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Tributary Venosinus Occlusion and Septic
Cavernous Sinus Thrombosis:

CT and MR Findings

B. Schuknecht, D. Simmen, C. Yüksel, and A. Valavanis
PURPOSE: In autopsy reports of patients who died of septic cavernous sinus thrombosis,
tributary venosinus occlusion has been a common finding related to intracranial inflammatory
complications. The purpose of this article is to illustrate the MR and CT appearance of septic
cavernous sinus thrombosis and tributary venous occlusion.

METHODS: Over a period of 7 years, eight patients with septic cavernous sinus thrombosis
were examined by contrast-enhanced thin-section CT. The CT scans of these eight patients and
those of 30 healthy control subjects were assessed independently and subjectively by two blinded
readers to ascertain the presence, size, and density of areas of nonopacification within the
cavernous sinus and the presence of filling defects and dilation of tributary veins and venous
sinuses. In six subjects, MR images supplemented by a contrast-enhanced spoiled gradient-
recalled acquisition in the steady state (SPGR) sequence were assessed with respect to the
presence of filling defects, expansion, and signal abnormalities within the cavernous sinus and
tributary veins and sinuses. The MR and CT findings were compared.

RESULTS: The CT studies of the eight patients were consistently differentiated from those of
the control subjects by the two readers. Contrast-enhanced CT findings in patients included
areas of nonopacification that were present within the cavernous sinus bilaterally in six cases
and unilaterally in two. The size of the filling defects exceeded 7 mm in 76% of thrombosed
cavernous sinuses compared with 9% of control subjects. The mean density of filling defects in
patients differed significantly from those in control subjects. Comparison of the MR and CT
findings in six cases showed the contrast-enhanced SPGR sequence to be equivalent to CT with
respect to delineation of filling defects.

CONCLUSION: Contrast-enhanced high-resolution CT findings indicate that venosinus
thrombosis associated with septic cavernous sinus thrombosis is not restricted to the superior
ophthalmic vein and is more common than previously assumed. A contrast-enhanced SPGR
MR sequence may be used as a reliable alternative to establish the diagnosis of cavernous sinus
and tributary venosinus thrombosis.
Prior to the availability of CT and MR imaging, the
diagnosis of cavernous sinus thrombosis was based
solely on clinical criteria and, therefore, commonly
reflected an advanced septic and thrombotic disease
(1–4). In recent years, CT and MR imaging, by direct
and indirect signs (5, 6), have contributed to an in-
creased recognition of cavernous sinus thrombosis.
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Considerable overlap between normal variations and
pathologic abnormalities with respect to size and in-
ner structure of the cavernous sinus, however, renders
the interpretation of CT and MR studies difficult in
early evaluations for the presence of septic cavernous
sinus thrombosis.

As more patients survive as a result of improved
therapy, morbidity, reported to range from 23% to
50% (7, 8), is gaining more attention. CT or MR
examinations are required for early detection of in-
tracranial complications of septic cavernous sinus
thrombosis. Complications in the wake of cavernous
sinus thrombosis may be due to arterial ischemia or
venous obstruction. With high-resolution CT and MR
imaging, cavernous carotid arterial wall inflammation
has been increasingly recognized as a source of ische-
mic complications (9–11). However, little attention
7



T
A

B
L

E
1:

Su
m

m
ar

y
of

cl
in

ic
al

an
d

im
ag

in
g

fi
nd

in
gs

in
ei

gh
t

pa
ti

en
ts

w
it

h
ca

ve
rn

ou
s

si
nu

s
th

ro
m

bo
si

s

C
as

e
Se

x/
A

ge
,y

C
lin

ic
al

F
in

di
ng

s
Im

ag
in

g
F

in
di

ng
s

Sy
st

em
ic

Si
gn

s
O

ph
th

al
m

ic
Si

gn
s

C
ra

ni
al

N
er

ve
D

ef
ic

it
So

ur
ce

of
In

fe
ct

io
n

C
av

er
no

us
Si

nu
s

T
hr

om
bo

si
s

O
ph

th
al

m
ic

V
ei

n
T

hr
om

bo
si

s
In

fe
ri

or
Pe

tr
os

al
Si

nu
s

T
hr

om
bo

si
s

A
dd

iti
on

al
Si

nu
s

T
hr

om
bo

si
s

C
om

pl
ic

at
io

ns

1
F

/4
2

F
ev

er
38

.6
°C

;
L

c.
*

13
,4

00

C
he

m
os

is
,e

ye
lid

ed
em

a,
ex

op
ht

ha
lm

os
R

II
I

Sp
he

no
et

hm
oi

da
l

B
ila

te
ra

l
B

ila
te

ra
l

..
.

Sp
he

no
pa

ri
et

al
,

bi
la

te
ra

l
A

bs
ce

ss
/h

yd
ro

ce
ph

al
us

2
F

/2
0

F
ev

er
39

.8
°C

;
L

c.
21

,3
00

E
ye

lid
ed

em
a

V
1

Sp
he

no
id

al
B

ila
te

ra
l

..
.

U
ni

la
te

ra
l

Sp
he

no
pa

ri
et

al
,

bi
la

te
ra

l
L

at
e

ab
sc

es
s

3
F

/6
7

F
ev

er
39

°C
;

L
c.

18
,8

00
C

he
m

os
is

,e
ye

lid
ed

em
a,

ex
op

ht
ha

lm
os

R
II

I,
V

I;
L

V
I

F
ac

ia
l

B
ila

te
ra

l
U

ni
la

te
ra

l
B

ila
te

ra
l

..
.

..
.

4
M

/9
F

ev
er

40
°C

;
L

c.
10

,8
00

..
.

R
V

I
M

as
to

id
al

B
ila

te
ra

l
..

.
U

ni
la

te
ra

l
..

.
C

ar
ot

id
ar

te
ry

th
ro

m
bo

si
s

5
F

/6
0

F
ev

er
;L

c.
10

,8
00

C
he

m
os

is
,e

ye
lid

ed
em

a
R

V
I

E
th

m
oi

da
l

B
ila

te
ra

l
U

ni
la

te
ra

l
..

.
..

.
C

ar
ot

id
ar

te
ry

st
en

os
is

6
M

/4
F

ev
er

40
.5

°C
;

L
c.

16
,4

00
..

.
L

V
I,

V
1

M
as

to
id

al
B

ila
te

ra
l

..
.

U
ni

la
te

ra
l

Si
gm

oi
d,

un
ila

te
ra

l
..

.

7
M

/3
8

F
ev

er
39

°C
;

..
.

R
II

I
Sp

he
no

et
hm

oi
da

l
U

ni
la

te
ra

l
..

.
..

.
..

.
C

ar
ot

id
ar

te
ry

th
ro

m
bo

si
s

8
M

/1
8

F
ev

er
39

°C
;

L
c.

14
,5

00
C

he
m

os
is

,e
ye

lid
ed

em
a,

ex
op

ht
ha

lm
os

L
V

I
E

th
m

oi
da

l
U

ni
la

te
ra

l
U

ni
la

te
ra

l
..

.
..

.
O

rb
ita

la
bs

ce
ss

*
L

c
si

gn
ifi

es
le

uc
oc

yt
e

co
un

t.

618 SCHUKNECHT AJNR: 19, April 1998
has been paid to the presence of concomitant veno-
sinus thrombosis in patients with septic cavernous
sinus thrombosis apart from the common finding of
thrombosis of the superior ophthalmic vein (5, 6).
This is in contradiction to autopsy reports that have
established the frequent involvement of the superior
petrosal sinus (4), the inferior petrosal sinus (1, 12),
and the sigmoid sinus (1, 12, 13) in patients with
septic cavernous sinus thrombosis.

In this study, we analyzed the contrast-enhanced
high-resolution CT findings in eight consecutive pa-
tients with the clinical diagnosis of septic cavernous
sinus thrombosis in comparison with findings in 30
healthy control subjects. The CT examinations were
also assessed with respect to the presence of concom-
itant venosinus thrombosis. In six of the patients, MR
examinations were performed to obtain the most sen-
sitive imaging sequence for revealing the cavernous
sinus as well as tributary venosinus thrombosis.

Methods

Patients and Clinical Criteria
Eight patients (four males and four females; mean age, 32

years, range 4 to 67 years) with septic cavernous sinus throm-
bosis were examined with high-resolution CT and, in six cases,
also with MR imaging. The clinical diagnosis of cavernous sinus
thrombosis was based on a known site of septic infection in the
vicinity of the cavernous sinus, ophthalmic signs indicative of
venous congestion (eyelid edema, chemosis, protrusio bulbi),
and a cranial nerve deficit (III, IV, V1, or VI).

CT and MR Examinations
CT examinations were performed after intravenous bolus

injection of 100 mL of nonionic contrast agent plus 100 mL of
drip infusion. The axial examination consisted of 2-mm-thick
contiguous sections with a 15° angulation inferior to the orbito-
meatal plane. Direct coronal images were obtained in the
prone position in six patients, while coronal reformations were
obtained in two cases, in whom the clinical condition precluded
direct coronal imaging.

The MR examinations in six patients (Table 1, cases 1, 2, 4,
5, 7, 8) consisted of a noncontrast coronal T1-weighted se-
quence (500/14–18 [TR/TE]) with 3-mm-thick sections. A T2-
weighted axial series (2000–4500/80–108) with 4- to 4.5-mm-
thick sections covered the entire brain. In every patient, an
axial 3-D spoiled gradient-recalled acquisition in the steady
state (SPGR) sequence was performed (25–52/2.5–7.9), with a
flip angle of 20°, partition thickness of 0.7 to 1.0 mm, 18-cm
field of view, and 256 3 128 matrix, before and after intrave-
nous injection of contrast material (0.1 mmol/L per kg). Com-
plementary coronal reconstructions or a coronal T1-weighted
contrast-enhanced series were obtained.

Image Analysis
The axial CT scans of the eight patients were mixed with the

axial CT scans of the 30 control subjects (60 cavernous sinuses)
obtained according to the same protocol. First, the examina-
tions were reanalyzed independently and subjectively in a
blinded fashion by two neuroradiologists, who ascertained the
presence (unilateral or bilateral) or absence of cavernous sinus
thrombosis. Second, the cavernous sinuses of the eight patients
were assessed by two authors with respect to the presence, size,
and location of filling defects and the presence of sinus expan-
sion, and were compared with findings in the control subjects.
A filling defect was defined as a focal area of nonopacification
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TABLE 2: CT findings in eight patients with cavernous sinus thrombosis compared with 30 control studies (axial plane)

Cavernous Sinus Tributary Veins/Sinuses

Patients
(n 5 16)

Control subjects
(n 5 60)

Patients
(n 5 16)

Control Subjects
(n 5 60)

Cavernous sinus Superior ophthalmic vein
Filling defects Seen/not seen 16/0 60/0

None 2* 19 Filling defects 5 . . .
Single 10 25 Expansion 5 . . .
Multiple 4 16 Inferior petrosal sinus

Size Seen/not seen 9/7 37/23
,7 mm 3 40 Filling defects 5 . . .
$7 mm 11 4 Expansion 5 . . .

Location Sphenoparietal sinus
Middle 11 23 Seen/not seen 13/3 31/29
Posterior 14 21 Filling defects 4 . . .

Size Expansion 4 . . .
A†, mm 10.8 6 1.2 8.3 6 1.6
Range, mm 9–12 6–13

n 5 10 n 5 20
Filling defect A, HU 26.7 6 7.8 21.1 6 12.3
Density range 9–48 240–36

* Two patients with unilateral cavernous thrombosis.
† A signifies mean.
FIG 1. A, Axial contrast-enhanced CT
scan in a healthy control subject shows
an 8-mm filling defect of fat density within
middle and posterior compartment of
right cavernous sinus (long arrows) and
smaller filling defect within left posterior
cavernous sinus (long arrows). Additional
small filling defects of fat density/signal
intensity are present in the lateral right
and medial left cavernous sinus (short
arrows).

B, Coronal T1-weighted MR image
(500/14) in same subject proves fat signal
intensity of both structures (long and
short arrows).
within the cavernous sinus that was not restricted to the lateral
wall. Localization of these areas of nonopacification within the
cavernous sinus was performed according to Hosoya et al (14).
Filling defects in the anterior part were not included because of
the proximity to fat in the orbital apex. In addition to the analysis
of the cavernous sinus, the visibility and the presence of filling
defects and expansion were assessed in the superior ophthalmic
vein, the inferior petrosal sinus, and the sphenoparietal sinus.

Third, the size of the cavernous sinus was measured in
patients as well as in the control subjects by one author. Mea-
surements were performed on the hard copies of the axial
examination lateral to the dorsum sellae to assure highest
intraobserver reliability. Additional measurements were per-
formed by the same author from the stored CT data from six
patients (10 affected cavernous sinuses, cases 1, 2, 4, 5, 7, and
8) and 10 control subjects (20 cavernous sinuses). The CT data
in two patients (cases 3 and 6) were unavailable for electronic
analysis. The measurements included three density calculations
obtained in the center of a single lesion or in the center of the
largest lesion when multiple filling defects were present. The
mean values and the range were compared between 10 affected
cavernous sinuses and 20 control studies. These data and the
measurements obtained from the hard copies (size of the cav-
ernous sinus, size of filling defects) were analyzed statistically
by using an unpaired t-test. In addition to the aforementioned
investigations based on axial images, the axial and coronal CT
scans of the eight patients were compared with respect to
visualization of filling defects and expansion within the cavern-
ous sinus and tributary veins and venous sinuses (superior
ophthalmic vein, inferior petrosal sinus, sphenoparietal sinus).

In six cases (Table 1, cases 1, 2, 4, 5, 7, and 8), the MR
examinations were analyzed with respect to visualization of
cavernous sinus thrombosis and tributary venous sinus throm-
bosis. The MR and CT findings were compared. The parame-
ters assessed were the presence of areas of nonopacification on
contrast-enhanced sequences, signs of venous sinus expansion,
and the presence of signal intensity abnormalities on T1-
weighted sequences. Owing to reported superiority of T1-
weighted sequences (15, 16), heterogeneity of examination pa-
rameters on the T2-weighted sequences, and low spatial
resolution, the latter sequence was not included in the analysis
of signal intensity.

Results

Cavernous Sinus Thrombosis
The patient data and clinical and imaging findings

are summarized in Table 1. The blinded radiologists,
using only axial CT scans, correctly identified all six
patients with bilateral cavernous sinus thrombosis
and the two patients with a unilateral cavernous sinus
thrombosis. In one case (patient 8), however, unilat-
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FIG 2. Extensive bilateral cavernous si-
nus thrombosis in a 20-year-old woman
with a history of acute febrile sinusitis.

Contrast-enhanced axial CT scan (A )
and SPGR MR image (22/3.4) with a 20°
flip angle (B ) reveal confluent large areas
of nonopacification corresponding to
thrombus formation in the middle and
posterior compartments of the right cav-
ernous sinus and in the posterior segment
of the left cavernous sinus (long arrows).
The smaller filling defects in the lateral
compartments of the cavernous sinus
(short arrows) show a tendency to coa-
lesce on the MR image, which was ob-
tained 2 days after the CT scan.

Noncontrast (C ) and contrast-en-
hanced (D ) coronal T1-weighted (500/14)
MR images depict cavernous sinus ex-
pansion by cortex-isointense thrombus,
particularly on the left (arrowheads). Fill-
ing defects differ in signal intensity from
cranial nerves III, IV, V1, VI, and V2, indi-
cated on the right (arrow).
eral cavernous sinus thrombosis was missed on the
initial examination by both observers. The follow-up
examination performed after 4 days was correctly
interpreted as positive. Findings in all control subjects
were considered normal by both blinded readers.

A large, confluent area of nonopacification that
exceeded a size of 7 mm in the maximum dimension
was present in 11 (79%) of 14 thrombosed cavernous
sinuses (Table 2). In the control cases, however, only
9% of filling defects were larger than 7 mm (Fig 1).
Single defects were more common among patients
than among control subjects: 71% versus 61%. Sev-
enty-five percent of filling defects in the control group
were visually assessed as fat dense (Fig 1) and con-
firmed by density measurements. However, 25% of
filling defects were of soft-tissue density (4 to 32 HU),
and thus accounted for some overlap when compared
with the density of thrombus in the patient group
(mean, 27 HU; range, 9 to 48 HU). In addition to size
and density, location of the area of nonopacification
was a distinguishing factor. Whereas in patients with
cavernous sinus thrombosis the posterior segment of
the cavernous sinus was always involved (Fig 2), it was
affected in only 21 (48%) of 44 cavernous sinuses in
the control group.

Expansion of the cavernous sinus was assumed on
the basis of size measurements of the 14 thrombosed
cavernous sinuses: mean, 10.8 mm (SD, 1.2 mm) in
patients as compared with 8.3 mm (SD, 1.6 mm) in
the control group. The difference was statistically
significant (P , .001). When contrast-enhanced CT
scans in the axial and coronal plane were compared
(Table 3), marked convexity of the lateral contour of
the cavernous sinus on coronal scans readily demon-
strated expansion in 12 (86%) of 14 thrombosed si-
nuses. On axial scans, a straight or slightly lateral
convexity of the dural border was visible in only four
(29%) of 14 cases (Fig 2).

Additional Venosinus Occlusion
Criteria for recognizing tributary venosinus throm-

bosis associated with cavernous sinus thrombosis in-
cluded the presence of filling defects and venous sinus
expansion relative to findings in healthy control sub-
jects. Unlike in the cavernous sinus, no filling defects
were identified in any of the tributary venous sinuses

TABLE 3: Comparison of CT findings in eight patients with cavern-
ous sinus thrombosis in the axial and coronal plane

CT Findings Axial Plane Coronal Plane

Cavernous sinus
Filling defects 14/16 14/16
Lateral convexity 4/14* 12/14*

Superior opthalmic vein
Filling defects 5/16 5/16
Expansion 5/5* 5/5*

Inferior petrosal sinus
Filling defects 5/9† 2/7†

Posterior convexity 5/5* 0/5*
Sphenoparietal sinus

Filling defects 4/13† 4/10†

Expansion 4/4* 4/4*

* Number of thrombosed venous structures.
† Number of identified venous structures in a particular plane.
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FIG 3. A, Coronal contrast-enhanced
CT scan through middle and anterior cav-
ernous sinus shows filling defects ex-
panding cavernous sinus (long arrows)
and sphenoparietal sinus (short arrows)
bilaterally (arrowheads correspond to cra-
nial nerves).

Sphenoparietal sinus thrombosis (ar-
rows) is delineated on coronal (B ) and
axial (C ) sections at the level of and above
the anterior clinoid process. Note normal
caliber of superior ophthalmic veins.

D, After 3 months, axial T2-weighted
MR image (3500/98), obtained because of
slight Broca’s aphasia, reveals bilobular
abscess in left inferior frontal gyrus and
adjacent vasogenic edema.
FIG 4. Axial contrast-enhanced CT scan
(A ) and corresponding contrast-en-
hanced SPGR MR image (B ) depict left
inferior petrosal sinus nonopacification
and expansion (single arrow), indicating
thrombosis. Note normal right inferior
petrosal sinus (double arrows).
of the control subjects. Sphenoparietal sinus throm-
bosis appeared as a linear to oval filling defect with
sinus dilatation relative to findings in control subjects.
The sphenoparietal sinus was identified in 13 (81%)
of 16 patients as compared with 31 (52%) of 60
control subjects (Table 2). Filling defects and expan-
sion were seen bilaterally on consecutive axial and
coronal CT scans in two patients. The thrombosed
sinus could be traced from the anterior cavernous
sinus along the sphenoid ridge toward the pterion
(Fig 3). Cerebral abscess formation (Fig 3) occurred
in both patients after 3 weeks and 3 months, respec-
tively (Table 1, cases 1 and 2, respectively).

The inferior petrosal sinus is located in its own
sulcus adjacent to the petrooccipital synchondrosis. It
was seen as a cone-shaped structure in 37 (62%) of
the 60 control subjects and in nine (56%) of the 16
patients. A filling defect with significant sinus expan-
sion was present in five of nine identified inferior
petrosal sinuses, unilaterally in three patients and
bilaterally in a single case. Thrombosis was best iden-
tified in the axial plane (Table 3) at the superior
aspect of the inferior petrosal sinus as a triangular to
oval area of nonopacification on both CT (Figs 4 and
5) and contrast-enhanced SPGR MR images (Fig 4).
Unilateral thrombosis occurred on the more severely
affected side of the cavernous sinus in three cases.
Sigmoid sinus thrombosis associated with cavernous
sinus thrombosis and inferior petrosal sinus thrombo-
sis was encountered in a 4-year-old boy with acute
mastoiditis (Fig 6).

Central nonopacification of the superior ophthal-
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FIG 7. Contrast-enhanced SPGR MR im-
age in 18-year-old man with progressive
left-sided exophthalmos and chemosis
shows linear filling defect in dilated left
superior ophthalmic vein (short arrows).
Note bilateral, predominantly left-sided
ethmoidal inflammation and prominent but
patent sphenoparietal sinus bilaterally
(long arrows).

FIG 8. Right-sided exophthalmos in a 67-
year-old woman 1 week after onset of bi-
lateral cavernous sinus thrombosis due to
right-sided facial phlegmon. Axial con-
trast-enhanced CT scan shows exophthal-
mos and extensive thrombus in dilated
right superior ophthalmic vein.

FIG 5. Axial contrast-enhanced CT scan
in 9-year-old boy with bilateral cavernous
sinus thrombosis due to acute right-sided
mastoiditis. Confluent areas of thrombus
formation are present within the cavernous
sinus bilaterally, more pronounced on the
right. Thrombosis is present in the right
inferior petrosal sinus (arrow) while the left
inferior petrosal sinus is spared.

FIG 6. Axial contrast-enhanced CT scan
in 4-year-old boy with acute mastoiditis
and subgaleal abscess on the left. Note
multiple small partially confluent filling de-

fects within the cavernous sinus bilaterally and left sigmoid sinus thrombosis (curved arrow). Note thrombus extension from left
cavernous sinus to junction with inferior petrosal sinus (straight arrow).
mic vein was present in three of six patients with
bilateral cavernous sinus thrombosis, bilaterally in
one and unilaterally in two. In an additional one of
two cases, unilateral superior ophthalmic vein throm-
bosis accompanied unilateral cavernous sinus throm-
bosis, accounting for five affected superior ophthal-
mic veins in four patients. The degree of superior
ophthalmic vein expansion caused by the filling defect
was found to vary considerably among patients (Figs
7 and 8).

Comparison of CT and MR Examinations
In six patients with 10 affected cavernous sinuses,

CT findings were compared with MR findings (Table
4). The higher spatial resolution of SPGR images
relative to noncontrast and contrast-enhanced T1-
weighted images accounted for superior correlation
with CT findings. This holds true with respect to
delineation of filling defects within the cavernous
sinus and tributary veins and sinuses. Filling defects
were identified by contrast-enhanced CT and by
SPGR MR sequences in 21 instances each, as com-
pared with 16 instances on contrast-enhanced T1-
weighted MR images.

Abnormal T1 signal intensity was noticed as gray
matter isointense tissue in 10 of 10 cavernous sinuses
and in seven of 11 tributary veins and sinuses. Expan-
sion of the sphenoparietal and inferior petrosal sinus
on T1-weighted images could not be assessed without
contrast application, and in two instances was more
apparent on CT scans than on SPGR images. The
latter fact contributed to a slight superiority of CT
over the SPGR sequence. With a detection rate of
95% of the parameters, SPGR images were close to
CT but surpassed T1-weighted noncontrast and con-
trast-enhanced MR sequences, which showed positive
findings in 73% and 80% of criteria, respectively.

Discussion

Although cavernous sinus thrombosis has become
rare, it remains a potentially life-threatening compli-
cation of an infection that may originate within the
face, orbit, paranasal sinuses, or temporal bone (3, 17,
18). Therefore, all but one of our patients were pri-
marily admitted to the department of ENT, where the
diagnosis of septic cavernous sinus thrombosis was
established. CT was the imaging technique of choice
to confirm the suspected location of the underlying
infectious process and to evaluate the osseous anat-
omy and integrity of the paranasal sinuses and tem-
poral bone. As a consequence of CT-proved acute
inflammation, all but one of our patients underwent
either paranasal sinus surgery (five cases) or mastoid-
ectomy (two cases). The confirmation of cavernous
sinus thrombosis was of secondary importance after
intraorbital or intracranial abscess formation had
been ruled out.

A more benign course of septic cavernous sinus
thrombosis has been observed in recent years (9, 10,
19). Earlier antibiotic treatment and a shift in patho-
genesis have been assumed as causative factors. As
with five of our patients, the origin of septic cavern-
ous sinus thrombosis is increasingly recognized within
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TABLE 4: Comparison of CT and MR findings in six patients with cavernous sinus thrombosis

CT

MR Imaging

T2-Weighted T1-Weighted
Contrast-
Enhanced

T1-Weighted

Contrast-Enhanced Spoiled
Gradient-Recalled Acquisition

in the steady state

Cavernous sinus
Filling defect 10 . . . . . . 8 10
Expansion 8 4 8 8 8
Signal intensity . . . Not analyzed Iso 10 . . . . . .

Superior ophthalmic vein
Filling defects 4 . . . . . . 2 4
Expansion 4 4 4 4 4
Signal intensity . . . Not analyzed Iso 4 . . . . . .

Inferior petrosal sinus
Filling defects 3 . . . . . . 2 3
Expansion 3 2 . . . 2 2
Signal intensity . . . Not analyzed Iso 3 . . . . . .

Sphenoparietal sinus
Filling defects 4 . . . . . . 4 4
Expansion 4 . . . . . . 3 3
Signal intensity . . . Not analyzed . . . . . . . . .

Positive parameters 40 29/40 32/40 38/40

100% . . . 72.5% 80% 95%
the sphenoethmoidal sinus on CT and MR studies (5,
10, 11, 20–22).

Cross-sectional imaging techniques play an impor-
tant role in the noninvasive assessment of patency or
thrombosis of the dural venous sinuses. This also
holds true for the cavernous sinus. However, unlike
with other venous sinuses, contrast-enhanced CT has
been favored as the primary imaging technique. This
view is expressed in various case reports (19, 23–27)
as well as in small series of four (6) and five (18, 28)
patients. MR imaging, however, in contrast to radio-
logic studies of thrombosis of the convexity dural
sinuses, has only rarely been used in the diagnostic
workup for cavernous sinus thrombosis (10, 11, 20, 22,
29, 30). The largest series published consists of three
patients (10), including one previously reported case
(18). As with our patients, CT had been performed
prior to MR imaging in all but one patient. The
contribution of MR imaging to the diagnosis is, there-
fore, difficult to assess: in our study, it was of minor
importance. A major objective was to assess the ca-
pability of different MR sequences in depicting the
presence of thrombus within the cavernous sinus and
tributary venous sinuses and to compare the findings
with those obtained with contrast-enhanced CT.

The standards for a high-resolution CT examina-
tion of the cavernous sinus have been set by Kline et
al (31, 32) and by Hasso et al (33). A section thickness
of 1.5 mm and a table feed of 2 to 3 mm was recom-
mended to depict normal anatomy and pathologic
structures within the cavernous sinus. Our own pro-
tocol included 2-mm contrast-enhanced sections in
the axial and coronal planes. For T1-weighted MR
sequences, a section thickness of 3 mm has been
considered appropriate (15, 34). This conforms to our
protocol for the T1-weighted sequence. However,
3-D SPGR single-partition images of submillimeter
thickness provide higher anatomic resolution and bet-
ter representation of the thrombosed compartments
of the cavernous sinus as well as of adjacent veins
after intravenous contrast application. Unlike CT, the
contrast-enhanced MR examination was preceded by
a noncontrast series to allow distinction between con-
trast enhancement and potentially high-signal methe-
moglobin.

Direct and indirect signs of septic cavernous sinus
thrombosis have been reported, which, as in our pa-
tients, provide CT and MR evidence of a diagnosis
that “is usually established on clinical grounds” (5).
Direct signs include changes in density/signal inten-
sity plus in the size and contour of the cavernous sinus
(5, 6, 28, 31, 32). Areas of nonopacification in our
patients had a tendency to coalesce; thus, on CT
scans, they appeared as a single, large filling defect. In
11 (79%) of 14 cavernous sinuses, the maximum size
equaled or exceeded 7 mm, whereas only 9% of filling
defects in control subjects reached this size. These
data conform to published CT data in 100 patients
without Cushing disease in whom two (7%) of 27
intracavernous fat deposits exceeded 7 mm (35). The
prevalence of fat is reported to be as low as 27% (35)
and as high as 91% (14). In our control group, fat
accounted for 75% of filling defects, whereas none of
the patients with cavernous sinus thrombosis filling
defects showed fat density.

In addition to fat, the presence of soft tissue within
the cavernous sinus is well recognized (5, 15). The
geometry of these structures was either longitudinal
or round to oval on axial and coronal sections and
thus frequently differed from the rather irregular ar-
eas of thrombosis. The intracavernous filling defects
commonly extended medially and laterally to the ca-
rotid artery and therefore differed from soft-tissue-
density neural structures confined to the lateral wall.
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The latter correspond to cranial nerves III, IV, and
V1, and on axial images were always inseparable from
the meningeal reflection of the lateral sinus wall. On
coronal MR images (Fig 2D) and CT scans (Fig 3A)
the cranial nerves were commonly identified. Connec-
tive tissue has been reported along the medial aspect
of the cavernous sinus and along the course of the
sixth nerve (15, 16). Together with the abducens
nerve these may account for the soft-tissue-density
filling defects seen in the control subjects.

Thrombus formation within the cavernous sinus
venous spaces has been shown to cause replacement
of variable signal intensity (15) by homogeneous, T1
cortex isointense tissue (10). This was confirmed in all
six patients examined by MR imaging. T1 hyperin-
tense signal was noticed in only one case within the
lumen of the thrombosed cavernous carotid artery (9)
but not within the thrombosed cavernous sinus ve-
nous spaces. The infectious process in cavernous si-
nus thrombosis appears to prolong methemoglobin
formation and thus renders the diagnosis without
convexity dural sinus thrombosis much more difficult
on T1-weighted images. Owing to the larger section
thickness and intersection gap, T2-weighted images
provided insufficient resolution to be considered use-
ful in the diagnosis of cavernous sinus thrombosis.

Expansion of the cavernous sinus due to the pres-
ence of thrombus was more reliably recognized on
coronal as opposed to axial CT scans. In the axial
plane, the lateral wall remained concave and thus
appeared normal in 10 (71%) of 14 cavernous sinuses.
On coronal images, marked lateral convexity was con-
sidered abnormal as compared with control subjects
in 12 (86%) of 14 sinuses. Despite a significant dif-
ference in the transverse caliber between diseased
cavernous sinuses in our patients and control subjects
on axial images, the criterion itself appears to be of
little value unless used in conjunction with other
signs, such as filling defects or T1 signal intensity
abnormalities.

Indirect signs are related to concomitant venous
obstruction and consist of dilatation of the superior
ophthalmic vein, exophthalmos, and increased dural
enhancement along the lateral border of the cavern-
ous sinus (5, 10, 28). Early thrombosis of the cavern-
ous sinus evokes symptoms and signs of venous con-
gestion, including eyelid edema, chemosis, and
proptosis. These are the hallmarks of cavernous sinus
thrombosis and were present in five of eight patients
in our series.

The extracranial and intracranial venous connec-
tions with the cavernous sinus play an important role
in the pathogenesis and symptomatology of cavernous
sinus thrombosis and serve as pathways of potential
complications. Septic cavernous sinus thrombosis be-
gins as an infective thrombophlebitis (3, 17) that may
reach the cavernous sinus by direct extension or ve-
nous embolism. Afferent connections to the cavern-
ous sinus consist of the superior and inferior ophthal-
mic vein or penetrating veins from the posterior
ethmoidal and sphenoidal sinuses. The circular (in-
tercavernous) sinus and the sphenoparietal sinus are
also considered afferent. Efferent connections consist
of the pterygoid plexus and emissary veins inferiorly
and the superior and inferior petrosal sinus posteri-
orly. The veins and venous sinuses that communicate
with the cavernous sinus are valveless, and therefore
thrombophlebitis may affect the cavernous sinus in a
retrograde fashion (3, 18).

At autopsy, secondary extension of the infectious
thrombotic process has frequently been shown to in-
volve other veins and venous sinuses (1, 4, 12, 13).
Venosinus occlusion associated with septic cavernous
sinus thrombosis has been reported as a common
finding, with an assumed causal relationship to the
fatal course of the patient (1, 12, 13). Thrombosis has
not only been described in the superior ophthalmic
vein (1, 4) but has been found to affect the superior
petrosal sinus (4), the inferior petrosal sinus (1, 12),
and the sigmoid sinus (1, 12, 13).

Superior ophthalmic vein thrombosis, even though
one of the best known signs of cavernous sinus throm-
bosis, does not necessarily need to be present. It was
identified in four (50%) of our patients as a linear
filling defect with slight (Fig 7) to marked (Fig 8)
expansion of the vein. In the largest series reported,
superior ophthalmic vein thrombosis was described in
three of four patients (6), in two of five patients (5),
and in one of three patients (28). Superior ophthal-
mic vein thrombosis was not present in those two of
our patients who had mastoiditis and in whom a
retrograde route of infection to the cavernous sinus
was likely (Table 1). On the other hand, the presence
of chemosis and exophthalmos in our patients corre-
lated with early involvement of the superior ophthal-
mic vein.

Inferior petrosal sinus thrombosis was shown by
contrast-enhanced CT in four patients and by MR
imaging in two patients, with five and three affected
venous sinuses, respectively. In two patients with sin-
gle inferior petrosal sinus thrombosis, MR imaging
was not performed. In five inferior petrosal sinuses,
the thrombus was identified on CT scans as a trian-
gular filling defect in a markedly expanded sinus (Figs
4 and 5). On CT, a unilateral manifestation in three
cases, expansion of the thrombosed sinus in all cases,
and recanalization on follow-up studies in three of
four cases allowed us to distinguish true thrombosis
from beam-hardening artifacts along the petrooccipi-
tal synchondrosis. SPGR MR images were equivalent
in demonstrating inferior petrosal sinus filling de-
fects, even though expansion in one case was consid-
ered less pronounced relative to its appearance on CT
scans (Fig 4). Inferior petrosal sinus thrombosis was
present ipsilateral to acute mastoiditis in two patients,
in one case in conjunction with sigmoid sinus throm-
bosis.

Sphenoparietal sinus thrombosis in two cases ap-
peared as an oval to linear area of nonopacification
on CT scans, SPGR MR sequences, and contrast-
enhanced T1-weighted MR images, and could be
traced along the sphenoid ridge from the anterolat-
eral contour of the cavernous sinus to the pterion.
Contrary to superior ophthalmic vein and inferior
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petrosal sinus involvement, sphenoparietal sinus
thrombosis was missed on noncontrast T1-weighted
images, probably because of partial volume effects
with CSF and adjacent hypointense bone. Sphenopa-
rietal sinus thrombosis was present concomitant with
bilateral superior ophthalmic vein thrombosis in one
patient, in addition to unilateral inferior petrosal si-
nus thrombosis in the second case. In both patients
with sphenoparietal sinus thrombosis, a cerebral ab-
scess developed after 3 weeks and 3 months, respec-
tively. The abscess occurred in the right temporal pole
in the first case and in the inferior left frontal gyrus in
the second case. Cerebral abscess formation following
cavernous sinus thrombosis has been reviewed by
Mahapatra et al (36). In the eight cases they reviewed,
the frontal and temporal lobe were common locations
for this complication, and the time interval varied
from 3 to 6 months. The location in both instances
and the time interval in one case were in conformity
with findings in our patients. While the mode of
spread is a matter for speculation, a hematogenous
extension by way of a retrograde thrombophlebitis of
the sphenoparietal sinus is likely (1, 3, 18, 36). Ret-
rograde thrombophlebitis within the sphenoparietal
sinus is promoted by venous congestion due to cav-
ernous sinus thrombosis. Venous congestion with
consecutive dilatation probably also accounts for the
higher detection rate of the sphenoparietal sinus in
our patients: 81% compared with 52% in the control
subjects (Table 2). Tributary venosinus thrombosis, as
found in two of our patients, may account for delayed
or late cerebral complications. It is therefore less well
recognized than concomitant arterial thrombosis,
which may occur early in the wake of cavernous sinus
thrombosis. The autopsy appearance of inflammatory
internal carotid artery occlusion has been described
only once (4), but it was reported in an additional 27
cases at angiography, CT, and MR imaging (9).

Conclusion

The prevalence of tributary venosinus thrombosis
associated with septic cavernous sinus thrombosis is
probably underestimated. The presence of a large
filling defect of non–fat density or signal intensity
with sinus expansion as an objective parameter is the
most reliable criterion by which to establish the diag-
nosis of cavernous sinus thrombosis and to recognize
tributary venosinus thrombosis on contrast-enhanced
CT or MR studies. Thrombosis of the superior oph-
thalmic vein and the inferior petrosal and sigmoid
sinuses was not associated with intracranial complica-
tions. However, delayed frontotemporal abscess for-
mation occurred in both our patients with thrombosis
of the sphenoparietal sinus.
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