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Abstract

The purpose of the narrative review is to search for confirmation or controversy of the hypothesis according to which venous ischemia developing in cerebral
venous sinustrombosis is secondary as a result of mechanical narrowing of arterioles in the area of vasogenic edema. This review discusses the issues of multimodal
radiological diagnosis of a rare disease of a non-hemorrhagic ischemic venous stroke based on expert opinion, current recommendations and our experience. As a
result of the review no contradictions to this hypothesis have been found, and the most characteristic symptoms of CVT, secondary ischemia, intracranial venous
congestion can be identified in the order of their probable clinical manifestation from patient complaints to the results of instrumental studies: headache, subacute
development and course of the disease, papilledema optic disc, increase of central venous pressure, hypodensity of the ischemic foci and hyperdensity signs of sinus
on CT, earlier development of vasogenic edema on diffusion MRI, symptoms of stop-contrast and filling defect thrombosed sinuses on contrast enhancement CTA or
MRA, dilatation of venous regional collaterals, moderate hyperperfusion on CT- or MR-perfusion, elevated maximum blood flow velocity Rosenthal veins; Galen’s
vein and rectus sinus, decreased cerebrovascular reactivity index, increased peripheral resistance index on Transcranial Doppler, clot visualization on brachiocephalic

veins ultrasound duplex scanning, decreasing of brachiocephalic vessels ultrasound index of arteriovenous ratio.

Abbreviations: ADC: apparent diffusion coefficient; AIS: arterial
ischemic stroke; AHA/ASA: American Heart Association/American
Stroke Association; CBF: cerebral blood flow; CBV: cerebral blood vol-
ume; CCA: carotid common artery; CSF: cerebrospinal fluid; CT: com-
puted tomography; CTA computed tomographic angiography; CVP:
central venous pressure; CSVT or CVST: cerebral venous sinus throm-
bosis; CVT: cerebral venous thrombosis; DWTI: diffusion weighted im-
aging; IAVR: brachiocephalic vessels ultrasound index of arteriovenous
ratio; IJV: internal jugular vein; MRA: magnetic resonance angiogra-
phy; MRI: magnetic resonance imaging; MRV: magnetic resonance
venography; MTT: mean transit time; NCCT: non-contrast computed
tomography; NIHSS: National Institutes of Health Stroke Scale; PCT:
perfusion CT; ASL: arterial spin labelling; TCD: Transcranial Doppler;
TIA: transient ischemic attack; VIS: venous ischemic stroke

Introduction

The study of the ischemic stroke remains one of the priority areas
of neurology because of its prevalence and severity of consequences.
In clinical practice much attention is traditionally paid to the issues
of arterial pathology of the brain due to the high social significance
because of dramatical events that usually occur suddenly and with
pronounced negative consequences for the patient’s life and health.
Despite the fact that at present the arterial stroke is quite well studied,
approaches to the diagnosis and treatment of 22-30% of cases in its
classification are developed and systematized for cryptogenic stroke
[1]. Indeed, the etiology of a stroke cannot always be determined,
and the cause of its occurrence remains unknown [2]. Usually the
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term “stroke” refers to cerebral artery disease. At the same time the
formation of a focus of ischemia with the pathology of cerebral venous
structures is also possible, but this happens relatively less often and has
been studied to a much less extent.

The following terms like “venous ischemia” [3,4] and “venous
stroke” [5] as a result of cerebral venous thrombosis (CVT) are usually
excreted in conditions that are mimics of stroke. They often develop
subacutely. Usually if they talk about venous infarction they mean
ischemic damage with intracerebral hemorrhage. This review discusses
the diagnosis of the primary non-hemorrhagic ischemic venous stroke,
the mechanisms of ischemia development differ from arterial. The
impact of CVT on the brain is wide spectrum, ranging from completely
normal parenchyma to brain oedema and/or haemorrhage. Multiple
factors relate to neuronal injury in CVT or CSVT including increased
intracranial pressure, increased venous flow velocities, enlargement of
venous collaterals, dural sinuses occlusion, development of cytotoxic
and vasogenic oedema [6].
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Moderate hyperemia according to CT perfusion data and
vasogenic edema according to MR diffusion data and intracranial
venous congestion rather than oligemia, are the primary damaging
factors in the pathogenesis of the venous stroke in contrast to the
arterial stroke [7]. It is known that the venous stroke (VIS) accounts
for 0.5-1% of all the ischemic strokes [8,9]. The venous stroke occurs
mainly in relatively young patients [10]. In the study with the largest
number of observations (181 patients) the age range is 14-96 years,
the mean age is: 34.64 + 14.66 years [11]. Venous outflow disorders
are often associated with and contribute to the development of edema
as well as possible increased risk of bleeding [12]. The venous stroke
associated with cerebral venous sinus thrombosis is prone to secondary
hemorrhages in 36-40% of cases, which is significantly more likely than
arterial [13,14] and due to the severity of vasogenic edema [7,15]. It
is important that the main approach to the treatment of VIS which is
more prone to secondary hemorrhage [16] is anticoagulant therapy,
the safety of which in this group of the patients has not been completely
determined [17,18]. Although the mortality rate of CVT has been
significantly reduced by improvements in treatment and diagnostic
techniques, the mortality rate of severe CVT remains as high as 34.2%
[19]. The rarity of this pathology does not contribute to its identification
and confident diagnosis [20]. Actually the term “venous stroke” has
long caused misunderstanding and rejection among practitioners
and scientists, neurologists and radiologists. The development of the
modern radiological techniques such as CT and MR perfusion and
angiography as well as MR diffusion has made it possible to study
the pathophysiological aspects and conditions of the formation of
an ischemic focus in the brain that occurs in cerebral venous sinus
thrombosis in conditions of intracranial venous congestion, edema of
brain tissue in the affected area without signs of damage to the arterial
vascular system of the head.

The purpose of this narrative review is to search for confirmation
or controversy of the hypothesis according to which venous ischemia
developing in cerebral venous sinustrombosis is secondary as a result
of mechanical narrowing of arterioles in the area of vasogenic edema,
which in its turn develops in the venous stroke earlier than in the
arterial stroke against the background of the intracranial venous stasis.
Verification of the venous nature of the lesion in some cases makes
it possible to classify stroke and reduce the statistics of cryptogenic
lesions. The importance of the venous stroke studying is also related to
the fact that it develops at a younger age more often than the arterial
stroke.

Search methods

We have performed a literature search in the PubMed, eLIBRARY.
ru, ResearchGate, Embase and Medline databases through to March
1, 2021. For example, the following search query has been used
in PubMed: cerebral venous thrombosis, venous ischemic stroke,
intracranial venous congestion, vasogenic edema, TCD, ultrasound
duplex scanning, CT, MRL

Brief characteristics of the features of the venous ischemic
stroke clinical symptoms

The manifestation of the venous and arterial stroke occurs
unequally, the course of the venous stroke is more often subacute (in
56% of cases - from 48 hours to 30 days) than acute (37%) and chronic
(7%) [21]. In case of damage to the sinuses, cerebral symptoms depend
on the massiveness and rate of growth of thrombosis, focal neurological
symptoms are diverse and are largely determined by the localization
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of thrombosis and the preservation of collateral blood flow as well as
the patient’s age and the degree of progression of cerebral edema. The
symptoms may appear in relation to increased intracranial pressure
imitating a pseudotumorcerebri [4]. General cerebral symptoms are
nonspecific, extremely variable [22] and can occur in varying degrees
of severity at any localization of the pathological process. Clinical
symptoms include headache, double vision, blurred vision, altered
consciousness, nausea, vomiting, seizures as well as a papilledema optic
disc swelling resulting from increased intracranial pressure [23,24].
Papilledema with raised intracranial pressure has been recorded in 32%
patients [25]. Edema of the optical disc in CVT occurs only in 20-40%
[22,26] and even less often with the arterial stroke. The manifestation
of atypical dystonia [17] is less commonly described.

Headache is the leading symptom. The mean duration of headache
is 12.6 = 26.8 days, and VAS is from 73 + 16 [27] to 79.38 + 13.41.
Headache onset is acute in 51.1%, subacute in 42.6%, thunderclap in
4.3% and chronic in 2.1% [28]. This symptom occurs among patients’
complaints in approximately 75-90% of cases [11,29,30]. In 25% of
cases headache is the only complaint of the patient; often there is no
connection between the localization of the headache and the site of
sinus thrombosis [14]. Moreover, it can imitate migraine [31]. Early
diagnosis of the relationship of headache with cerebral venous sinus
thrombosis even in the absence of neurological signs is crucial for the
timely detection of the disease [32].

It is known that even with a favorable outcome within 6 months
approximately 30% of patients experience the development of chronic
headache in the presence of hemorrhagic transformation. According to
the results of a three-year follow-up the number of patients with chronic
headache increases to 60% [33]. Chronic headache can accompany
psychopathological states. For example, the association of congestive
cerebral hyperemia with schizophrenia exceeds random expectations.
A possible causal relationship is noted for both schizophrenia due to
hyperemia [34] and thrombosis as a result of coagulopathy and venous
thromboembolism in chronic schizophrenia [35,36]. CVT should
be considered in the differential diagnosis when a patient complains
of orthostatic headache which can be developed in a condition of
decreased intracranial CSF volume in both intracranial hypotensive
and intracranial hypertensive states [37].

The complexity of the urgent diagnosis of VIS often lies in the
absence of specific clinical manifestations [38,39]. At the same time
headache is an extremely common symptom and the vast majority
of patients with isolated headache do not have cerebral venous sinus
thrombosis [40], that is why the economic feasibility of routine imaging
remains very uncertain.

Other manifestations of general cerebral symptoms are nonspecific
[41] and can occur to varying degrees of severity in arterial pathology
of any localization of the pathological process. The use of rating scales
such as NIHSS, Bartel, Rankin does not allow to reliably determine the
venous nature of the acute ischemic stroke which means that it is not
possible to reliably identify any typical clinical differences between the
venous ischemic stroke and arterial except for headache. The direct
method of measuring central venous pressure [42] is feasible only in
the conditions of the intensive care unit and is usually not performed.
We can note a tendency towards the increase in central venous pressure
in VIS cases up to 190 mm H20O with and without normalization after
recanalization. Today a new non-invasive method for determining
CVP using Doppler ultrasonography has appeared in the arsenal of
instrumental methods. The pilot study has been performed to identify
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the relationship between the ratio of the diameter/cross-sectional area
of the internal jugular vein (IJV) and carotid artery and the central
venous pressure (CVP). These preliminary results suggest the following:
if the cross-sectional area of the vein is at least twice that of the artery,
then the CVP seems to be 28 mm Hg [43]. In another investigation
CVP is defined as the ratio of the value of the venous pressure in the
brachial vein to the conversion factor (4.5) obtained experimentally
[44]. In accordance with the Monro-Kellie doctrine an increase in
intracranial venous pressure should lead to CSF hypertension. We have
noted CSF hypertension with values > 200 mm H2O in 11 cases of VIS
of those 23 patients who have undergone the lumbar puncture. In the
clinical course of VIS there is a tendency to a rapid regression of focal
symptoms and neurological deficit in most cases, a tendency to less
pronounced neurological deficit upon admission and a lighter degree
of disability has been observed [39]. Evaluation of micromorphological
changes has been made in a very small number of cases of death (2.8%).
In contrast to AIS in VIS a picture of pronounced venous plethora more
pronounced pericellular and perivascular cerebral edema and multiple
microhemorrhages has been described. Hemorrhagic complication
affects the survival rate and subsequent quality of life of the patients.
The patients with early hemorrhage are less likely to survive without
disability until discharge (63%) than those without early hemorrhage
(85%) [45]. The immediate cause of death in CVST is malignant
cerebral edema [46].

All this explains the need to search for accessible methods of
emergency differential diagnosis of the ischemic stroke of arterial and
venous origin.

Current recommended algorithms for radiological diagnosis
of venous stroke

The importance of neuroimaging in the emergency recognition of
the stroke is very high and increases constantly with the development
of technology. Brain imaging distinguishes the ischemic stroke from
intracranial hemorrhage and stroke mimics and identifies the type
and also often the cause of the stroke. Immediate CT scanning is the
most cost-effective strategy for imaging acute stroke patients but is not
sensitive for old hemorrhage. Overall CT is less sensitive than MRI, but
equally specific for early ischemic changes [47]. Two thirds of patients
with moderate to severe stroke have visible ischemic changes within
the first few hours [48-50], but not more than 50% of patients with
minor stroke have a visible relevant ischemic lesion on CT especially
within the first few hours of the stroke [51].

Neuroimaging influences among other things the outcome of the
stroke [52]. Diagnosis of CVT and VIS is usually limited to native
CT followed by duplex scanning of the extracranial brachiocephalic
vessels and transcranial Doppler. This situation is associated with
the time limitation of the “therapeutic window” and an intuitive
medical approach to the algorithm of the applied methods. Different
standards of the Russian Federation suggest the likelihood of MRI in
the emergency diagnosis of the ischemic stroke in different ways. So, in
one standard MRI is regulated in 10% of the permissible performance,
CT angiography and CT perfusion - in 30% [53], according to another
standard CT perfusion is not included in the list of procedures at
all [54]. The standard of medical care for TIA involves performing
CT perfusion in 100% of cases and CT angiography in 30% after
performing native CT in all the patients which increases the likelihood
of diagnosing the venous stroke. Unfortunately MRI is not included
in the list of recommended procedures of this standard [55]. All this
does not create ideal conditions for detecting the venous nature of
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the stroke and probably leads to the inclusion of these patients in the
arterial stroke registry. In addition, the lack of opportunities to gain
experience with such restrictions does not contribute to the willingness
of doctors to meet rare types of the ischemic stroke. Recommendations
from the AHA/ASA published in 2011 [8] suggest starting radiology
diagnostics with native CT if CVT is suspected. The core MRI sequence
should include T2*, SWI, SWAN gradient sequences (class I1a; level of
evidence B). Besides regardless of whether or not there are foci in the
brain and changes in the signal in the projection of the sinuses or veins,
CT or MR venography is recommended (class I; level of evidence C),
especially if a history of CVT has already been diagnosed (class I; level
of evidence C). In cases of doubt adequate diagnosis of CV'T the digital
subtraction angiography is the only possible method (Class IIa; Level
of Evidence C).

The latest 2018 Guidelines for the Early Management of Patients
With Acute Ischemic Stroke (AHA/ASA) strongly recommend the
inclusion of a radiologist (Class I; Level of Evidence A) in the stroke
management team, also noted in the PRACTISE (Penumbra and
Recanalisation Acute Computed Tomography in Ischemic Stroke
Evaluation) that the use of multiparametric tomographic diagnostics
increases the frequency of intravenous thrombolysis, which increased
from 12.2% to 13.1% with an increase in the number of CT angiography
performed from 3.8% to 9.1% and perfusion CT from 0.05% to 2.9%, the
number of patients subjected to thrombolysis increased to 17.6% [52].

Radiological modalities and the most likely symptoms of the
venous ischemic stroke. The diagnostic methods and techniques
that are able to identify the symptoms of CVT, intracranial venous
congestion and vasogenic cerebral edema are presented sequentially in
the order of usual practice. Possible algorithms for using a combination
of techniques in patients are also presented in accordance with the
probability of detecting the symptoms of the venous ischemia with
different sensitivity and specificity, provisions of regulatory documents
as well as conclusions based on our own experience.

The native CT of the brain is performed everywhere
immediately upon admission

Non-contrast CT of the head in combination with the clinical
examination is the main tool for the diagnosis of the acute ischemic
stroke excluding hemorrhage with a high recommendation for use and
evidence (class I, level of evidence B, although no randomized data)
[52,56,57]. The sensitivity of CT in the diagnosis of thrombosis of the
intracranial dural sinuses in combination with angiographic techniques
is estimated quite high - from 80% [57] to 95% [58]. As for the limited
performance of the native CT the probability of detecting hypodense
ischemic foci under these conditions is only 45% to 65% [59]. The
ASPECTS scale works in the diagnosis of the venous stroke as well
as the arterial one in terms of a standard assessment of the volume of
the brain damage [60,61]. Detected signs of CVT on the native CT are
estimated in some studies to be significantly higher. The sensitivity and
specificity of the attenuated vein sign for the diagnosis of deep venous
thrombosis are considered 100% and 99.4% respectively, whereas the
sensitivity and specificity of the cord sign for CVT are considered 64.6%
and 97.2% respectively [62]. Reduced density of the ischemic focus (18
- 35 HU) surrounding the thrombosed vessel improves visualization
and detection of the symptom of a hyperdense vessel the density of
which is usually 60 - 80 HU. In general, pathological manifestations on
the native CT (symptoms of a low-density focus and hyperdense vessel)
are detected with CVT in about 30% of cases only [63].
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On axial images the rounded profile of the dural venous sinuses
which usually have the triangular profile may be noticed due to
increased venous pressure and venous congestion [64]. We have
registered such a symptom in 2/3 of cases of VIS above the occlusion
level during CVT and this serves an indirect evidence of an increase in
venous pressure which has been confirmed by an increase in central
venous pressure (CVP) from 140 to 170 mm of H20 which is above
normal.

Visualization of the cerebral edema lesion in close proximity to the
“cord” sign of the venous sinus is a rather specific sign of the venous
brain damage [65].

Magnetic resonance imaging (MRI) can be an urgent procedure but
is performed less frequently than CT in acute cerebral infarction. For
example, in accordance with the standard of the Russian Federation its
implementation is regulated in not more than 10% of cases although
with TIA it is allowed to perform conventional MRI with a probability
of up to 30% and MR angiography up to 10% [53,55]. Based on AHA/
ASA 2018 recommendations [52] MRI is not recommended for routine
use (Class III, level B evidence, no randomized trials). The symptom of
an increase in the signal in the projection of the sinuses - if considered
separately - can serve the reason for a false-positive conclusion
from thrombosis. This symptom combined with the detection of the
ischemic focus in the brain tissue near the abnormal sinus as well as
the absence of a flow signal on MRI is usually a fairly reliable criterion
for CVT and VIS.

The shape of foci of the venous stroke is usually geometrically
irregular in contrast to arterial and does not correspond to the usual
and typical locations of the arterial territorial lesions. Usually the shape
of VIS foci is irregular and the contours are uneven and indistinct with
“blurred” boundaries. The contours of arterial AIS on tomographic
images are often even and clear. Roughness - “blurring” of the contours
can be observed on DWI due to the smaller size of the image matrix
and on T1WI due to low contrast between the healthy and diseased
tissue which are inherent in this sequence without the use of contrast
enhancement. Inboth VIS and AIS stroke foci are reflected in an obvious
increase in the MR signal on T2WI and FLAIR as well as a decrease in
T1WI (from subtle to moderate). There is a classification of the venous
ischemia [66], which is classified with MRI as Type 1: no abnormality,
Type 2: T2WI shows high signal intensity area and Gd-MRI shows no
enhancement, Type 3: T2WI shows high signal intensity area and Gd
-MRI shows enhancement, Type 4: venous infarction or hemorrhage.
This classification does not include the FLAIR and DWI that are now
commonly used in the diagnosis of the stroke and therefore can have
only limited application. It is rather difficult to distinguish the necrosis
focus with cytotoxic edema from vasogenic edema due to the violation
of the blood-brain barrier by the degree of signal increase on T2WI;
such an assessment is extremely subjective, largely dependent on the
experience of the radiologist and can lead to an erroneous opinion.

DWTI has demonstrated the sensitivity of 90% and the specificity of
97% for detecting AIS. The overall accuracy has been estimated 95%.
Patients (99.5%) who demonstrate abnormal DWI studies are AIS
patients and 63% patients with normal DWI studies are stroke mimics
[67]. However, the meta-analytic synthesis yieldes a pooled prevalence
of DWI-negative AIS in 6.8% [68]. Using a combination of diffusion
and perfusion (DWI + PWI) protocols has great advantages [69]. Using
coregistered perfusion/diffusion-weighted mismatch is the criterium
which is independently associated with improved clinical outcomes
at three-months [70]. Diffusion MRI is recommended by AHA/ASA
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2018 [52] as mandatory in the absence of CT findings when clinical
manifestations of the stroke are evident (class III, level of evidence B,
no randomized trials), but cannot be considered optimal in terms of
low cost-effectiveness [47,71]. The basis for DWTI is the ability to detect
violations of the blood-brain barrier and to determine the presence of
cytotoxic and vasogenic edema. Vasogenic edema is characterized by
hypo- or isointense lesions on DWI, but cytotoxic edema is reflected
by a bright signal on DWI. The boundaries of ADC indicators are
normally known; in adults they range from 0.59 x 10-3 mm2/s to 0.95
x 10-3 mm?2/s. If the calculated ADC tendency is more than 0.95 x
10-3 mm?2/s, the conclusion is made about the likelihood of vasogenic
edema; if the ADC is less than 0.59 x 10-3 mm2/s, it is concluded that
ischemia occurs with the transition of cells to the anaerobic oxidation
pathway followed by the development of cytotoxic edema and cell
death [72].

Non-hemorrhagic venous infarctions are indicated by the
combination of cytotoxic and vasogenic edema on DWI and the signal
is inversely correlated with the corresponding ADC value [73]. Signal
inversion on DWI and ADC in the area of vasogenic edema develops
earlier in the venous stroke than in the arterial stroke and occurs in 2/3
of VIS cases [74].

Changes in the MR signal in the ischemic zone on T2WI and
FLAIR (Fluid attenuation inversion recovery) sequences usually
develop later in the period from 6 hours to 1 day after the onset of
clinical symptoms, and therefore cannot be used for urgent diagnosis
of the ischemic stroke. The widespread use of diffusion and perfusion
protocols that allow detecting edema and perfusion disorders already
in the first hours of the disease has led to the loss of relevance of the
classification of venous ischemia based on the abnormality of the T2ZWT
signal on MRI [66]. Lesion localization close to a thrombosed sinus
or vein is not typical for the arterial stroke [75]. MR images contrast
enhancement allows one to see a symptom similar to empty delta sign
symptom on CT in thrombotic sinus occlusion [76] when on TIWTI -
against the background of contrast-enhanced sinus walls as a thrombus
in the sinus lumen - looks much less intense. In addition, indirect signs
of increased intracranial pressure can be considered as increased peri-
optic cerebrospinal fluid and optic nerve tortuosity [77].

CT and MR angiography are emergency verifying techniques for
cases of suspected CVT on the basis of conventional CT or MRI. There
is no accurate comparative assessment of MR and CT angiography
in comparison with the reference method of digital subtraction
angiography [8] due to the fact that the entire set is not performed in
large studies, but some experts consider the use of MR-angiography
in the diagnosis of CVT equivalent to CT angiography [62,78]. In the
study of CT, MRI and MRA findings have been noted and the statistical
analysis has been done. Sensitivity, specificity, PPV and NPV of CT
have been calculated with respect to MRI in the diagnosis of cerebral
venous thrombosis and associated brain parenchymal changes. CT
scan is able to diagnose sinus abnormality in 36% and parenchymal
abnormality in 42% of cases as compared to 100% and 52% in MRI
[79]. AHA/ASA Recommendation 2018 [52] classifies CT angiography
for suspected large intracranial vessel occlusion as class IIa with level B
evidence (no randomized trials) and therefore cannot be considered a
strongly recommended procedure. However expert opinions based on
a small number of patients indicate a high sensitivity and specificity of
CTA. The venous sinuses can be identified in 99.2% and the cerebral
veins in 87.6% of cases by the means of CTA. The sensitivity and
specificity of CTA for the diagnosis of CVST are 100% [80].
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The main symptom of CVT when performing non-contrast MR
venography is the absence of a flow signal in their projection. After
that the contrast-enhanced CT angiography is performed and it
verifies CVT with occlusion only in 58.2% of cases of suspicion and
partial thrombosis even less - in 24%. Thus, the detection of a symptom
of signal loss on non-contrast MR angiography is only a pretext/
indication for contrast angiography methods. Symptoms of contrast-
enhanced CT and MR angiography such as stop contrast and filling
defect in suspicious sinuses can be taken as specific and basic criteria for
thrombosis. An additional characteristic symptom of sinus occlusion
can be considered a significant enlargement of regional collateral
veins, for example, veins of the tentorium of the cerebellum with the
occlusion of the transverse sinus or superficial veins with thrombosis
of the superior sagittal sinus which is observed in 90% of CVT cases of
these venous vessels [64].

CT- and MR-perfusion. In the most important first hours of the
ischemic stroke in the acute period the sensitivity of perfusion CT
is 96%, the specificity is 98% [81,82] and the accuracy of detecting
abnormal foci with PCT is significantly higher and less subjective
than the native CT [83], which makes this technique more precise.
Therefore in Russia, for example, PCT is included in the national
standard of examination for TIA [55]. The complex of lesion patterns
in VIS indicates primary moderate hyperperfusion or venous plethora
with an increase in all perfusion parameters (CBF, CBV, MTT) in the
range from 27% to 48% (on average 30%) in the damaged area without
the development of necrosis or perifocal in cases when necrosis with
aperfusion already takes place [7]. In cases of the stroke associated
with CVT without or before infarction/necrosis of the brain tissue the
changes in perfusion reach only the damage threshold, that is, a 30%
difference from the conventionally healthy tissue on the opposite side.
In our studies a correlation is obtained between the rCBF values in the
lesion focus in PCT and the Rankin score of the patient’s condition (r
=-0.52; p <0.05), as well as rCBV (r = -0.45; p <0, 05); the relationship
between the NIHSS score and rCBF values (r = -0.48; p <0.05), as well
as rCBV (r = -0.52; p <0.05). There is a significant negative correlation
between the patient’s condition at discharge from the hospital on the
NIHSS and rCBV scale (r = -0.42; p <0.05). Most likely this relationship
happens because of the fact that the NIHSS scale includes gradations of
the severity of neurological deficit which in its turn is developed due
to perfusion disorders in the focus of the stroke [84]. The risks and
associated restrictions can’t be ignored at MR or CT contrast perfusion.
Recommendations for the use of low- and iso-osmolar contrasts reduce
the risk of acute kidney damage [85], and magnetic resonance contrast
agents cause significantly fewer acute adverse reactions [86]. Using the
contrast, we increase the research as well as the risk of adverse reactions
and a kidney damage. It is exploring the possibilities of arterial spin
labelling (ASL) - a technique that uses magnetically labeled blood as
an endogenous tracer to determine CBF values. Changing the MR
signal encoded by CBF is used to detect acute ischemic injury [87].
Improving the signal-to-noise ratio (SNR) in ASL can be achieved
using ultra-high-field devices, but this problem is not yet solved [88].
Movement artifacts arising from increased arousal and mobility of
patients in the acute stroke as well as artifacts of high-velocity blood
flow in the projection of the great arteries are also a problem [89]. Poor
SNR, unstable image quality and relative sequence complexity limit the
implementation of the technique [90,91].

A more accurate diagnosis of the state of cerebral perfusion often
leads to rejection of the active thrombolytic therapy. This is due to the
precise determination of the level of perfusion/diffusion mismatch the
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critical level of which lies at 20% [92]. Regulating the use of numerical
values for the threshold of such mismatch and the penumbra is an
open question. Arterial penumbra is characterized as oligemia. With
the venous stroke there is no penumbra, no oligemia the cerebral
infarction is not always developed. The moderate hyperemia/
hyperperfusion is manifested in the acute period throughout the entire
territory without the development of cerebral infarction/necrosis or in
the perifocal zone if the cerebral infarction is developed. The zone of
the cerebral infarction aperfusion shows no different from the arterial
one. Early signs of vasogenic edema on days 1-3 of the venous stroke
are manifested by an iso-intensive or hypointense signal on DWT and
a hyperintense signal on ADC maps associated with anisotropic water
movement. This distinguishes vasogenic edema from cytotoxic edema,
which is characterized by a high signal on DWT and low on ADC.

It is known that three conditions are necessary for the development
of vasogenic cerebral edema: 1) increased capillary permeability; 2)
prolonged increased intravascular pressure, contributing to the release
of plasma beyond the capillary; 3) the spread of fluid through the
intercellular spaces [93]. Vasogenic edema develops in conditions of
intracranial venous stasis and increased central venous pressure. The
sensitivity (93.7%) and specificity (98%) of the native CT for infarction
foci are essentially efficient in detecting edema [62]. It is impossible
to say exactly on the basis of the native CT only whether necrosis has
developed or not, perhaps at the time of the study still there is edema
and ischemia. For the arterial stroke the development of vasogenic
edema is usually - but not always - expected only within 5-7 days, but
not at the time of the urgent diagnosing [85]. In our observations we
have found that according to PCT and the control native CT “cerebral
infarction with necrosis of brain tissue is developed in VIS only in 55%
with the inability to compensate for blood flow versus 79% in AIS” [84].

Transcranial Doppler (TCD) is not an immediate procedure.
The admissibility of performing TCD in a specialized hospital in the
Russian Federation with the suspected stroke is 100% [53]. TCD is an
accessible, mobile and inexpensive instrument in studying the cerebral
hemodynamics. Transcranial duplex scanning is usually performed
upon admission to the hospital. Assessment of velocity parameters in
the Galen vein and Rosenthal veins during transcranial scanning is an
additional indirect sign of intracranial venous stasis, but the use of the
method is limited by the absence of an acoustic window [94] according
to various data in 10-20% of cases [95-97]. The following indirect signs
of intracranial venous stasis are obtained with transcranial Doppler:
an increase in the maximum blood flow velocity in one or both
Rosenthal veins over 25 cm/s, Galen’s vein and straight dural sinus
> 30 cm/s, the appearance of a pseudopulsation effect, a decrease in
the cerebrovascular reactivity index <40%, resistance index increase >
20%. These signs are indirect, and the revealed low sensitivity (63%)
and specificity (65%) can not be relied upon them [64].

The 2018 AHA/ASA guidelines [52] consider non-invasive testing
including TCD to be useful in the diagnosis of the acute stroke (class I,
level of evidence A).

Ultrasound duplex scanning of brachiocephalic vessels is usually
performed not in the most acute period, but on the next day to
determine the degree of stenosis of the carotid arteries according to
the standard adopted in Russia [53] as well as in accordance with the
international recommendations [52]. The permissible frequency of
performing ultrasound duplex scanning of brachiocephalic arteries in a
specialized hospital is actual for 100% stroke [53]. Ifinternal jugular vein
thrombosis is suspected, the supplement study by means of performing
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ultrasound duplex scanning is recommended [98]. Thrombosis of IJV
may be localized or be a part of a more widespread lesion which is a
common cause of the venous stroke. In patients with thrombosis of
the internal jugular vein an echo-positive mass of a thrombus has been
detected in its lumen in the projection of which the blood flow is not
located in the course of color Doppler examination [99]. Ultrasound
duplex scanning allows not only to visualize thrombus [100,101], but
also to determine its localization in relation to the vessel wall, the blood
flow velocity in the preserved lumen of the vessel [102].

Current standards for the differential diagnosis of the stroke
do not allow early detection of patients with VIS with sufficient
effectiveness. It is noteworthy that the use of non-invasive (including
ultrasound) techniques in the AHA/ASA 2018 recommendations is
considered preferable in cases where the subsequent implementation
of mechanical thromboextraction is not implied, while the use of
multimodal (using CT and MRI) approach to the diagnosis of the stroke
is not recommended due to a possible delay in the decision to perform
thrombolytic therapy (Class III, level of evidence B, randomized trials
is no exist) [52].

Brachiocephalic vessels ultrasound index of arteriovenous ratio
(TAVR) using data on the blood flow velocity in the internal jugular
veins and common carotid arteries has proved to be a good prognostic
criterion for diagnosing the ischemic stroke of venous genesis and
intracranial venous congestion without radiation exposure and
introduction of any contrast medium [103]. The definition of the
brachiocephalic vessels ultrasound index of arteriovenous ratio (IAVR)
is based on the fact that the normal cross-sectional area of the internal
jugular vein exceeds the cross-sectional area of the common carotid
artery by 75-100%. It is also known that the maximum blood flow
velocity in the IJV is 1/3-1/2 of the peak systolic blood flow velocity
(Vps cm/s) by CCA. Knowing the cross-sectional areas of the IJV and
CCA as well as the peak systolic velocity of the CCA in each case makes
it possible to determine the “optimal” speed from the IJV and compare
it with the actual one using formulas (1) and (2) [104]: V max IJV
optimal =2S CCA x Vps CCA/ 3S IJV (1); IAVR = max IJV actual / V
max IJV optimal x100% (2), where IAVR - index of arteriovenous ratio
(%), Vps CCA - peak systolic velocity of the CCA cm/s, Vmax IJV -
maximum blood flow velocity cm/s, S - vessel cross-sectional area cm?

Regression analysis has indicated the headache intensity and
ultrasonicIAVR fromall the ultrasound indirect symptomsas the factors
influencing the probability of the patient having VIS. Both factors have
a significant impact on the assessment of the predictive probability
of the presence of VIS. The patient will be more likely diagnosed VIS
associated with cerebral venous sinus thrombosis in the background
of headache increase and the IAVR decrease value. According to the
data obtained, a decrease in the IAVR of brachiocephalic vessels by
50% and lower, combined with an increase in the intensity of headache
according to the visual assessment of more than 4 points, may rather
indicate for VIS. “In patients with venous stroke the average IAVR is
only 40%, which is one third less than normal with a threshold value of
50% and less than in arterial ischemic stroke at which IAVR values are
close to normal (60-67%)” [64]. A decrease in IAVR is recommended
as intracranial venous congestion (with a specificity of 98% and a
sensitivity of 95.2%). The use of ultrasound IVR in conjunction with
the assessment of the intensity of headache on a visual analogue scale
in the model developed in the study improves the early diagnosis of
the acute ischemic stroke and makes it possible to obtain a predictable
probability of the venous stroke. It should be noted that when using
the visual analogue scale of headache intensity there are certain
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limitations: the subjectivity of its assessment, the presence of aphasia
as well as impaired consciousness in a patient with a stroke while IAVR
is an easy-to-use accessible parameter that can make a significant
contribution to diagnosis of VIS [105].

Limitations of multimodality of radiological diagnosis of
the venous stroke in clinical practice and possible ways to
overcome them

Often the software for post-processing of raw images for creating
perfusion maps is installed by the seller only on the operator’s console
and this leads to a halt in the patient admission process, a temporary
stop of the operator’s work which negatively affects the operation of the
diagnostic unit. This in its turn causes reluctance, other things being
equal, to perform PCT. The discrepancy between the absolute perfusion
indices obtained on the equipment of different manufacturers, the use
of various mathematical post-processing algorithms lead to a scatter of
the digital values of MR and CT perfusion. If only absolute values are
taken into account then the indicators can be questionable. Therefore
it is recommended to read the perfusion maps using relative values
comparing the affected side and the contralateral hemisphere as a
percentage [106]. The radiologist’s experience with the doubtfulness
of the absolute values of perfusion indicates the fact that maps are
assessed by eye without numerical calculations which can lead to
underestimation of small changes such as moderate hyperperfusion
or hypoperfusion. Clinicians in its turn may not prescribe PCT not
trusting the results. And as a consequence the radiologist has no
possibility to get necessary experience.

Neuroimaging nowadays takes one of the first places in the
diagnosis of the stroke immediately after clinical assessment. Despite
the permanent progress in the development of neuroimaging methods
of assessing cerebral hemodynamics, mentioned above, practical
medicine often limits the examinations with a native CT scan only.
Therefore the search and selection of the optimal set of tools for
radiological diagnosis of the ischemic stroke remains relevant.
Diagnosis of the venous ischemic stroke is more difficult not only
because of its rarity, but also because the changes are less dramatic and
often moderate. Expanding the examination protocol by performing
not only native CT, but also perfusion CT and diffusion MRI can
help optimize the neuroimaging paradigm in the venous stroke. It is
likely that such a paradigm will not be formed again due to the non-
dramatic manifestations of the disease and the rarity of pathology,
and the approbation of new neuroimaging technologies may not keep
pace with technical progress. Avoiding the delay in decision-making
on possible thrombolytic therapy, which may arise due to the use of
multimodality (CT/MRI) in the diagnostic process [52], is also not
conducive to gain experience in interpreting the results of perfusion
techniques. In contrast to the arterial stroke, when determining the
indications for emergency revascularization (systemic thrombolytic
therapy or endovascular thromboextraction) with PCT is a prescribed
procedure, it can be performed even after 4.5 hours of the therapeutic
window [107].

In such circumstances the search for new, fast, possibly non-
invasive methods of direct or indirect confirmation of suspected CVT
and VIS makes sense and the appearance of an ultrasound assessment
of the fact of intracranial venous congestion can play a certain positive
role in the diagnosis [105].

The widespread use of teleradiology seems to be one of the “most
likely ways to overcome the limitations of diagnosing venous stroke”
[64]. Since last year telemedicine has unprecedentedly been developing
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especially in connection with the global pandemic COVID-19. Using
modern communication technologies for providing people living
outside of cities with remote medical care is becoming an excellent
solution when there is a shortage of qualified doctors in regional
hospitals. Moreover particularly private radiographers need training
in interprofessional collaboration. Training must be internal, ongoing
and consistent to meet the health needs of teleradiology systems
[108]. And as a part of the general direction teleradiology should
be developed in the diagnosis of the stroke. Remote discussions,
consultation of diagnostic images with more experienced specialists
help in this situation to solve many problems. In particular it seems to
us reasonable to use teleradiological approaches when the medical staff
of regional hospitals are in doubt for patients with the suspected venous
stroke, this can have a good effect. In countries with large territories
and a predominantly rural population telemedicine technologies
can improve the availability of medical care and its quality. These
countries include Russia. Telestroke network creation has the highest
recommendation level in the AHA/ASA from 2018 (recommendation
class - I, level of evidence - A). Of course such a network makes
it possible to make a quick decision about the implementation of
thrombolytic therapy, which in the conditions of a separate residence
is a salvage nature of actions. Government agencies are encouraged
to support the telemedicine/teleradiology system (recommendation
class ITa, level of evidence - C-EO - expert opinion) due to the high
efficiency of work 24 hours/7 days a week (recommendation class - IIa,
level of evidence - BR - efficacy has been proven based on randomized
trials) [52]. Great potential importance is also attached to the use of
artificial intelligence for assessing perfusion-diftusion mismatch in the
ischemic stroke in the form of machine learning, creating programs
and applications, recognizing such mismatch and determining its
level in order to resolve quickly the issue of the need for intravenous
thrombolysis or mechanical thromboextraction [109].

Conclusion

Most likely clinical and radiologic symptoms of VIS and intracranial
venous congestion associated with CVT.

Asaresult of the review no contradictions have been found with the
hypothesis ofalarge role of intracranial venous stasis and early vasogenic
edema in the pathogenesis of cerebral venous ischemia. Intracranial
venous congestion plays an important role in the development, course
and outcome of the primary venous non-hemorrhagic stroke and
leads to the creation of pathological physiological conditions for the
development of vasogenic edema. The edema in its turn plays the first
violin in the formation of secondary cerebral infarction becoming a
part of the pathogenesis of the venous ischemic stroke. The cerebral
venous congestion is the primary factor in damaging the brain with
cerebral venous thrombosis. It can be assumed that initially it is not
oligemia that underlies the pathogenesis of the venous stroke, as
opposed to the arterial one, but congestive venous plethora, and this is
accompanied by a lower likelihood of infarction and necrosis in VIS in
contrast to AIS. Such a VIS scenario can be associated with secondary
externally caused arteriole constriction in vasogenic edema. Therefore
VIS is ischemic only secondarily. Venous outflow disorders are often
associated with and contribute to the development of edema as well as
with a possible increased risk of bleeding.

As a result of the review the most characteristic clinical and
radiological symptoms of CVT, VIS, intracranial venous congestion
can be identified in the order of their probable manifestation from
patient complaints to the results of instrumental studies: predominantly
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presents in young (an average 34.64 + 14.66 years), headache - in
90%, subacute development and course of the disease - in 56% cases,
papilledema optic disc - in 20-40%, increasing of central venous
pressure (up to 140-190 mm H20), hypodensity of the ischemic focus
(cytotoxic or vasogenic edema) on CT, hyperdensity sign of sinus or
vein on CT, earlier (1-3 days) development of vasogenic edema on
diffusion MRI, symptoms of stop-contrast and filling defect thrombosed
sinuses on contrast enhancement (CE) CTA (with 100% sensitivity and
specificity) or MRA (100% sensitivity and 52% specificity), expansion
of venous regional collaterals on CE CT- and MRA - 90% , moderate
hyperperfusion on CT- or MR-perfusion, elevated maximum blood
flow velocity Rosenthal veins > 25 cm/s; Galen’s vein and rectus sinus
> 30 cm/s, decreased cerebrovascular reactivity index (ICR) <40%,
increased peripheral resistance index > 20% on TCD (63% sensitivity
and 65% specificity), thrombus visualization on brachiocephalic veins
ultrasound duplex scanning, brachiocephalic vessels ultrasound index
of arteriovenous ratio (IAVR) <50% (with a specificity of 98% and a
sensitivity of 95.2%).
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