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ABSTRACT

BACKGROUND AND PURPOSE: Dural venous sinus stenosis has been associated with idiopathic intracranial hypertension and iso-
lated venous pulsatile tinnitus. However, the utility of characterizing stenosis as intrinsic or extrinsic remains indeterminate. The
aim of this retrospective study was to review preprocedural imaging of patients with symptomatic idiopathic intracranial hyperten-
sion and pulsatile tinnitus, classify the stenosis, and assess a trend between stenosis type and clinical presentation while reviewing
the frequencies of other frequently seen imaging findings in these conditions.

MATERIALS AND METHODS: MRVs of 115 patients with idiopathic intracranial hypertension and 43 patients with pulsatile tinnitus
before venous sinus stent placement were reviewed. Parameters recorded included the following: intrinsic or extrinsic stenosis, promi-
nent emissary veins, optic nerve tortuosity, cephalocele, sella appearance, poststenotic fusiform enlargement versus saccular venous an-
eurysm, and internal jugular bulb diverticula. y? cross-tabulation statistics were calculated and recorded for all data.

RESULTS: Most patients with idiopathic intracranial hypertension (75 of M5 sinuses, 65%) had extrinsic stenosis, and most patients
with pulsatile tinnitus (37 of 45 sinuses, 82%) had intrinsic stenosis. Marked optic nerve tortuosity was more common in idiopathic
intracranial hypertension. Cephaloceles were rare in both cohorts, with an increased trend toward the presence in idiopathic intra-
cranial hypertension. Empty sellas were more common in idiopathic intracranial hypertension. Cerebellar tonsils were similarly
located at the foramen magnum level in both cohorts. Saccular venous aneurysms were more common in pulsatile tinnitus.
Internal jugular bulb diverticula were similarly common in both cohorts.

CONCLUSIONS: In this cohort, most patients with idiopathic intracranial hypertension had extrinsic stenosis, and most patients
with pulsatile tinnitus had intrinsic stenosis. Awareness and reporting of these subtypes may reduce the underrecognition of

potential contributory stenoses in a given patient’s idiopathic intracranial hypertension or pulsatile tinnitus.

diopathic intracranial hypertension has undergone several
name changes since the 1890s, previously referred to pseudotu-
mor cerebri, followed by benign intracranial hypertension, and,
most recently, idiopathic intracranial hypertension. While the
term “idiopathic” is used to describe this pathology, there has
been continued emergence of research pointing to idiopathic
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intracranial hypertension stemming from a neurovascular etiol-
ogy. The redistribution pathway of CSF involves absorption from
brain and spinal subarachnoid spaces into the systemic circula-
tion via arachnoid granulations located within the walls of the
dural venous sinuses. Thus, blockage or severe stenoses of the
dural venous sinuses responsible for draining intracranial venous
circulation has the potential to limit CSF re-absorption, therefore
leading to gradual intracranial CSF buildup with subsequent ele-
vations of intracranial pressure and resultant symptomology as
reported in the literature.' ™

Although pulsatile tinnitus has been associated with idiopathic
intracranial hypertension, its unique manifestation in either the set-
ting of idiopathic intracranial hypertension or in isolation remains
a clinical enigma. This vascular somatosound has been reported in
the setting of venous sinus stenosis, lateral sinus wall dehiscence
with associated venous sinus aneurysms, and prominent collateral
circulation via mastoid, condylar, or occipital emissary veins.>®

Dural venous sinus stenosis can be characterized as either
intrinsic or extrinsic stenosis. Intrinsic stenosis refers to internal
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sinus stent placement from January
2012 to January 2020 was performed.
Two certified neuroradiologists
MRV head

imaging performed within 3 months of a

reviewed, in consensus,
planned intervention and conventional
venography performed at the time of the
subsequent intervention. All institu-
tional MRV examinations were per-
formed on 3T units (Magnetom Skyra;
Siemens; and Signa Architect; GE
Healthcare) with 2D-TOF,
sagittal 3D phase contrast, and 3D

coronal

thin-section T1 pre- and postcontrast
sequences (echo-spoiled gradient echo or
MPRAGE). Contrast-enhanced sequen-

FIG1. A, Axial postcontrast MRV demonstrating extrinsic stenosis from the overlying cerebellum
(short white arrow). B, Contrast-enhanced 3D-MRV image shows poststenotic sigmoid sinus
enlargement (curved white arrow). C, Accompanying lateral venography confirms stenosis
(white arrow) and sinus enlargement (curved white arrow) seen on the corresponding MRV. D,
Separate axial postcontrast MRV shows intrinsic stenosis from arachnoid granulations (black
arrow). E, A coronal postcontrast MRV sequence shows lateral sinus dehiscence with a venous
aneurysm (curved black arrow). F, Accompanying frontal venography confirms stenosis (short
black arrow) and a saccular aneurysm (curved black arrow) seen on the corresponding MRV.

FIG 2. A, 2-Click automatic vessel analysis start point selection in the sigmoid sinus (short
arrow). B, 2-Click automatic vessel analysis end point selection (short arrow) in the superior sag-
ittal sinus (long arrow). C, 3D volume-rendered vessel segmentation. D, Lumen view shows the

ces were acquired following weight-based
intravenous administration of gadobutrol
(Gadavist; Bayer Schering Pharma).
Classification schemas were imple-
mented for all recorded imaging find-
ings to allow the objective recording
of parameters and subsequent data
evaluation. y? cross-tabulation statis-
tics were calculated and recorded for
all data, with an « of .05 used for all
computations.

Patients were categorized into the idi-
opathic intracranial hypertension and iso-
lated venous pulsatile tinnitus cohorts
before planned interventions. Eligibility for
idiopathic intracranial hypertension cohort
categorization required a diagnosis of idio-
pathic intracranial hypertension as per
pre-established criteria, including a lumbar
puncture opening pressure of =25 cm
H,0 in the left lateral decubitus position

straightened vessel segmentation.

filling defects such as prominent arachnoid granulations that nar-
row the sinus. Extrinsic stenosis involves external compression of
the sinus by adjacent brain parenchyma.”® Despite the overlap of
venous sinus stenosis in both idiopathic intracranial hypertension
and isolated pulsatile tinnitus of venous etiology, the type of stenosis
is seldom distinguished in clinical practice despite a pre-existing
classification schema in the literature. The purpose of this study
was to review preprocedural imaging of treated patients with symp-
tomatic idiopathic intracranial hypertension and pulsatile tinnitus
in our institution and classify the stenosis to assess the presence or
absence of a trend between stenosis type and clinical presentation.

MATERIALS AND METHODS
Following institutional review board (Weill Cornell Medicine)
approval, a retrospective review of patients treated with venous

2 Sundararajan @ 2021 www.ajnr.org

and preprocedural clinical evaluation for
papilledema by an ophthalmologist.®
Categorization into the pulsatile tin-
nitus cohort consisted of several strict
criteria. Patients with clinical findings consistent with pulsatile
tinnitus from a venous origin and imaging findings of lateral ve-
nous sinus stenosis of at least 50% either ipsilateral to the pulsatile
tinnitus or within the dominant sinus were included in the pulsa-
tile tinnitus cohort. Patients with causes of pulsatile tinnitus other
than lateral sinus stenosis were excluded. An otorhinolaryngolo-
gist evaluated all patients within 6 months of planned interven-
tions. Patients with otologic disorders, nonpulsatile tinnitus, or
spontaneous CSF leak were excluded. Similarly, an ophthalmolo-
gist evaluated all patients within 6 months of planned interven-
tions. The presence of papilledema of any degree was considered
an exclusion criterion. Patients with venous pulsatile tinnitus
symptomology yet with opening pressure of 25 cm H,0 or higher
were excluded from the pulsatile tinnitus cohort and instead were
included in the idiopathic intracranial hypertension cohort.
Patients with opening pressure between 20 and 24 cm H,0 were



FIG 3. Objective parameters implemented in recording corollary findings of both idiopathic in-
tracranial hypertension and pulsatile tinnitus cohorts. A, Marked optic nerve tortuosity, with
>50% of optic sheath width deviation noted relative to its expected straight path along the
optic canal (white arrows). Bilateral = 5-mm internal jugular bulb diverticula, as seen on MRV (B)
and catheter venography (C) images (curved white arrows). D, Cerebellar tonsil projecting 1-
3mm below the foramen magnum, referred to as ectopia (black arrow). E, Empty sella recorded
if there is >75% loss of pituitary height (curved black arrow). F, Coronal T2 MR imaging demon-
strates a left temporal lobe cephalocele through the tegmen tympani (arrowhead) and CSF in
mastoid air cells (star).

FIG 4. Contrast-enhanced MRV images (A, B, and C) highlighting features of the emissary veins
categorized in this study. A, A condylar vein is seen arising from the internal jugular vein bulb
extending through the condylar canal (arrowhead). B, A mastoid emissary vein is seen arising
from the sigmoid sinus traversing the mastoid foramen (star). C, An occipital emissary vein is
seen arising from the torcula extending through the calvaria (asterisk). Conventional venography
frontal (D) and lateral (E) images showcase the 3 emissary vein types categorized in this study.
The condylar vein (arrowhead) extends inferiorly toward the vertebral plexus. The mastoid em-
issary vein (star) extends posteriorly and inferiorly to join the suboccipital plexus and external
jugular vein. The occipital emissary vein (asterisk) drains inferiorly into the suboccipital plexus.
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initially medically managed with acet-
azolamide for 4 weeks with subsequent
inclusion in the pulsatile tinnitus cohort
if there was no major improvement of
pulsatile tinnitus. The severity of pulsa-
tile tinnitus was assessed with a stan-
dardized questionnaire, the Tinnitus
Handicap Inventory.” A minimum score
of 38, consistent with moderate severity,
was required for inclusion in the pulsa-
tile tinnitus cohort.

All venous sinus stenoses included
were considered severe at the time of
initial and retrospective study review.
The location and type of stenosis were
recorded on the basis of findings made
from MRV examinations. However,
because all cohort patients underwent
venous sinus stent placement, conven-
tional venography images were available
for review and useful in corrobora-
ting the stenosis subtype characterized
on MRV. Stenosis lengths were not
recorded. Stenosis caused by intralumi-
nal processes such as prominent arach-
noid granulations were classified as
intrinsic stenosis. Stenosis caused by com-
pression of the venous sinus from brain
parenchyma against the adjacent calvaria
was classified as extrinsic stenosis. In the
event of intrinsic stenoses preceding seg-
ments of extrinsic stenosis, the overall ste-
nosis was still categorized as extrinsic
stenosis. The presence of poststenotic dila-
tion of the lateral sinus was classified as
“fusiform” if it had the appearance of a
shallow, wide-neck aneurysm with a
25%-50% increase in size relative to its
expected diameter. The term “saccular”
was used if it had the appearance of a dis-
crete dome with the depth larger than the
neck dimensions. Examples of these find-
ings are shown in Fig 1.

Straight-vessel views and 3D recon-
structions of both TOF and contrast-
enhanced images were created and
reviewed to better characterize venous
sinus anatomy and stenosis, as shown in
Fig 2. The straightened vessel view was
achieved using 2-click automatic vessel
analysis (Vessel ASSIST; GE Health-
care). After the user selected the start
and end points in the sigmoid sinus and
superior sagittal sinus, the software
automatically tracked the vessel and
computed its centerline. The resulting
vessel segmentation could be displayed
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Table 1: Idiopathic intracranial hypertension and pulsatile tinni-
tus cohort demographics

Idiopathic Intracranial Pulsatile
Demographic Hypertension Tinnitus
No. of patients 115 43
Age (yr) Mean = 32.8 Mean = 38.1
Min=4 Min =20
Max = 66 Max = 67
No. of females 107 (90%) 41(95%)
No. of males 8 (10%) 2 (5%)
No. of sinuses: 15 45 sinuses®
Right 90 29
Left 25 16

Note:—Min indicates minimum; Max, maximum.
*Two patients were stented bilaterally.

Table 2: Breakdown of intrinsic and extrinsic stenosis relative
to the total number of sinuses and distribution of additional
corollary findings noted in the idiopathic intracranial hyper-
tension and pulsatile tinnitus cohorts®

Imaging Finding 1IH PT
Stenosis type
Extrinsic stenosis 58 8
Mixed extrinsic and intrinsic 17 0
Intrinsic stenosis 40 37
Total 115 45

X2 P value = .001°
Saccular venous aneurysm

Yes 4 n
No m 34
Total 15 45

X P value =.001
Sella appearance

Partially empty 49 18
Empty 61 15
Normal 5 mn
NA (adenoma) 0 1
Total 15 45

X2 P value = .001
Optic nerve tortuosity

Minimal 46 31
Marked 69 14
Total 15 45

x° P value = .001

Note:—NA indicates not applicable; IIH, idiopathic intracranial hypertension; PT,
pulsatile tinnitus.

2 x” cross-tabulation P values were calculated for each variable. Eighty-two per-
cent of pulsatile tinnitus sinuses had intrinsic stenosis, and 65% of idiopathic in-
tracranial hypertension sinuses had extrinsic stenosis (P value < .001). Statistically
significant differences were noted when comparing the distribution of optic nerve
tortuosity, sella appearance, and saccular aneurysm presence between the 2
groups (P values = .001).

® Extrinsic and mixed subgroups summed for x? calculation.

as a 3D volume-rendered model or a lumen view (D). The lumen
view is obtained by transforming the 3D vessel centerline into a
straight line and displaying the corresponding perpendicular
plane for each point on the line. For each position, minimum,
mean, and maximum diameters were automatically computed.
The other recorded imaging findings included the presence or
absence of prominent emissary veins, optic nerve tortuosity,
cephalocele, sella appearance, sinus enlargement versus aneu-
rysm, and internal jugular bulb diverticula as shown in Fig 3. The
presence of prominent emissary veins was initially detected on
MRYV and corroborated on subsequent conventional venography.
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Table 3: Continued breakdown of intrinsic and extrinsic steno-
sis relative to the total number of sinuses and distribution of

additional corollary findings noted in the idiopathic intracra-

nial hypertensin and pulsatile tinnitus cohorts®

Imaging Finding IIH PT

Internal jugular bulb diverticulum size
<5mm 47 26
=5mm 68 19
Total 15 45

x> P value=.053
Cerebellar tonsil location

Above 22 il
At 54 23
Ectopia 35 1l
Above (prior Chiari | surgery) 4 0
Total 15 45

x° P value= 522
Cephalocele presence

No 10 44
Yes 5 1
Total 15 45

x> P value = 525
Emissary vein prominence

Condylar 52 19
Occipital and condylar 28 1
Mastoid 6 1
Mastoid and condylar 5 3
Occipital, condylar, and mastoid 1 2
None 23 9
Total 15 45

x> P value=1

Note:—IIH indicates idiopathic intracranial hypertension; PT, pulsatile tinnitus.
No significant differences were noted when comparing the distribution of inter-
nal jugular bulb diverticulum size, cerebellar tonsil location, cephalocele pres-
ence, or emissary vein prominence (P values = .053).

The 3 subtypes classified were condylar arising from the internal
jugular bulb, mastoid arising from the sigmoid sinus, and occipi-
tal arising from the torcula as shown in Fig 4.

Optic nerve tortuosity was evaluated on axial thin-section T1-
and T2-weighted images when available. Tortuosity was classified
as marked if the optic sheath width deviated >50% of its diame-
ter relative to its expected straight path from the optic canal and
minimal if <50% of its diameter. Cephaloceles were character-
ized as being either present or absent.

The degree of mass effect on the sella was graded in reference
to the noncompressed posterior pituitary gland relative to the
expected pituitary gland height in each case. The sella was charac-
terized as empty if >75% of pituitary parenchymal height was
lost on sagittal plane imaging and partially empty if anywhere
between 25% and 75% loss of pituitary height was identified. The
cerebellar tonsils were graded according to location on sagittal
plane imaging. ‘Above’ was used when both cerebellar tonsils
were above the foramen magnum, noting 4 separate patients with
prior Chari 1 surgical intervention were separately categorized.
‘At was used when one or both cerebellar tonsils were at the fora-
men magnum. ‘Ectopia’ was used when one or both cerebellar
tonsils were projecting below the foramen magnum by 1-3 mm.
Internal jugular bulb diverticula were evaluated on coronal plane
MRV imaging, with sizes graded according to height projecting
above a line drawn perpendicular to the distal sigmoid sinus
insertion into the internal jugular vein. Diverticula were
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FIG 5. MR images showing extrinsic stenosis of the right transverse sinus. The short arrows point to right cerebellar parenchyma location, and
the long arrows points to the occipital calvaria location. A, An axial contrast-enhanced MRV image. B, A 3D reconstruction image. C, A straight-
vessel reformat of the right transverse-to-proximal sigmoid sinus from source contrast-enhanced axial images.

categorized as either being small (<5mm in height) or promi-
nent (=5 mm in height).

RESULTS
The imaging of 115 patients with idiopathic intracranial hyper-
tension (107 women; mean, 32.8 years age of age) and 43 with
pulsatile tinnitus (41 women; mean, 38.1years of age) who
underwent subsequent endovascular intervention was reviewed.
Forty-five sinuses were counted in the pulsatile tinnitus cohort
because 2 patients were bilaterally stented (Tables 1-3). Regardless
of the cohort, all patients with intrinsic stenosis had either a single
arachnoid granulation or a cluster of prominent arachnoid granu-
lations located at the transverse-sigmoid sinus junction. Similarly,
all patients with extrinsic stenosis in both cohorts were from over-
lying brain parenchyma extending from the transverse sinus to the
sigmoid sinus.

In both idiopathic intracranial hypertension and pulsatile tin-
nitus cohorts, most patients similarly had prominence of the

emissary veins (P=1). The 2 most commonly seen were condylar
and occipital subtypes. Marked optic nerve tortuosity was more
common in the idiopathic intracranial hypertension cohort com-
pared with the pulsatile tinnitus cohort (P=.001). Cephaloceles
were infrequently present in both cohorts, with an increased
trend toward their presence in the idiopathic intracranial hyper-
tension cohort relative to the pulsatile tinnitus cohort (P =.525).
Empty sellas were more common in the idiopathic intracranial
hypertension cohort compared with the pulsatile tinnitus cohort
(P < .001). Cerebellar tonsils were frequently located at the fora-
men magnum level in both cohorts (P =.522). Saccular aneurysms
were more common in the pulsatile tinnitus cohort relative to the
idiopathic intracranial hypertension cohort (P < .001). Internal
jugular bulb diverticula were similarly common in distribution
across both cohorts, regardless of <5 or =5mm size (P=.053).
Specifics regarding these findings are noted in Fig 4.

Seventy-five of 115 (65%) sinuses in the idiopathic intracra-
nial hypertension cohort had extrinsic stenosis related to
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FIG 6. MR images showing intrinsic stenosis of the right transverse sinus. The short arrow points to a prominent arachnoid granulation situated
inside the sinus. A, An axial contrast-enhanced MRV image, B, A 3D reconstruction image. C, A straight-vessel reformat of the right transverse-
to-proximal sigmoid sinus from source contrast-enhanced axial images, noting orange shading of the arachnoid granulation and transparency of

the remaining dural venous sinus.

narrowing from adjacent parenchyma. Seventeen of these sinuses
were in patients with dominant extrinsic stenosis and superimposed
prominent arachnoid granulations flanking either end of the extrin-
sic stenosis. The remaining 58 sinuses had extrinsic stenosis alone.
Forty patients in the idiopathic intracranial hypertension cohort
(35%) had intrinsic stenosis related to arachnoid granulations.

Thirty-seven of 45 (82%) sinuses in the pulsatile tinnitus
cohort had intrinsic stenosis related to arachnoid granulations. In
the remaining 8 patients in the pulsatile tinnitus cohort, all 8
(18%) had extrinsic stenosis related to adjacent brain paren-
chyma. As noted above, 11 of 45 (24%) had saccular venous
aneurysms of the transverse/sigmoid junction. The remaining 34
of 45 (76%) had poststenotic fusiform sinus enlargement.

The proportion of patients with idiopathic intracranial hyper-
tension presenting with extrinsic stenosis relative to those with
pulsatile tinnitus presenting with intrinsic stenosis was a statisti-
cally significant difference (P value < .001). These results are
summarized in Tables 2 and 3.
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DISCUSSION

In this cohort, review of neuroimaging demonstrated intrinsic
and extrinsic stenosis presence in the transverse sinus, transverse-
sigmoid sinus junction, and proximal sigmoid sinus in patients
with both idiopathic intracranial hypertension and isolated pulsa-
tile tinnitus clinical symptomology. Extrinsic and intrinsic sten-
oses alike were best detected on thin-section contrast-enhanced
axial MRV images, reconstructed straight-vessel views of the
affected dural venous sinus, and 3D reconstructions of either
TOF or contrast-enhanced MRV imaging (Figs 5 and 6). Within
the idiopathic intracranial hypertension cohort, 65% of the
sinuses had extrinsic stenosis about the margins of the transverse
and sigmoid sinuses. This finding is in contrast to the pulsatile
tinnitus cohort in which 82% of the sinuses had intrinsic stenosis
related to arachnoid granulations, noting that the presence or ab-
sence of superimposed webbing may contribute to stenosis as
well. The imaging features of webbing or intraluminal synechia
are ill-defined on cross-sectional imaging modalities, noting that



FIG 7. Comparing TOF sagittal and coronal 3D reconstructions (A and B) and contrast-enhanced sagittal
and coronal 3D reconstructions (C and D) from MRV in a patient with idiopathic intracranial hypertension.
Note how the TOF images show the patient’s physiologic venous drainage due to properties of TOF imag-
ing, showing only blood draining back to the patient’s heart (veins). Contrast-enhanced imaging, though
crisper, shows arteries and veins in the same image. B and D, Arrows point to severe extrinsic stenoses in
the bilateral transverse sinus—sigmoid sinus junctions, a common location for idiopathic intracranial hyper-
tension stenosis. Such short-segment severe stenoses appear to simulate the abrupt narrowing commonly
seen in short-segment intrinsic stenoses on these 3D reconstructions. However, review of source imaging
would demonstrate brain parenchymal narrowing rather than primary arachnoid granulations producing
the stenoses. HRP indicates head right posterior; PLH, posterior left head; RAF, right anterior foot; RA, right
anterior; FL, foot left; PL, posterior left; RFA, right foot anterior; LHP, left head posterior; LPH, left posterior
head; ARF, anterior right foot; AR, anterior right; FLA, foot left anterior; AF, anterior foot.

FIG 8. MR images demonstrating focal intrinsic stenosis just proximal to dominant extrinsic stenosis in this
patient with idiopathic intracranial hypertension. The short arrow in A demonstrates focal arachnoid gran-
ulation. The long arrows in B and C demonstrate a primary extrinsic stenosis pattern. Despite the mixed
presence of intrinsic and extrinsic stenoses, this was categorized as primary extrinsic stenosis. RHA indi-
cates right head anterior; PH, posterior head; LFP, left foot posterior; AF, anterior foot; AR, anterior right;
PL, posterior left; H, head; F, foot.

their presence can be detected with the use of intravascular ultra-
sound.'® However, in our experience, knowledge of the presence
or absence of webbing with an otherwise MR imaging—evident
stenosis produced by arachnoid granulation or brain parenchyma
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was not beneficial in proce-
dural planning. Thus, the use
of intravascular ultrasound
during venous sinus proce-
dures is no longer routinely
performed at our institution.
MRV  without

involves the use of TOF techni-

contrast

ques that image the flow of
blood in a specific direction,
therefore allowing its specificity
in looking at the venous system
rather than the arteries. TOF
allows a physiologic approxima-
tion of the dural venous sinus
caliber in relation to venous
flow through the sinus that can
better approximate the true
degree of stenosis in a given seg-
ment. By administering con-
trast, one can better characterize
a stenosis as the sinus lining and
can inspect luminal content
with a high special resolution
compared with flow-related
techniques alone. Contrast-
enhanced images also provide
the true sinus caliber relative to
surrounding calvarial demarca-
tions, an important distinction
compared with flow when
measuring for hardware sizes,
depending on the dural venous
sinus segment to be stented.
Volume-rendered and 3D
reconstructed images from
source TOF and contrast-
enhanced images were of
equal importance in demon-
strating a global understand-
ing of the type and location
of stenosis (Fig 7).10:11
Confounders in the dichoto-
mous characterization of intrin-
sic-versus-extrinsic stenosis can
be seen. For instance, the degree
of extrinsic stenosis can be so
severe and short-segmented as
to remove the typically seen fea-
ture of extrinsic stenosis taper-
ing, giving a false appearance
of a rounded filling defect on
3D reconstructions (Fig 7).

However, source images would reveal an abrupt change in caliber
related to brain parenchyma and not primary intrinsic stenosis lead
points. One useful means of distinguishing severe extrinsic-versus-
intrinsic stenosis is the continuity of the stenosis in question.

www.ajnr.org 7



Specifically, extrinsic stenosis is typically continuous in length
owing to its uniform brain parenchymal extension into the
sinus. In contrast, intrinsic stenosis may manifest as discon-
tinuous points of stenosis, depending on the distribution and
number of contributory arachnoid granulations.

Some patients may have features of both intrinsic and ex-
trinsic stenosis. This was seen in 17 of the patients in the idio-
pathic intracranial hypertension cohort, noting that such a
mixed appearance was not identified in any of the patients in
the pulsatile tinnitus cohort. All these cases had the appearance
of clustered arachnoid granulations located either proximal or
distal to the area of otherwise-prominent extrinsic stenosis.
Arachnoid granulations can demonstrate compensatory
enlargement to promote further reabsorption of CSF in the set-
ting of an underlying dural venous sinus stenosis.'”> Thus, in
patients with arachnoid granulations about the margins of a
prominent sinus narrowing from overlying parenchyma, the
authors considered these sinuses as having overall extrinsic ste-
nosis (Fig 8).

The presence of internal jugular vein diverticula or promi-
nent emissary veins was uniformly distributed across both
cohorts, presumably related to pressure-induced vessel dilation
and collateral redistribution in the setting of stenosis. The
prominence of emissary veins may not be uniquely specific to
the diagnosis of idiopathic intracranial hypertension, given
their similar prominence in patients with both idiopathic intra-
cranial hypertension and isolated venous pulsatile tinnitus, as
previously reported with regard to the occipital emissary
vein."” In the pulsatile tinnitus cohort, management of the
underlying transstenotic gradient with stent placement alone
was sufficient in resolving patients’ tinnitus symptomology
without the need for additional internal jugular bulb diverticu-
lum or emissary vein embolization. Given the similar distribu-
tion of emissary vein prominence and internal jugular bulb
diverticula across both cohorts, the resolution of tinnitus fol-
lowing transstenotic gradient resolution adds support to stent
placement while avoiding unnecessary embolization of promi-
nent emissary veins, especially in the absence of an associated
saccular venous aneurysm. Nevertheless, in the authors’ expe-
rience, a subset of patients not included in this study in whom
the absence of a notable venous sinus stenosis or pressure gra-
dient was recorded demonstrated benefit from embolization of
such corollary findings if the side of pulsatile tinnitus corrobo-
rated with the side of the diverticulum or emissary vein.

Cerebellar tonsils were either at or slightly below the foramen
magnum level in a similar distribution across both cohorts. A
notably increased presence of marked optic nerve tortuosity,
empty sella, and cephalocele identification in the idiopathic intra-
cranial hypertension cohort relative to the pulsatile tinnitus
cohort suggests that these imaging manifestations are more spe-
cific to idiopathic intracranial hypertension rather than their inci-
dental presence in the setting of lateral sinus stenosis, as
previously reported with regard to the empty sella."* Similarly, a
notably increased prevalence of saccular venous aneurysm in the
pulsatile tinnitus cohort relative to idiopathic intracranial hyper-
tension suggests that aneurysm formation may be more specific
to pulsatile tinnitus. Despite such trends, the overlapping of all
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corollary findings assessed in this study between both cohorts
adds further credence to the notion that a clinical spectrum
between pulsatile tinnitus and idiopathic intracranial hyperten-
sion exists. On the basis of the results of this study, the authors
propose that the evaluation of stenosis subtype be considered a
similarly important diagnostic finding alongside the other corol-
lary imaging findings discussed in this study.

CONCLUSIONS

In this cohort, most patients with idiopathic intracranial
hypertension had extrinsic venous sinus stenosis, and most
patients with pulsatile tinnitus had intrinsic venous sinus ste-
nosis. The authors propose that the reporting of venous sinus
stenosis subtype as either intrinsic or extrinsic be considered
in standardized MRV reporting. Awareness and reporting of
these subtypes on diagnostic imaging may reduce underrec-
ognition of potentially symptomatic venous sinus stenoses.
This, in turn, may allow improved multidisciplinary discus-
sions and appropriately tailored management in patients with
idiopathic intracranial hypertension and pulsatile tinnitus,
accordingly.
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