














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.

6 Sundararajan @ 2021 www.ajnr.org

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.
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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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