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ABSTRACT
BACKGROUND AND PURPOSE: Empty sella has been reported in patients with idiopathic intracranial hypertension and is thought
to be a sign of elevation of intracranial pressure. However, it can also be found in patients with lateral sinus stenosis presenting
with isolated pulsatile tinnitus without signs of intracranial hypertension. We hypothesized that the volume of the sella turcica
would be similar in both groups of patients undergoing stent placement for lateral sinus stenosis.
MATERIALS AND METHODS: Consecutive patients with idiopathic intracranial hypertension or isolated venous pulsatile tinnitus and
undergoing lateral sinus stent placement from January 2012 to December 2017 were included. The primary outcome was the estimated volume of the sella turcica based on preoperative CTA measurements. The ratio of the pituitary gland height/sellar height
was calculated on preoperative MR imaging. Sellar volumes were compared among the 3 groups: pulsatile tinnitus, idiopathic intracranial hypertension, and a control group, matched by age and sex.
RESULTS: Eighty-eight patients underwent lateral sinus stent placement. The median age was 37 years, and 94% were women. No
difference in age, sex, or body mass index was found among the groups. Patients undergoing venous stent placement had signiﬁcantly higher sellar volumes than the control group (P < 0.001). There was no difference in the sellar volumes (P = .63) or gland/
sellar height ratios (P = .25) between the pulsatile tinnitus and idiopathic intracranial hypertension groups.
CONCLUSIONS: Empty sella is found in 2 differing groups of patients undergoing lateral sinus stent placement, suggesting that it is
a radiologic sign of symptomatic hemodynamic lateral sinus stenosis rather than elevated intracranial pressure.
ABBREVIATIONS: BMI ¼ body mass index; GH/SH ¼ ratio of pituitary gland height/sellar height; IIH ¼ idiopathic intracranial hypertension; IPT ¼ isolated
venous pulsatile tinnitus

E

mpty sella is defined as a widening of the sella turcica associated with an intrasellar arachnoidocele. Secondary forms can
follow a pituitary operation or trauma.1 Empty sella is a radiologic sign that has been described in patients with idiopathic intracranial hypertension (IIH)2-5 and is often reported as a
chronic consequence of the elevation of intracranial pressure.6,7
IIH is associated with a large number of cases with lateral sinus
stenosis,8,9 which is increasingly being treated by lateral sinus
stent placement.10-12 Pulsatile tinnitus may constitute 1 mode of
presentation of IIH.13 Lateral sinus stenosis may also be revealed
by pulsatile tinnitus without evidence of intracranial hypertension.14-17 When pulsatile tinnitus is disabling, stent placement for

lateral sinus stenosis may be efficient for suppressing it.18-20 We
therefore hypothesized that an empty sella is a consequence not
of the elevation of the intracranial pressure but of the venous
sinus stenosis. This stenosis, when symptomatic, may present in
the form of either IIH or isolated venous pulsatile tinnitus (IPT).
In the current study, we measured and compared the volumes of
the sella turcica in patients with sinus stenosis revealed by IIH or
IPT and treated by sinus stent placement. We compared the
results of these 2 groups with those obtained in a control group
of subjects free of venous sinus stenosis.

MATERIALS AND METHODS
Study Population
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Consecutive patients undergoing lateral sinus stent placement
from January 2012 to December 2017 were screened using a local
data base and by cross-referencing it with the data base of the
neuroradiology department archives. Patients with the combination of IIH or IPT and radiologic evidence of lateral venous sinus
stenosis were included. IPT was defined as a pulsatile tinnitus in
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were obtained on coronal 3D-MPR
reconstruction (Fig 1). The volume
of the sella turcica (V) was estimated
on the basis of the formula for an
ellipsoid volume:

V¼

AP  L  H
:
1; 91

The ratio of the pituitary gland
height/sellar height (GH/SH) was
also calculated on the basis of preoperative 3D gadolinium-enhanced T1weighted MR imaging with sagittal
reconstruction (Fig 1). The section
showing the thickest pituitary gland
was chosen.

Diagnosis and Treatment
Most patients were assessed and
treated by our senior author (E.H.).
Patients presenting with symptoms
of IIH according to the modified
Dandy criteria21 were studied by
lumbar puncture with opening pressure measurements and an ophthalmologic assessment. Lumbar
puncture was not performed on
patients with IPT when they were
free of any clinical sign of IIH,
including headache, papilledema,
or cranial nerve VI palsy. Patients
with IIH or IPT were studied with
CTA and cerebral MR imaging,
including 3D-TOF, T1-weighted with gadolinium, and MRV
sequences.
CT angiography was performed on Somatom Sensation 64
CT scanner (Siemens, Erlangen, Germany) using the following
parameters: section thickness = 0.75 mm; 80 mAs; and 120 kV
(peak) per section.
MR imaging examinations were performed on a 3T scanner
(Magnetom Skyra; Siemens) with a 64-channel head-neck-spine
coil after contrast media administration (0.2 mL/kg) (gadoterate
megluimine, Dotarem; Guerbet, Aulnay-sous-Bois, France). We
performed the 3D-TOF sequence with the following parameters:
FOV = 200  200 mm, TR = 21 ms, TE = 3.69 ms, 384  278
mm, NEX = 1, and scan time = 4 minutes 40 seconds. We performed a 3D-T1 MPRAGE sequence with the following parameters: FOV = 270  270 mm, TR = 2000 ms, TE = 2.68 ms, 320 
288 mm, NEX = 2, generalized autocalibrating partially parallel
acquisition = 2, and scan time = 4 minutes 4 seconds. We also
performed a 3D-T2 CISS sequence with the following parameters:
FOV = 145  145 mm, TR = 6.6 ms, TE = 3.1 ms, 320  320
mm, flip angle = 57°, NEX = 1, and scan time = 4 minutes
30 seconds.
When stent placement of the lateral stenosis was considered, a
catheter cerebral angiography was performed with the patient

FIG 1. A 47-year-old female patient who presented with right-sided disabling pulsatile tinnitus
disappearing on compression of the right jugular vein. MR imaging with an axial CISS sequence
(A) shows enlargement and CSF inﬁltration of the sella turcica. Sagittal T1-weighted MR imaging
with gadolinium shows ﬂattening of the pituitary gland (B). Ratios of pituitary gland height/sellar
height were calculated on sagittal reconstruction of a 3D gadolinium-enhanced T1 MRI sequence
using the cut showing the thickest section of pituitary gland (B). Sellar volumes were estimated
on the basis of dimensions measured on a preoperative CTA. The laterolateral dimension of the
sella was measured on the coronal MPR of the preoperative CTA as shown in C using the longest measurement between the medial walls of the cavernous segments of the internal carotid
arteries (white arrow). The sellar height and anterior-posterior diameter were measured on the
3D-MPR in the midsagittal plane as shown in D. Height was the longest measurement intersecting a line joining the tuberculum and dorsum sellae and the lowest point in the sella. The anterior-posterior measurement was deﬁned as the longest measure on the midsagittal plane (white
arrows).

relation to a lateral sinus stenosis (ie, disappearing after stent
placement of the stenosis) and without clinical signs of IIH.
Patients with a current or past history of spontaneous or traumatic CSF leak, sellar pathology including those who underwent
transphenoidal surgery, and those who presented with another
potential etiology for their pulsatile tinnitus were excluded.
Patients with no available preoperative and/or postoperative
imaging were also excluded. Patients in whom the venous stent
placement procedure failed or was not completed were also
excluded. This study was approved by the institutional review
board.

Data Collection
Patients’ baseline demographic data and body mass index (BMI)
were collected. All imaging was independently reviewed by 2
authors, one experienced neurointerventionalist (A.Z.) and a fellow in interventional neuroradiology (E.N.). Trans-stenotic gradients derived from venous manometry and the type of stenosis
were also recorded. The primary outcome was defined as the
estimated volume of the sella turcica based on measurements
on a preoperative CTA. Maximal anterior-posterior (AP) and
height (H) measurements were obtained on midsagittal 3DMPR reconstruction. Maximal laterolateral (L) measurements
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under local anesthesia, and pressure measurements were performed in the lateral sinus proximal and distal to the stenosis.
Trans-stenotic gradient measurements were obtained by microcatheter pressure transducer manometry and Verrata fractional
flow reserve piezoelectric 0.014-inch microguidewire (Philips
Volcano, San Diego, California) velocity and pressure measurements. The gradient was considered high if it was equal or superior to 8 mm Hg.
Patients with confirmed IIH were first treated medically with
acetazolamide and lumbar puncture. In case of refractory or
recurrent symptoms after a minimum of 4 months of medical
treatment, lateral sinus stent placement was proposed. We
selected the dominant sinus in IIH. For IPT, disability was
assessed on a visual analog scale from 0 to 10. Stent placement
was proposed when the score reached or exceeded 5. In this
group, venous stent placement was performed on the symptomatic side. Our technique for venous sinus stent placement has
been previously described.22

Data Analysis
Sellar volumes were compared among 3 groups: patients with
IPT, patients with confirmed IIH, and a control group. The sample of control subjects comprised patients with normal findings
on CTA after presentation to our emergency department,
matched by age and sex. Control subjects were selected if they
had no past or present intracranial pathology, no history of pulsatile tinnitus, no clinical sign of IIH, and no radiologic evidence of
cerebral venous sinus stenosis. Kruskal-Wallis, ANOVA, and
Dunn 2-tailed tests were used. A P value < .05 was considered

statistically significant. The GH/SH and trans-stenotic gradients
were compared between IPT and IIH groups using a MannWhitney 2-tailed test. The intraclass correlation coefficient was
used to measure the interrater agreement for sellar volumes. An
ANCOVA was used to test age, sex, the type of stenosis (intrinsic
versus extrinsic), and BMI as potential confounding explanatory
variables.

RESULTS
A total of 104 patients were screened between January 2012 and
December 2017. Sixteen patients were excluded (see the flow
chart in Fig 2). The median age of the 88 patients who underwent
lateral sinus stent placement was 37 years (range, 20–75 years),
and 94% were women. Patients’ baseline characteristics are
detailed in the Table. No significant difference in age or sex was
noted among the 3 groups. The BMI did not differ between the 2
groups of patients with symptomatic sinus stenosis.
The mean sellar volume was 962 6 317 mm3 in the IPT
group, 1079 6 455 mm3 in the IIH group, and 534 6 118 mm3
for the control group. Patients with IPT and IIH undergoing
venous stent placement had significantly higher sellar volumes than the control group (P < .001). There was no difference in the sellar volumes between IPT and IIH groups
(P = .63) (Fig 3). The intraclass correlation coefficient
was 0.782 for sellar volumes between the independent
reviewers.
The mean ratio of GH/SH was 0.436 6 0.21 for the IPT group
and 0.375 6 0.18 for the IIH group (P = .25). There was a trend
toward higher trans-stenotic gradients for the IIH group (mean,
11.3 6 6.1 mm Hg) compared with the IPT group (mean, 8.9 6
5.4 mm Hg) (P = .07), as depicted in Fig 4. The ANCOVA
showed no association between sellar volumes or GH/SH and
age, sex, trans-stenotic gradients, BMI, or the type of venous
stenosis.

DISCUSSION

FIG 2. Study ﬂow chart.
Patients’ baseline characteristics
No.
Age (median in years)
Women (No. and %)
BMI (mean)
Pulsatile tinnitus (%)
Lumbar puncture opening pressure
(cm H2O, mean and range)
Note:—N/A indicates not available.

IPT
34
39 6 15
32 (94.1)
27.7 6 5.3
100
N/A

In the current study, we found that the sellar volumes and heights
were significantly higher in patients with symptomatic lateral
sinus stenosis compared with a sample of control subjects. There
was no significant difference in sellar volumes or GH/SH between
patients with IPT and IIH. These findings suggest that an empty
sella is found in 2 differing groups of patients, both benefiting
from venous sinus stent placement. To our knowledge, the
sellar characteristics of patients with IPT, but not satisfying the
Dandy criteria, have not previously been reported or compared
with patients with elevated intracranial pressure and with control subjects. An empty or partially
empty sella has been reported in
patients with both IPT and no eleIIH
Control
P Value
vated intracranial pressure23 and
54
39
35.5 6 113
35 6 14
.65
patients with IIH.24 Patients with
51 (94.4)
36 (92.3)
.91
IIH can present with IPT,25 and
31.9 6 6.7
N/A
.06
venous sinus stenosis has been
53.7
N/A
observed and treated in both
31.8 6 10.6 (21–53)
N/A
instances.26,27 However, an empty
sella is less commonly observed in
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other causes of chronic elevation of intracranial pressure or after venous thrombosis.28,29 Eisenman et al30 also observed a
high rate of empty sella and transverse sinus stenosis in a series
of 40 patients presenting with pulsatile tinnitus who underwent
transtemporal surgical reconstruction of sigmoid sinus wall
anomalies.
On the basis of our results, we suggest that the arachnoidocele of the sella is not the consequence of an elevation of
the intracranial pressure but rather a consequence of a

FIG 3. Estimated sellar volumes (cubic millimeters) based on preoperative CTA measurements for patients with isolated venous pulsatile
tinnitus and idiopathic intracranial hypertension.

disorder of CSF resorption following the elevation of venous
pressure.
The potential mechanism of pulsatile tinnitus in the context of a cerebral venous sinus stenosis with a significant transstenotic gradient has been previously discussed.18,30 Flow
turbulence secondary to acceleration through the stenosis,
combined with the rhythmicity of the additional compression
during the systole of venous structures in the vicinity of the
inner ear, is hypothesized to explain the pulsatile nature of the
tinnitus.
On the other hand, the physiopathology of IIH may be complex, and proposed mechanisms remain to be demonstrated. The
default in CSF reabsorption at the arachnoid granulations of the
superior sagittal sinus is increasingly being linked to an increased
endoluminal pressure in the superior sagittal sinus in the context
of hemodynamic stenosis.31
Various theories have been suggested to explain the physiopathology of the empty sella: congenital absence or insufficiency of
the diaphragm sellae, induced enlargement of the bony sellar
compartment, or necrosis of a previous pituitary adenoma.32-34
More recent work on animal models of CSF turnover pointed out
the role of cervical lymphatics.35-37 CSF that is not reabsorbed
through arachnoid granulations at the superior sagittal sinus may
reach the cervical lymphatics by tracking along the cranial
nerves38 or the Virchow-Robin spaces.39 Increased CSF spaces
and infiltration of the sella may occur once these compensatory
mechanisms are exceeded, and this may explain the radiologic
findings in patients with venous sinus stenosis, including an
empty sella syndrome.

FIG 4. Trans-stenotic gradients (millimeters of mercury) based on local anesthesia venous manometry measurements for patients with isolated
venous pulsatile tinnitus and IIH.
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We propose that enlarged CSF spaces found in patients with
either intracranial hypertension or pulsatile tinnitus are the consequence of a common mechanism—a hemodynamic venous
sinus stenosis. The hemodynamic stenosis of the lateral sinuses
would, therefore, be a pathologic entity in itself, leading to a disruption of the CSF drainage at the origin of specific radiologic
signs of this entity, regardless of the intracranial pressure. We
would propose a new name for this entity: “symptomatic lateral
sinus stenosis.” Levitt et al20 reported the results of 9 patients
without IIH who underwent venous stent placement and grouped
them under the terminology “symptomatic venous sinus stenosis.” Demonstration of causality remains, however, beyond the
scope of the current study.
The reason that some patients with lateral sinus stenosis go
on to develop isolated IPT versus IIH remains unclear. We did
not find a significant correlation among age, sex, and the type of
sinus stenosis. In the current study, we observed a trend to indicate a graded clinical spectrum for symptomatic cerebral venous
sinus stenosis. Our study was not primarily designed to and lacks
the power to study explanatory variables for the difference
between patients with IIH and IPT. Obesity, hormonal factors,
brain volumes, associated venous sinus anomalies, and reversibility of the enlarged sella would be additional variables to explore
in future research. We elected to exclude patients with associated
sigmoid sinus wall anomalies in the current study because endovascular therapy can also be effective in dealing with this etiology
of pulsatile tinnitus.19
One of the limitations of our study lies in its retrospective nature. Discrimination between patients with IIH and IPT relied on
retrospective chart review and on chart annotation or lumbar
puncture opening pressures, ophthalmologic assessments, and
clinical histories. However, the main outcome was based on prospectively collected radiologic data by 2 independent reviewers.
Because lumbar puncture is not part of our routine work-up for
patients with IPT, it is possible that some patients in this group
had an unrecognized intracranial hypertension. Lumbar puncture
was performed in the first 2 patients with IPT considered for venous stent placement. Neither had headache, papilledema, nor
sixth cranial nerve palsy. The opening pressures were, respectively, 14 and 16 cm H2O. Both patients developed a cerebral hypotension syndrome following the lumbar puncture and required
a blood patch.
We considered, at that time, that submitting the IPT group to
lumbar punctures strictly for academic purposes was unethical,
though this choice limits interpretation of the current study. We
have since restricted the lumbar punctures to the group of
patients presenting with papilledema or otherwise suspected of
having IIH. Future research should consider lumbar puncture in
patients with IPT as long as the ethical aspects have been debated.
Even though MR imaging with a sella turcica protocol would
have provided a more accurate estimation of sellar volumes, we
elected to use the CTA performed in our institution to help
standardize the measurements. We did not repeat an MR imaging
at our institution for patients who already had one in another
center. Dedicated sella turcica sequences were, therefore, not
available for all patients. This method may overestimate the volume of CSF in the sella turcica, but we were more interested in

the relative value of sellar volumes among the 3 samples of subjects than the absolute value. Moreover, the intraclass coefficient
was good between the 2 reviewers. The accuracy of volume estimation may also have been limited by the differing sellar shapes.
Software calculation may be considered in future work. We did
not look at the reversibility of the sinus stenosis after treatment.
Controversy surrounding the cause-and-effect relationship of venous stenosis and elevated intracranial pressure40-43 should,
nevertheless, be explored in future research.

CONCLUSIONS
The current study supports our hypothesis that sellar volumes are
comparable in between patients treated for a symptomatic venous
sinus stenosis and are larger than in a control group. We suggest
that the empty sella is a radiologic sign of hemodynamic lateral
sinus stenosis rather than elevated intracranial pressure. Various
clinical presentations may thus be regrouped under a new clinical
entity: the symptomatic lateral sinus stenosis. Future research
should prospectively look at the long-term radiologic and clinical
outcomes of untreated or asymptomatic patients with a lateral
sinus stenosis. The concept of a clinical spectrum for symptomatic cerebral venous stenosis may be explored by studying factors that may differentiate IIH from IPT.
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