CSF-Venous Fistula and the
Postoperative Course

All 15 patients with a CSF-venous fistula underwent an uneventful
laminoforaminotomy for clip ligation of the fistula. Postoperative
brain MR imaging with the same SIH protocol was performed in
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FIG 4. The relationship among the BMI, CSF opening pressure, ONSD, and perioptic subarachnoid space. Scatterplots depict the relationships
among BMI, CSF OP (in centimeters CSF), ONSD, and the perioptic SAS. By ranking from the weakest to the strongest correlation, positive corre-
lations are found between the ONSD and OP, BMI and OP, perioptic SAS and OP, and ONSD and perioptic SAS.

14 of the 15 patients between 18 and 52 hours (mean, 40 hours)
following surgical ligation of the CSF-venous fistula. Postoperatively,
the ONSD increased from 4.0 to 5.3 mm, and the perioptic subarach-
noid space increased from 0.5 to 1.2 mm (P <<.001) (Fig 5). There
was no change in the Bern score (0.58 to 0.42). During a mean clini-
cal postoperative follow-up of 10 months (range, 3-26 months), 12
patients (80%) reported complete or near-complete and sustained re-
solution of SIH symptoms (SIHDAS grade I, II1, or IV to grade I), 1
patient (6.7%) reported incomplete resolution of SIH symptoms
(SIHDAS grade IV to III), and 2 patients (13.3%) reported no change
in STH symptoms (SIHDAS grade IV). The mean STHDAS for all 15
patients improved from 139.9 to 21.5 (P < .001).

DISCUSSION

In this study, we found that among patients with orthostatic headache
and normal findings on conventional brain and spine imaging, the
ONSD and perioptic subarachnoid space were significantly decreased
in patients with a CSF-venous fistula compared with patients without
a CSF-venous fistula. In this patient population, we found CSF-ve-
nous fistulas in about one-half of patients with a perioptic subarach-
noid space measuring =1.0mm or with an ONSD measuring
=44mm (measured 10-12mm posterior to the globe) compared
with <2% of patients with measurements above these cutoff values.

The perioptic subarachnoid space is a continuation of the in-
tracranial subarachnoid space, and unlike the intracranial subar-
achnoid space that is enveloped by the dura mater, it is surrounded
by the soft tissues of the orbit, allowing unrestricted expansion or
collapse depending on the amount of CSF volume’®* We
hypothesize that in the presently reported patients with CSF-venous
fistulas and normal findings on conventional brain MR imaging,
the CSF loss was sufficient to cause a decrease in the perioptic sub-
arachnoid space volume but not sufficient to cause the other brain
MR imaging features of SIH. Rapid restoration of the normal peri-
optic subarachnoid space was seen within about 24-48 hours after
surgical ligation of the CSF-venous fistula. In a series of experi-
ments, Hansen and Helmke® have shown a prompt response of
the ONS to changes in spinal CSF volume and pressure.

In our prior study, we found CSF-venous fistulas in 10% of
patients with orthostatic headache but normal conventional brain
and spine imaging findings; fistulas were present in 20% of
patients with meningeal diverticula and in none of the patients
without diverticula.® Although we found similar results in the
current study, the number of patients without meningeal diver-
ticula was relatively small and the difference did not reach sta-
tistical significance. Prior studies have shown a relationship
between the ONSD and BMI and between the ONSD and CSF
pressure. The ONSD is weakly correlated with BMI and strongly
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FIG 5. Normalization of the ONSD and perioptic subarachnoid space
following ligation of spinal CSF-venous fistulas. Individual measure-
ments of the pre- and postoperative ONSD and perioptic SAS fol-
lowing ligation of the spinal CSF-venous fistula.

correlated with CSF opening pressure and with intracranial
pressure. We were able to replicate these findings for BMI,
ONSD, and CSF opening pressure, providing internal validation
of the data.

The Bern score is based on a summation of several of the
well-established features of SIH on brain MR imaging and was
established and validated to predict the presence of spinal extra-
dural CSF and specifically excluded CSF-venous fistulas,” but
subsequently, this score has also been used in the evaluation and
follow-up of patients with SIH due to CSF-venous fistulas.”" In
the present study of patients with orthostatic headaches and
normal conventional brain and spine imaging findings, the
Bern score was not able to differentiate patients with a CSF-ve-
nous fistula from those without such a fistula, and there was
no change in the Bern score following surgical ligation of the
CSF-venous fistula.

The MR imaging sequence used in the present study adds 4
minutes of MR imaging time. This MR imaging sequence
allows precise and reproducible measurements, and in our
study, interrater agreement was substantial for both the peri-
optic subarachnoid space and the ONSD. Ultrasonography
also has been used extensively for the evaluation of the ONS
and has the advantage of obtaining measurements in different
body positions, but the technology is very user-dependent,

s il . 12,14
limiting its use.
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The burden of SIH is high among patients seeking medical
care,””* and this was reflected in the SIHDAS in the present
study, showing severe disability in almost all patients. Following
treatment of the CSF-venous fistula, the STHDAS was signifi-
cantly improved with complete or near-complete resolution of
the symptoms of SIH in 80% of patients.

It has been known since the 1990s that CSF opening pressure
may be normal in patients with SIH,*® and this finding has now
been confirmed in several SIH patient populations, including in
patients with CSF-venous fistulas.®*® In the current study, all
patients had a normal CSF opening pressure, but CSF opening
pressure was lower in those with a CSF-venous fistula.

Spontaneous spinal CSF-venous fistulas were first described
in 2014.%” These abnormal communications between the spinal
subarachnoid space and epidural veins were initially believed to
be rare but are now known to be a common cause of SIH. The
radiographic studies necessary for the reliable detection of
CSF-venous fistulas currently require a lumbar puncture and
use an iodine-based contrast agent and ionizing radiation, are
expensive and time-consuming, and, in our institution, are
performed with the patient under general endotracheal anes-
thesia. The current study shows that measurements of the
ONSD and perioptic subarachnoid space will be of use in mak-
ing decisions regarding increasing imaging for patients with
orthostatic headache but otherwise normal conventional brain
and spine imaging findings.

This study had some limitations. First, the current study
mostly represents a highly selected group of patients referred to a
quaternary referral center for SIH, and the generalizability of our
findings is unknown. However, the radiographic techniques ca-
pable of reliably demonstrating spinal CSF-venous fistulas are
not widely available and are mainly used in high-volume SIH
referral centers. Second, this study was undertaken during the co-
ronavirus 2019 (COVID-19) pandemic, and this timing may have
introduced referral and other biases favoring a patient population
with higher disability. However, the overall detection rate of find-
ing a CSF-venous fistula was very similar to that in a prior study
performed before the COVID-19 pandemic. Third, brain MR
imaging findings of STH may spontaneously resolve with time de-
spite persistent symptoms, and the timing of MR imaging in our
study could not be standardized. However, the time interval
between the onset of symptoms and the first MR imaging did not
differ between those with and without a CSF-venous fistula.
Finally, this was a single-center study, and the relatively small
number of patients resulted in our calculations having relatively
wide confidence intervals.

CONCLUSIONS

ONS MR imaging measurements showing a reduced ONS diame-
ter and perioptic subarachnoid space predict the presence of an
underlying spinal CSF-venous fistula in patients with orthostatic
headaches and normal conventional brain and spine imaging
findings. In addition, ONS measurements normalized promptly
after ligation of the fistula.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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