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OBJECTIVE. In the setting of posterior fossa dural venous sinus thrombosis, mastoid
findings can potentially be mistaken as the cause rather than a secondary effect. Obstruction
of the mastoid venous drainage can lead to transudation of fluid into the mastoid air cells. We
hypothesize that a continuum of the mastoid manifestations secondary to dural venous sinus
thrombosis can be seen on MRI and that the difference in venous drainage between the mas-
toid and middle ears can assist with this important imaging differential.

MATERIALS AND METHODS. A retrospective review of acute dural venous sinus
thrombosis cases and their follow-up imaging were graded as follows: no involvement; grade
1, mucosal congestion; grade 2, film of fluid; or grade 3, complete opacification. Presence of
middle ear fluid was also documented.

RESULTS. Of 22 posterior fossa dural venous sinus thrombosis cases without clinical in-
fectious mastoiditis, 19 had mastoid findings: eight with grade 1, eight with grade 2, and three
with grade 3. Middle ear fluid was seen in only one case. There was a statistically significant
association between posterior fossa dural venous sinus thrombosis and mastoid findings (chi-
square test (n = 22), p < 0.04). Fifteen of 18 cases with follow-up MRI examinations showed
lessening of the mastoid findings with resolving dural venous sinus thrombosis.

CONCLUSION. Acute posterior fossa dural venous sinus thrombosis may present with
a spectrum of mastoid findings that should not be misdiagnosed as the cause of the thrombo-
sis. This study illustrates that in the absence of clinical findings of mastoiditis, mastoid fluid
with a clear middle ear argues that the mastoid changes are the effect of the dural venous si-

nus thrombosis rather than the cause.

astoid effusions can be seen inci-

dentally or secondary to a variety

of underlying pathologies. It is im-

portant not to misdiagnose mastoid
fluid on MRI as mastoiditis, which should nev-
er be suggested without knowledge of the pa-
tient’s clinical presentation. Evaluation of the
surrounding structures is vital because sever-
al diseases can have associated mastoid effu-
sions, such as nasopharyngeal carcinoma and
dural venous sinus thrombosis. When a mastoid
effusion is seen in the setting of dural venous
sinus thrombosis, it is critical to recognize it
as the possible sequela of the thrombosis—
not the source.

Although mastoid mucosal thickening and
fluid have previously been reported in the set-
ting of intracranial dural sinus venous throm-
bosis [1, 2] in the nonradiologic literature, in
this article, we explore the imaging perspective
of this relationship through a larger series than
has been previously reported. On MRI, dural

venous sinus thrombosis—associated mastoid
air cell changes can be mistaken for infectious
mastoiditis with consequent thrombophlebitis,
which has a different treatment regimen and
could include unnecessary administration of
antibiotics [3]. Mastoid effusion on MRI iden-
tified in the setting of posterior fossa dural
venous sinus thrombosis is most likely a phe-
nomenon of venous congestion [1, 2].

This is a retrospective study evaluating the
association of mastoid findings and dural ve-
nous sinus thrombosis. It is hypothesized that
a spectrum of mastoid findings can be seen in
the setting of acute posterior fossa noninfec-
tious dural venous sinus thrombosis and that
these dural venous sinus thrombosis—related
mastoid changes will resolve with the evolu-
tion of the dural venous sinus thrombosis. In
addition, other imaging features contributing
to the cause of dural venous sinus thrombo-
sis-related mastoid changes may be helpful
in avoiding misdiagnosis.

AJR:201, August 2013



Downloaded from www.gjronline.org by 207.96.13.12 on 03/22/19 from I P address 207.96.13.12. Copyright ARRS. For personal use only; all rights reserved

Posterior Fossa Dural Venous Sinus Thrombosis

Materials and Methods

A retrospective review of the radiology informa-
tion system (RIS) was performed from 2001 to 2011
after institutional review board approval. Reports
were searched for the diagnoses of “intracranial dural
venous thrombosis™ and/or “cortical vein thrombo-
sis.” MRI, and, when available, CT, MR venog-
raphy, and CT venography examinations were re-
viewed on a PACS by three senior neuroradiologists.

Axial T2-weighted images with 5-mm slice
thickness were evaluated for mastoid findings. Mas-
toid air cell involvement was graded on a scale from
0 to 3: 0, no mastoid involvement; 1, linear T2 hy-
perintensity along mastoid air cells representing mu-
cosal congestion; 2, thickened crescentic T2 hyper-
intensity along mastoid air cells representing a thin
film of fluid overlying the mucosa; and 3, T2 hyper-
intensity opacifying the mastoid air cells represent-
ing effusion (Fig. 1). In addition, the middle ear cav-
ities were evaluated for the presence of fluid. After
noting the MRI findings in the mastoid air cells for
each case with dural venous sinus thrombosis, vas-
cular imaging studies (CT venography, MR venog-
raphy, or both) were reviewed to confirm the loca-
tion of the dural venous sinus thrombosis.

In those cases with CT or CT venography avail-
able, the studies were assessed for possible osse-
ous erosions of the sigmoid plate and mastoid sep-
ta. Axial CT slice thickness varied between 4.8
and 5.0 mm in collimation, depending on the CT
scanner. The CT venography slice thickness was
1.0 mm. Follow-up examinations, including MRI,
MR venography, CT venography, and CT, were re-
viewed for possible resolution of the dural venous
sinus thrombosis as well as for persistence or de-
crease of the mastoid air cell findings. Statistical
analysis was performed with an unpaired Fisher
exact one-tailed Student ¢ test.

Results

Of 291 cases from the RIS search for acute
dural venous sinus thrombosis, 24 cases were
positive for venous sinus (transverse and/or
sigmoid sinus) and venous thrombosis (inter-
nal jugular vein and/or vein of Labbé). Two
patients with clinical and laboratory find-
ings suspicious for meningitis were excluded
from the final analysis to avoid a confounding
source of potential septic dural venous sinus
thrombosis. The subjects included 14 women
(64%) and eight men (36%) with an average
age of 43 years (age range, 17-81 years).

Patients presented with myriad symptoms
ranging from headache (73%) to aphasia
(27%). Of the nine patients with leukocy-
tosis (41%), four had negative blood and/or
CSF cultures and five did not clinically war-
rant microbiologic tests. Fever was not doc-
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Fig. 1—MR images show grading system for dural venous sinus thrombosis.

A, Grade 1: curvilinear T2 hyperintensity is seen with mucosal congestion.

B, Grade 2: thickened crescentic T2 hyperintensity is due to film or fluid overlying mucosa.
C. Grade 3: complete T2 hyperintensity reflects fluid opacifying mastoid air cells.

umented in any of the cases at admission.
The ear, nose, and throat surgery service per-
formed dedicated otolaryngologic examina-
tions, which were normal in all patients. All
patients received anticoagulation therapy.

The spectrum of mastoid involvement
ranged from no findings to complete opacifi-
cation. Of the 22 cases positive for dural ve-
nous sinus thrombosis, 19 (88%) had mas-
toid air cell findings. Eight subjects (36%) had
grade 1 mastoid involvement, eight had (36%)
grade 2 mucosal thickening, and three (14%)
had grade 3 opacification. Of the 19 cases with
mastoid air cell involvement, 16 (84%) had
thrombosis of the ipsilateral transverse sinus,
17 (89.5%) had thrombosis of the ipsilateral
sigmoid sinus, 15 (79%) had ipsilateral inter-
nal jugular vein thrombosis, and six (31.6%)
showed thrombosis of the ipsilateral vein of
Labbé. Bilateral dural venous sinus thrombo-
sis was seen in one patient with distal sigmoid
sinus and internal jugular vein involvement.
Only one case showed a small amount of fluid
in the middle ear cavity, which was ipsilater-
al to a thrombosed vein of Labbé. There was
a statistically significant association between
dural venous thrombosis and mastoid findings
(chi-square test (n = 22), p < 0.04).

In those 10 patients with positive mastoid
findings in whom contrast-enhanced MRI
was performed, seven (70%) showed mastoid
mucosal enhancement (Fig. 2). Parenchymal
or subarachnoid hemorrhage was noted in
five patients (22.7%). Increased parenchymal
T2 hyperintensity, likely representing ede-
ma, was observed in seven (31.8%), four of
which showed hemorrhage. CT examinations
were performed in 19 patients and CT venog-
raphy examinations with higher spatial reso-
lution were obtained in nine patients. None of

these studies revealed osseous erosions. Fol-
low-up MRI was performed in 14 of the 22
patients, 11 of whom underwent MR venog-
raphy studies as well. Repeat MR examina-
tions were performed from 5 days to 1 year
after the initial study. Eleven cases showed a
decrease or resolution of the mastoid findings
(Figs. 3A and 3B). One of these 14 patients
exhibited no change in mastoid findings and
two showed an increase in grade of mastoid
air cell involvement. Five patients underwent
follow-up CT venography examinations and
one patient underwent follow-up CT only.
Table 1 shows the distribution of the dural
venous sinus thrombosis and mastoid air cell
findings at presentation and at follow-up.

Discussion

When attempting to elucidate the cause of
mastoid air cell fluid, the radiologist must con-
sider the possibility of the mastoid findings be-
ing primary, secondary, or incidental and re-
member to evaluate the surrounding structures.
This study found a statistically significant cor-
relation between dural venous sinus throm-
bosis and varying grades of mastoid mucosal
thickening or fluid. Various case reports in the
literature have also described this as “mastoid
air cell abnormality” [1], “mastoid effusion”
[2], and “pseudomastoiditis” [4], in association
with a nonseptic lateral sinus thrombosis (com-
posed of the sigmoid and transverse sinuses)
[4-6]. This imaging finding of curvilinear T2
hyperintensity on MRI is likely due to mucosal
edema [1, 5, 7]. The mechanism of this fluid
transudate is likely related to the vascular con-
gestion from venous occlusion. On follow-up
imaging, most cases with dural venous sinus
recanalization showed commensurate resolu-
tion or decrease in the mastoid findings.
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Fig. 2—25-year-old man with left-sided headache, pain behind left ear, photophobia, and left eye pain.
A, Axial T2-weighted MR image shows grade 3 mastoid findings with fluid in left mastoid air cells (white arrow). There is abnormal hyperintense signal within left sigmoid
sinus-internal jugular vein junction, consistent with thrombus (curved arrow).
B, Contrast-enhanced axial T1-weighted MR image with fat saturation shows curvilinear enhancement of mucosa of left mastoid air cells (arrow).

C, Maximum-intensity-projection image from 2D MR venography reveals absence of left transverse, sigmoid, and internal jugular vein flow—related enhancement (arrow).

Anatomy and Pathophysiology

The skull base venous anatomy plays a fun-
damental role in explaining the pathophysiol-
ogy of this MRI finding. The venous drainage
of the skull base consists of the internal jugu-
lar veins and a complex internal jugular vein—
independent pathway. This internal jugular
vein—independent system is composed of a su-
perficial network, which drains the occipital
scalp, the suboccipital region, and the posteri-
or neck muscles, and a deep network, which is
composed of the vertebral venous plexus and
epidural venous plexus [8, 9]. Cerebral venous
outflow alters with posture: With the patient
supine, the internal jugular veins are the main
drainage pathway, but when the patient is up-
right, the venous outflow diverts to the inter-
nal jugular vein—independent pathway [9-11].
Such diversion is achieved via the noncollaps-
ible emissary veins of the posterior fossa [5,
7]. These emissary veins represent anastomos-
ing channels between the scalp and cervical
veins and the dural sinuses [12, 13]. Myriad
small vascular channels within the bony mas-
toid septa draining directly into the sigmoid
sinus or indirectly via the mastoid emissary
veins provide mucosal venous drainage of the
mastoid air cells [14]. In these valveless em-
issary veins, blood flows generally from the
external to internal venous systems, although
it can be bidirectional [1, 15]. Such flow dy-
namics serve as a safety valve diverting blood
away from the brain in conditions leading to
cerebral congestion, such as bilateral internal
jugular venous obstruction [1, 16].

In addition to evaluation of the spectrum
of mastoid findings on CT and MRI, involve-
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ment of the middle ear cavity was noted and
observed in only one patient. This is likely
due to the different venous drainage of the
middle ear cavity compared with that of mas-
toid air cells. The middle ear cavity venous
drainage is to the pterygoid venous plexus
and to the superior petrosal sinus [17, 18].
As mentioned, the mucosal venous drain-
age of the mastoid air cells is via transosse-
ous vascular channels in the mastoid septa,
with drainage directly into the sigmoid sinus
or indirectly through mastoid emissary veins
[14]. This patient had grade 3 mastoid effu-
sion involving the aditus ad antrum, which
may have extended into the epitympanum. In
this study of posterior fossa dural venous si-
nus thrombosis, the pathophysiology of the
mastoid air cell abnormalities may be relat-
ed to the complex mastoid venous anatomy.
The lack of mastoid findings in three patients
may be related to venous collateral pathways.
With venous occlusion, the vascular conges-
tion leads to interstitial edema and progres-
sive fluid transudation [1, 5, 7]. The middle
ear cavity mucosa is spared because its ve-
nous drainage empties separately and anteri-
orly into the pterygoid venous plexus.

The morphohistologic separation of the
middle ear cavity from the mastoid air cells
[19] may also help explain the lack of middle
ear involvement in our cases. An anteroinfe-
rior compartment, lined by mucus-secreting
ciliated pseudostratified columnar epithelium
with thick and relatively dense submucosal
connective tissue, is similar to the nasopha-
ryngeal and eustachian tube mucosa and has
a similar mucociliary clearance function [19].

C

The epitympanum, mastoid antrum, and mas-
toid air cells constitute the posterosuperior
compartment, which is covered by nonciliated
richly vascularized cuboidal epithelium, with
loose submucosal connective tissue perform-
ing mainly gas exchange [20]. In addition to
being highly vascularized, the posterosuperior
compartment has loose lamina propria and a
shorter distance between submucosal vessels
and the epithelial basement membrane [19],
which makes it more responsive to increas-
es in hydrostatic pressure from venous occlu-
sion, as in our dural venous sinus thrombosis
cases. This may also explain the small amount
of fluid in the epitympanum seen in one pa-
tient. Circumstances that increase the hydro-
static capillary pressure in the mucosa, such as
venous congestion, can cause interstitial tran-
sudate in the mucosa [20].

With sustained increased hydrostatic cap-
illary pressure, a thin film of fluid may form
over the mucosal surface [20]. Most patients
showed grade 1 or 2 mastoid findings, corre-
sponding with interstitial edema and film of
fluid, respectively. Those patients with grade
3 mastoid findings had factors contributing
to increased vascular congestion. One of the
patients with grade 3 mastoid findings had
bilateral distal sigmoid sinus and internal
jugular vein thrombosis. Another patient had
ipsilateral intracranial hemorrhage, which
may have contributed to increased intracra-
nial pressure. The third patient with grade 3
mastoid findings presented 2-3 weeks after
onset of headache symptoms.

Theoretically, the sustained vascular conges-
tion may have gradually developed into frank
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Fig. 3—46-year-old man with headaches and
numbness and tingling on left side of face.

A, Axial T2-weighted MR image shows grade 1
crescentic hyperintensity in left mastoid air cells
(arrow) corresponding with thin film of fluid.

B, Coronal 2D MR venogram displays abnormal lack
of flow-related enhancement in left sigmoid sinus,
consistent with thrombus (arrow).

C, At5-month follow-up, patient had improvementin
headaches as well as left facial paresthesias. Axial
T2-weighted MR image shows resolution of mastoid
mucosal fluid with diminished hyperintensity (arrow).
D, Coronal 2D MR venogram at slightly different
angle obtained at 5-month follow-up shows partial
recanalization with irregular diminutive flow-related
enhancementin left sigmoid sinus (arrow).

fluid levels within the air cells. Additionally, a
majority (70%) of patients with higher grades
of mastoid findings also showed mucosal en-
hancement, likely due to venous congestion.
Follow-up MRIs showed decreased or resolved
mastoid findings, with recanalization of the du-
ral venous sinus in most cases (84.6%), likely
due to decreased venous congestion with a sec-
ondary decrease in hydrostatic capillary pres-
sure [20]. The role of venous congestion and
increased hydrostatic capillary pressure also
explains the lack of resolution of mastoid find-
ings in the three patients in whom the dural
venous sinus thrombosis did not recanalize.

In infectious otomastoiditis, there is of-
ten opacification of the middle ear cavity
and mastoid air cells with preservation of the
mastoid cortical bone, trabeculae, and ossicu-
lar chain [21, 22]. Although dedicated high-
resolution temporal bone CT was not avail-
able for these cases, none of the patients who
underwent CT or CT venography had osse-
ous erosions. CT venography, in particular,
with higher spatial resolution because of the
1-mm slice thickness showed preservation of
the mastoid septa and sigmoid plate in all pa-
tients for whom it was performed. In classic
acute otomastoiditis, the aditus ad antrum be-
comes obstructed by the edema and swollen
mucosa. Subsequently, there is development
of acute mastoiditis with trapping of secre-
tions in the antrum and mastoid air cells. In
the appropriate clinical context, the presence
of middle ear effusion and soft-tissue atten-
uation in the mastoid air cells without osse-
ous resorption or periostitis is considered in-
cipient mastoiditis [21]. Dural venous sinus
thrombosis accounts for 6% of intracranial
complications of infectious otomastoiditis in
the era of antibiotic treatment [23, 24].

Clinical Findings

The clinical manifestations of these patients
are attributable to this complex anatomy and
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pathophysiology. Generalized headache is usu-
ally the initial symptom in dural venous sinus
thrombosis without a distinct identifiable pat-
tern. However, with transverse or sigmoid sinus
thrombosis there may be localized neck or oc-
cipital pain [25]. Similarly, in this study, most
(73%) patients presented with headache. Some
of the neurologic manifestations, such as sei-
zure, may have been secondary to parenchymal
involvement related to the dural venous sinus
thrombosis. Leukocytosis was documented at
presentation in less than half (41%) of our cases.
This may be due to a generalized inflammatory
response, possibly along the dural sinus walls.
The inflammatory response as well as the pos-
sible increased intracranial pressure, intracrani-
al hemorrhage, and stretching of nerves along
dural venous sinus walls may be causes for the
patients’ headaches [6]. Fever is not a typical
clinical feature of nonseptic dural venous si-
nus thrombosis [5, 6] and was not a presenting
symptom in any of our cases at admission.
Nonseptic dural venous sinus thrombosis,
which was the cause of the mastoid findings

in our cases, affects the adult age group, the
majority being women taking oral contracep-
tives [26] or puerperium [5]. Over half of our
patients were women (14/22, 64%), and two
patients were 3—5 months postpartum. Other
causative factors included dehydration from
vomiting and diarrhea, which was reported
before presentation in seven cases (32%).
Immune disorders have also been reported
as possible causes [27]. Two patients in our
series were later diagnosed with Behcet dis-
ease, one of whom was also a heterozygous
carrier of factor V Leiden deficiency. One
patient was heterozygous for a prothrombin
gene mutation and another was a thrombo-
philia gene mutation carrier.

Although this study is limited by its rela-
tively small sample size, it is the largest se-
ries reported in the imaging literature, and a
statically significant correlation between mas-
toid findings and dural venous sinus thrombo-
sis was shown. Further supporting this corre-
lation is the resolution of the mastoid findings
with resolution of dural venous sinus throm-

409



Downloaded from www.ajronline.org by 207.96.13.12 on 03/22/19 from |P address 207.96.13.12. Copyright ARRS. For personal use only; all rights reserved

TABLE I: Imaging Findings on Presentation and Follow-Up

Shah et al.

Follow-Up Dural Venous Sinus Thrombosis
Patient No. Venous Structure Involved Side Mastoid Grade Mastoid Grade Resolution
1 Transverse, sigmoid Left 2 Yes No
2 Transverse, sigmoid, internal jugular vein Right 2 Yes Partial recanalization
3 Transverse, sigmoid, internal jugular vein Left 3 NA NA
4 Transverse, sigmoid Right 0 0 NA
5 Transverse, sigmoid, internal jugular vein Left 2 Yes Partial recanalization
6 Transverse, sigmoid, internal jugular vein Right 2 Yes Partial recanalization
7 Straight, torcula, transverse Left 0 0 Yes
8 Straight, transverse Right 0 3 No
9 Transverse, sigmoid, internal jugular vein Bilateral 3 Yes Yes
10 Transverse, internal jugular vein Left 1 Yes Yes
1" Transverse, sigmoid, internal jugular vein Left 1 Yes Partial recanalization
12 Transverse, sigmoid, internal jugular vein Left 2 NA NA
13 Transverse, sigmoid, internal jugular vein Right 2 Yes Partial recanalization
14 Transverse, sigmoid Right 1 Yes Yes
15 Vein of Labbé Right 3 NA NA
16 Transverse, sigmoid, internal jugular vein Right 2 NA NA
17 Distal sigmoid, internal jugular vein Left 2 Yes Partial recanalization
18 Transverse Right 1 2 No
19 Transverse, sigmoid, internal jugular vein Right 1 Yes Partial recanalization
20 Transverse, sigmoid, internal jugular vein Left 1 Yes Partial recanalization
21 Transverse, sigmoid, internal jugular vein Right 1 Yes Partial recanalization
22 Distal sigmoid, internal jugular vein Left 1 1 No

Note—NA = not available (lost to follow-up).

bosis on follow-up imaging studies. Although
subtle osseous detail could not be examined
with the CT studies available, this supplemen-
tary imaging information did support the ab-
sence of osseous destruction, particularly pres-
ervation of the sigmoid plate. The cases were
selected by search of the RIS reports for dural
venous sinus thrombosis, which may have ex-
cluded patients with infectious thrombophle-
bitis. The retrospective nature of this study
creates a slight bias in the interpretation of the
images. Though the readers were not blinded
to the clinical status of the patients, mastoiditis
is a clinical diagnosis and should not be made
by the radiologist in isolation. Obviously, di-
rect pathologic correlation would be not fea-
sible in this clinical scenario.

Conclusion

In the setting of posterior fossa dural ve-
nous sinus thrombosis without supportive
clinical features of acute mastoiditis, it is im-
portant to recognize that the mastoid find-
ings are often a secondary phenomenon rath-
er than a primary infectious process. The
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mastoid air cell findings in these cases are
likely related to a cascade of venous occlu-
sion leading to mucosal congestion and sub-
sequent interstitial edema, typically sparing
of the middle ear. The resolution of the mas-
toid findings with dural venous sinus recana-
lization in our cases strengthens the diagno-
sis of a noninfectious cause of the mastoid
air cell abnormality. This important imaging
finding can guide the radiologist in the im-
portant differential diagnosis of either clin-
ically evident mastoiditis leading to dural
venous sinus thrombosis with middle ear in-
volvement or noninfectious dural venous si-
nus thrombosis leading to mastoid findings
without middle ear involvement.
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