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ABSTRACT 

 

Background: Cerebral venous thrombosis (CVT)/Cerebral Venous Sinus Thrombosis 

(CVST) is a rare presentation of venous thromboembolism. Clinical presentation is 

highly variable in CVT. The diagnosis of CVT could be missed on T1 and T2 

Weighted sequences. Magnetic susceptibility signals produced by degraded products 

in the blood such as deoxyhaemoglobin can be visualised in Susceptibility Weighted 

Imaging (SWI) as hypointense signal which is termed as magnetic susceptibility 

effect (MSE). On MR Venogram - Time of flight (MRV- TOF) the intraluminal 

thrombosis is detected by absence of flow signal. Hence the present study was carried 

out to compare the diagnostic accuracy of SWI with MRV-TOF for CVT. 

Materials and methods: A hospital based observational study was done on 30 

patients referred for MRI (Magnetic Resonance Imaging) brain and MRV-TOF to a 

tertiary care teaching institute in Belgaum. All patients were evaluated clinically and 

then MRI of the brain was done using a 3 Tesla MRI scanner. The primary outcome 

variables in this study were diagnostic accuracy of SWI sequence and MRV-TOF. P 

value <0.05 was considered statistically significant. The data were analysed by using 

SPSS software V.22. 

Results: The mean age was 39.93 ± 16.1 years. Majority were males (80%). 53.33% 

had headache, 26.67% had seizures, 16.67% had right hemiparesis and 10% had a loss 

of consciousness. In SWI, the Superior sagittal sinus was abnormal in 50% with MSE 

noted in its entire length was seen in 33.33%. The inferior sagittal sinus had no MSE. 

In the Straight sinus, MSE was seen in 10%. Sensitivity was 100% for SWI on 

comparison with MRV. Specificity also varied between 80% to 100% for all the 
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vessels. The total diagnostic accuracy also varied between 90% to 100% for all the 

vessels. 

Conclusion: On SWI sequence, the thrombus is visualized as an area of hypo 

intensity within the lumen of the affected vein or sinus. The sensitivity of SWI for 

detecting CVT has far exceeded than that of routine T1 andT2 weighted images and 

was comparable with MRV-TOF.  
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INTRODUCTION 

 

Cerebral venous thrombosis (CVT) / Cerebral Venous Sinus Thrombosis 

(CVST) is a rare presentation of venous thromboembolism. CVT comprises of 

thrombosis of cortical and deep veins. Though it's rare, but a possibly fatal 

neurological condition which is often missed because of its vague clinical and 

radiological presentation.1 It is considered as one of the rare cases of stroke in young 

with increased mortality. Differentiating it from other neurological conditions is 

difficult, because of the variable clinical presentation. 

  

Around 0.5% to 1% of stroke cases are due to clots in the Dural Venous 

Sinuses.2, 3  

CVT can be classified based on the timing of the symptom onset as  

1. Acute (Less than or equal to 48 hours),  

2. Subacute (more than 48 hours to 30 days) and  

3. Chronic (more than one month).  

 

Subacute type is the most frequent type as compared to chronic form.4 It 

contributes to around 50% of all cases. The ISCVT (International Study on Cerebral 

Vein and Dural Sinus Thrombosis) determined the occurrence of CVT in various sites 

– transverse sinus (86%), superior sagittal sinus (62%), straight sinus (18%), cortical 

veins (17%), jugular veins (12%), a vein of Galen, and internal cerebral vein (11%).5 

 

CVT is mostly associated with pregnancy and the use of oral contraceptives. It 

is more common in females, especially during puerperium.2 Pregnant women have 

five times increased risk of developing DVT.6 It could be due to the hyper coagulable 
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state in pregnancy. The incidence of CVT is 202 per one lakh deliveries to pregnant 

women. The CVT-associated mortality rate is also high in pregnancy at 11.63%.2 

Clinical presentation is highly variable in CVT besides being nonspecific, 

hence clear-cut valid diagnostic algorithms are not available in its diagnosis. 

Neuroimaging plays an important role in diagnosing, evaluating the complications. It 

also helps in deciding the course of management and the prognosis.7 

Diagnosing CVT early can help in improving the overall outcome. Due to its 

non-specific presentation, the diagnosis of CVT is difficult, besides the radiological 

findings which are subtle. A delay in the diagnosis and further management can lead 

to disability, which may be permanent and sometimes even to death. Hence the main 

deciding factor in the course of management of CVT is Neuroimaging.7 

MRI is considered an investigation of choice, because of its non-invasiveness 

and highly sensitivity in detecting CVT. Besides, it is a painless day-care procedure, 

with the added benefit of lack of hazard due to ionizing radiation. 
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NEED FOR THE STUDY:  

The rate of occurrence of CVT is low on comparison with arterial stroke. But 

the younger population is commonly affected with CVT in developing countries, with 

higher mortality due to CVT.8, 9 The dilemma associated with the diagnosis of CVT 

makes it more important. Because of the lack of valid protocols to diagnose it 

clinically, the outcome can be poor. In the past few years, various MRI sequences and 

MRV are being used extensively for making a diagnosis of CVT. It is identified by 

the signal changes arising from blood flow alterations and signal changes arising due 

to the degraded haemoglobin products in the veins which are thrombosed. These 

changes can be identified in the T1, T2 W MRI – spin-echo images.10-12 The 

thrombosed vessels shows a hyperintense signal on the T1 & T2 W sequence and non-

visualization on MRV.13, 14 The diagnosis of CVT could be missed on T1 and T2 W 

sequences. In cases without any clinical suspicion, the routine sequences performed 

without venography can miss the diagnosis. There has been a recent emergence of 

literature on the increased diagnostic accuracy of SWI for detection of the magnetic 

susceptibility signals produced by degraded products in the blood such as 

deoxyhaemoglobin in subjects with acute intraparenchymal hemorrhage.12, 15 But 

there is a lack of sufficient evidence in the present region to make clinical 

recommendations. Hence there is a need to study the diagnostic accuracy of SWI in 

CVT diagnosis compared to MRV-TOF. 
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OBJECTIVES 

AIM AND OBJECTIVES OF THE STUDY: 

1. To assess the diagnostic accuracy of susceptibility weighted imaging (SWI) in 

diagnosing the cases of cerebral venous thrombosis (CVT) compared to magnetic 

resonance venography (MRV) 

 



Review Of Literature 

 

 

 Page 5 

 

REVIEW OF LITERATURE 

 

Definition 

Cerebral vein thrombosis (CVT), also known as Cerebral Venous Sinus 

Thrombosis (CVST) is a rare presentation of venous thromboembolism. CVT 

encompasses thrombosis of both Dural sinus as well as cerebral veins (cortical vein 

and also deep vein). Though it's rare, but a possibly fatal neurological condition which 

is often missed because of its vague clinical and radiological presentation.1  

Anatomy of Cerebral Venous System –: 

The cerebral venous system is divided into  

1. Superficial venous system and 

2. Deep venous system.16  

These are intracranially placed collections of venous channels and are placed 

between the meningeal, endosteal layer of the dura mater. The cerebral veins don not 

have valves as compared to systemic veins. They also don’t follow the territory of the 

cerebral arteries. The superior sagittal sinus empties CSF from the subarachnoid 

space. 

The superficial system consists of cortical veins and Dural sinuses. They drain 

the superficial white matter and the cerebral cortex. Superior sagittal drains the 

dorsolateral area while the anteroventral region is drained by the cavernous sinus. 

They are the major Dural sinuses. The superior sagittal sinus drains into the transverse 

sinus which then drains into the straight sinus. The cavernous sinus drains into the 

transverse sinus posterolateral and sigmoid sinus inferolateral, along the superior and 

inferior petrosal sinuses, respectively.16 Veins draining superiorly and inferiorly are 

superficial cortical veins (vein of Labbe and Sylvian or superficial middle cerebral 

veins). 
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The deep cortical veins are included in the deep venous system. They 

comprise the sigmoid sinus, straight sinus, transverse sinus, a vein of Galen, internal 

cerebral veins, Rosenthal or basal vein, medullary, and subependymal veins. The deep 

venous system drains deep white matter of the brain, upper part of the brain stem, 

thalamus, and basal ganglia. The internal jugular vein is the ultimate drainage point 

for the contents from both the venous systems. 

Figure 1: Normal major cerebral veins and Sinuses (as seen in MRV-TOF).  

 

 

Classification:  

CVT can be classified based on the timing of the clinical symptom onset as  

1. Acute (Less than or equal to 48 hours),  

2. Subacute (more than 48 hours to 30 days) and  

3. Chronic (more than one month).  
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Subacute type is the most frequent type.4 It contributes to around 50% of all 

cases. The chronic from is less frequent. 

 

Table 1: Clinical presentation in CVST as described by Bousser MG et al.3 

Courtesy: Alvis-Miranda HR et al4, Bousser MG et al3  

Type of presentation Clinical presentation characteristics 

Focal syndrome 
Characterized by Focal signs like seizures, 

headache, or mental state abnormalities 

Diffuse sub-acute encephalopathy Abnormalities in the Mental state 

Isolated Intra Cranial Hypertension 
Papilledema, vomiting, nausea, 

Headache 

Cavernous sinus syndrome Painful ophthalmoplegia, proptosis, chemosis 

 

Epidemiology: 

Around 0.5% to 1% of stroke cases are due to clots in the Dural Venous 

Sinuses.2, 3 CVT is mostly associated with hormonal factors such as pregnancy and 

oral contraceptives. It is more common in females, especially during puerperium.2 

Pregnant women have five times increased risk of developing DVT.6 It could be due 

to the hyper coagulable state in pregnancy. The incidence of CVT in pregnancy has 

been reported as 202 per one lakh deliveries. The CVT-associated mortality rate is 

also high in pregnancy at 11.63%.2 The incidence of CVT is estimated at around 1.32 

per one lakh person-years.17 Devasagayam S et al.18 (2016) in their retrospective 

population based study observed the rate of occurrence of new cases of CVT was 15.7 

million cases per year. They observed that in about 48% of subjects, there was a 

possibility of procoagulant predisposition. They also observed that the majority 

(55/105) of the subjects were females. Although not statistically significant, a woman 
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in the reproductive age group has increased relative risk as compared to males. (1.18 

[95% confidence interval, 0.94-1.48]). It is considered as the rare cause of stroke in 

young with increased mortality.  

The ISCVT determined the occurrence of CSVT in various sites – transverse 

sinus (86%), superior sagittal sinus (62%), straight sinus (18%), cortical veins (17%), 

jugular veins (12%), a vein of Galen, and internal cerebral vein (11%).5 

 

Pathophysiology: 

The clinical manifestations in CVT are explained by two theories.19, 20  

First, thrombosis of the cerebral veins leads to increased venous and capillary 

pressure, which leads to a decrease in cerebral perfusion. Decreased cerebral 

perfusion results in ischemic injury, manifested by cytotoxic edema, which damages 

the energy-dependent cellular membrane pumps and leads to intracellular swelling. 

Disruption of the blood-brain barrier leads to vasogenic edema and leakage into the 

interstitial space. The increased pressure in the venous system can lead to an 

intraparenchymal hemorrhage.  

The second is obstruction of the cerebral sinuses, particularly when thrombus 

does not resolve. Normally, the cerebrospinal fluid found in the cerebral ventricles is 

transported through the subarachnoid space to the arachnoid granulations and 

absorbed into the venous sinuses. Thrombosis of the venous sinuses results in 

impaired cerebrospinal fluid absorption and ultimately leads to increased intracranial 

pressure. Increased intracranial pressure leads to cytotoxic and vasogenic edema and 

ultimately may lead to parenchymal hemorrhage. 

The abnormalities in the vessel wall, abnormalities of blood composition, and 

blood stasis (Virchow’s triad) cause an imbalance in prothrombotic and fibrinolytic 
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processes. It leads to progressive venous thrombosis. Due to the increase in the 

pressure in the venous system, leads to vasogenic as well as cytogenic edema. 

Because of widespread anastomosis, among the cortical veins, the territories of the 

venous system are not well defined. This in turn leads to the development of 

alternative pathways for venous drainage when there is a block or an occlusion. The 

absorption of CSF via arachnoid villi is also blocked in CVT, leading to increased 

intracranial tension, due to obstruction of the superior sagittal sinus. 

 

Risk factors: 

The female gender is a risk for CVT, specifically during the postpartum 

period, because of the associated hormonal factors.2  

The risk factors for CVT include factors contributing to the Virchow triad. 

The causative factors are broadly classified as  

1. Inherited/Genetic factors such as Inherited thrombophilia 

2. Acquired risk factors (surgery, trauma, pregnancy, puerperium, antiphospholipid 

syndrome, cancer, exogenous hormones). 

Other risk factors include medications like steroids, medicines used for cancer 

treatment, medicines used as hormonal therapy for contraception, etc. 

The risk factors can also be classified as Systemic conditions, Infections, 

Gender-based factors, Inherited prothrombotic conditions, Acquired prothrombotic 

conditions, Medications, Vascular abnormalities, and Mechanical factors.5, 16 
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Clinical presentation and diagnosis:  

CVT is a rare, but possibly fatal neurological condition which is often missed 

because of its vague clinical and radiological presentation.1 Clinical presentation is 

highly variable in CVT besides being nonspecific. Clear-cut valid diagnostic 

algorithms are not available for the diagnosis of CVT. The non-specific nature of 

clinical presentation leads to a delay in the diagnosis. The median time for arriving at 

a diagnosis taken from the onset of clinical features is usually around Seven days.14 A 

diagnosis is arrived at earlier when a patient gets admitted with changes in his 

consciousness and/or mental state and/or seizures.21 Chronic onset is seen in around 

nearly twenty percentage of the subjects. Delay in diagnosis and delay in prompt 

management has poorer outcome besides the elevated risk of deficits visually.21 In 

subjects with ICH, delay in diagnosis can lead to mortality or severe disability. 

Subjects with chronic CVT require extra attention for avoiding misdiagnosis as the 

presentation may occur with an untraditional onset.21 The common symptoms with 

which patients present in a suspected case of CVT are headache, seizure, and 

hemiparesis. 

 

Table 2: Presentation of cerebral sinus venous thrombosis.4, 22 

Type of presentation in 

CVST 

Duration for development of 

symptoms 

Rate of 

occurrence 

1. Acute onset 
Less than 48 hours 

30% 

2. Sub-acute onset 
48 hours to 30 days 

50% 

3. Chronic onset 
30 days to 6 months 

20% 
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The majority (50%) of subjects with CVT present sub-acutely, while 30% 

present in an acute fashion. 20% present chronically. In CVT, Headache is the 

commonest clinical symptom.23 It is seen in around 80–90% of subjects with CVT. 

>80 % of patients have headaches acute to subacute in nature while only a few are 

chronic headaches. The headache has a diverse type of presentation in CVT. They can 

manifest as throbbing, band-like, or burning or as a thunderclap and other types of 

headache.24, 25 Headache associated with CVT is generally persistent and it correlates 

generally with the disease severity.26 CVT should be suspected, in case of aggravation 

of a headache that is chronic intermittent or with the appearance of a new chronic 

headache. Other than for thrombosis of the sigmoid sinus, no obvious association 

noted between the thrombosed site and headache.26  

A thunderclap headache is a type of very grave headache which can occur rapidly 

and then peaks in a span of a minute. It is seen in about 5–13% of subjects presenting 

with CVT. 25, 26 It can be seen in conditions such as Subarachnoid Haemorrhage 

(SAH). In CVT subjects presenting with thunderclap headaches, the headache can 

occur without or with SAH.  

Migraine-like headaches can also occur in CVT. It can be pulsatile and unilateral 

analogous to a migraine occurring without or with aura.26  

There are also reports of post-Dural puncture headache in CVT.27 It should 

be considered in headache, occurring after lumbar puncture.  

Headaches in CVT are generally go together with clinical features like Localised 

neurological deficits, altered sensorium, and seizures. 

CVT can also occur without a headache. They are more likely to be older and 

males, with the occurrence of paralysis, and seizures.28 CVT occurring without 
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headache is most commonly associate with diseases like isolated cortical venous 

thrombosis, parenchymal lesions, and malignant diseases.  

Seizures can occur in around 40% of subjects with CVT.29, 30 They can occur as a 

single incident or as a cluster incident.  

Neurological deficits such as palsies of the cranial nerves, motor impairment or 

sensory impairment, and cortical blindness can also be a presentation of CVT.31 They 

are generally seen in CVT of the non-inflammatory type. In CVT associated with 

infections, cavernous sinus syndrome is more likely.32 In CVT the commonest 

neurological deficits were in the form of motor deficits (19 to 39%). They were more 

frequently found in CVT subjects with involvement of superior sagittal sinus, cortical 

veins, and cerebral deep venous system .31, 32 Aphasia was also reported in 19 to 24% 

of subjects with CVT.5, 26 

Ophthalmological symptoms such as vision loss, papilledema can also occur in 

CVT. The most common manifestation among them is papilledema (28% to 67.5%). 

Usually, they do not occur without a headache. 

Altered consciousness has been observed in 20% to 30% of subjects with CVT.5, 33 

CVT can also present with psychological symptoms, abnormal behaviour, and 

several other manifestations.34 

Diagnosis: 

For the diagnosis of CVT, there are no clear-cut valid diagnostic algorithms 

available. Diagnosis is mainly based on neuroimaging, which plays an important role 

in the evaluation of complications, deciding the management and prognosis.7  

The historical diagnostic standard for CVT is Digital subtraction angiography. 

It is not used nowadays. MRI has replaced it in the past few decades. But there is a 



Review Of Literature 

 

 

 Page 13 

 

lack of evidence with respect to diagnostic accuracies of modern imaging modalities 

for CVT.  

 

Imaging modalities in diagnosing CVT: 

1. Computed tomography.  

2. Computed tomography venography. 

3. Magnetic resonance imaging (MRI). 

4. MR black blood thrombus imaging. 

 

Computed Tomography (CT): 

Computed tomography is the commonest modality used on subjects, who 

present with localized and acute neurological symptoms.35 CT uses a series of X-rays 

and produces a 3D image of soft tissues and bones with the help of a computer. 

Besides being non-invasive, it is a painless technique for detecting health conditions. 

It is a cost-effective, widely accessible, and available tool for ruling out the common 

neurological diagnosis.36 There may be a variable presentation of CVT on CT.  

 

Table 3: Signs of CVT on CT. 

Type of CT Direct signs Indirect signs 

Non-contrast CT 

(NCCT) 

1. Dense clot sign 1. Haemorrhagic infarction 

2. Cord or string sign (dense 

vessel sign): 

2. Brain edema 

3. Mass effect 

4. SAH 

Contrast-enhanced 

CT (CECT) 
1. Empty delta sign 

Similar findings as seen in 

NCCT 
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In NCCT, hyperattenuating noted within the lumen of cerebral sinus and 

veins, suggestive of thrombus (dense clot sign). It is due to the protein factor 

associated with haemoglobin inside the RBC’S (Red Blood Cells). Another direct sign 

is the dense vessel sign or cord sign, where the cortical vein, which is thrombosed 

appears like a cord. Indirect signs on CT include Haemorrhagic infarction, Oedema of 

the brain, SAH, and Mass effect. They occur in around 60 to 80% of cases.36 The 

lesions in the parasagittal hemisphere indicate superior sagittal sinus thrombosis. 

Edema in the thalamus bilaterally, lesions of the temporo-occipital area indicate 

thrombosis of the transverse sinus.36, 37 In deep cerebral vein thrombosis also, bilateral 

thalamic edema is seen. 

Empty delta sign is the characteristic sign of CVT seen in CECT, the thrombus 

is seen as a filling defect. It is specific for thrombosis of the superior sagittal sinus. In 

this sign, thrombosed sinus seen as a triangular area of enhancement with relatively 

low-attenuation center. Indirect signs are similar as seen in Non-contrast CT. A study 

done in 2018 observed in their meta-analysis assessed the role of CT and MRI for 

CVT/CVST diagnosis.38 Overall sensitivity for CVT and CVST groups with CT was 

79% and 81% respectively. The pooled specificity was 90% and 89%. With regards to 

MRI, the pooled sensitivity was 82% and 80% and pooled specificity was 92% and 

91% for CVT and CVST respectively. They concluded that the diagnostic accuracy of 

CT and MRI was very high. It was excellent, regardless of stage, methods of analysis, 

and targets for it. They also observed that assessment of direct or indirect signs had 

more validity on comparison with attenuation assessment. 

In a suspected case of acute CVT, CT can be used as a primary imaging 

modality, but there is a need for additional imaging to diagnose accurately and rule 

out CVT.7, 38, 39  
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Figure 2: Axial CT image in Acute Sinus Thrombosis.  

A. NCCT showing hyper dense areas in Transverse sinus (indicated by arrows) 

B. CT venography showing Filling defects in both transverse sinus (indicated by 

arrows) 

 

 

 

CT venography: 

It is a CECT, which is done with the help of a time-optimized contrast bolus 

for enhancing the cerebral venous system. The commonly used imaging modalities for 

diagnosing CVT. It is widely available besides being cost-effective.40 Filling defect is 

noted within the thrombosed vin as shown in figure .40 Indirect signs in CT 

venography like SAH and brain edema can also help in arriving at the diagnosis. 

Axial thin-section contrast-enhanced source images of a helical CT scan are 

used to make the diagnosis of CVT. 2D and 3D reformation techniques like maximum 

intensity projection, integral display, and volume rendering can be used to provide 

detailed anatomic images of the deep and superficial cerebral veins free from over 

projecting bones and brain parenchyma.41 In certain studies CT venography is a 

dependable substitute for CVT diagnosis as compared to Digital Subtraction 
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Angiography.38, 42 But the role of CT venography in cortical vein thrombosis is 

limited.43 The diagnostic sensitivity was variable between 6 to 75%.43, 44 It can be due 

to the contrast filling defect known as ‘missing vein’ is hard to discriminate from the 

variations seen physiologically in the anatomy of the venous system. 

 

MAGNETIC RESONANCE IMAGING: 

MRI is considered an appropriate imaging modality and is most commonly 

used for the brain.43 But the quality of the image obtained depends on several 

technical factors. They include a selection of sequences and imaging planes, 

positioning of the patient, and selection of proper coil. The various types of MRI 

sequences6, 36, 43, 45 that can be obtained are T1 and T2 weighted imaging, SWI, DWI, 

MRA, MRV, FLAIR, DTI, and fMRI.  

In MRI one can visualize the anatomy in all three planes (i.e. axial, sagittal, 

and coronal). It has the ability to detect demyelinating disease, vascular 

malformations in comparison with CT. There is no ionizing radiation exposure with 

MRI as compared to CT. MRI sequences also have some disadvantages. They are 

subject to motion artifacts and require prolonged acquisition time for many images. 

They are inferior to CT in detecting acute hemorrhage and bony injuries. 

The magnetization properties of atomic nuclei is the principle of MRI is based 

on.43, 44 Normally the protons are randomly oriented within the water nuclei of tissue. 

The powerful external magnetic field is applied uniformly and the protons are aligned. 

Further, the alignment is disturbed by the application of external radiofrequency 

energy. Now the nuclei return to their resting alignment through relaxation processes 

and emit radiofrequency energy which is measured. By using Fourier transformation, 

the signals are converted to corresponding intensity levels. Different types of images 
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are created by changing the sequence of Radio frequency pulses applied and then 

collected.  

Table 4: TIME INTERVALS IN MRI. 

S. 

No 
TIME INTERVAL DEFINITION 

1 Repetition Time 

Time interval between successive pulse sequences 

which are applied to the same slice. 

2 Time to Echo 

Time interval between the delivery of the RF pulse and 

the receipt of the echo signal. 

3 
T1 – Longitudinal 

relaxation time 

Time is taken for spinning protons to realign with the 

external magnetic field. 

4 
T2 – Transverse 

relaxation time 

Time is taken for spinning protons to lose phase 

coherence among the nuclei spinning perpendicular to 

the main field. 

 

T1 weighted MRI is a standard imaging procedure. It gives a clear picture of 

the structure and anatomy of the brain. It also shows brain damage, but only when 

there is significant damage. Like T1, T2 weighted MRI is also a standard imaging 

procedure. Short TE and TR times are used to produce T1-weighted images. Long TE 

and TR times are used to produce T2-weighted images. CSF appears dark on T1W & 

bright on T2-W imaging.  

The conditions involving vascular structures and which cause disruption of the 

blood-brain barrier, T1- weighted Gadolinium-enhanced images are very useful.  

Diffusion-weighted imaging is extremely sensitive in diagnosing conditions 

such as acute stroke. It works by detecting the random movement of water protons. 

The movement of water molecules is significantly restricted in the intracellular space 

but can diffuse freely in the extracellular space. In ischemic brain tissue, the 

spontaneous movements of water protons are restricted. The sodium-potassium pump 

during ischemia shuts down and sodium starts to accumulate intracellularly, as a 
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result, there is a shift of water from extracellular to intracellular space because of the 

osmotic gradient. There is an increase in sodium resulting in an increase of water in 

the tissues. There is an extremely bright signal on DWI in ischemia.  

FLAIR imaging is very sensitive to water content in brain tissue. It is used to 

visualize alterations in conditions of tissues such as multiple sclerosis. It is also useful 

in conditions where there is a reduction in brain tissue following injury.  

Susceptibility-weighted imaging (SWI) is an increasingly important adjunct in 

diagnosing a variety of neurologic diseases and provides a powerful tool to depict and 

help characterize microbleeds, veins, and other sources of susceptibility. 

Susceptibility-weighted imaging (SWI) evolved from simple two-dimensional 

T2*-weighted sequences to three-dimensional sequences with improved spatial 

resolution and enhanced susceptibility contrast. SWI is an MRI sequence sensitive to 

compounds that distort the local magnetic field (eg, calcium and iron), in which the 

phase information can differentiate. 

Compounds that have paramagnetic, diamagnetic, and ferromagnetic 

properties all interact with the local magnetic field distorting it and thus altering the 

phase of local tissue which, in turn, results in a change of signal Paramagnetic 

compounds include deoxyhemoglobin, ferritin and hemosiderin . Diamagnetic 

compounds include bone minerals and dystrophic calcifications Initially, SWI and 

related sequences were mostly used to improve the depiction of findings already 

known from standard two-dimensional T2*-weighted neuroimaging: more 

microbleeds in patients who are aging or with dementia or mild brain trauma; 

increased conspicuity of superficial siderosis in Alzheimer disease and amyloid 

angiopathy; and iron deposition in neurodegenerative diseases or abnormal vascular 

structures, such as capillary telangiectasia. But SWI also helps to identify findings not 
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visible on standard T2*-weighted images: the nigrosome 1 in Parkinson disease and 

dementia with Lewy bodies, the central vein and peripheral rim signs in multiple 

sclerosis, the peripheral rim sign in abscesses, arterial signal loss related to thrombus, 

asymmetrically prominent cortical veins in stroke, and intratumoral susceptibility 

signals in brain neoplasms. 71 

Typically the images presented are:  

 magnitude  

 filtered phase 

 SWI (combined post-processed magnitude and phase) 

A fourth set of images is provided, minimum intensity projection (minIP) which is 

just a thick slab of the conventional SWI images and is better able to demonstrate 

venous anatomy. 

Diffusion Tensor Imaging visualizes the white matter tract in brain tissues.  

Functional MRI – depends on the magnetic properties of blood and helps to see 

images of blood flow in the brain. A functional MRI scan can produce images of brain 

activity as fast as every second. fMRI helps to determine the active brain regions and 

how long they remain active. It produces high-quality images and helps to know 

which areas of the brain are being activated.  

Indications for MRI of Brain are.46 Trauma (epidural hematoma, subdural 

hematoma, contusion), Infection (abscess, encephalitis, meningitis), Tumor (primary 

CNS and metastatic), Vascular (ischemic & hemorrhagic stroke, venous thrombosis, 

aneurysm, arteriovenous malformation), Inflammatory/Demyelinating Lesions, other 

conditions such as Congenital Malformations and Hydrocephalus. The 

Contraindications are implanted metallic devices and magnetic electronic devices in 
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the body like pacemakers, artificial heart valves, etc. Due to unknown effects on the 

fetus, pregnancy is considered a relative contraindication. 

 

MRI SEQUENCES IN CVT:  

For depicting the thrombus in CVT, MRI techniques can be divided into three groups 

1. Non-contrast enhanced flow-related MRI 

2. Native contrast thrombus MRI 

3. Contrast-enhanced MRI 

 

Non-contrast enhanced flow-related MRI includes 2D-TOF MRV, 3D TOF MRV, 

2D phase-contrast (PC) MRV, 3D PC MRV.  

TOF MRV depends on Flow-related enhancement. They are sensitive to slow 

flow (especially 2D) and they do not require the use of a contrast agent and have a 

relatively short acquisition times (5–8 min). The principle used here is the flow-

related enhancement of spins entering into an imaging slice. These spins give more 

signal on comparison with surrounding stationary spins, because they are unsaturated. 

A 3D image can by combining these images.72 But their main disadvantage is False 

positives (loss of signal due to in-plane saturation) and False negatives (high signal 

from background tissue with short T1 values that can mimic flowing blood). 

Phase-contrast MRV depends on Velocity-induced phase shift of spins. Its 

advantages include suppression of background tissues, no false negatives due to 

methaemoglobin, detection of flow direction and quantifying flow, detecting flow in 

orthogonal planes. It has long acquisition times (>15 min). It is also sensitive to 

motion artifacts and velocity & turbulent blood flow. 
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NCE flow-related MRI on comparison with DSA has high sensitivity (100%), 

specificity (71%) for diagnosis of CVT.47, 48 But they were less accurate in 

identification of thrombosis of cortical veins.43, 46 

The thrombus is directly visualized in native contrast thrombus MRI. The 

following are the sequences used: 

1. Spin echo (SE): T1-WI FSE (fast spin-echo) /TSE (turbo spin-echo), T2-WI 

FSE/TSE, FLAIR, PDW (proton density-weighted), MR Black Blood Imaging 

(MRBTI: T1-WI 3D SPACE), 3DT1 TSE SPAIR. 

SPACE - variable-flip-angle-turbo spin echo,  

SPAIR - Spectral Attenuated Inversion Recovery 

2. Gradient echo (GRE): DWI, MR Direct Thrombus Imaging (MRDTI: T1-WI 

magnetization prepared 3D gradient TFE). 

TFE – turbo field echo 

3. Gradient echo susceptibility-weighted: T2*WI, T2*WI SE EPI, T2*SW 

(susceptibility weighted), T2*GRE, GRE. 

In the first 5 days (acute thrombus) the concentration of deoxyhaemoglobin is 

high, on T1W the thrombus appears isointense and hypointense on T2W. Between 6 

and 15 days, due to a high methaemoglobin concentration on T1WI and T2WI, the 

clot may appear hyperintense. After 15 days the thrombus may appear isointense on 

T1WI and iso to hyperintense on T2WI. On GRE SW images, the methaemoglobin, 

deoxyhaemoglobin (blood breakdown products) can cause exaggerated signal drop-

out, termed as magnetic susceptibility effect (MSE). Because of that intraluminal 

thrombi can be depicted in stages, where the clot may be subtle in other sequences.7,40  
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 By using the various combination of native contrast thrombus MRI 

techniques, the overall sensitivity & specificity for the diagnosis of CVT is 84–97% & 

28–96% respectively.47-49  

For cortical vein thrombosis, GRE SW MRI had adequate sensitivity of 97–

98% and specificity of 100%.43, 45 

CE MRV includes 3D CE MRV (static) and 4D CE MRV (dynamic). They are 

based on the T1 shortening of Gadolinium. Advantages include good suppression of 

background signals, fast acquisition time, ability to assess partial recanalization and 

no in-plane saturation effects. In 4D CE MRV, there is no need for a sophisticated 

triggering system for injection of contrast as compared to 3DCE MRV. The 

disadvantages with CE MRV include the need for contrast administration. 

DSA was used as the reference standard, contrast-enhanced MRI was more 

accurate for diagnosing CVT with a sensitivity (83%) and specificity (100%) than 

non-contrast-enhanced flow-related and native contrast thrombus MR sequences with 

sensitivity (8–51%) and specificity (80–93%).50 Contrast-enhanced MRI was also 

more sensitive for CVT than non-contrast-enhanced MRI, with a sensitivity and 

specificity of 86–97% and 52–100% versus 55–97% and 28–95%, respectively.51, 52 In 

a meta-analysis, by using various MRV techniques the diagnostic performance of 

contrast-enhanced MRV was better than that of non-contrast-enhanced TOF and PC 

MRV.53 

MAGNETIC RESONANCE BLACK BLOOD THROMBUS IMAGING:  

Magnetic resonance black-blood thrombus imaging (MRBTI) is a native 

contrast thrombus MR technique. It provides a non-invasive visualization of thrombi 

in cerebral veins and sinuses. It is used to distinguish the probable ages of thrombi 

(acute, subacute, or chronic) for deciding customized treatment. Studies done 
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previously have also confirmed the sensitivity of MRBTI in the context of 

investigating thrombi in acute ischemic stroke54, deep venous thrombosis55, and 

myocardial infarction is high.56 It has been used in the evaluation of suspected 

CVT.57, 58 It has yielded 100% sensitivity, 96% specificity, accurate to the individual 

venous segments level on comparison with CT and MRI but not with DSA as 

diagnostic standard.58  

MR Direct Thrombus Imaging (MRDTI), is another similar technique with 

high accuracy for diagnosis of DVT and helps in differentiating acute from chronic 

DVT in legs.59 There is a need for evidence-based studies before MRBTI is 

incorporated in daily clinical practice for CVT diagnosis. 

Figure 3: MRBTI of a 27-year-old male patient with sub-acute CVT. 

 



Review Of Literature 

 

 

 Page 24 

 

 A: MRBTI demonstrated hyper-intense signal intensity in the superior sagittal 

sinus (arrowheads), the right transverse and sigmoid sinuses (arrowheads), and the 

cortical veins (arrows) suggesting intraluminal thrombus formation. B: All thrombi 

semi-automatically outlined by software based on their high signal contrast were 

rendered with red color and volume was 21.5 cc. C: sagittal, coronal and axial 

sections of maximum intensity projection (MIP) reformations of MRBTI better 

depicted the thrombosed segments with hyper-intense signals.58 

Image courtesy: Yang Q et al.58 

 

DIAGNOSTIC ACCURACY OF SWI VERSUS MR VENOGRAPHY- TOF IN 

CVT DIAGNOSIS: 

Cerebral venous thrombosis is an important cause of stroke in young adults. 

The intraluminal clot within the veins is detected by The Susceptibility Weighted 

Imaging (SWI). The affected vein or sinus appears hypointense which is termed as 

magnetic susceptibility effect (MSE) due to the presence of a clot. The sensitivity of 

SWI for detecting CVT has far exceeded that of routine T1 andT2 weighted images. 

Thrombosed veins and sinuses are more easily visualized on SWI than on any other 

MR sequence. Several studies have confirmed the usefulness of MRI for diagnosis of 

CVT.48, 60, 61 The main sign of CVT on a standard MRI protocol is the lack of 

expected signal flow void on standard spin echo T1 & T2 sequences. The various 

signal changes on T1 and T2 weighted images are due to different chemical products 

of blood breakdown in thrombosed veins and sinuses. MRV is almost always required 

to confirm the diagnosis of CVT. The intraluminal thrombosis is identified by the 

absence of flow signal on MRV-TOF. However, MRV-TOF is also subject to 

artifacts, which may result in a false negative diagnosis. 
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A study done in the year 2020, provided an overview of the best available 

evidence regarding the diagnostic performance of CT and MRI for the diagnosis of 

CVT. Notably, other available studies are observational, mostly small, outdated, and 

with a high risk of bias. Therefore, direct comparison between studies is difficult due 

to the large diversity in study design, imaging method, reference standard, patient 

selection, and sample size. In general, contrast-enhanced techniques are more accurate 

for the diagnosis of CVT than non-contrast-enhanced techniques. CT venography and 

MRI have been both reported to be adequate for establishing a final diagnosis of 

CVT, but the choice of modality as used in clinical practice depends on availability, 

local preference, and experience, as well as patient characteristics. Their review 

underlines the need for high-quality diagnostic studies comparing CT venography and 

MRI in specific settings, to improve clinical care and standardize clinical trials.1  

The MR properties of hemoglobin catabolism and their products are well 

characterized.10-12 When the arterial blood with high oxygen saturation passes into the 

venous blood with lower oxygen saturation, hemoglobin becomes deoxygenated.62 

This results in the formation of deoxyhemoglobin, which has paramagnetic properties. 

In CVT, the loss of the T2* -weighted signal is due to deoxyhemoglobin which 

produces a non-uniform magnetic field and rapid dephasing of proton spins. The 

paramagnetic molecules have this property and its termed as ‘magnetic susceptibility 

effect (MSE)’ and results in a signal loss (darkening) best seen in T2*/SWI.63-65 Thus 

T2*/ SWI not only helps in the detection of thrombosed sinus but also helps in the 

detection of the hemorrhagic venous infarct. 

 

 

 



Review Of Literature 

 

 

 Page 26 

 

MOST RELEVANT STUDIES: 

A study done in the year 2020, observed that Digital subtraction angiography 

(DSA) is the historical diagnostic standard for CVT, but is rarely used nowadays and 

replaced by computed tomography (CT) and magnetic resonance imaging (MRI). 

They concluded that contrast-enhanced techniques have more validity than non-

contrast-enhanced techniques.1 

A study done in the year 2018, meta-analysis assessed the role of CT, MRI for 

CVT and CVST diagnosis. Overall sensitivity was 79% (95% C.I. of 76% to 82%) 

and 81% (95% C.I. of 78% to 84%) with CT for CVT and CVST respectively. The 

pooled specificity was 90% (95% C.I. of 89% to 91%) and 89% (88% to 91%), with 

an AUC of 0.93 and 0.91 respectively. For the pooled sensitivity for MRI-CVT and 

MRI-CVST was 82% (95% C.I. of 78% to 85%) and 80% (95% C.I. of 76% to 83%), 

and pooled specificity was 92% (95% C.I. of 91% to 94%) and 91% (95% C.I. of 89% 

to 92%), with an AUC of 0.92 and 0.93 respectively. They concluded that both CT 

and MRI have excellent validity.66 

A study done in the year 2018, assessed the diagnostic accuracy of MRV for 

CVT diagnosis. They searched the Embase, PubMed, and Chinese Biomedical (CBM) 

databases up to Mar 31, 2018. The meta-analysis synthesized 12 articles containing 27 

cohorts with a total of 1933 cases. The pooled sensitivity and specificity were 0.86 

(95% CI: 0.83, 0.89) and 0.94 (95% CI: 0.93, 0.95), respectively. The pooled 

diagnostic odds ratio (DOR) was 75.24 (95% CI: 38.33, 147.72). They concluded that 

MRV had excellent diagnostic accuracy for CVST diagnosis.53 

A study done in the year 2016, on 17 subjects with cerebral venous thrombosis 

(CVT) for evaluating various gradient echo (GRE) MRI sequences compared to 

conventional MRI sequences for characterizing CVT. The MRI sequences included 
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T1-weighted spin-echo (SE) imaging, T*
2-weighted turbo SE (TSE), fluid-attenuated 

inversion recovery (FLAIR), T*
2-weighted conventional GRE, and diffusion-weighted 

imaging (DWI). MR venography (MRV) images were obtained as the golden 

standard. They observed that venous sinus thrombosis was best detectable in T*
2-

weighted conventional GRE sequences in all patients except in one case. Venous 

thrombosis was undetectable in DWI. T*
2-weighted GRE sequences were superior to 

T*
2-weighted TSE, T1-weighted SE, and FLAIR. Enhanced MRV was successful in 

displaying the location of thrombosis.67 

A study done in the year 2016, a retrospective population-based study 

observed the CVT incidence, that is the rate of occurrence of new cases was 15.7 

million cases per year with a 95% confidence interval ranging from 12.9 million to 

19.0 million. They observed that in about 48% of subjects, there was a possibility of 

procoagulant predisposition. They also observed that the majority (55/105) of the 

subjects were females. Although not statistically significant, the relative risk of CVT 

was higher in females belonging to the reproductive age group on comparison with 

males. (1.18 with 95% confidence interval of 0.94 to 1.48).18 

A study done in the year 2016, assessed the diagnostic accuracy of routinely 

used MRI sequences without and with contrast enhancement for DVST. The seven 

MRI sequences that were used (axial unenhanced T1-weighted, T1-weighted CE, T2-

weighted, DWI, T2-weighted FLAIR, T2-weighted gradient-recalled echo [GRE], and 

sagittal 3D T1-weighted GRE CE sequences) were randomized, anonymized, and 

reviewed independently by two neuroradiologists who were blinded to the final 

diagnosis. Ten separate venous sinus segments were evaluated. CE MRV was the 

reference standard for determining the presence or absence of DVST, and it was 

performed using the following imaging parameters: TR/TE, 4.1-77/1.4-9.5; flip angle, 
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12-35°; and slice thickness, 0.8-1.4 mm. The diagnostic performance of and 

interobserver variability for each sequence was assessed per patient and per segment. 

Thirty-six patients with DVST (72% of whom had acute thrombosis and 28% of 

whom had chronic thrombosis) and 29 patients without DVST were included in the 

study. For each sequence, the AUC values for the detection of DVST per patient, as 

determined by reviewer 1 and reviewer 2, respectively, were as follows: for T1-

weighted unenhanced sequences, 55% and 61%; for T1-weighted CE sequences, 79% 

and 80%; for T2-weighted sequences, 77% and 76%; for DWI sequences, 59% and 

64%; for T2-weighted FLAIR sequences, 70% and 72%; for T2-weighted GRE 

sequences, 64% and 66%; and for the 3D T1-weighted GRE CE sequence, 77% and 

81%. The diagnostic performance of the 3D T1-weighted GRE CE sequences was 

statistically significantly greater than that of the other sequences. Interobserver 

variability ranged from 0.26 (for T1-weighted unenhanced sequences) to 0.73 (for the 

DWI sequence). Overall, for each reviewer and with the use of all evaluated 

sequences, MRI had a high sensitivity (> 99% for both reviewers) but low specificity 

(14% for reviewer 1 and 48% for reviewer 2) for the detection of DVST. They 

concluded that Sequences used in routine brain MRI performed with and without 

contrast enhancement have varying strengths that are important to recognize when the 

likelihood of DVST is assessed, but they do not replace the utility of dedicated CE 

MRV.52 

A study done in the year 2010, observed that for the diagnosis of CVT, T2* 

weighted imaging is superior. They observed besides T2 weighed imaging, only 

T1weighted imaging had a sensitivity of more than 50% for CVT. It was followed by 

FLAIR and MRV. They suggested that NCCT and also MDCTA may not be 

appropriate for CVT diagnosis.43 
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A study done in the year 2009, described MR imaging features, including 

T2*gradient-echo (GE) sequence, in 8 subjects with presumed Isolated Cortical 

Venous Thrombosis. MR venography was performed in all patients and digital 

subtraction angiography in 4) at the time of diagnosis and during the follow-up at 15 

days (4 patients) and at 3 (8 patients), 6 (6 patients), 12 (3 patients), and 18 months (1 

patient). Magnetic susceptibility effect (MSE) was detected on T2*GE imaging at the 

site of a cortical vein in all subjects at the first MR imaging examination. The 

occluded vein appeared as hyperintense in 3 patients, iso- to slightly hyperintense in 1 

on T1, hypointense in 6 on FLAIR images, and as a signal-intensity loss on DWI in 3. 

At follow-up, persisting signal-intensity abnormalities on T2*GE imaging were 

detected at the venous sites in all patients, whereas signal-intensity changes on T1- 

and T2-weighted images were no longer present. Parenchymal hyperintensities on 

FLAIR and DWI (increased apparent diffusion coefficient [ADC]) were observed in 

close vicinity to the thrombosis in 6/8 patients. Petechial hemorrhages (n = 3) or 

hematoma (n = 2) was present on T2*GE imaging in 5/8 patients. During the follow-

up, all cerebral tissue signal-intensity changes on T1, T2, and FLAIR images 

decreased both in volume and intensity. ADC values normalized within the tissue 

after 3 months in all patients. They concluded that T2*GE imaging, MSE of 

hemoglobin products within the thrombus was observed both at the early and late 

phases of ICoVT and appears to be of high diagnostic value compared with the other 

signal intensity changes detected on standard MR imaging.13 

A study done in the year 2009, in their review article observed that SWI 

enhances contrast in MRI. “Conventional imaging relies on the magnitude 

information to generate the image; the phase information on the other hand has 

typically been discarded except for a few applications in flow imaging. Historically, 
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phase images have been difficult to interpret, as the valuable information about 

susceptibility changes between tissues was hidden by background field 

inhomogeneities caused by air/tissue interfaces and main magnetic field effects. It has 

been shown, however, that by using a special high-pass filter it is possible to remove 

most of these unwanted effects, leaving behind only the valuable information about 

susceptibility changes between tissues. The contrast in the phase image is 

complimentary to the magnitude contrast and the two can be combined to create what 

is now referred to as susceptibility-weighted (SW) images. SWI is a new type of 

contrast that is complementary to conventional spin-density, T1-, and T2-weighted 

imaging methods. SWI is particularly suited for imaging venous blood as it is very 

sensitive to deoxyhaemoglobin, making it useful in imaging haemorrhages from 

trauma, visualizing blood products and the vascularization of tumours, and high-

resolution MR venography. It has also proven useful in other applications relating to 

iron such as measuring iron content in multiple sclerosis lesions, and aging.68 

A study done in the year 1994, explored 53 patients with CVT by MRI. They 

observed 3 types of signal abnormalities in thrombosed sinuses: 1) iso signal on T1-

weighted sequence and low-intensity signal on T2-weighted sequence (early stage); 2) 

high-intensity signal on T1-and T2-weighted sequences (intermediate stage); 3) 

isosignal on T1-weighted sequence and high-intensity signal on T2-weighted 

sequence (late-stage). Signal abnormalities in Dural sinuses enabling CVT to be 

diagnosed were absent in 2 out of 53 cases. Twenty-six out of 53 patients had venous 

infarction. These lesions were haemorrhagic in 20 cases. MRI made it possible to 

follow the course of CVT in 15 cases, showing partial or complete recanalization of 

the occluded sinuses in 14 cases. They concluded that MRI is the best modality for 

exploring CVT due to its non-invasiveness.61 
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LACUNAE OF LITERATURE: 

As compared to non-enhanced MRI & CT, contrast-enhanced MRI & CT 

venography has more accuracy in the diagnosis of CVT. In order to make a diagnosis 

of CVT, both contrast-enhanced MRI and CT venography appear to be satisfactory. 

But there is no high-quality evidence to make recommendations for clinical practice. 

Clinical availability, experience, and local preference determine the modality which is 

used. Hence there is a necessity for multi-centric studies of high quality, to be done on 

a large scale. 
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METHODOLOGY 

Source of data: 

Patients referred for MRI brain and MRV-TOF to the Department of Radio-

Diagnosis at The KLE’S Dr. Prabhakar Kore Hospital & MRC, Belgaum.  

 

Method of collection of data: 

(a)  Study design: Hospital-based observational study  

(b) Sample size: 

   The following formula was used to calculate the minimum sample size: 

 

   Zα
2 sensitivity (100- sensitivity) 

n= 

     L2 × P 
 

Were, 

n = Sample size 

Zα =1.96 at 95% confidence interval  

L = Standard error (25%) 

P = Prevalence of the disease = 20% 

Taking Sensitivity = 90% 

L = 25% 

P = 20% 

We get n = 28. 

The sample size is calculated to be 28 

(c) All patients were evaluated clinically and then undergo an MRI of the 

brain performed using a “3 Tesla MRI scanner (Magnetom Avanto TIM, 

18 channel; Siemens, Erlangen, Germany)”.  
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DURATION: One year – between January 2020 to December 2020 

Inclusion criteria: 

1. Patients of cerebral venous thrombosis suspected clinically or detected by CT 

Brain scan and referred to the radiology department for MRI.  

2. Patients who give consent to take part in the study. 

 

Exclusion criteria: 

1. Contraindications to MRI: cardiac pacemaker, prosthesis, joint replacement, 

Claustrophobia. 

 

METHODOLOGY: Study was done using a 3T MRI scanner (MagnetomAvanto 

TIM, 18 channel; Siemens, Erlangen, Germany) 

Standard scan protocol was followed for all the patients undergoing MRI. 

 Once the MRI was done, Findings was noted and analysed. 

 

MRI sequences that were obtained: 

1. Axial – T 1 W, T 2 W, FLAIR. 

2. Sagittal – T 1 W. 

3. Coronal - T 2 W. 

4. DWI & ADC. 

5. Susceptibility weighted imaging (SWI)– (Magnitude – axial, Phase – axial, 

Minimum intensity projection – axial, SWI – axial, sagittal & coronal). 

6. 3D TOF (MRV-TOF). 
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STATISTICAL METHODS: 

The primary outcome variables in this study were SWI sequence and MR 

venogram. Demographic and clinical-related parameters were study-related variables. 

Descriptive analysis was carried out by mean and standard deviation for quantitative 

variables, frequency, and proportion for categorical variables. Data was also 

represented using appropriate diagrams like bar diagrams and pie diagrams. 

Categorical outcomes were compared between study groups using the Chi square test. 

MRV–TOF was considered the gold standard. SWI sequence was considered a 

screening test. The sensitivity, specificity, predictive values, and diagnostic accuracy 

of the screening test along with their 95% CI were presented.  P value <0.05 was 

considered statistically significant. The data were analysed by using SPSS software 

V.22.69 
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RESULTS 

Result: 

A total of 30 subjects were included in the study. 

Table 5: Descriptive analysis of age (in years) in study population (n=30) 

Parameter Mean ± SD Median Minimum Maximum 
95% C. I 

Lower Upper 

Age (in years) 39.93 ± 16.1 36.50 16.00 72.00 33.92 45.94 

 

The mean age of the study population was 39.93 ± 16.1 years, ranging from 36.50 

years to 72 years. (Table 5) 

Table 6: Descriptive analysis of gender in the study population (n=30) 

Gender Frequency Percentages 

Male 24 80.00% 

Female 6 20.00% 

Total 30 100% 

 

Among the study population, the gender was male for 24 (80.00%) participants and 

female for 6 (20.00%) participants. (Table 6 & Figure 4) 

Figure 4: Pie chart of gender in the study population (n=30) 

 

80.00%

20.00%

Male Female
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Table 7: Descriptive analysis of history in the study population (n=30) 

History Frequency Percentages 

Headache 16 53.33% 

Loss of consciousness 3 10% 

Right hemiparesis 5 16.67% 

Seizures 8 26.67% 

Vertigo and right hemiparesis 1 3.33% 

  

Among the study population, 16(53.33%) participants had a headache, 3(10%) had a 

loss of consciousness,5(16.67%) had right hemiparesis, 8(26.67%) had seizures and 

1(3.33%) participant had vertigo and right hemiparesis. (Table 7) 

 

Table 8: Descriptive analysis of signal intensity within the venous sinuses on T1 

W in the study population (n=30) 

Signal intensity within the venous 

sinus on T1 W 
Frequency Percentages 

Hyperintense 17 56.67% 

Isointense 13 43.33% 

Total 30 100% 

  

Among the study population, 17(56.67%) had hyperintense signal within the venous 

sinuses on T1 W and 13(43.33%) had isointense signal. (Table 8 & Figure 5) 
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Figure 5: Pie chart of signal intensity within the venous sinuses on T1 W in the 

study population (n=30) 
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Table 9: Descriptive analysis of signal intensity within the venous sinuses on T2 

W in the study population (n=30) 

Signal intensity on T2 W Frequency Percentages 

Hyperintense 22 73.33% 

Hypointense 8 26.67% 

Total 30 100% 

 

Among the study population, 22(73.66%) had hyperintense signal within the venous 

sinuses on T2 W and 8(26.67%) had hypointense signal. (Table 9 & Figure 6) 

 

 

Figure 6: Pie chart of signal intensity within the venous sinuses on T2 W in the 

study population (n=30) 
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Table 10: Descriptive analysis of signal intensity within the venous sinuses on 

FLAIR in the study population (n=30) 

Signal intensity on flair Frequency Percentages 

Hyperintense 22 73.33% 

Hypointense 8 26.67% 

Total 30 100% 

 

Among the study population, 22(73.33%) had hyperintense signal within the venous 

sinuses on FLAIR and 8(26.67%) had hypointense signal. (Table 10& Figure 7) 

 

 

Figure 7: Pie chart of signal intensity within the venous sinuses on FLAIR in the 

study population (n=30) 
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Table 11: Descriptive analysis of SWI Sequence in the study population (n=30) 

SWI Sequence Frequency Percentages 

Superior Sagittal Sinus 

Normal 15 50.00% 

Abnormal 15 50.00% 

Inferior Sagittal Sinus 

Normal 30 100% 

Straight Sinus 

Normal 27 90.00% 

Abnormal 3 10.00% 

Right Transverse Sinus 

Normal 21 70.00% 

Abnormal 9 30.00% 

Left Transverse Sinus 

Normal 18 60% 

Abnormal 12 40.00% 

Right Sigmoid Sinus 

Normal 22 73.33% 

Abnormal 8 26.67% 

Left Sigmoid Sinus 

Normal 18 60% 

Abnormal 12 40.00% 

Right Proximal Internal Jugular Vein 

Normal 29 96.67% 

Abnormal 1 3.33% 

Left Proximal Internal Jugular Vein 

Normal 26 86.67% 

Abnormal 4 13.33% 
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As per the SWI sequence, 15(50%) superior sagittal sinus, 30(100%), 3(10%) straight 

sinus, 9(30%) right transverse sinus, 12(40%) left transverse sinus, 8(26.67%) right 

sigmoid sinus, 12(40%) left sigmoid sinus, 1(3.33%) right proximal IJV and 

4(13.33%) left proximal IJV were abnormal, i.e they showed MSE in the study. 

(Table 11 & Figure 8) 

 

Figure 8: Graphical presentation of SWI Sequence in the study population 

(n=30) 
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Table 12: Descriptive analysis of MR Venogram (MRV-TOF) in the study 

population (n=30) 

MR Venogram Frequency Percentages 

Superior Sagittal Sinus 

Normal 12 40.00% 

Abnormal 18 60% 

Inferior Sagittal Sinus 

Normal 30 100% 

Straight Sinus 

Normal 27 90.00% 

Abnormal 3 10.00% 

Right Transverse Sinus 

Normal 20 66.67% 

Abnormal 10 33.33% 

Left Transverse Sinus 

Normal 16 53.33% 

Abnormal 14 46.67% 

Right Sigmoid Sinus 

Normal 20 66.67% 

Abnormal 10 33.33% 

Left Sigmoid Sinus 

Normal 18 60.00% 

Abnormal 12 40.00% 

Right Proximal Internal Jugular Vein 

Normal 29 96.67% 

Abnormal 1 3.33% 

Left Proximal Internal Jugular Vein 

Normal 26 86.67% 

Abnormal 4 13.33% 
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As per the MR venogram, 18(60%) superior sagittal sinus, 30(100%), 3(10%) straight 

sinus, 10(33.33%) right transverse sinus, 14(46.67%) left transverse sinus, 

10(33.33%) right sigmoid sinus, 12(40%) left sigmoid sinus, 1(3.33%) right proximal 

IJV and 4(13.33%) left proximal IJV were abnormal, i.e they showed absence of 

signal  in the study. (Table 12 & Figure 9) 

 

Figure 9: Graphical presentation of MR venogram (MRV-TOF) in the study 

population (n=30) 

 

  

0%

10%

20%

30%

40%

50%

60%

Superior

Sagittal

Sinus

Straight

Sinus

Right

Transverse

Sinus

Left

Transverse

Sinus

Right

Sigmoid

Sinus

Left

Sigmoid

Sinus

Right

Proximal

Internal
Jugular

Vein

Left

Proximal

Internal
Jugular

Vein

60%

10.00%

33.33%

46.67%

33.33%

40.00%

3.33%

13.33%

P
er

ce
n

ta
g

e

MR venogram



Result 

 

 Page 44 

 

Table 13: Descriptive analysis of parenchymal abnormalities in the study 

population (n=30) 

Parenchymal Abnormalities Frequency Percentages 

Edema 

Normal 26 86.67% 

Bilateral high frontal and left high parietal 1 3.33% 

Left frontal and high frontal 1 3.33% 

left temporal 1 3.33% 

Right frontal 1 3.33% 

Haemorrhagic Venous Infarct 

Normal 22 73.33% 

Left temporal-parietal 2 6.67% 

Left temporal -occipital 1 3.33% 

Left frontal - temporal-parietal 1 3.33% 

Left frontal, high frontal 1 3.33% 

Left parietal 1 3.33% 

Left temporal 1 3.33% 

Right frontal-temporal-parietal 1 3.33% 

  
 

Among the study population, 4(13.32%) patients had edema and 8(26.65%) patients 

had haemorrhagic venous infarct. (Table 13) 
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Table 14: Descriptive analysis of cortical veins showing magnetic susceptibility 

effect (MSE) in the study population (n=30) 

Cortical Veins showing MSE Frequency Percentages 

Normal 19 63.33% 

Bilateral high frontal 6 20.00% 

Left high frontal 2 6.67% 

Bilateral high parietal 1 3.33% 

Left temporal 1 3.33% 

Right frontotemporal 1 3.33% 

Total 30 100% 

 

Among the study population, 19(63.33%) showed no MSE of cortical veins, 6(20%) 

had bilateral high frontal, 2(6.67%) had left high frontal and 1(3.33%) had bilateral 

high parietal, one 1(3.33%) left temporal and one 1(3.33%) right frontotemporal 

regions. (Table 14) 
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Table 15: Comparison of MR Venogram(MRV-TOF) with SWI Sequence (n=30) 

SWI sequence 
MR Venogram  

Normal Abnormal 

Superior Sagittal Sinus                                 (N=12)                              (N=18) 

Normal 12 (100%) 3 (16.67%) 

Abnormal 0 (0%) 15 (83.33%) 

Straight Sinus                                                (N=27)                             (N=3) 

Normal 27 (100%) 0 (0%) 

Abnormal 0 (0%) 3 (100%) 

Right Transverse Sinus                                (N=20)                              (N=10) 

Normal 20 (100%) 1 (10%) 

Abnormal 0 (0%) 9 (90%) 

Left Transverse Sinus                                     (N=16)                              (N=14) 

Normal 16 (100%) 2 (14.29%) 

Abnormal 0 (0%) 12 (85.71%) 

*No statistical test was applied- due to 0 subjects in the cells 

 

Taking MR venogram as the gold standard, 18 (60%) superior sagittal sinus were 

detected as abnormal and 12 (100%) superior sagittal sinus were normal, whereas on 

SWI sequence 15 (83.33%) were detected as abnormal.3 (10%) straight sinus were 

detected as abnormal and 27 (100%) straight sinus were normal, whereas on SWI 

sequence 3 (100%) were detected as abnormal.10 (33.33%) right transverse sinus 

were detected as abnormal and 20 (100%) right transverse sinus was normal, whereas 

on SWI sequence 9 (90%) were detected as abnormal.14 (46.67%) left transverse 

sinus were detected as abnormal and 16 (100%) left transverse sinus were normal, 

whereas on SWI sequence 12 (85.71%) were detected as abnormal. (Table 15) 
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Table 16: Predictive validity of SWI Sequence in diagnosing cerebral venous 

thrombosis (CVT) (n=30) 

Parameter 

Superior 

sagittal sinus 

Value 

 

Straight 

sinus 

Value 

 

Right 

transverse 

sinus 

Value 

Left 

transverse 

sinus 

Value 

Sensitivity 

100.00% 

(73.54% - 

100.00%) 

100.00% 

(87.23% - 

100.00%) 

100.00% 

(83.16% - 

100.00%) 

100.00% 

(79.41% - 

100.00%) 

Specificity 

83.33% 

(58.58% - 

96.42%) 

100.00% 

(29.24% - 

100.00%) 

90.00% 

(55.50% - 

99.75%) 

85.71% 

(57.19% - 

98.22%) 

False positive 

rate 

16.67% 

(3.58% - 

41.42%) 

0.00% 

(0 - 70.76%) 

10.00% 

(0.25% - 

44.50%) 

14.29% 

(1.78% - 

42.81%) 

False negative 

rate 

0.00% 

(0 - 26.46%) 

0.00% 

(0 - 12.77%) 

0.00% 

(0 - 16.84%) 

0.00% 

(0 - 20.59%) 

Positive 

predictive value 

80.00% 

(51.91% - 

95.67%) 

100.00% 

(87.23% - 

100.00%) 

95.24% 

(76.18% - 

99.88%) 

88.89% 

(65.29% - 

98.62%) 

Negative 

predictive value 

100.00% 

(78.20% - 

100.00%) 

100.00% 

(29.24% - 

100.00%) 

100.00% 

(66.37% - 

100%) 

100.00% 

(73.54% - 

100.00%) 

Diagnostic 

accuracy 

90.00% 

(73.47% - 

97.89%) 

100.00% 

(88.43% - 

100.00%) 

96.67% 

(82.78% - 

99.92%) 

93.33% 

(77.93% - 

99.18%) 
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The SWI sequence (SSS, SS, TSR and TSL) had sensitivity of 100.00% (95% CI 

73.54% - 100.00%), 100.00% (95% CI 87.23% - 100.00%), 100.00% (95% CI 

83.16% - 100.00%) and 100.00% (95% CI 79.41% - 100.00%) in diagnosing cerebral 

venous thrombosis(CVT). specificity was 83.33% (95% CI 58.58% - 96.42%), 

100.00% (95% CI 29.24% - 100.00%), 90.00% (95% CI 55.50% - 99.75%) and 

85.71% (95% CI 57.19% - 98.22%), false positive rate was 16.67% (95% CI (3.58% - 

41.42%), 0% (95% CI 0% - 70.76%), 100.00% (95% CI 0.25% - 44.50%) and 14.29% 

(95% CI 1.78% - 42.81%) ,false negative rate was 0% (95% CI (0% - 26.46%), 0% 

(95% CI 0% - 12.77%), 0% (95% CI 0% - 16.84%) and 0% (95% CI 0% - 20.59%), 

positive predictive value was 80% (95% CI (51.91% - 95.67%), 100.00% (95% CI 

87.23% - 100.00%), 95.24% (95% CI 76.18% - 99.88%) and 88.89% (95% CI 

65.29% - 98.62%), negative predictive value was 100.00% (95% CI (78.20% - 

100.00%), 100.00% (95% CI 29.24% - 100.00%), 100.00% (95% CI 66.37% - 

100.00%) and 100.00% (95% CI 73.54% - 100.00%) ,and the total diagnostic 

accuracy was 90% (95% CI (73.47% - 97.89%), 100.00% (95% CI 88.43% - 

100.00%), 96.67% (95% CI 82.78% - 99.92%) and 93.33% (95% CI 77.93% - 

99.18%). (Table 16) 
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Table 17: Comparison of MR Venogram (MRV-TOF) with SWI Sequence 

(n=30) 

SWI Sequence 
MR Venogram  

Normal Abnormal 

Right sigmoid sinus                                    (N=20)                                  (N=10) 

Normal 20 (100%) 2 (20%) 

Abnormal 0 (0%) 8 (80%) 

Left sigmoid sinus                                           (N=18)                              (N=12) 

Normal 18 (100%) 0 (0%) 

Abnormal 0 (0%) 12 (100%) 

Right Proximal Internal Jugular Vein            (N=29)                       (N=1) 

Normal 29 (100%) 0 (0%) 

Abnormal 0 (0%) 1 (100%) 

Left Proximal Internal Jugular Vein                (N=26)                              (N=4) 

Normal 26 (100%) 0 (0%) 

Abnormal 0 (0%) 4 (100%) 

*No statistical test was applied- due to 0 subjects in the cells 

Taking MR venogram as the gold standard, 10 (33.33%) right sigmoid sinuses were 

detected as abnormal and 20 (100%) right sigmoid sinus was normal, whereas on SWI 

sequence 8(80%) were detected as abnormal. 12 (40%) left sigmoid sinus were 

detected as abnormal and 18 (100%) left sigmoid sinus were normal, whereas on SWI 

sequence 12 (100%) were detected as abnormal.1 (33.33%) right proximal IJV were 

detected as abnormal and 29 (100%) right proximal IJV were normal, whereas on 

SWI sequence 1 (100%) were detected as abnormal.4 (13.33%) left proximal IJV 

were detected as abnormal and 26 (100%) left proximal IJV were normal, whereas on 

SWI sequence 4 (100%) were detected as abnormal. (Table 17) 
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Table 18: Predictive validity of SWI Sequence in diagnosing cerebral venous 

thrombosis (CVT) (n=30) 

Parameter 
Right sigmoid 

sinus Value 

 

Left sigmoid 

sinus Value 

 

Right 

Proximal IJV 

Value 

Left Proximal 

IJV Value 

Sensitivity 

100.00% 

(83.16% - 

100.00%) 

100.00% 

(81.47% - 

100.00%) 

100.00% 

(88.06% - 

100.00%) 

100.00% 

(86.77% - 

100.00%) 

Specificity 

80.00% 

(44.39% - 

97.48%) 

100.00% 

(73.54% - 

100.00%) 

100.00% 

(2.50% - 

100.00%) 

100.00% 

(39.76% - 

100.00%) 

False positive rate 

20.00% 

(2.52% - 

55.61%) 

0.00% 

(0 - 26.46%) 

0.00% 

(0 - 97.50%) 

0.00% 

(0 - 60.24%) 

False negative rate 
0.00% 

(0 - 16.84%) 

0.00% 

(0 - 18.53%) 

0.00% 

(0 - 11.94%) 

0.00% 

(0 - 13.23%) 

Positive predictive 

value 

90.91% 

(70.84% - 

98.88%) 

100.00% 

(81.47% - 

100.00%) 

100.00% 

(88.06% - 

100.00%) 

100.00% 

(86.77% - 

100.00%) 

Negative predictive 

value 

100.00% 

(63.06% - 

100.00%) 

100.00% 

(73.54% - 

100.00%) 

100.00% 

(2.50% - 

100.00%) 

100.00% 

(39.76% - 

100.00%) 

Diagnostic accuracy 

93.33% 

(77.93% - 

99.18%) 

100.00% 

(88.43% - 

100.00%) 

100.00% 

(88.43% - 

100.00%) 

100.00% 

(88.43% - 

100.00%) 

 

The SWI sequence (SS right, SS left, PIJV right and PIJV left) had sensitivity of 

100.00% (95% CI 83.16% - 100.00%), 100.00% (95% CI 81.47% - 100.00%), 

100.00% (95% CI 88.06% - 100.00%) and 100.00% (95% CI 86.77% - 100.00%) in 

diagnosing cerebral venous thrombosis(CVT). Specificity was 80% (95% CI 44.39% - 

97.48%), 100.00% (95% CI 73.54% - 100.00%), 100% (95% CI 2.50% - 100%) and 
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100% (95% CI 39.76% - 100%), false positive rate was 20% (95% CI (2.52% - 

55.61%), 0% (95% CI 0% - 26.46%), 0% (95% CI 0% - 97.50%) and 0% (95% CI 0% 

- 60.24%),false negative rate was 0% (95% CI (0% - 16.84%), 0% (95% CI 0% - 

18.53%), 0% (95% CI 0% - 11.94%) and 0% (95% CI 0% - 13.23%), positive 

predictive value was 90.91% (95% CI (70.84% - 98.88%), 100.00% (95% CI 81.47% 

- 100.00%), 100% (95% CI 88.06% - 100%) and 100% (95% CI 86.77% - 

100%),negative predictive value was 100.00% (95% CI (63.06% - 100.00%), 

100.00% (95% CI 73.54% - 100.00%), 100.00% (95% CI 2.50% - 100.00%) and 

100.00% (95% CI 39.76% - 100.00%) and the total diagnostic accuracy was 93.33% 

(95% CI (77.93% - 99.18%), 100.00% (95% CI 88.43% - 100.00%), 100% (95% CI 

88.43% - 100%) and 100% (95% CI 88.43% - 100%). (Table 18) 

 



Discussion 

 

 Page 52 

 

    DISCUSSION 

 

CVT/CVST is a rare presentation of venous thromboembolism. It is 

considered a rare cause of stroke in young with increased mortality in that group. It is 

associated with severe disability and neurological deficits. The clinical presentation is 

highly variable and nonspecific. Hence, the diagnosis mainly relies on neuroimaging. 

MRI is considered as the investigation of choice for diagnosis because of its non-

invasiveness and highly sensitivity in detecting CVT. Various MRI sequences and 

MRV are being used extensively for making a diagnosis of CVT.13, 14 There has been 

a recent emergence of interest on the SWI for detection of the magnetic susceptibility 

signals produced by degraded products.12, 15 In order to make high-quality 

recommendations for diagnosis, there is a lack of evidence. Hence the present 

hospital-based observational study was carried out to compare the diagnostic accuracy 

of SWI with MRV-TOF in the diagnosis of CVT. 

 

Baseline demographic and clinical characteristics at presentation: 

The present study is a tertiary hospital-based observational study. The sample 

size was 30 subjects, who were suspected clinically or detected by CT and then 

referred to the Radio-diagnosis department for MRI. A 3T MRI machine 

manufactured by SIEMENS was used in the study. The following MRI sequences 

were done for each subject –  

1. Axial – T 1 W, T 2 W, FLAIR. 

2. Sagittal – T 1 W 

3. Coronal - T 2 W  

4. DWI and ADC 
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5. SWI – (Magnitude-axial, Phase-axial, Minimum intensity projection -axial, 

SWI- axial, sagittal, and coronal) 

6. 3D TOF (MRV)  

The objectives of the present study were similar to that of several other 

authors. Xu W et al.66 in their meta-analysis assessed the diagnostic validity of CT, 

MRI for diagnosis of CVT, CVST. Gao L et al.53 in their meta-analysis assessed the 

diagnostic validity of MRV for CVST diagnosis. Bidar F et al.67 assessed the 

diagnostic validity of various gradient echo (GRE) MRI sequences against 

Conventional MRI for CVT. Linn J et al43 and Dormont D et al.61 also assessed the 

diagnostic accuracy of various MRI sequences for CVT. Sadigh G et al.52 assessed the 

diagnostic accuracy of various MRI sequences for DVST. 

a. Age and Gender: 

CVT tends to commonly occur in old age and female gender, especially during 

the postpartum period. The mean age of the present study population was 39.93 ± 

16.1 years. The minimum age of the included subject was 16 years while the 

maximum age was 72 years. This median age of 39.9 years also underlines the role of 

CVT as an etiological factor in Young stroke.70 (Stroke occurring in people aged less 

than 45 years). Devasagayam S et al.18 observed the median age of the subjects with 

DVT in their retrospective record-based study to be higher than the present study at 

around 49 years with a range of 40 to 61 years. They reviewed the records of hospital-

admitted adults in Australia in their study while the present study did not have an age 

restriction for including the subject into the study. The present study was also based 

only on a single centre compared to their multi-centric study. The difference in the 

use of oral contraceptives, hormones used as medications between the countries could 

have also influenced the difference. 
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The majority of the subjects were males (80%) in the present study. This is not 

in line with the predilection that CVT is more common in females, especially in the 

puerperium. But Bidar F et al.67 in their study observed that 75.5% of the subjects 

were females. But their study included only 17 subjects in total and hence their results 

may not be comparable. Devasagayam S et al.18 in their study observed that 52% of 

the subjects were female. In their study, there was no statistically significant 

difference across gender with regards to CVT presentation. It was a more 

representative, record-based study (2005 to 2011) than the present study. 

b. Clinical presentation: 

Clinical presentation is highly variable in CVT besides being nonspecific, so 

it’s difficult to diagnose. Diagnosing CVT early can help in improving overall 

outcomes. 

In CVT, the most common clinical symptom is Headache23, seen in around 80–

90% of subjects. In the present study, 53.33% of subjects had a headache. The 

headache can present with various characteristics such as throbbing pain or migraine-

like or thunderclap headache or band-like. It gives a clue to the etiological factor. 

CVT can also occur without a headache. They are more likely to be older and males, 

with the occurrence of paralysis, and seizures.28 In the present study, 26.67% had 

seizures at presentation. Neurological deficits such as palsies of the cranial nerves, 

motor impairment or sensory impairment, and cortical blindness can also be a 

presentation of CVT.31 They are generally seen in CVT of the non-inflammatory type. 

In subjects with ICH, delay in diagnosis can lead to mortality or severe disability. In 

the present study, 16.67% had right hemiparesis at presentation. Altered 

consciousness has been observed in 20% to 30% of subjects with CVT.5, 33 In the 

present study, 10% of subjects had a loss of consciousness. A delay in the diagnosis 
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and further management can lead to disability, which may be permanent and 

sometimes even to death. Hence the main deciding factor in the course of 

management of CVT is Neuroimaging.7 MRI is considered as the investigation of 

choice for diagnosis and is highly sensitive in detecting CVT. 

Table 19 : Comparison of baseline characteristics across the studies. 

S. 

No 
Author 

Published 

year or 

year of 

reporting 

 

Country 
Sample 

size 

Major inclusion 

criteria 

Gender 

(Male) 

Mean age 

or 

common 

age group 

1 Present study 2021 India 30 

CT confirmed or 

clinically suspected 

CVT for various 

MRI sequences 

80% 
39.93 ± 

16.1 years 

2 Xu W et al.66 2018 
Meta-

analysis 
4595 

CT, MRI for 

diagnosis of CVT, 

CVST 

- - 

3 Gao L et al.53 2018 
Meta-

analysis 
1933 

MRV for CVST 

diagnosis 
- - 

4 Bidar F et al.67 2016 Iran 17 

various gradient echo 

(GRE) MRI 

sequences vs 

Conventional MRI 

for CVT 

24.5% 

45 ± 

18.76 

years 

5 Linn J et al.43 2010 Germany 

30 CVT 

patient’s 

vs 20 

controls 

Various MRI 

sequences for CVT 
- - 

6 Sadigh G et al.52 2016 
United 

States 
36 

Various (Seven) MRI 

sequences for DVST 
- - 

7 
Dormont D et 

al.61 
1994 France 53 

T1, T2 weighted 

MRI for CVT 
- - 
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Table 20: Comparison of diagnostic accuracy across the studies. 

S. 

No 
Author 

Gold 

standard 

Imaging technique 

being studied 
Sensitivity Specificity 

Total 

diagnostic 

accuracy 

1 
Present 

study 

MR 

venogram 

SWI sequences 

1. SSS 

2. SS 

3. RTS 

4. LTS 

5. RSS 

6. LSS 

7. RPIJV 

8. LPIJV 

 

 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

 

 

83% 

100% 

90% 

85.71% 

80% 

100% 

100% 

100% 

 

 

90% 

100% 

96.67% 

93.33% 

93.3% 

100% 

100% 

100% 

 

2 
Xu W et 

al.66 
- 

MRI-CVT 

 

MRI-CVST 

82% 

 

80% 

92% 

 

91% 

Total 

AUC – 

0.92 

 

0.93 

3 
Gao L et 

al.53 
- MRV 86% 94% 

AUC – 

0.947 

4 
Linn J et 

al.43 
- 

i. T2* WI 

ii. T1*WI 

iii. FLAIRw 

iv. vMRA 

v. DWI 

i. 97.5% 

ii. 70% 

iii. 50% 

iv. 41.7% 

v. <30% 

100% for 

all 
 

5 
Sadigh G et 

al.52 

CE MRV 

for 

DVST 

i. T1*WI 

ii. T2*CE 

iii. T1*CE 

iv. T2 FLAIR 

v. T2 GRE 

vi. DWI 

vii. 3D T1 CE GRE 

Overall 

sensitivity for 

MRI > 99% for 

both reviewers 

 

Overall 

specificity 

(MRI) 

14% for 

reviewer 1 

48% for 

reviewer 2 

 55%, 61% 

 77%, 76% 

 79%, 80% 

 70%, 72% 

 64%, 66% 

 59%, 64% 

 77%, 81% 
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Characteristics of Neuroimaging: 

CT is the most commonly used imaging modality in subjects, who present 

with localized and acute neurological symptoms.35 In a suspected case of acute CVT, 

CT can be used as a primary imaging modality but there is a need for additional 

imaging to diagnose and rule out CVT accurately.7, 38, 39 MRI is the most commonly 

used and the best available imaging modality for the brain.43 In the literature, the most 

common site involved in CVT was Transverse sinus followed by Superior sagittal 

sinus. The ISCVT determined the occurrence of CVT in various sites – transverse 

sinus (86%), superior sagittal sinus (62%), straight sinus (18%), cortical veins (17%), 

jugular veins (12%), a vein of Galen, and internal cerebral vein (11%).5 Several 

technical factors affects the quality of the image obtained. They include a selection of 

proper sequences, imaging planes, positioning of the patient, and selection of proper 

coil. The various types of MRI sequences6, 36, 43, 45, that can be obtained are T1 &T2 

W, SWI, DWI, MRA, MRV, FLAIR, DTI, and fMRI. 

 

a. T1, T2 W, and FLAIR MRI characteristics: 

In the present study, on T1 W, 56.67% had hyperintense signal intensity while 

73.66% had hyperintense signal intensity on T2 W within the venous sinuses. On 

FLAIR imaging, 73.33% had hyperintense signal intensity within the venous sinuses. 

Brain parenchymal findings were in the form of edema or haemorrhagic venous 

infarct. 13.32% of patients had edema of the cerebral parenchyma and 26.65% had 

haemorrhagic venous infarct. There was no predilection for the occurrence of these 

events in any single site. 
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b. SWI Sequence characteristics: 

On SWI sequence, the thrombus is visualized as an area of hypo intensity, 

termed as magnetic susceptibility effect(MSE) within the lumen of the affected vein 

or sinus. The sensitivity of SWI for detecting CVT has far exceeded that of routine T1 

and T2 weighted images. There is easy visualization of thrombosed sinus or vein on 

SWI sequence as compared with other sequences Several studies have confirmed the 

usefulness of MRI for diagnosis of CVT.48, 60, 61 On susceptibility-weighted imaging, 

Superior sagittal sinus, MSE was seen in 50% with MSE seen in its entire length was 

33.33%. With regards to the inferior sagittal sinus, there was no MSE noted. In the 

Straight sinus, MSE was seen in 10% while in the right transverse sinus, MSE was 

seen in 30%. Left transverse sinus showed MSE in 40%. In right sigmoid sinus MSE 

was seen in 26.67% while in the left sigmoid sinus MSE was seen in 40%. In right 

Proximal IJV, MSE was seen in 33.33% while in left Proximal IJV MSE was seen in 

13.3%. 

With regards to cortical veins, 20% had MSE in bilateral high frontal region 

while 6.67% had MSE in left high frontal region. 

 

c. MR venogram (MRV-TOF)characteristics: 

On MRV-TOF, the intraluminal thrombosis is identified by the absence of a 

flow signal. In the present study, in MRV-TOF, Superior sagittal sinus was not 

entirely visualized in 43.33% while Inferior sagittal sinus was normal in all the 

subjects. Straight sinus was not visualized in 10%, Right transverse sinus was not 

visualized in 33.33% while the left transverse sinus was not visualized in 46.67%. The 

right sigmoid sinus was not visualized in 33.33% while the left sigmoid sinus was not 
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visualized in 40%. The right proximal IJV was not visualized in 3.33% while the left 

proximal IJV was not visualized in 13.33%.  

 

Comparison of Diagnostic accuracy of MR Venogram (MRV-TOF) with SWI 

Sequence: 

In the present study, MRV-TOF is considered as gold standard while SWI 

sequence is considered as a screening test. SWI sequence and MRV-TOF were 

considered as primary outcome variables in the analysis. 

 

Taking MRV–TOF as the gold standard, the SWI sequence (for Superior sagittal 

sinus, Straight sinus, Right transverse sinus and left transverse sinus respectively) had  

1. A sensitivity of 100% (for all) in diagnosing CVT.  

2. Specificity was 83%, 100%, 90% and 85.71% respectively. 

3. Total diagnostic accuracy was 90%, 100%, 96.67% and 93.33% respectively. 

The SWI sequence (for Right sigmoid sinus, left sigmoid sinus, Right 

Proximal IJV, and Left Proximal IJV) had  

1. A sensitivity of 100% (for all) in diagnosing CVT.  

2. Specificity was 80%, 100%, 100% and 100% respectively. 

3. Total diagnostic accuracy was 93.33%, 100%, 100% and 100% respectively. 

Overall, in the present study, sensitivity was 100% for SWI on comparison 

with MRV-TOF. Specificity also varied between 80% to 100% for all the vessels. The 

total diagnostic accuracy also varied between 90% to 100% for all the vessels. The 

present study results were comparable with that of Sadigh G et al.52 Sadigh G et al.52 

in their study observed that as compared to other sequences, the diagnostic 

performance of the 3D T1-weighted GRE CE sequences was statistically significantly 

more. They observed that the Area Under the Curve (AUC) values for T2-weighted 
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GRE sequences were 64% and 66% by two reviewers respectively; and for the 3D T1-

weighted GRE CE sequence, was 77% and 81% by two reviewers respectively. 

Similar to the present study, Bidar F et al.67 also observed that “for the CVT 

diagnosis, T*
2-weighted conventional GRE sequences are best. They also observed 

that for demonstration of the thrombus, its exact location, small cortical vein details, 

collaterals, extension CE-MRV is perfect. T*
2-weighted GRE sequences are more 

sensitive to paramagnetic effects as compared to other sequences. T*
2-weighted GRE 

sequences are effective in the detection of CVT, particularly in acute stage”. But Linn 

J et al.43 in their study observed that T2*w showed the highest sensitivity for the 

detection of CVT (97.4%), followed by T1w (70%). FLAIR and MRV had a 

sensitivity of 50% and 41.7%, respectively. In a meta-analysis, subgroup level 

analysis of different MRV techniques confirmed that CE-MRV had better diagnostic 

accuracy than NCE-TOF and PC MRV”.53 Gao L et al.53 in their meta-analysis 

observed that MRV has excellent diagnostic accuracy in the diagnosis of CVST. In 

CVT, the loss of the T2* -weighted signal is due to deoxyhemoglobin which produces 

a non-uniform magnetic field and rapid dephasing of proton spins. The paramagnetic 

molecules have this property and its termed as ‘magnetic susceptibility effect’ and 

results in a signal loss (darkening) best seen in T2*/SWI.63-65 Thus T2*/ SWI not only 

helps in the detection of thrombosed sinus but also helps in the detection of 

hemorrhagic venous infarct. 

MRI is the investigation of choice for diagnosis as it is non-invasive besides 

being highly sensitive in detecting CVT. Various MRI sequences are used extensively 

for making a diagnosis of CVT.13, 14 The sensitivity of SWI for detecting CVT has far 

exceeded than that of routine T1 andT2 weighted images.  
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CONCLUSION 

1. One of the rare presentations of venous thromboembolism is CVT, but with 

possibly fatal consequences 

2. The clinical presentation is highly variable and nonspecific. 

3. The present study is a tertiary hospital-based observational study which was 

carried out on a sample of 30 subjects presenting with CVT suspected clinically or 

detected by CT and then referred to the radiology department for 3T MRI with 

various sequences. 

4. The mean age of the present study population was 39.93 ± 16.1 years. 

5. The majority of the subjects were males (80%) 

6. 53.33% of subjects had a headache, 26.67% had seizures, 16.67% had right 

hemiparesis and 10% had a loss of consciousness  

7. In T1 MRI, 56.67% had hyperintense signal intensity while 73.66% had 

hyperintense signal intensity on T2 MRI within the venous sinues. On FLAIR 

imaging, 73.33% had hyperintense signal intensity within the venous sinues.  

8. 13.32% of patients had edema of the cerebral parenchyma and 26.65% had 

haemorrhagic venous infarct. There was no predilection for the occurrence of 

these events in any single site.  

9. In SWI, the Superior sagittal sinus showed MSE in 50% with MSE in its entire 

length was seen in 33.33%. The inferior sagittal sinus had no MSE. In the Straight 

sinus, MSE was seen in 10% while in the right transverse sinus, MSE was seen in 

30%. Left transverse sinus MSE was seen in 40%.  

10. In MRV, Superior sagittal sinus was not entirely visualized in 43.33% while 

Inferior sagittal sinus was normal in all the subjects. Straight sinus was not 
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visualized in 10%, Right transverse sinus was not visualized in 33.33% while the 

left transverse sinus was not visualized in 46.67%.  

11. Overall, in the present study, sensitivity was 100% for SWI on comparison with 

MRV. Specificity also varied between 80% to 100% for all the vessels. The total 

diagnostic accuracy also varied between 90% to 100% for all the vessels. 

12. Taking MR venogram as the gold standard, the SWI sequence (for Superior 

sagittal sinus, Straight sinus, Right transverse sinus and left transverse sinus 

respectively) had a sensitivity of 100% (for all) in predicting MR venogram, 

specificity was 83%, 100%, 90%, and 85.71% respectively and total diagnostic 

accuracy was 90%, 100%, 96.67%, and 93.33% respectively. 

13. The SWI sequence (for Right sigmoid sinus, left sigmoid sinus, Right Proximal 

IJV, and Left Proximal IJV) had a sensitivity of 100% (for all) in predicting MR 

venogram, specificity was 80%, 100%, 100%, and 100% respectively and total 

diagnostic accuracy was 93.33%, 100%, 100%, and 100% respectively. 
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SUMMARY 

 

Cerebral venous thrombosis (CVT) / Cerebral Venous Sinus Thrombosis 

(CVST) is a rare presentation of venous thromboembolism. Clinical presentation is 

highly variable in CVT besides being nonspecific. Neuroimaging plays an important 

role in diagnosing, evaluating the complications and in the prognosis. The diagnosis 

of CVT could be missed on T1 and T2 W sequences. In cases without any clinical 

suspicion, the routine sequences performed without angiography can miss the 

diagnosis. There has been a recent emergence of literature on the increased diagnostic 

accuracy of SWI for detection of the magnetic susceptibility effect (MSE) produced 

by degraded products in the blood such as deoxyhaemoglobin in subjects with acute 

intraparenchymal hemorrhage. But there is a lack of sufficient evidence in the present 

region to make clinical recommendations.  

Hence the present study was carried out with the objective of comparing the 

diagnostic accuracy of SWI with MRV-TOF for CVT. 

A hospital based observational study was done on 30 patients referred for MRI 

brain and MRV to the Department of Radio-Diagnosis at The KLE’S Dr. Prabhakar 

Kore Hospital & MRC, Belgaum. The major inclusion criteria was patients of cerebral 

venous thrombosis suspected clinically or detected by CT Brain scan and referred to 

the radiology department for MRI.  All patients were evaluated clinically and then 

MRI of the brain was performed using a 3 Tesla MRI scanner (Magnetom Avanto 

TIM, 18 channel; Siemens, Erlangen, Germany). The MRI sequences that were 

obtained were Axial – T 1 W, T 2 W, FLAIR, Sagittal – T 1 W, Coronal - T 2 W, 

DWI & ADC, SWI (Magnitude – axial, Phase – axial, Minimum intensity projection – 

axial, SWI – axial, sagittal & coronal) and 3D TOF (MRV). The primary outcome 

variables in this study were SWI sequence and MR venogram. Descriptive analysis 
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was carried out by mean and standard deviation for quantitative variables, frequency, 

and proportion for categorical variables. Data was also represented using appropriate 

diagrams like bar diagrams and pie diagrams. Categorical outcomes were compared 

between study groups using the Chi square test. MR venogram was considered the 

gold standard. SWI sequence was considered a screening test. The sensitivity, 

specificity, predictive values, and diagnostic accuracy of the screening test along with 

their 95% CI were presented.  P value <0.05 was considered statistically significant. 

The data were analysed by using SPSS software V.22. 

The mean age of the present study population was 39.93 ± 16.1 years. 

Majority of the subjects were males (80%). 53.33% of subjects had a headache, 

26.67% had seizures, 16.67% had right hemiparesis and 10% had a loss of 

consciousness. In T1 MRI, 56.67% had hyperintense signal intensity within the 

venous sinues while 73.66% had hyperintense signal intensity within the venous 

sinues on T2 MRI. On FLAIR imaging, 73.33% had hyperintense signal intensity 

within the venous sinues. 13.32% of patients had edema of the cerebral parenchyma 

and 26.65% had haemorrhagic venous infarct. There was no predilection for the 

occurrence of these events in any single site.  

In SWI, the Superior sagittal sinus showed MSE in 50% with MSE in its entire 

length was seen in 33.33%. The inferior sagittal sinus had no MSE. In the Straight 

sinus, MSE was seen in 10% while in the right transverse sinus, MSE was seen in 

30%. Left transverse sinus MSE was seen in 40%. In MRV-TOF, Superior sagittal 

sinus was not entirely visualized in 43.33% while Inferior sagittal sinus was normal in 

all the subjects. Straight sinus was not visualized in 10%, Right transverse sinus was 

not visualized in 33.33% while the left transverse sinus was not visualized in 46.67%.  
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Taking MR venogram as the gold standard, the SWI sequence (for Superior 

sagittal sinus, Straight sinus, Right transverse sinus and left transverse sinus 

respectively) had a sensitivity of 100% (for all) in diagnosing CVT, specificity was 

83%, 100%, 90%, and 85.71% respectively and total diagnostic accuracy was 90%, 

100%, 96.67%, and 93.33% respectively. 

The SWI sequence (for Right sigmoid sinus, left sigmoid sinus, Right 

Proximal IJV, and Left Proximal IJV) had a sensitivity of 100% (for all) in diagnosing 

CVT, specificity was 80%, 100%, 100%, and 100% respectively and total diagnostic 

accuracy was 93.33%, 100%, 100%, and 100% respectively. 

Overall, in the present study, sensitivity was 100% for SWI on comparison 

with MRV. Specificity also varied between 80% to 100% for all the vessels. The total 

diagnostic accuracy also varied between 90% to 100% for all the vessels. 

MRI is the investigation of choice for diagnosis as it is non-invasive besides 

being highly sensitive in detecting CVT. Various MRI sequences are used extensively 

for making a diagnosis of CVT. The sensitivity of SWI for detecting CVT has far 

exceeded than that of routine T1 andT2 weighted images. On SWI sequence, the 

thrombus is visualized as an area of hypo intensity, termed as MSE within the lumen 

of the affected vein or sinus. There is easy visualization of thrombosed sinus or vein 

on SWI sequence as compared with other sequences. Several studies have confirmed 

the usefulness of MRI for diagnosis of CVT. 

The main limitation of the present study is that, it is only a single-center 

observational study of a small sample size. Future multi-centric studies involving a 

large sample size and the use of randomized sampling techniques could increase the 

validity of the results. It can further help in generating clinical and radiological 

evidence for making recommendations in the day-to-day practice. 
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LIMITATIONS AND RECOMMENDATIONS 

 

The present study is only a single-center observational study. Because of the 

practical limitations, only consecutive sampling was possible. This hospital-based 

consecutive sample is a non-probability sampling method and the internal validity of 

the present study results is questionable. The external validity is also low and the 

study results cannot be generalized because of the small sample size and single center 

sampling. MRI sequences also have some disadvantages. Besides the problems such 

as accessibility and cost, they are Subject to motion artifacts and require prolonged 

acquisition time for many images. They are inferior to CT in detecting acute 

haemorrhage and bony injuries.  

Future multi-centric studies involving a large sample size and the use of 

randomized sampling techniques could increase the validity of the results and can 

further help in generating clinical and radiological evidence for making 

recommendations in the day-to-day practice. 
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ANNEXURE II 

INFORMED CONSENT 

TITLE OF THE STUDY: “DIAGNOSTIC ACCURACY OF SUSCEPTIBILITY-

WEIGHTED IMAGING (SWI) TO DIAGNOSE THE CASES OF CEREBRAL 

VENOUS THROMBOSIS (CVT) COMPARED TO MAGNETIC RESONANCE 

VENOGRAPHY (MRV) - ONE YEAR HOSPITAL BASED CROSS SECTIONAL 

STUDY 

PRINCIPAL INVESTIGATOR: REGISTRATION NO. BS0119003 

    

INTRODUCTION AND PURPOSE: 

Cerebral venous thrombosis can lead to devastating disability, and even death, 

if not timely diagnosed and treated .Magnetic Resonance Imaging (MRI) is the 

current imaging tool of choice in the investigation of patients with cerebral venous 

thrombosis. The advent of high resolution MRI has significantly increased the 

chances of identifying a cause resulting in a positive clinical impact on the 

management of these patients. 

PROCEDURE: 

I request you to kindly participate in the study titled – “DIAGNOSTIC 

ACCURACY OF SUSCEPTIBILITY-WEIGHTED IMAGING (SWI) TO 

DIAGNOSE THE CASES OF CEREBRAL VENOUS THROMBOSIS (CVT) 

COMPARED TO MAGNETIC RESONANCE VENOGRAPHY (MRV) - ONE 

YEAR HOSPITAL BASED CROSS SECTIONAL STUDY” at Dr. Prabhakar Kore 

charitable hospital and Medical Research Centre, Belgaum” is being conducted 

by REGISTRATION NO. BS0119003, post graduate in Radio diagnosis at J. N. 
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Medical College Belgaum, Karnataka, under the guidance of Dr. ____________, 

Professor, Dept. of Radio diagnosis, J. N. Medical College, Belgaum. 

We request you to participate in this study as you are eligible to be 

included. During the study you will be asked questions regarding your present 

and past medical history and you will be required to answer to the best of your 

knowledge. U will also be clinically examined as per the protocol drawn. 

If you agree to participate in the study, please furnish the details 

pertaining to the study.  

BENEFITS: 

 Noninvasive modality 

COMPLICATIONS: 

 No risk to the patient has been documented from MR imaging of the brain 

conducted earlier. 

ALTERNATIVES: 

If patient is not willing to take part in the study, his / her treatment or any 

other further investigations the patient wants to undergo, in future, in KLE will 

not be affected by his / her decision. 

VOLUNTARY PARTICIPATION/WITHDRAWAL: 

Taking part in this study is voluntary. I may choose not to take part in this 

study, or if I decide to take part I can later change my mind and withdraw from 

the study. My decision will not change the present or future health care or other 

services that I receive. The study doctor or the sponsor may stop my 

participation in this study. I will tell if any important new findings that may 

change my willingness to continue to take part. If I choose not to take part in the 

study I will receive the standard treatment for patients with my condition. 
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COSTS: 

NIL (The study is to be conducted on the participants who are advised 

MRI as a investigation for low backache by the referring consultant and the 

participants will bear the charges for it.) 

Payment for Participation: No incentive will be paid to you for participating in 

this study. 

COMPENSATION: 

In the event that I become injured as a result of taking part in this study, 

treatment whatever available at KLE charitable hospital, belagavi, will be 

offered to me. No reimbursement, compensation or free medical care is given. 

CONFIDENTIALITY: 

All information collected about me during the course of the study will be 

kept confidential to the extent permitted by the law. The code numbers will 

identify me in this research record. Information from this study may be published 

but my identity will be confidential in any publication. 
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QUESTION: 

If any enquiries in the future or in case of research related injury illness, you 

may contact following person. 

 

REG. NO. BS0119003 Dr______________  Dr. Roopa M Bellad 

Post-Graduate, Department 

of Radio-Diagnosis. 

J.N.Medical College,      

Belagavi 

Guide, 

Professor, Department of 

Radio-Diagnosis 

J.N.Medical College, 

Belagavi 

Professor of Pediatrics 

Chairman, 

J.N. Medical College 

Institutional Ethical 

Committee for Human 

Subjects Research 
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CONSENT TO PARTICIPATE IN RESEARCH STUDY: 

 

1. I understand that I am participating in the study, which includes Magnetic 

Resonance Imaging of brain. 

2.  I confirm that I have read and understood the information in the patient 

information sheet. Procedure is explained to me in detail along with 

information about the advantages and disadvantages of taking part in the 

study. I have been given the opportunity to discuss all aspects of the trial, to 

ask questions and hereby consent to participation in the trial outlined above. 

3. I understand that the decision to take part in this study is completely 

voluntary and I am aware that I can choose to withdraw from the study at any 

point of time. 

4. I consent to the photographing or recording of the procedure to be performed 

including appropriate portions of my body, for medical, scientific or 

educational purposes provided my identity is not revealed in the pictures or 

by the descriptive texts accompanying them. 

5. I understand that there is no significant risk involved in the test that would be 

done in this study. 

6. No guarantee or assurance has given by anyone as to the results that may be 

obtained.   

7. My signature on this form signifies that I have willingly decided to 

participate after understanding the above information.  

 

 

Participant’s Name/ legally authorized ______________________ 

representative 

 

 Signature                                           ______________________  

  

 

Name and signature of witness           ______________________  

 

 

Name and signature of interviewer      ______________________  

 

Date: 

Place: 
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2.%ೋ&ಯ�ಾ'�(ಾ)ೆಯ
�ನ�ಾ'�ಯನು*�ಾನುಓ,� �ೇ�ೆಮತು�ಅಥ��ಾ��ೊಂ�
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ೊ�ಳ��ವB;ಾ�ರಸಂಪLಣ�<ಾ&ಸNಯಂ�ೆ>ೕ$ತ<ಾ&�ೆಮತು��ಾನುಆ
OP�ಾಡಬಹುದುಎಂದುನನ8ೆ�R,�ೆಸಮಯದಹಂತದ
�ಅಧ�ಯನ,ಂದ(ೊರಬರಲು.  
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1. म�समझताहंू�कम�अ	ययनम�भागलेरहाहंूिजसम�एमआ्रआईशा�मलह� | 

 

 

2.म�पुि#टकरताहंू�कम�नेमर%जसूचनाशीटम�जानकार%पढ़ल%हैऔरसमझल%है।अ	ययनम�समझायागयाहै�क

अ	ययनम�भागलेनेकेफायदेऔरनुकसानकेबारेम�जानकार%केसाथमुझे0व2तारसेबतायागयाहै।मुझेपर%3णके

सभीपहलुओंपरचचा6करनेकाअवसर7दयागयाहै, 

89नपूछ�औरइसतरहसेऊपर7दएगएमुकदमेम�सहभा=गताक>सहम�तहै। 
 

3.यहसमझ��कइसअ	ययनम�भागलेनकेा�नण6यपूर%तरहसे2विै?छकहैऔरमुझेपताहै�कम�चुनसकताहंूएकस

मयपरअ	ययनसेवापसलेनकेे�लए 
 

4.मे@डकल,वैBा�नकयाशैC3कउEदे9यFके�लएमेरेशर%रकेउपयुGतभागस7हतकाय6करनकेे�लए8�Hयाक>त

2वीरयाIरकॉ@डKगके�लएसहम�तद%गईहै, 

बशतLमेर%पहचान=चMFम�याउनकेसाथआनवेाल%वण6नाNमकOंथFम�8कटनह%ंहुईहै। 
 

5. म�समझताहंू�कइसअ	ययनम��कएगए�कसीभीमहNवपूण6जोQखमकोशा�मलनह%�ंकयागयाहै। 
 

6. कोईगारंट%याआ9वासन�कसीभीSयिGतEवारा7दएगएपIरणामकेTपम�नह%7ंदयागयाहै। 
 

7.इसफाम6परमेराह2ता3रदशा6ताहै�कम�नेऊपरक>जानकार%समझनकेेबादखुशी-

खुशीभागलेनकेाफैसला�कयाहै। 
 

 

8�तभागीकेनाम / काननूीतौरपरअ=धकृत8�त�न=ध 

 

ह2ता3रनाम 

 

गवाहकेह2ता3र 
 

सा3ाNकारकता6कानामऔरह2ता3र 

7दनाकं:  
 

2थान : 

 

 

 

 

 

 

 

 

 

 

संशोधनअWयासHमातसहभागीहोXयासाठZसंमती 
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1. मलासमजतके>मीयाअWयासातभागघतेआहे, \यातएमआ्रआईसमा0व#टआहे.  
 

2.मीपु#ट%करतोक>मी]^णमा7हतीपMकातमा7हतीवाचल%आहेआQणसमजूनघतेल%आहे. 

अWयासातभागघXेया?याफायदेआQणतोटेया0वषयीमा7हतीसह8�Hयातपशीलानेमलासमजावनूसा=ंगतलेगेले

आहे.मलाचाचणी?यासव6पैलंूवरचचा6करXयाची,89न0वचारXयाEवारेआQणउपरोGत7दले`याचाचणीतसहभा

गीहोXयाससंमतीदेXयाचीसंधी7दल%गेल%आहे. 
 

3.समजूनaयाक>याअWयासातभागघेXयाचा�नण6यपूण6पणे2वयंसेवीआहेआQणमलायाचीजाणीवआहेक>मी

�नवडूशकतोएकावळेेसअWयासातूनबाहेरपडXयासाठZ 
 

4.वैEयक>य,वैBा�नक�कंवाशै3QणकहेतूंसाठZमाcयाशर%रा?यायो^यभागांस7हतकाया6साठZछाया=चMकाढ

णे�कंवारेकॉ@डKगकरXयाससंमतीदेणेeहणजेमाझीओळख=चMामं	ये�कंवाNयां?यासोबतअसले`यावण6नाNमक

Oंथांम	येउघडझाल%नाह%.  
 

5. मलाहेसमजतके>याअWयासातकेले`याचाचणीम	येकोणतेह%ल3णीयधोकासमा0व#टनाह%.  
 

6. कोणतीह%हमी�कंवाआ9वासनकोणीह%�मळवूशकतीलअसेपIरणामeहणूनदेतनाह%.  
 

 

7.याफॉम6वरमाझे2वा3र%असेदश6वतके>मीउपरोGतमा7हतीसमज`यानतंरसहभागीहोXयाचा�नण6यघतेला

आहे.  
 

सहभागीचनेाव / कायदेशीरपणेअ=धकृत8�त�नधी 
 

2वा3र%चनेाव 

 

सा3ीदाराचंीसह%नाव:  
 

मुलाखतकाराचनेावव2वा3र% 
 

7दनाकं: 
 

7ठकाण 
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ANNEXURE III 

STUDY PROFORMA 

 

NAME_________________________________  

AGE___________     OP/IP NO ___________  

ADDRESS _____________________________________________ 

_______________________________________________________ 

 

MRI NUMBER:  

 

CHIEF COMPLAINTS: 

 

 

HISTORY OF PRESENTING ILLNESS 

 

 

PAST HISTORY 

 

FAMILY HISTORY 

 

MRI : 

 

Signal intensity of venous sinuses on T1 w: 

Signal intensity of venous sinuses on T2 w: 

Signal intensity of venous sinuses on FLAIR: 

MSE on SWI sequence :   
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 Superior sagittal sinus  

 Inferior sagittal sinus  

 Straight sinus 

 Transverse sinus (right and left) 

 Sigmoid sinus (right and left) 

 Proximal IJV (right and left) 

 

Non visualization of venous sinuses on MRV : 

 Superior sagittal sinus  

 Inferior sagittal sinus  

 Straight sinus 

 Transverse sinus (right and left) 

 Sigmoid sinus (right and left) 

 Proximal IJV (right and left) 

 

Parenchymal abnormalities : 

 Edema  

 Haemorrhagic venous infarct  

 MSE of Cortical veins  
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ANNEXURE IV 

CLINICAL IMAGES 

 

    
 

T2-W axial     T1-W axial 

 

 

       
 

FLAIR – axial     T1W - Sagittal 

 

 

 

 

 



Annexure IV- Photographs 

 

 Page 88 

 

 

    

T2W- coronal      DWI 

 

 

 

     
   

ADC     Magnitude – axial 
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Phase- axial    Minimum intensity projection- axial 

 

 

 

 

      
 

SWI – axial      SWI – sagittal 
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SWI – coronal 

 

 

 

 
 

3D – TOF MRV 
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b) 

c) d) 

a) 

e) f) 
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21 years old male, complains of severe headache 

a. Diffusion weighted MR image shows high signal in the left parietal region, 

corresponding ADC showed low signal (not shown), suggestive of restricted 

diffusion   

b. Axial FLAIR image shows hyperintensities involving the cortical and 

subcortical white matter of left parietal region suggestive venous infarct and 

(white arrow) shows iso to hyperintense signal within the lumen of superior 

sagittal sinus 

c. Coronal T2-W image shows iso to hyperintense signal involving the left 

transverse sinus (white arrow) 

d. Axial SWI image shows MSE in the cortical veins in bilateral high frontal 

region  

e. Sagittal SWI image shows MSE involving the superior sagittal sinus in its 

entire length (white arrow), suggestive of thrombosis 

f. Sagittal MR venogram image shows non visualization of superior sagittal 

sinus(white arrow) and left transverse sinus (not shown in the image), 

suggestive of thrombosis 
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  a) b) 

c) d) 

e) f) 
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40 years female, complains of headache 

a. Axial T2-W image shows hyperintensities involving the thalamus on right side 

(white arrow) 

b. Axial T1-W image shows hypointensities involving the thalamus on right side. 

T1 hyperintense signal noted involving the superior sagittal, suggestive of 

thrombosis  (white arrow) 

c. Sagittal T1-W image shows T1 hyperintensities involving the superior sagittal 

sinus, suggestive thrombosis (white arrow) 

d. Sagittal SWI image shows MSE involving the superior sagittal sinus, right 

internal cerebral vein and vein of Galen, suggestive of thrombosis  

e. Sagittal MR venogram shows non visualization of superior sagittal sinus and 

right internal cerebral vein and vein of Galen, suggestive of thrombosis 

f. Coronal MR venogram shows non visualization of right transverse sinus, 

suggestive of thrombosis (white arrow) 
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a) b) 

c) d) 

e) 
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65 years old male, complains of headache and seizures  

a. Axial T2-W image shows mixed intense area in the left parietal region, 

suggestive of  hemorrhagic venous infarct  

b. Axial FLAIR image shows mixed intense area in the left parietal region, 

suggestive hemorrhagic venous infarct. Iso to hyperintense signal noted 

involving the superior sagittal sinus (white arrow), suggestive of thrombosis. 

c. Axial SWI image shows hypointense signal in the left parietal region, 

suggestive of hemorrhage. MSE noted involving the superior sagittal sinus, 

suggestive of thrombosis (white arrow) 

d. Sagittal SWI image shows MSE involving the anterior and mid portion of 

superior sagittal sinus, suggestive of thrombosis (white arrow) 

e. Sagittal MR venogram shows non visualization of superior sagittal sinus in its 

anterior & mid portion, suggestive of thrombosis (white arrow) 
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ANNEXURE V - KEY TO MASTERCHART 

 

T1 T1 weighted 

T2 T2 weighted 

FLAIR Fluid attenuated inversion recovery 

ISO Isointense 

HO Hypointense 

HR Hyperintense 

SSS Superior sagittal sinus 

ISS Inferior sagittal sinus 

TS Transverse sinus 

IJV Internal jugular vein 

RT Right 

LT Left 

NV Not visualized 

H Headache 

S Seizures 

RH Right hemiparesis 

LH Left hemiparesis 

LOC Loss of consciousness 

V Vertigo 

MSE Magnetic susceptibility effect 

HG High 

FT Frontal 

PT parietal 

TP Temporal 

OT Occipital 

Ant Anterior 

Post Posterior 
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