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This article is devoted to the discussion of a life-threatening and difficult to diagnose disease — cerebral venous thrombosis (CVT). The article lists
clinical manifestations, features of diagnosis and treatment of CVT. Cerebral venous thrombosis is an emergency that requires a quick decision to
start therapy in order to prevent the development of venous cerebral infarction, intracranial hemorrhage, severe disability and death. Cerebral
venous thrombosis is a rare and rather difficult to recognize form of acute cerebrovascular accident (ACVA). Considering the variability of the
clinical and radiological picture, as well as the large number of risk factors, CVT is a complex medical problem. Despite the fact that CVTs account
for less than 1% of all ACVA, significant differences in treatment necessitate the earliest possible differential diagnosis of CVT with arterial stroke.
The diagnosis is often made with a delay due to a wide range of clinical manifestations, subacute onset of the disease, as well as low alertness of
specialists in relation to CVT. In patients with cryptogenic stroke, CVT should be ruled out as a potential cause of stroke. Among other things, in the
case of CVT, as in the case of thrombosis of the cerebral arteries, the establishment of the leading etiological factor is one of the priority tasks, the
solution of which allows choosing the optimal means of secondary prevention.

Raising awareness of doctors of multidisciplinary hospitals about clinical manifestations, methods of diagnosis and treatment of
CVT.

To achieve this goal, the results of domestic and foreign scientific research on the diagno-sis and treatment of CVT were
analyzed. Literature searches were carried out in electronic search engines Scopus, eLibrary, PubMed using the keywords: cerebral venous
thrombosis, cryptogenic stroke, intracerebral hemorrhage, anticoagulant therapy, neurological imaging in cerebral venous thrombosis. For the
analysis, scientific articles published between 1828 and 2020 were selected. Thirty percent of the analyzed works on the subject of CVT are not
older than 5 years.

Due to the various clinical manifestations and the absence of pathognomonic symptoms, neuroimaging plays a leading role in
establishing the diagnosis. Early diagnosis of cerebral venous thrombosis and the use of anticoagulants lead to a decrease in disability and
mortality.
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ICH - intracerebral hemorrhage
SSS - superior sagittal sinus

VTE - venous thrombotic events
ICH - intracranial hypertension



ICP - intracranial pressure

ICH - intracranial hemorrhage

HA - headache

GCS - glucocorticosteroids

DC - decompressive craniotomy

DSA - digital subtraction angiography
VD - visual disorders

IS - ischemic stroke

CS - cryptogenic stroke

CSi - cavenous sinus

CT - computed tomography

INR - international normalized ratio
MRI - Magnetic Resonance Imaging
LMWH - low molecular weight heparin
UFH - unfractionated heparin

OAC - oral anticoagulants

EONH - edema of the optic nerve head
ADCC - acute disorders of cerebral circulation
PG - pachyon granulation

TS — transverse sine

TGA - Transient Global Amnesia

PE - pulmonary embolism

CVT - cerebral venous thrombosis
GCS - Glasgow Coma Scale

ET - endovascular treatment

ES - epileptic seizures

SE - status epilepticus

INTRODUCTION

Acute disorders of cerebral circulation (ADCC) is a heterogeneous syndrome with many etiological factors.
In 20-40% of patients with ischemic stroke (IS), it is not possible to establish its cause. In this case, it is
customary to talk about cryptogenic stroke (CS). It is very likely that among patients with CS there is a
proportion of patients with cerebral venous thrombosis (CVT), in whom IS was erroneously diagnosed due to
the similarity of clinical and radiological manifestations of these diseases. It should be noted that the
treatment of patients and secondary prevention in patients with IS and CVT differ significantly [1-3].

Cerebral venous thrombosis (CVT), which is essentially one of the variants of ADCC, is a cerebrovascular
disease that combines thrombosis of the dura mater sinuses and thrombosis of cerebral veins. This condition
was first described in 1825 by Ribes M. in a 45-year-old patient with headache, convulsions and delirium. The
diagnosis was confirmed by autopsy, which revealed thrombosis of the superior sagittal (SSS) and transverse
sinuses (TS) [4]. In 1828, Abercrombie J. described for the first time a case of CVT in the postpartum period in
a 24-year-old female patient. Autopsy in this case revealed thrombosis of SSS and superficial cerebral veins
[5].

The incidence rate of CVT varies from 3 to 13 cases per 1,000,000 population per year [6-7]. A significant
scatter of statistical indicators, most likely, is associated with the use of various diagnostic methods.
According to Gunes H.N. et al. (2015), CVT in women is detected 5 times more often than in men [8]. The
incidence rate of CVT in the perinatal period in women is 11.6 cases per 100,000 population per year [9]. In the
overwhelming majority of cases (up to 78%), CVT is developed in patients under 50 years of age [10, 11].
According to the RENAMEVASC register, CVT was detected in 3% of stroke patients [12]. Janghorbani M. et al.
(2008) found that in 5% of young patients, intracerebral hemorrhage (ICH ) was caused by CVT [13]. A
postmortem examination of 182 patients showed a high detection rate of CVT - 9.3% [14]. Such a high rate,
most likely, is due to the fact that CVT can be not only the direct cause of patients death, but also one of the
terminal complications in patients with cardiovascular diseases.



Currently, three types of CVT are distinguished: 1) thrombosis of the venous sinuses of the dura mater, 2)
thrombosis of the deep cerebral veins - thrombosis of the Galen vein, the basal vein of Rosenthal and their
tributaries (direct sinus is recognized by most anatomists as a deep cerebral vein), 3) thrombosis of cortical
cerebral veins, including the anastomotic vein of Labbe. The most common type of CVT is venous sinus
thrombosis. Deep cerebral vein thrombosis is observed in 10% of patients with CVT [7, 10, 14, 15].

In most cases, thrombosis of several sinuses of the dura mater is detected. In a study by Sassy S.B. et al.
(2017), 71.2% of patients were diagnosed with thrombosis of several sinuses [16]. According to Sidhom Y. et al.
(2014) thrombosis PS (56%) and SCD (51%) most often was detected [17]. Thrombosis of the cavernous sinus
(CSi) is the least commonly diagnosed - 1.3% of cases [15]. Frequent involvement in the SSS process is
currently explained by the fact that superficial cortical veins flow into this sinus against the blood flow in it,
which, along with the presence of fibrous septa inside the sinus, creates conditions for turbulent blood flow,
and this, in turn, predisposes to its thrombosis [18].

According to Nasr D.M. et al. (2013), hospital mortality in CVT does not exceed 2% [19], while Krayenbuhl
H.A. et al. reported about mortality rate of 38% in 1968 [20]. Such a significant difference is associated with
the modern possibilities of intravital diagnosis of CVT, as well as the use of anticoagulant therapy. Hiltunen S.
et al. (2016) observed a good outcome of the disease - 0—1 points on the modified Rankin scale, in 80% of
patients with CVT [21]. The incidence of repeated CVT is 2-3%, and subsequent extracranial thrombotic
events reaches 8% [22]. Thus, Ava L Liberman et al. (2017) found that the development of pulmonary
embolism (PE) is observed in 1.4% of patients with CVT, and over the next 5 years - in 6.6% [23].

PATHOPHYSIOLOGY OF CEREBRAL VENOUS THROMBOSIS

Currently, two main pathophysiological processes have been described that lead to the development of
clinical and morphological manifestations of CVT. The first is that cerebral venous thrombosis leads to an
increase in venous and capillary pressure and, as a consequence, to a decrease in cerebral perfusion. In turn,
cerebral hypoperfusion leads to ischemic damage, which is manifested by cytotoxic edema and the blood-
brain barrier damage, followed by the development of vasogenic edema. Increased pressure in the cerebral
venous system can lead to intracerebral hemorrhage.

The second pathophysiological process that accompanies CVT is a violation of the absorption of
cerebrospinal fluid into the venous sinuses due to their thrombosis, which leads to an increase in intracranial
pressure (ICP), cytotoxic and vasogenic edema with the subsequent possible development of intracranial
hemorrhage [24]. Adequacy of collateral venous drainage determines the symptoms of the disease. In the case
when venous drainage is sufficient, symptoms of intracranial hypertension (ICH) develop, and in the case of
collateral failure, a venous infarction with hemorrhagic transformation and corresponding clinical
manifestations is formed [25].

CLINICAL MANIFESTATIONS

The absence of clinical symptoms pathognomonic for CVT, as well as unified neuroimaging protocols,
cause difficulties in the intravital diagnosis of CVT. The clinical manifestations of CVT are variable and
depend on the localization of thrombosis and the rate of its development. An equally important component of
the clinical picture of CVT is the underlying disease. It has been established that CVT can be a complication of
oncological diseases, as well as a terminal manifestation in patients with congestive heart failure [14].

Focal neurological symptoms and epileptic seizures (ES) at the onset of the disease are observed in 37.2
and 39.3% of patients, respectively [15]. According to Ferro et al. (2009), 80% of patients with CVT have an
acute or subacute onset, and 20% of patients are admitted to the hospital in the chronic stage of the disease
(at least 13 days). Due to the absence of specific clinical manifestations and subacute onset, the average
period from the onset of the disease to the diagnosis is 7 days [26]. A decrease in the level of wakefulness and
ES upon admission of a patient to the hospital lead to an acceleration of diagnosis [26]. It should be noted that
approximately in 0.1% of cases, CVT may manifest as symptoms of a transient ischemic attack [10, 15, 27-29].

The most common symptom of CVT is headache (HA) of varying intensity, which affects 80-90% of
patients [15, 26, 30]. In most cases, HA in patients with CVT is accompanied by focal neurological deficits, a
decrease in the level of wakefulness or ES. However, in 14-40% of patients, hypertension may be the only
symptom of CVT [31, 32]. Saposnik G. et al. (2011) pointed out such characteristics of HA in patients with



CVT, as its intensification in the supine position, as well as against the background of taking Valsalva [33].
Botta R. et al. (2017) revealed the following patterns of HA in patients with CVT: the average duration of HA
was 12.6 + 26.8 days, the intensity of HA according to the visual analogue scale was 79.38 * 13.41 points [34].
HA was acute in 51.1%, patients with subacute - in 42.6%, the "thunderclap” type - in 4.3% and chronic - in
2.1%. The most frequent localization of HA is the holocranial (36.2%) and frontal areas (27.7%). In the vast
majority of cases, HA was pulsating (44.7%) or aching (25.5%). There was no connection between HA
lateralization and the side of the thrombosed sinus [34]. In a study by Wasay M. et al. (2010) in 61% of patients
with sigmoid thrombosis (SS) and / or TS at the onset of the disease, pain in the cervical or occipital region
was observed [35]. One should take into account the fact that HA may be the only manifestation of CVT, and
its characteristics may correspond to migraine-like or cluster HA, which complicates the diagnosis of CVT
[36].

Epileptic seizures at the onset of CVT are observed in 39.3-46% of patients [37-39]. ES in CVT can be both
single and repetitive. Status epilepticus (SE) is detected in 5.6-7% of patients with CVT [37, 39]. In a study by
Masuhr F. et al. (2006) was found that in patients with CVT and SE, mortality was 3 times higher than in
patients without SE (36.4% versus 12%, respectively) [37]. In more recent studies, Kalita J. et al. (2012) and
Mahale R. et al. (2016) these data were not confirmed [39, 40]. However, Masuhr F. et al. (2006) identified the
following independent predictors of SE development in patients with CVT: motor deficit, cortical vein
thrombosis and signs of intracranial hemorrhage (OR 5.8; 95% CI 2.98-11.42; p <0.001; OR 2.9; 95% CI 1.43-
5.96; p = 0.003; OR 2.8; 95% CI 1.46-5.56; p = 0.002, respectively) [37]. In a study by Mahale R. et al. (2016)
also was identified the risk factors for the development of ES in patients with CVT: a decrease in the level of
wakefulness to 8 points on the Glasgow coma scale (GCS), motor deficit, hemorrhagic infarction according to
computed tomography (CT) of the brain, SSS thrombosis and the presence of the damage focus to the frontal
lobe [39]. Despite the fact that the present recommendations for the diagnosis and treatment of patients with
CVT do not provide for the preventive administration of antiepileptic drugs, the above-described predictors of
the development of ES can be considered as a guide to action [37, 39]. According to Uluduz D. et al. (2020), ES
in the first 48 hours was detected in 23.9% of patients [41]. In 31.4% of cases, this symptom was combined
with a decrease in the level of wakefulness and was associated with poor functional and clinical outcomes by
the 30th day of the disease. Thrombosis of SSS and cortical cerebral veins have been identified as independent
prognostic factors for the ES development [41].

Focal neurological deficit, like other clinical symptoms in patients with CVT, is not a pathognomonic
manifestation of this disease. Most often, movement disorders are observed - 19.1-39% [10, 15, 27-29]. It was
found that focal neurological symptoms are more typical for CVT of non-infectious etiology [42]. According to
Ferro J.M. et al. (2004) and Sparaco M. et al. (2015), speech disorders in the form of aphasia were detected in
19% and 24% of patients with CVT, respectively [15, 43]. Aphasia was more often observed in patients with
thrombosis of the left TS or deep cerebral veins [10]. Focal symptoms such as diplopia, sensory disturbances
and cortical blindness are observed in 13.5%, 5.4% and 13.2% of patients, respectively [15]. According to
Ameri A. et al. (1992), 12% of patients with CVT showed symptoms of cranial nerve damage [44].

Visual disturbances (VD) in the form of the concentric constriction of the visual fields, homonymous
hemianopsia, or cortical blindness are detected in 8.7-23% of patients with CVT [15, 35, 45]. Increased ICP,
the formation of foci of cerebral infarction, or parenchymal hemorrhages in the occipital lobe are the main
causes of VD in patients with CVT [46]. VD due to increased ICP are developed gradually, while an acute
decrease in vision in the form of cortical blindness or homonymous hemianopsia is most typical for patients
with foci in the occipital lobe [46]. Long-term ICH, manifested by edema of the optic nerve head (EONH), can
lead to atrophy of the optic nerve and, as a consequence, to a decrease in visual acuity, which in most cases is
irreversible [47, 48]. Despite the fact that ophthalmoscopy is not the basic method for diagnosing CVT, the
EONH, which can be detected in this study, can help in establishing the diagnosis. EONH is a fairly common
symptom that is diagnosed in 28-67.5% of patients with CVT. The absence of HA with a high degree of
probability excludes the presence of this symptom in a patient with CVT [15, 35, 45, 49, 50]. According to
Coutinho J. M. et al. (2014), EONH was more often detected in patients with cortical hemorrhage compared
with those patients who did not have these radiological changes (44% versus 9%) [49]. It should also be noted
that in patients with acute onset of the disease, EONH is detected less frequently than in patients with
subacute onset and in the chronic stage (15% versus 32% and 44%, respectively) [51].



A decrease in the level of wakefulness is detected in 26—30.6% of patients with CVT [15, 16, 28, 29]. So,
Sassi S.B. et al. (2017) in 23.2% of patients with CVT at the onset of the disease, a decrease in the level of
wakefulness from superficial stunning to stupor (from 14 to 8 points on the GCS) was observed, and in 2.1% of
patients - from moderate to atonic coma (from 7 to 3 points on GCS) [16]. A decrease in the level of
wakefulness is more often observed in patients with deep brain vein thrombosis , compared with thrombosis
of superficial cerebral veins (61.5% versus 17.1%, respectively) [52]. The most common radiological
manifestation in patients with deep cerebral vein thrombosis, according to Pfefferkorn T. et al. (2009), there
was edema in the thalamus (69%), which was bilateral in 47% of patients [53]. Despite the fact that a decrease
in the level of wakefulness at the onset of CVT accelerates the diagnosis of the disease, in 41% of patients this
symptom is associated with poor functional and clinical outcomes of the disease [54].

Idiopathic ICH (also known as pseudotumor cerebri) is a syndrome of increased ICP without apparent
reason. [55]. Symptoms include headache, nausea, vomiting, signs of cranial nerve dysfunction, visual
disturbances, and EONH. CVT can be both a cause and a consequence of ICH syndrome and should be
excluded in all patients with these manifestations [56].

Despite the fact that such neurological symptoms as ataxia, nausea and vomiting occur in CVT no more
often than in 27.8% of patients, their presence may indicate the formation of parenchymal lesions in the
cerebellar region [41]. According to Ferro J.M. et al. (2004) and Kulkarni G.B. et al. (2014), in 0.3-1.8% of
patients with CVT lesions are developed in the cerebellar region, and mortality in this group reaches 33% [15,
57].

Currently, there are few reports of CVT that debuted with psychiatric symptoms such as abulia and time
disorientation [58, 59]. CVT can debut with symptoms of transient global amnesia (TGA). So, Sharma R.C. et
al. (2015) described a clinical case of TGA in a 58-year-old man with SSS thrombosis [60]. Isolated pulsating
noise in the ear has been described by Pons Y. et al. (2012) in a patient with sigmoid sinus thrombosis [61].

NEUROVISUALIZATION

Neuroimaging is crucial in the diagnosis of CVT. Currently, CT, magnetic resonance imaging (MRI) and
digital subtraction angiography (DSA) are used to diagnose this disease. Radiological signs of CVT detected by
CT and MRI can be conditionally divided into direct (direct visualization of thrombosis) and indirect.
Identification of the former is the basis of diagnosis, since indirect signs in the form of parenchymal changes
with the formation of foci of subacute ischemia, ischemia with hemorrhagic transformation, or signs of
intracranial hemorrhage (ICH) are not pathognomonic changes for CVT. It should be taken into account that
parenchymal changes may be absent in more than 25% of patients [10]. The main task of CT in patients with
suspected CVT is to exclude other pathology, for example, a brain tumor [62].

Despite the fact that CT of the brain without contrast enhancement in most patients does not reveal direct
signs of cerebral vein thrombosis, there may be indirect signs that allow one to suspect CVT. Ischemic changes
that do not fit into the arterial pool of blood supply, or are in the immediate vicinity of the venous sinus, may
suggest CVT [63]. In 30-40% of patients with CVT, radiological signs of ICH are detected [28, 64]. Coutinho J.
M. et al. (2014) found that juxtacortical foci of hemorrhage (less than 20 mm in diameter, localized in the
white matter directly under the cerebral cortex) are a characteristic CT-pattern for CVT. Thus, out of 53
patients with ICH against a background of CVT, in 14 (26%) juxtacortical foci of hemorrhage were visualized
according to CT data. This radiological pattern was observed only in 1.5% of patients with ICH of another
nontraumatic etiology [65]. Subarachnoid hemorrhages in patients with CVT are detected in 0.5-0.8% of
patients [15, 28, 66], and their isolated convexital localization is more typical for CVT than for hemorrhages
against the background of ruptured aneurysms [33].

Erosion of the structures of the middle ear and changes in X-ray density from the cells of the mastoid
process can serve as an indirect sign of thrombosis of the TS or sigmoid sinuses of septic etiology [62, 67].
Venous infarctions with or without hemorrhagic saturation are detected in 45% of patients with CVT. CVT
may be favored by multifocality, inconsistency of the infarction zone with the arterial pool of blood supply,
subcortical localization and bilateral involvement of the thalamus and / or basal ganglia [6, 68]. Hypodense
changes around the hemorrhage zone in patients with CVT are characterized by their eccentricity, while
intracerebral hemorrhages not associated with CVT are characterized by the formation of a symmetric
hypodense surrounding area of edema [62].



Computed tomography without contrast enhancement has a low sensitivity in relation to the detection of
CVT (25-56%), but in the case of the direct signs detection - high specificity [69-71]. An increase in X-ray
density (hyperdensity) of cerebral veins and sinuses on CT without contrast enhancement is a direct sign of
CVT. These include the "cord" symptom and the "triangle" symptom, which may indicate thrombosis of
superficial (less often deep) cerebral veins and SSS thrombosis, respectively. According to Guenther G. et al.
(2012), “cord” and “triangle” symptoms were detected in 25% and 60% of patients with CVT, respectively [25].
Lateral and transverse sinuses in the case of their thrombosis can also be hyperdense for CT without contrast
enhancement [72]. It should be borne in mind that an increase in the X-ray density of the sinuses or cerebral
veins may be associated with polycythemia, high hemoglobin concentration, increased hematocrit,
dehydration, which can lead to false positive diagnostics [73]. The cause of a false-positive CT scan without
contrast enhancement may be a thickening of the sinus wall. For the purpose of differential diagnosis in the
presence of a hyperdense sinus and / or vein, in order to avoid a false-positive result, it is necessary to
measure the X-ray density of the disputed area. X-ray density over 64 HU is a fairly reliable criterion for CVT
(sensitivity 85%, specificity 87%) [74]. During the first two weeks, thrombosed sinuses may be hyperdense at
native CT [75]. Thrombosis more than 14 days old may be isodense and not give rise to an increase in X-ray
density at CT examination [76]. At present, a clinical case of hypodense thrombosis of the transverse sinus by
native CT has been described [77].

Computed tomography with contrast enhancement reveals such a direct sign of CVT as a symptom of
"empty delta" - thrombotic masses inside the sinus look hypodense against the background of hyperdense
collateral veins of the sinus wall that have accumulated contrast. The frequency of this symptom detection in
patients with CVT varies widely - from 25 to 75% [69, 72]. It should be taken into account that the symptom of
an empty delta can be false-negative in the following cases: if the posterior part of the SSS is not thrombosed,
in the case of an early anatomical division of the SSS into transverse sinuses, the presence of additional septa
inside the sinus, and also if the study was performed in the first 5 days from the beginning diseases [72]. In
addition to direct signs of CVT, CT with contrast enhancement allows visualization of such indirect signs as
accumulation of contrast agent along the tentorial of the cerebellum (20%), as well as its giral accumulation
(10-20%) [78, 79]. The simultaneous presence of “triangle” symptoms at native CT and “empty delta” on
contrast-enhanced CT enhances the accuracy of CVT diagnostics.

CT venography can diagnose CVT, which manifests itself as a defect in the accumulation of cerebral veins
and / or sinuses. In a study by Ozvath R. R. et al. (1997) was showed that CT venography is better than MR
venography in visualizing the cerebral venous system, and the diagnostic value of these two modalities in
identifying CVT is comparable [80].

Anatomical variability of the cerebral venous system, congenital hypoplasia or aplasia of the sinuses, and
the presence of pachyon granulations (PG) create additional complications in the diagnosis of CVT, and may
lead to a false-positive result when performing CT venography or MR venography [81]. Thus, in a study by
Gokce E. et al. (2014) was found that right TS dominates in 25.1% of healthy subjects, both TS are equally
developed in 60.2%, and left TS predominates in 12.2% [82]. PG are normally found in the SSS, TS, cavernous
sinus, superior petrosal sinus, and straight sinus in decreasing order of frequency. PG, unlike thrombosis, is
never hyperdense on native CT and is not hyperintense on T1- WI (weighted images) MRI [83-85]. In the
absence of filling the venous sinus during CT or MR venography, it is necessary to exclude its hypoplasia.

The MRI picture of direct signs of venous thrombosis depends on the age of the process, and the signal
characteristics depend on the presence of degradation products of thrombotic masses [81]. Thus, during the
first 3-5 days, the thrombosed sinus is iso-intensive on T1-WI and hypointense on T2-WI and FLAIR, which is
difficult to distinguish from a normally functioning cerebral venous system [10, 86]. Starting from the 2nd
week, the thrombus already contains methemoglobin, which leads to an increase in the signal intensity on T1-
WI, T2-WI and FLAIR [6, 85]. An increase in signal intensity on T1-WI must be differentiated with fat
accumulation. According to Tokiguchi S. (1991), the frequency of fat detection in the cavernous sinus is 20%,
in other cerebral sinuses one does not exceed 3% [87]. The main MR sign of CVT is a combination of changes
in the MR signal from the cerebral vein with the simultaneous absence of the MR signal on venography [10].
The isolated use of the brain MRI is associated with a high rate of false positives results due to flow artifacts,
especially in the T2-FLAIR mode. The use of cerebral MR venography alone is limited by the fact that this
diagnostic method does not allow for differential diagnosis between venous sinus thrombosis and its
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hypoplasia [33]. Several studies have shown high sensitivity of T2 * SW-weighted echo-planar T2 images for
detecting CVT, especially cortical veins [88-90]. So, in a study by Idbaih A. et al. (2006), this scan mode
revealed a change in the intensity of the MR signal (hypointense signal) from thrombosed cortical veins in the
first 3 days from the onset of the disease better than T1SE, FLAIR, DWI and T2SE (98%, 79%, 14%, 3% and 0 %,
respectively) [90].

In a study by Linn J. et al. (2010), the purpose of which was to compare the diagnostic capabilities of the
brain MRI in the modes T2 gradient echo (T2GE), T1, FLAIR, DWI, proton weighted images, MR venography,
with non-contrast cerebral CT and CT angiography in relation to the detection of cerebral sinuses thrombosis
and cortical veins, T2GE was found to have the best ratio of sensitivity, specificity, interobserver agreement
ratio, and positive and negative predictive values. The sensitivity and specificity of T2GE in detecting
thrombosis of cortical veins and venous sinuses was (98.6%, 100% and 96.7%, 100%, respectively) [91].

Currently, the combination of brain MRI (T1SE, T2SE, FLAIR, T2 * SW, T2GE) and cerebral MR venography
has led to the fact that digital subtraction angiography is required to confirm CVT only in exclusive cases [10].
The highest sensitivity and specificity for the detection of CVT were found in the three-dimensional T1
gradient echo with contrast enhancement (CE-3D-T1GE) (100% true positive results) [92].

Digital subtraction angiography should be a backup diagnostic or treatment method. Despite the fact that
CT venography is a fairly reliable diagnostic tool for detecting CVT, a number of factors limit the use of this
modality, namely, allergic reactions to contrast iodine contained in the drug, the impossibility of using it in
patients with renal insufficiency, and an increase in dosimetric cost. Therefore, the use of MR venography is
preferred. The limitations of digital subtraction angiography are similar to those in CT venography. Taking
into account all of the above, the optimal method for verification of CVT is MRI in T1GE modes with contrast
enhancement, T1, DWI, FLAIR, T2 and venography. Isolated venography is not recommended due to the
anatomical variability of the brain cerebral venous system, sinus hypoplasia, and in some cases, the absence of
one transverse sinus, which occurs in 20% of patients.

TREATMENT

The basis of CVT therapy is the urgent prescription of anticoagulant therapy. The main tasks of using
anticoagulants in patients with CVT are to prevent an increase in CVT and clinical deterioration, reduce
mortality, accelerate thrombosis recanalization, and prevent any venous thrombotic events [33, 93].
Currently, low molecular weight (LMWH) and unfractionated heparin (UFH) are used effectively and safely in
patients with CVT [93-97].

Thus, in the study by Einhaupl K.M. et al. (1991) it was found that against the background of intravenous
use of UFH, the score on the CVT severity scale on days 3, 8, and 21 was significantly lower than in patients
who received placebo (2.9 versus 3.8, p <0.05; 1.5 versus 3.6, p <0.01; 0.6 versus 3.9, p <0.005, respectively). By
the 90th day of the disease, complete recovery was observed in 80% of patients who received UFH, and only in
10% of patients in the placebo group. It was also found that intravenous use of UFH is safe and effective in
patients with ICH associated with CVT. Mortality in the UFH group in patients with CVT and ICH was
significantly lower than in the placebo group (15% versus 69%). Complete recovery of neurological functions
was significantly more frequently observed in the intravenous UFH group compared with the placebo group
(52% versus 23%) [95].

In a study by de Brujin S.F. et al. (1997) it was found that the subcutaneous use of LMWH nadroparin
calcium by 180 units of anti-Xa factor per kilogram of body weight per day compared with placebo in patients
with CVT was accompanied by a higher frequency of favorable clinical outcomes. By the end of the 12th week
in the study group, the number of patients who achieved complete independence in daily life was 90% versus
79% in the placebo group, and the number of adverse outcomes (death or at least 3 points on the Oxford scale
of outcomes) was 13% and 21% respectively.

Mortality by the end of the 2nd week in the main and comparison groups was 7% and 14%, respectively.
The study did not show the development of new symptomatic cerebral bleeding. Anticoagulant therapy, as
shown in this study, is safe even in patients with ICH associated with CVT [94].

In a study by Misra U.K. et al. (2012), whose purpose was to compare the effectiveness of the use of LMWH
sodium dalteparin (100 U / kg / day subcutaneously) and UFH (80 U / kg / day intravenously) in patients with
CVT, it was found that mortality with the use of LMWH is significantly lower than in the UFH group (0%
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versus 18.8%, p <0.01) [96]. Complete recovery of neurological functions by the 90th day of the disease was
more often observed in patients who received LMWH than in patients from the UFH group (88.2% versus
62.5%), and major hemorrhagic complications were more often diagnosed with the use of UFH than with the
use of LMWH (9.4% versus 0%) [96].

Currently, the use of oral anticoagulants (OAC) in patients with CVT in the acute period is not
recommended [33, 97]. The use of OAC is indicated for the secondary prevention of CVT and any veno-
thrombotic events, however, a clear time frame for the initiation of this therapy has not been established.
According to the American and European guidelines for the diagnosis and treatment of patients with CVT,
secondary prophylaxis in patients with an established and treatable cause should be carried out with vitamin
K antagonists with an international normalized ratio (INR) target value of 2 to 3, and the duration of
anticoagulant therapy should be from 3 to 6 months. Patients with an unknown cause of CVT are shown
anticoagulants for a period of 6 to 12 months using vitamin K antagonists with an INR target value of 2 to 3
[33, 97]. The RESPECT CVT study, which compared the safety and efficacy of dabigatran etexilate 150 mg
twice daily with warfarin (INR targets value of 2 to 3) for the prevention of venous thrombotic events (VTE) in
patients with CVT, found the same efficacy profile and the safety of these drugs [98]. Major bleedings,
repeated VTE and the frequency of recanalization of CVT in the groups of dabigatran etexilate and warfarin
were 1.7% versus 3.3%, 0% versus 0% and 60% versus 67.3%, respectively [98]. At present, patients are still
being enrolled in the SECRET study, which aim is to compare the efficacy and safety of rivaroxaban and
heparin (LMWH or UFH) in the acute period of CVT [99].

Despite the high efficiency of anticoagulant therapy, clinical deterioration is noted in 37% of patients with
CVT [100]. The TO-ACT study, which aim is to compare the efficacy and safety of endovascular therapy (ET)
and anticoagulant therapy in patients with CVT against the background of predictors of poor functional
outcome (mental status disorder, coma, deep cerebral vein thrombosis or ICH), wasnot established the
advantage of ET compared with standard treatment [101]. Thus, the number of favorable clinical outcomes
(mRS 0-1 points), mortality and frequency of symptomatic ICH in the groups of standard and endovascular
treatment were 68% versus 67%, 3% versus 12% and 9% versus 3%, respectively [101]. According to European
recommendations, ET is not recommended for use in patients with CVT, while American recommendations
indicate that this type of treatment should be considered in case of clinical deterioration, despite conducting
the anticoagulant therapy [33, 97].

In patients with CVT, the use of acetazolamide, glucocorticosteroids (GCS) and therapeutic lumbar
puncture for the treatment of ICH is not currently recommended [97]. However, American recommendations
allow the use of acetazolamide in patients with ICH as an initial therapy for this condition, and in the case of
VD increase (as a manifestation of ICH) - lumbar puncture, neurosurgical shunting, or optic nerve
decompression [33]. The use of GCS in patients with CVT is justified only in the case of its development
against the background of Behcet's disease or another disease that requires their appointment [33, 97, 102].

Edema with subsequent dislocation of the brain is the leading cause of death in patients with CVT. In such
a case, decompression craniotomy (DC) can be a life-saving procedure. Currently, there are no randomized
studies on DC in patients with CVT. However, in 2 systematic reviews [103, 104] and two nonrandomized
studies [103, 105], the purpose of which was to compare DC with its absence, it was shown that mortality does
not exceed 18.5%, mortality plus disability is 32.2%, severe disability was noted in 3.4%, and complete
recovery - in 30.7% of patients after DC. Thus, according to the European and American guidelines for the
diagnosis and treatment of cerebral venous thrombosis, DC is recommended for patients with CVT with
parenchymal lesions and signs of brain involvement in order to prevent death [33, 97].

The benefits of prophylactic administration of antiepileptic drugs to patients with CVT have not yet been
established [33, 97]. However, their appointment is possible in order to prevent recurrent ES in patients with
supratentorial lesions and already happened ES [33, 97].

CONCLUSION

Cerebral venous thrombosis is a life-threatening condition and a potential cause of severe disability. Given
the variety of clinical manifestations and the absence of pathognomonic symptoms, neuroimaging plays a
leading role in establishing the diagnosis.



Cerebral venous thrombosis should be suspected in the following cases: the onset of the disease with a
headache, the absence of traditional risk factors for acute cerebrovascular accident (in patients with
cryptogenic ischemic stroke), an ischemic focus with hemorrhagic transformation according to neuroimaging
data, a discrepancy between the ischemic focus and the brain arterial vascular supply . The optimal method of
neuroimaging in patients with central venous thrombosis is magnetic resonance imaging in T1GE mode with
contrast enhancement. To avoid false-positive results, isolated MR venography in patients with central
venous thrombosis is not recommended. When the diagnosis of central venous thrombosis is confirmed,
treatment with unfractionated or low molecular weight heparin should be initiated as soon as possible, even
in the presence of intracranial hemorrhage. Digital subtraction angiography should not currently be
considered as a diagnostic procedure in a patient with suspected central venous thrombosis, but as an option
for endovascular treatment in patients with predictors of poor outcome and clinical deterioration. The
appointment of antiepileptic drugs should be considered in patients with an already existing epileptic seizure
against the background of present central venous thrombosis in the presence of a supratentorial lesion.
Decompressive trepanation is indicated for patients with central venous thrombosis with parenchymal lesions
and signs of brain involvement in order to prevent death. The appointment of oral anticoagulants in the acute
period of central venous thrombosis currently does not have a sufficient evidence base. Their appointment is
possible only for the prevention of recurrent central venous thrombosis and any venous thrombotic events.
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