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Cerebral venous thrombosis (CVT) has been recognized since the early
part of the nineteenth century, when Ribes™ described the clinical history of a
45-year-old man who died after a 6-month history of severe headache, epilepsy,
and delirium. Postmortem examination showed widespread malignancy with
thrombosis of the superior sagittal sinus (SSS), left lateral sinus (LS), and a
cortical vein in the parietal region. This was probably the first detailed
description of cerebral venous thrombosis in man. Three years later,
Abercrombie' described CVT occurring in the puerperium, and since then
numerous case reports and series have been published, most of them from
autopsy material, leading to the classic description of a rare and severe disease
characterized clinically by headache, papilledema, seizures, focal deficits, coma,
and death and pathologically by hemorrhagic infarction contraindicating the
use of anticoagulants.>” 2> .5 5.7 % This early literature and the history of
CVT have been extensively covered in two excellent French” and English*
monographs.

In the last 30 years, the introduction and widespread use of cerebral
angiography,® ** > CT of the brain, and more recently MRI*" * ¥ have allowed
early diagnosis of CVT, completely modifying our knowledge of this condition.>
’ More common than previously thought, CVT is remarkable by its large
spectrum of clinical presentation, its highly variable mode of onset, its numer-
ous causes, and its unpredictable but usually favorable outcome. CVT does
remain a diagnostic and therapeutic challenge for the clinician, however,
because of its often misleading presentation and sometimes difficult treatment.

RELEVANT VENOUS ANATOMY

Blood from the brain is drained by cerebral veins which empty into dural
sinuses, themselves drained mostly by internal jugular veins.! ¥ 4 4-50 54
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Dural Sinuses (Figs. 1 and 2)

The most commonly affected by thrombosis are the superior sagittal sinus,
lateral sinuses, cavernous sinuses, and straight sinus.

Superior Sagittal Sinus (SSS). The SSS, triangular in cross-section, lies in
the attached border of the falx cerebri. It starts at the foramen cecum and runs
backward toward the internal occipital protuberance, where it joins with the
straight sinus (SS) and lateral sinuses (LS) to form the torcular Herophili. Its
anterior part is narrow or sometimes absent, replaced by two superior cerebral
veins that join behind the coronal suture.* This is why the anterior part of the
sinus is often poorly visualized at angiography and its isolated lack of filling is
not sufficient to indicate thrombosis.* >

The SSS receives superficial cerebral veins and drains the major part of the
cortex. It also receives diploic veins, themselves connected to scalp veins by
emissary veins, which explains some cases of SSS thrombosis after cutaneous
infections or contusions. SSS and other sinuses play a major role in CSF
circulation because they contain most of the arachnoid villi and granulations
(Pacchionian bodies) in which CSF absorption takes place. The clear-cut con-
sequence is a direct dependency of CSF pressure upon the intracranial venous
pressure, accounting for the frequently raised intracranial pressure in SSS
thrombosis.

Lateral Sinuses (LS). These extend from the torcular Herophili to jugular
bulbs and consist of two portions: the transverse portion, which lies in the

Figure 1. Right carotid angiogram. A = superior sagittal sinus; B = inferior sagittal sinus;
C = cortical veins; D = internal cerebral vein; E = great vein of Galen; F = straight sinus;
G = torcular herophili; H = lateral sinus, transverse portion; | = lateral sinus, sigmoid
portion; J = vein of Labbe; K = jugular vein.
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Figure 2. Right carotid angiogram. A = superior sagittal sinus; C = cortical veins; G =
torcular herophili; H = lateral sinus, transverse portion; | = lateral sinus, sigmoid portion;
K = jugular vein.

attached border of the tentorium, and the sigmoid portion, which runs on the
inner aspect of the mastoid process and is thus susceptible to infectious
thrombosis in patients with mastoiditis or otitis media. LS drains blood from
the cerebellum, brain stem, and posterior part of the cerebral hemispheres.
They also receive some of the diploic veins and some small veins from the
middle ear, another possible source of septic thrombosis.

There are numerous LS anatomic variations that may be misinterpreted as
sinus occlusion at angiography. In particular, the right LS is frequently larger
than the left, which receives most of its supply from the straight sinus. In
Hacker’s study,® the transverse portions were not visualized on ipsilateral
carotid angiograms in 14% of cases on the left side and in 3.3% on the right
side, whereas sigmoid portions, which may be directly injected via cerebral
veins, failed to fill in 4% of cases on the left side and were always demonstrated
on the right. An isolated lack of filling of the transverse portion of left LS is
thus more suggestive of hypoplasia than thrombosis.

Cavernous Sinuses. Cavernous sinuses consist of trabeculated cavities
formed by the separation of the layers of the dura and located on each side of
sella turcica, superolaterally to the sphenoid air sinuses. The oculomotor and
trochlear cranial nerves, along with the ophthalmic and maxillary branches of
the trigeminal nerve, course along the lateral wall of the cavernous sinuses,
whereas the abducens nerve and the carotid artery with its surrounding
sympathetic plexus are located within the center of the sinus itself.

Cavernous sinuses drain the blood from the orbits through the ophthalmic
veins and from the anterior part of the base of the brain by the sphenoparietal
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sinus and the middle cerebral veins. They empty into both the superior and
inferior petrosal sinuses and ultimately into the internal jugular veins. Because
of their situation, cavernous sinuses are often thrombosed in relation to
infections of the face or sphenoid sinusitis and, by contrast to other varieties
of sinus thrombosis, infection is still the leading cause.” Rarely injected on
carotid angiograms, cavernous sinuses are now well visualized on CT scans
and MRL

Straight Sinus. Formed by the union of the inferior sagittal sinus and the
great vein of Galen, it has a triangular lumen and runs caudally in the junction
between the falx cerebri and the tentorium cerebelli to join the torcular at the
internal occipital protuberance.

Cerebral Veins (Fig. 1)

Three groups of veins drain the blood supply from the brain:

Superficial Cerebral Veins (or cortical veins). Some of these—the frontal,
parietal, and occipital superior cerebral veins—drain the cortex upward into
the SSS, whereas others, mainly the middle cerebral veins, drain downward
into the cavernous sinuses. These veins are linked by the great anastomotic
vein of Trolard, which connects the SSS to the middle cerebral veins, which
are themselves connected to the LS by the vein of Labbe. These cortical veins
have thin walls, no muscle fibers, and no valves, thereby permitting both
dilation and reversal of the direction of blood flow when the sinus in which
they drain is occluded. They are linked by numerous anastomoses, allowing
the development of a collateral circulation (angiographically visible as “cork-
screw” vessels) and probably explaining the good prognosis of some CVT.
Since the number and location of cortical veins are inconstant, the angiographic
diagnosis of isolated cortical vein thrombosis is extremely difficult and some-
times impossible.

Deep Cerebral Veins. Blood from the deep white matter of the cerebral
hemispheres and from the basal ganglia is drained by internal cerebral and
basal veins, which join to form the great vein of Galen that drains into the
straight sinus. By contrast to the superficial veins, the deep system is constant
and always visualized at angiography, so its thrombosis is easily recognized.

Posterior Fossa Veins. The veins of the posterior fossa may be divided
into three groups® *: superior draining into the galenic system, anterior
draining into petrosal sinus, and posterior draining into the torcular and
neighboring straight and lateral sinuses. They are variable in course, and
angiographic diagnosis of their occlusion is extremely difficult.

PATHOLOGY

Pathologic findings have been extensively described in the past.” ¥ * They
vary with the site of thrombosis and the interval between the onset of symptoms
and death.

The thrombus itself is like other venous thrombi elsewhere in the body.
When it is fresh, it is a red thrombus rich in red blood cells and fibrin and
poor in platelets; when it is old, it is replaced by fibrous tissue sometimes
showing recanalization. Its formation is due to the usual pathogenetic factors:
venous stasis, increased clotting tendency, changes in the vessel wall, and,
less frequently, embolization. Its location and extension are variable. In autopsy
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series, extensive thrombosis of SSS and tributary veins is the most frequent
finding, but this pattern of involvement no longer reflects the real distribution
of CVT.

The consequences of CVT on the brain are again highly variable. The
classic picture is that of SSS thrombosis with extensive bilateral hemorrhagic
infarcts affecting the cortex and adjacent white matter (Fig. 3). CT scan and
MRI studies have now convincingly shown, however, that sinus thrombosis
can induce varying degrees of edema without infarction and can even have no
detectable effect on the brain.®

INCIDENCE

The true incidence of CVT is totally unknown in the absence of specific
epidemiologic studies. In most autopsy series, the incidence was found to be
extremely low. Ehlers and Courville® found only 16 SSS thromboses in a series
of 12,500 autopsies, and Barnett and Hyland” only 39 noninfective CVT in 20
years. Kalbag and Woolf* indicated that CVT was the principal cause of death
in only 21.7 persons per year in England and Wales between 1952 and 1961.

Figure 3. Bilateral hemorrhagic infarctions in superior sagittal sinus (SSS) thrombosis.
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By contrast, Towbin® found CVT in 9% of 182 consecutive autopsies and
Averback,* in a series of 7 cases, insists that primary CVT in young adults is
an “underrecognized disease.” The recent publication of large clinical series*
7. 7.9 suggests that the true incidence is much higher than thought from
autopsy series, possibly 10 times higher because the present mortality rate is
less than 10%.

It has been suggested that the incidence of CVT is higher in females® and
in the aged, reflecting the overall greater incidence of thromboembolic diseases
in these categories. In our series of 110 cases,® the female/male sex ratio was
1.29 and the mean age 38.7 (+14.8 SD). The age distribution was uniform in
men, whereas in women 38 cases (61%) occurred between 20 and 35. This
probably reflects the frequency of specific causes such as pregnancy and oral
contraceptive use in young women.

ETIOLOGY

Numerous conditions can cause or predispose to CVT (Table 1). They
include all surgical, gyneco-obstetric, and medical causes of deep vein throm-
bosis as well as a number of local or regional causes, either infective or
noninfective, such as head trauma, brain tumors, and arterial infarcts. Although
infection still constituted the major identifiable cause in a recent series (27 of
66),* the incidence of septic CVT has greatly diminished in developed countries
since the introduction of antibiotics.?*' Thus, in our recent series of 110 cases,
only 9 (8.2%) were attributable to infectious causes.> Cavernous sinus throm-
bosis remains the most common form of septic thrombosis, usually following
an infection of the middle third of the face due to Staphylococcus aureus. Other
sites of infection include sphenoid or ethmoid sinusitis, dental abscess, and,
less often, otitis media. In chronic forms, gram-negative rods and fungi such
as Aspergillus species® are more commonly isolated.? Among general causes,
parasitic infections such as trichinosis® and more recently HIV and CMV
infections* have been added to the long list of infective conditions possibly
leading to CVT.

In young women, CVT occurs more frequently during puerperium than
pregnancy® % % and remains very common in developing countries,® whereas
in developed countries the role of oral contraceptives (OC)* '> 2 37 js more
important. In our series of 110 cases, OC use was the only etiologic factor in 9
patients (8%).> This had led us, like many others,> > * 7 to stop OC and
promptly look for CVT (now with MRI) in women presenting with any of the
neurologic manifestations compatible with this condition. OC use can also be
associated with other conditions, stressing the need for an extensive etiologic
work-up, even in young women taking OC.

Among the numerous noninfective medical causes of CVT, malignancies*
7.65.73.% and inflammatory diseases such as Behcet’s disease®® and connective
tissue diseases® '™ are the most frequent. Although rare, hereditary antithrom-
bin III,” protein C,** and protein S* deficiencies should be systematically looked
for in the absence of obvious cause because they imply a family study and a
long-term treatment.

In neonates and children, the etiology of CVT is characterized by the
frequency of regional infections (otitis, mastoiditis), neonatal asphyxia, severe
dehydration, and congenital heart disease.*

Despite the continuous description of new causes, the proportion of cases
of unknown etiology remains in recent series between 20%* and 35%.* * The
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Table 1. CEREBRAL VENOUS THROMBOSIS:
RECOGNIZED CAUSES OR PREDISPOSING
CONDITIONS

Infective Causes

Local
Direct septic trauma®” >
Intracranial infection: abscess, empyema, meningitis® 37- 38 5. 57
Regional infections: oftitis, tonsillitis, sinusitis, stomatitis, skin'?-37. 35457

General
Bacterial: septicemia,? 3 %57 endocarditis,*’”- % 5 57 typhoid,*” tuberculosis™
Viral: measles,* hepatitis,”" encephalitis,* herpes, HIV, CMV®¢
Parasitic: malaria,'” trichinosis®
Fungal: aspergillosis®

Noninfective causes

Local
Head injury (open or closed, with or without fracture)”- - 17 54.55. 97
Neurosurgical operation®”: 5471
Cerebral infarctions and hemorrhages? %
Tumors (meningioma, metastasis, glomus tumor)?”: 5+ &
Porencephaly, arachnoid cysts® '7-%7
Infusions into the internal jugular vein®

General
Surgical: any surgery with or without deep vein thrombosis” 17
Gyneco-obstetric

Pregnancy and puerperium®. 7- 29 58
Oral contraceptives (estrogens,® 2* 77 progestogens'?3')

Medical

Cardiac: congenital heart disease,"” cardiac insufficiency,”5” pacemaker®®

Malignancies: any visceral carcinoma,’” ® lymphoma,* % leukemia,'” 6
carcinoid,” L-asparaginase therapy®

RBC disorders: polycythemia,” posthemorrhagic anemia, sickle cell
disease,® paroxysmal nocturnal hemoglobinuria®

Thrombocythemia (primary or secondary®)

Coagulation disorders: AT,,,” protein C,* protein S deficiencies, circulating
anticoagulants,® disseminated intravascular coagulation,® heparin- or
heparinoid-induced thrombocytopenia,® epsilon-aminocaproic acid?
treatment

Severe dehydration of any cause®: 3

Digestive: cirrhosis,'”*” Crohn’s disease,'" ulcerative colitis®”- 1%

Connective tissue: systemic lupus erythematosus,'® temporal arteritis,'”
Wegener’s granulomatosis® ’

Venous thromboembolic disease, Hughes-Stovin syndrome®

Others: Behget's disease,® sarcoidosis,'® nephrotic syndrome,® * neonatal
asphyxia,*® parenteral injections,?” androgen therapy®s

Idiopathic

search for a cause thus remains one of the most vexing problems in CVT. It
necessitates an extensive initial work-up and, when no cause is found, a long
follow-up with repeated investigations.®

CLINICAL ASPECTS

CVT presents with a remarkably wide spectrum of symptoms and signs,
as illustrated in our series of 110 patients (Table 2). In all series, headache is
the most frequent symptom and often the presenting one. In classic series,
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Table 2. MAIN NEUROLOGIC SIGNS AND SYMPTOMS IN
110 PATIENTS WITH CEREBRAL VENOUS

THROMBOSIS

Headache 83 (75%)
Papilledema 54 (49%)
Motor or sensory deficit 38 (34%)
Seizures 41 (37%)
Drowsiness, mental changes, confusion, or coma 33 (30%)
Dysphasia 13 (12%)
Multiple cranial nerve palsies 13 (12%)
Cerebellar incoordination 3 (3%)
Nystagmus 2 (2%)
Hearing loss 2 (2%)
Bilateral or alternating cortical signs 3 (3%)

From Ameri A: Les thromboses veineuses cérébrales 110 cas. Paris, Thése, 1991; with permission.

focal deficits (motor or sensory), dysphasia, seizures (partial, generalized status
epilepticus), and disorders of consciousness each occur in 50% to 75% of cases,*
7.5+ 57 whereas papilledema is less frequent (from 12%* to 43%°). Inverse
tendencies are apparent in our series, with focal deficits, seizures, or disorders
of consciousness in about a third of cases and papilledema in half. Although
there might be a selection bias in our series because of an important referral
from ophthalmologists, the main reason for this changing pattern is most
probably the possibility of early diagnosis now offered by neuroimaging
techniques in patients presenting with headache. It is thus remarkable that the
famous classic picture of SSS thrombosis with bilateral deficits, seizures, and
coma was encountered in only three of our patients.

The mode of onset of symptoms is also highly variable: In our series of
110 patients,” it was acute (less than 48 hours) in 31 patients (28%), subacute
(more than 48 hours but less than 30 days) in 46 (42%), and chronic (more than
30 days) in 33 (30%). Acute onset is more frequent in infectious or obstetric
CVT and when focal signs are frequent, whereas chronic onset is more frequent
in inflammatory diseases, in idiopathic cases, or in the absence of focal signs.

With such a wide spectrum of neurologic signs and modes of onset, the
clinical presentation of CVT is extremely variable. It can be separated into four
groups: those with isolated intracranial hypertension, those with focal cerebral
signs, those with the cavernous sinus syndrome, and those with unusual
presentations.

Isolated intracranial hypertension with headache and papilledema, mim-
icking benign intracranial hypertension (pseudotumor cerebri), is the most
homogeneous pattern, accounting for 40% of our 110 patients. Despite the fact
that SSS and LS thrombosis have long been recognized as one of its leading
causes,”” ** benign intracranial hypertension has, in numerous reports, been
diagnosed purely on clinical, CSF, and CT findings. Because CVT can mimic
all the features of benign intracranial hypertension,” * normal four-vessel
angiography or normal MRI should be added to the classic diagnostic criteria
of this syndrome.” Thus, in a prospective study of 24 consecutive patients
presenting with benign intracranial hypertension, angiography disclosed CVT
in 6.%

The second group, characterized by the presence of focal cerebral signs,
is the largest, accounting for roughly 75% of published cases, but it is an
heterogeneous one, depending upon the mode of onset of focal signs, their
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nature (deficits, seizures, or both), and their possible association with altered
consciousness. Acute cases simulate an arterial stroke, chronic ones simulate
tumors, and subacute cases mimic encephalitis or abscess. Focal signs can be
even more misleading when they present like transient ischemic attacks® or
migraine-like phenomena.”

Cavernous sinus thrombosis has a distinctive clinical picture!” 2! 37 3 .1
that includes, in classic acute cases, chemosis, proptosis, and painful ophthal-
moplegia, initially unilateral but frequently becoming bilateral. Dramatic com-
plications can occur such as extension to other sinuses* and stenosis of the
intracavernous portion of the internal carotid arteries.' Cavernous sinus throm-
bosis is not always acute, however, but can also take a more indolent form
(either spontaneously or because of the masking effect of an inadequate
antibiotic regimen), with an isolated abducens nerve palsy and only mild
chemosis and proptosis leading to great diagnostic difficulties.*

The grouping of signs of CVT into these three main patterns (isolated
intracranial hypertension, focal signs, and cavernous sinus syndrome) does not
account for every case. Some patients with isolated intracranial hypertension
later develop focal neurologic signs.” * Others initially present with isolated
headache, grand mal seizures, or psychiatric disturbances. Others present with
headache of sudden onset, neck stiffness, and CT scan or lumbar puncture
evidence of subarachnoid hemorrhage simulating a ruptured intracranial aneu-
rysm.’ Finally, CVT may be so insidious that it is discovered only at postmortem
examination, particularly in elderly patients dying of congestive heart failure.”
It can even be totally asymptomatic, as recently shown in a patient given a
routine CT scan after mastoidectomy which showed a left LS thrombosis.*

TOPOGRAPHIC DIAGNOSIS

Thrombosis most frequently affects (in order of decreasing frequency) SSS,
LS, and cavernous sinus. The location of venous thrombosis in our 110 patients
is indicated in Table 3. It shows that SSS (72%) and LS (70%) are the sinuses
most frequently involved, but rarely in isolation (23%). In most cases, throm-
bosis affects several sinuses or sinuses and cerebral veins. Thrombosis of the
galenic system is rare, with some 50 reported cases and 9 in our series. Only a
few cases have been described of petrosal sinus,* isolated cortical,* or cerebellar
vein’ thrombosis, but these conditions might be underdiagnosed because of
the extreme difficulty of diagnosis.

The frequent association of sinus and cerebral vein thrombosis explains
the lack of well-defined topographic clinical syndroms, similar to those de-
scribed in arterial occlusions. Thus, SSS thrombosis can present with any of
the above described patterns; this also applies to LS thrombosis, in which
isolated intracranial hypertension is probably even more frequent and, among
focal signs, dysphasia is not unusual.® Thrombosis of the petrosal sinuses was
described in the old literature® * and was characterized mainly by a fifth nerve
palsy for the superior sinus and by a sixth nerve palsy for the inferior one. As
already stressed, angiographic diagnosis of isolated cortical vein thrombosis is
extremely difficult,* but there are old reports of anatomic or surgical cases in
patients presenting with an acute or rapid onset of focal deficits, seizures, or
both.? ¥ The classic picture of deep cerebral venous thrombosis is that of an
acute coma with decerebration or extrapyramidal hypertonia leading to death
in a few days or resolving, but with heavy sequelae such as akinetic mutism,
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Table 3. SITE OF VENOUS OCCLUSION IN 110
PATIENTS WITH CEREBRAL VENOUS

THROMBOSIS
Superior sagittal sinus (SSS) 79 (72%)
Lateral sinuses (LS) 78 (70%)
Right 29 (26%)
Left 29 (26%)
Both 20 (18%)
Straight sinus (SS) 16 (14.5%)
Cavernous sinus 3 (2.7%)
Cerebral veins 42 (38%)
Superficial 30 (27%)
Deep 9 (8%)
Cerebellar veins 3 (3%)
One sinus only 25 (23%)
SSS 14 (13%)
LS 10 (9%)
SS 1 (1%)
Deep veins only 1 (1%)
Isolated cortical veins 2
Sinuses plus cerebral or cerebellar veins 39 (35%)

From Ameri A: Les thromboses veineuses cérébrales 110 cas. Paris, Thése, 1991; with permission.

dementia, bilateral athetoid movements, vertical gaze palsy, and dystonia.® >
7% Recent reports have illustrated benign forms presenting mainly with
confusion.” > * The few reported cases of cerebellar vein thrombosis are mainly
anatomic,® 7' but we reported a patient presenting with a 3-month history of
cranial nerve palsies, cerebellar incoordination, and papilledema simulating a
posterior fossa tumor,” and a somewhat similar case has been recently pub-
lished.”

INVESTIGATIONS
Computed Tomography Scan (Table 4)

CT scan with and without contrast injection is the first neuroimaging
examination to carry out when CVT is clinically suspected, both to rule out

Table 4. CT SCAN IN 91 PATIENTS WITH CEREBRAL

VENOUS THROMBOSIS

Empty delta sign 19 (21%)
Contrast enhancement of falx or tentorium 17 (19%)
Small ventricles 47 (52%)
Enlarged ventricles 3 (3%)

Spontaneous hyperdensity 18 (20%)
Hypodensity 30 (33%)
Gyral enhancement 23 (25%)

From Ameri A: Les thromboses veineuses cérébrales 110 cas. Paris, Thése, 1991; with permission.
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other conditions and to try to confirm CVT. CT findings have been described
in detail in numerous reports'! 1> 14 16. 35 41. 50,7584, 104 and are now well established.

Three abnormalities are considered direct signs of CVT: the cord sign, the
dense triangle, and the delta or empty triangle sign.

The cord sign, visible on unenhanced CT scans, represents the visualization
of a thrombosed cortical vein' ** 7; it is extremely rare and its diagnostic
value is debated.’

The dense triangle also reflects spontaneous SSS opacification by freshly
congealed blood' 7; it is thus a very early sign, again extremely rare,
present in less than 1 of 50 cases. It is difficult to assess, particularly in
other sinuses (lateral and straight sinus), which can be spontaneously
hyperdense in normal children or in patients with hemoconcentration.”

The empty delta sign, described by Buonanno et al,"* appears after contrast
injection and reflects the opacification of collateral veins in the SSS wall,
contrasting with the noninjection of the clot inside the sinus (Fig. 4). It
is the most frequent direct sign, present in approximately 30% of
published cases.!* 7> 8 1% [t is absent, however, when thrombosis does
not affect the posterior third of SSS or when CT scan is performed in
the first 5 days after onset of symptoms or more than 2 months later.®
Its sensitivity and specificity are increased with some technical refine-
ments,® 7 but it is found in only 10% to 20% of CT scans routinely
performed.® ** Furthermore, it is not pathognomonic because the early
division of the SSS can be responsible for a false delta sign.”

CT scan can also be useful in demonstrating cavernous sinus thrombosis
showing on postcontrast CT as multiple irregular filling defects with bulging
cavernous sinuses and enlarged orbital veins.?

Indirect and nonspecific abnormalities are more frequent:

Intense contrast enhancement of falx and tentorium' * 7 is present in
some 20% of cases.’ It is easily recognized in the tentorium but can be
difficult to assess in the falx, particularly in aged patients. It indicates
venous stasis or hyperemia of the dura mater. Tentorial enhancement is
usually thought to suggest straight sinus thrombosis,” but it is not rare
in SSS thrombosis. '

A common finding is the presence of small ventricles with swelling and
sometimes diffuse low density suggestive of edema.® 1 1¢% 7 Although
reported in 20% to 50% of cases, it is nonspecific and frequently difficult
to differentiate from normal brain, particularly in the young. In some
cases the cerebral swelling can be confirmed by the later increase in size
of ventricles that were initially small.%

Usually described by pathologists as hemorrhagic, venous infarcts on CT
scan present with a spontaneous hyperdensity in 10% to 50% of cases.'"
14167 Two main aspects are encountered: large, often multifocal, hema-
tomas and petechial hemorrhages' (Fig. 5). Nonhemorrhagic venous
infarcts are more frequent and protean in appearance'® > focal hypo-
density with gyral enhancement (Fig. 6), areas of hypodensity without
enhancement, isolated gyral enhancement. Hemorrhagic or nonhemor-
rhagic infarcts can be unilateral or bilateral, single or multiple. They are
seen superficially in the hemispheres in SSS thrombosis and within the
basal ganglia in deep venous system thrombosis. ' 14 1675

In 10% to 20% of cases (26% in our present series’) CT scan is normal in
patients with proven CVT and more frequently so in patients presenting with
isolated intracranial hypertension.> ¢ 7
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Figure 4. Enhanced CT scan. Empty delta sign indicated by arrow. Falx enhancement
indicated by asterisk.
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Figure 5. SSS thrombosis with large bilateral hypodensities and bilateral areas of hyper-
density, highly suggestive of hemorrhagic infarctions.

In summary, the place of CT scan in the diagnostic strategy for CVT is of
crucial importance because CT scan rules out other conditions such as arterial
stroke, abscess, tumors, and subarachnoid hemorrhage. It should therefore be
performed, without and then with contrast, at the earliest clinical suspicion of
CVT. Nevertheless, because it may be normal or show nonspecific changes,
angiographic and MRI confirmation should be obtained in all cases lacking
pathognomonic CT changes.

Angiography

Angiography has been the key procedure in diagnosis of CVT for many
years and still remains the gold standard for evaluation of new methods. It
requires a perfect technique: four-vessel angiography (conventional or digital-
ized intra-arterial) with visualization of the entire venous phase on at least two
projections (frontal and lateral) and three if possible, oblique views being the
best to entirely visualize the SSS.* 5 ¢ 103 105

The partial or complete lack of filling of veins or sinuses is the best
angiographic sign of CVT. Easily recognized when it affects the posterior part
or the entire SSS (Fig. 7), both LS (Fig. 8), or the deep venous system, it may
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Figure 6. Enhanced CT scan indicating large hypodense area with intense gyral (arrows)
and falx (asterisk) enhancement.

be more difficult to interpret in other locations such as the anterior third of the
SSS, the left LS, or cortical veins. For occlusion of the anterior part of SSS to
be established, it is necessary to have either involvement of another sinus or
nonequivocal indirect signs of CVT such as delayed emptying and dilated
collateral veins. For LS thrombosis, the main argument is the absence of filling
of the totality of the sinus or of its sigmoid portion, contrasting with the
presence of the sinus groove and normality of the jugular foramen on plain
radiographs of the skull. Isolated cortical vein thrombosis is difficult and
sometimes impossible to detect, except when the partly visualized vein stops
suddenly and is surrounded by dilated collateral veins. In all doubtful cases,
MRI is of considerable value: It shows thrombosis as an increased signal in a
vessel not visualized at angiography.®

Other angiographic findings include delayed emptying and development
of collateral venous pathways, found in 50% of cases, particularly in SSS
thrombosis.® ** ¢ Dilated and tortuous cortical collateral veins with a corkscrew
appearance (Fig. 7) are much more frequent than transcerebral or intradural
collaterals.

Magnetic Resonance Imaging

MRI offers major advantages for the evaluation of patients suspected of
CVT because of its sensitivity to blood flow, its ability to visualize the thrombus
itself, and its noninvasiveness. It is, at present, the method of choice for the
diagnosis and follow-up of CVT, angiography being required only in difficult
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F

Figure 7. Left carotid angiogram. Total SSS occlusion (open arrows) with dilated cortical
veins (large arrows) (cork-screw veins). Transverse portion of lateral sinus is not injected
(small arrow). Sigmoid portion (curved arrow) is injected through collateral cortical veins.

or doubtful cases. A variety of MR findings have been described, mainly related
to the evolution of thrombosis.® ¢ % %.% 97 At a very early stage, there is an
absence of flow void and the occluded vessel appears isointense on T1-weighted
images and hypointense on T2-weighted images. A few days later, the absence
of flow void persists but the thrombus becomes hyperintense, initially on T1
and then on T2-weighted images (Fig. 9). These changes represent the aging
of the thrombus, with biochemical conversion of oxyhemoglobin to methemo-
globin. Late changes (approximately 2 weeks after onset) can reveal the
beginning of vascular recanalization with the resumption of flow void. In our
series, 28 patients had an MRI study. The most common pattern is an increased
signal both in T1- and T2-weighted images (12 cases), and the T2 signal is twice
as frequently increased (24/12) as the T1 and changes less rapidly with time.
Tl-weighted images were normal in 5 cases between day 10 and day 30, and
after 30 days there was an isosignal in six and a normal flow void in five. MRI
diagnosis is particularly easy in SSS thrombosis,* ¢ ¥ but convincing images
have also been obtained in cases of thrombosis involving LS, ¢ & straight
sinus* ¥ (Fig. 10), internal cerebral veins and vein of Galen,® ¢ cavernous
sinus,* and cortical veins.® Besides its ability to detect thrombosis, MRI also
offers the advantages of sometimes showing parenchymal lesions not visible
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Figure 9. MRI scan of T1-weighted hypersignal indicating SSS thrombosis (arrows).
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Figure 10. MRI scan of T2-weighted (first echo) hypersignal indicaﬁng vein of Galen and
straight sinus thrombosis (arrows).

on CT scan and of demonstrating an underlying cause such as an adjacent
tumor or unsuspected mastoiditis.*

In some cases, however, interpretation of MR images, particularly for LS
and cortical veins, is not so easy because of false-negative or false-positive
images.> * * 7 With high field strength, the very early decreased signal of
thrombosis observed on T2-weighted images may be confused with patency. It
may then be necessary to repeat MR examination a few days later or to image
the patient again at intermediate field strength. An increased signal mimicking
thrombosis can be artifactually created by slowly flowing blood. Repositioning
the patient, repeating the sequence in a different plane, using at least two
sequences, and sometimes obtaining specialized studies are helpful to eliminate
these artifacts.® ** Another disadvantage of MRI techniques used so far has
been that the venous system is not seen coherently, as it is in angiography,
but on different slices. Three-dimensional MR flow imaging has overcome this
shortcoming, and convincing images of SSS thrombosis have been published.
This new technique offers theoretical advantages over angiography: it allows
reconstruction from different angles, it is noninvasive, does not require contrast
injection, and can be coupled with spin-echo imaging that shows the vessels
and the parenchymal lesions at the same time.

Other Investigations

CSF examination can still be a useful diagnostic tool because it is often (10%)
abnormal in composition or in pressure.” 7. % % Abnormalities in composition
include increased protein content and presence of red blood cells in two thirds
of cases and pleocytosis in one third. Mainly seen when focal signs are present,
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pleocytosis and presence of red blood cells can also be found in patients
presenting with “benign intracranial hypertension,” pointing to sinus throm-
bosis as the possible cause of this syndrome.’ Although CSF study in the CT
scan and MRI era has become obsolete in most cases of nonseptic CVT
presenting with focal signs, it remains necessary in patients presenting with
isolated intracranial hypertension and normal CT scan, to rule out meningitis,
to confirm the increase in CSF pressure, and to remove CSF when vision is
threatened.

Other investigations are of less interest: EEG is abnormal in roughly 75%
of cases,’ but changes are nonspecific. The most common pattern is a severe
generalized slowing more marked on one side with frequent superimposed
epileptic activity. In some patients with focal symptoms, it is useful in showing
a generalized slowing indicating a more diffuse lesion than clinically suspected.

Isotope brain scanning with ®Tc was able to detect SSS and LS occlusion.*
Some false negatives have been reported, however, probably owing to the
visualization of an intense collateral circulation in the sinus walls. A case has
recently been published of SSS thrombosis demonstrated by indium-111 platelet
scintigraphy,® but this technique requires that images be taken at 24 and 48
hours after injection, which limits its use on an emergency basis.

General investigations are directed toward demonstrating the underlying
cause. Because of the multiplicity of etiologies, this is a long and difficult task
whenever the cause is not clinically evident. The presence of fever, increased
erythrocyte sedimentation rate, or increased polymorphonuclear leukocytes
points to infective, inflammatory, or malignant causes. Even with such under-
lying diseases, these abnormalities are sometimes lacking and, by contrast,
they are occasionally found in idiopathic cases.>”

Detailed coagulation studies have only rarely been performed in series of
CVT, and their results have been conflincting. Some have found a “hyperco-
agulability state,””* an increase in platelet adhesiveness and aggregability, and
a decrease in fibrinolytic activity,® but this was during pregnancy and puerpe-
rium or in women taking oral contraceptives. Others did not confirm these
results® or found merely an increased platelet aggregation with the lowest dose
of epinephrine.® On the whole, there is no point in performing detailed
hemostasis studies routinely in all patients with CVT, but these investigations
are necessary in all apparently “idiopathic” cases and in patients with a personal
or familial history of recurrent venous thrombosis in order to detect possible
causative conditions such as protein C,” protein S,* or antithrombin III”
deficiencies.

OUTCOME

Before the introduction of angiography, CVT was diagnosed mainly at
autopsy and therefore thought to be most often lethal.” - *7' In early angio-
graphic series, mortality still ranked between 30% and 50%,” but in more recent
series, it was between 5.5%° and 30%." 7" '*

Factors classically considered to indicate poor prognosis are the rate of
evolution of thrombosis,* the presence of coma,” the age of patients (with a
high mortality rate in infancy and in the aged)* the presence of focal
symptoms,* - % the presence of an hemorrhagic infarct, and an empty delta
sign on CT scan.' The two main prognostic factors are (1) the topography of
cerebral veins, deep cerebral vein thrombosis and cerebellar vein thrombosis
carrying a much higher risk than cortical vein thrombosis,* % ¥ and (2) the
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underlying cause: Septic CVT still has a mortality rate of 30% in cavernous
sinus thrombosis and up to 78% in SSS thrombosis.* In our series of 110
patients, the 6 deaths occurred in patients who had severe underlying causes
such as subdural empyema, brain abscess, end-stage systemic lupus erythe-
matosus, and carcinomatous meningitis.

It has long been recognized that, if survival occurs in CVT, the prognosis
for recovery of function is much better than in arterial thrombosis, with a
minority (15%-25%) of patients left with sequelae such as optic atrophy or
focal deficits.” 7”1 In our series, 77% of patients made a complete recovery
and 17% had sequelae.’

The prognosis is highly variable and remains unpredictable for a given
patient. Acute cases can have a fulminating course leading to death in a few
days or completely recovering. Chronic cases can worsen progressively, leading
to sequelae, whereas others recover spontaneously. There are extremely benign
forms limited to TIA or headache or epilepsy which are probably still under-
recognized. On the whole, isolated sinus thrombosis carries a good prognosis,
but can at any moment extend to cerebral veins and then possibly lead to death
or sequelae.

Very little is known about the long-term outcome of patients with CVT.* ¢
A few reports suggest than LS thrombosis can later induce arteriovenous
malformations affecting the transverse sinus.” Residual epilepsy and recur-
rences of CVT (six in our study)® seem uncommon, but this would have to be
documented by long-term prospective studies.

TREATMENT

The variability in the natural history of an infrequent disease explains why
treatment is still controversial. It is based on an individualized combination of
symptomatic medications (anticonvulsants, antibiotics, methods to reduce in-
tracranial pressure) and antithrombotic treatments.

As far as anticonvulsant treatment is concerned, some favor its systematic
use,* whereas the majority restrict it to patients who present with seizures.®
The question of the duration of treatment remains open: In our series, it was
progressively discontinued 2 years after CVT, but only in patients with nor-
mal EEG and CT scan who had neither recurrent seizures nor neurologic
sequelae.’

In septic CVT, all agree on the use of a wide spectrum combination of
antibiotics, such as a penicillinase-resistant penicillin together with a last
generation cephalosporin and metronidazole (or chloramphenicol), as a reason-
able initial regimen. This treatment may be subsequently modified by culture
results and should be given over a period of at least 2 weeks.?" 2

Opinions are more divergent on methods to reduce intracranial pressure
and diverse approaches have been used: steroids,* 7 * 7 % mannitol,® - 3 3
acetazolamide,” - * 7 daily lumbar punctures,® ' ** ventricular cerebrospinal
fluid drainage,® * lumbar peritoneal shunting,® a barbiturate-induced coma,®
#% LS venous bypass,” or even craniectomy.” In our series of 110 patients,
only 3 required shunting procedures; in all others, the combination of antiedema
agents, acetazolamide, and repeated lumbar punctures was sulfficient to control
raised intracranial pressure. As long as vision does not deteriorate and con-
sciousness remains normal, such a conservative approach seems reasonable in
a condition in which spontaneous recovery is the rule.® 17 & 77. 80,97
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The treatment of the thrombotic process is still debated. Surgical throm-
bectomy has been performed in some patients,” but an overwhelming majority
oppose direct surgery, which might be harmful on a swollen and sometimes
hemorrhagic brain." 7257

The use of anticoagulants has long remained controversial because of the
risk of further bleeding into an already hemorrhagic infarct; such a complication
has been well documented.” 2 The risk of increasing intracranial haemorrhage
has probably been overestimated, however, and an increasing number of
observations favor the use of heparin. (1) There are a number of well-
documented cases in which a dramatic improvement occurred 24 hours after
the initiation of heparin, sometimes followed by a worsening when high-dose
heparin was changed to oral anticoagulants and by a quick improvement again
after full-dose heparin therapy was resumed.” ** (2) Heparin has been used
in many patients since the pioneer observations of Martin and Sheenan® and
Stansfield” without deleterious effect.> ® 173! :57.5.77.97 In our series, 82 patients
were treated with heparin and no death or worsening was observed.® This
being partly a retrospective study, no definite conclusion can be drawn, but it
indicates that, at least in this group, heparin was not harmful. (3) The benefit
of heparin has been demonstrated in the only randomized trial so far performed
in CVT*: High-dose intravenous heparin was compared to placebo in patients
with angiographically proven CVT. The study had to be stopped after the first
20 patients because of a statistically significant difference in favor of heparin (P
< 0.05). After 3 months, all 10 heparin-treated patients had either completely
recovered or were left with only a slight neurologic deficit, whereas 4 patients
in the control group died or had severe sequelae.

There is thus good evidence that heparin is beneficial in patients with
CVT, but there is still disagreement on the best indications. All would agree
that heparin is indicated in patients with coexistent pelvic or deep leg vein
thrombosis and those with an increased thrombotic tendency. By contrast,
heparin is usually contraindicated in CVT caused by paroxysmal nocturnal
hemoglobinuria because of frequent thrombocytopenia.” When there is no
formal indication or contraindication due to underlying or associated conditions,
the use of anticoagulants is still controversial in a disease that recovers
spontaneously in a majority of cases but can also—although exceptionally—
lead to fatal hemorrhage. For the majority, high-dose heparin is now the drug
of choice in CVT, provided that there is no hemorrhagic infarction on CT
scan.® 77 Nevertheless, there are several reports of patients with hemorrhagic
infarcts who did improve on anticoagulants,® *' and in the German randomized
study heparin was found beneficial even in such patients.” Our approach at
present is to anticoagulate all patients with demonstrated CVT, provided that
there is no general contraindication to the use of heparin. Low molecular
weight heparin might prove as effective as conventional heparin, but experience
is still limited.* The duration of anticoagulant treatment is not standardized.
By analogy with deep vein thrombosis, we have been using heparin for the
first few days and oral anticoagulants for the next 2 to 3 months except when
there is a known thrombotic tendency, for which treatment is prolonged as
necessary.

The use of fibrinolytics is even more controversial. They were found by
some” to be dangerous because of bleeding into the infarct and by others to
be beneficial by preventing extension of thrombosis and promoting recanali-
zation.'® Urokinase infusion was recently performed locally inside the SSS in a
single anectotal case report.® There is at present no scientific reason to treat
CVT patients with fibrinolytics (even t-PA) rather than with heparin, but there
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is possibly a case for a randomized trial to compare these two treatment
regimens.
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