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INTRODUCTION 

Intracranial DAVFs account for 10%-15% of all intracranial arterio 

venous lesions. Symptoms and prognosis of these lesions are highly variable. 

A few of these are potentially at risk for hemorrhage. Concept that the clinical 

symptoms could be related to the patterns of venous drainage appeared in the 

literature in 1972.  Aggressive clinical presentations with increased risk of 

hemorrhagic and non-hemorrhagic complications are seen with DAVFs with 

cortical venous reflux. (Borden Types 2 and 3, and Cognard Types II b-V). 

Cortical venous reflux leads to venous congestion and is responsible for most 

of the neurological complications.  The integration of venous congestion 

imaging in DAVF characterization has received less attention despite being 

clinically relevant.  

Water mobility in the brain tissues under various conditions can be 

measured by the apparent diffusion coefficient (ADC), a quantitative 

parameter of diffusion-weighted magnetic resonance imaging. Measurement 

of ADC values may provide important information for assessing the severity 

of tissue injury in brain tissue affected by CVR in patients with DAVF. 

Pathophysiology behind this may be increased venous pressure impairing the 

uptake of extracellular tissue fluid into the capillary vessels and thus causing 

congestive edema. Studies have suggested that treatment may be 
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recommended if the ADC value is significantly decreased, even if T2-

weighted imaging detects no abnormal findings. 

Susceptibility weighted imaging is a method that maximizes sensitivity 

to magnetic susceptibility effects. It is useful for the evaluation and detailed 

visualization of venous vessels and the depiction of hemorrhage. Literature on 

use of SWI for DAVF evaluation is sparse and is limited to a few case reports 

or small case series. Diffuse prominence of the venous vasculature noted on 

the SWI is due to prolonged passage time of the blood in the intracranial 

circulation from the functional obstruction caused by DAVF at the level of the 

venous sinuses. Also it allows for increased oxygen extraction, which results 

in more desaturation of blood in the veins, this along with venous 

engorgement makes the veins prominent on SWI. The possible site of the 

fistula may also be inferred from the presence of a cluster of vessels, which are 

well visualized on SWI. Not only can SWI depict the acute or chronic 

hemorrhagic complications of DAVF, but it may also help in the identification 

of the fistulous point. Cortical venous reflux (CVR) which is the most 

important feature determining the behavior of DAVF can also be assessed 

using SWI. Scant available literature on role of SWI in DAVF evaluation has 

suggested that it may have a potential clinical application in DAVF diagnosis, 

prognostication, and post treatment monitoring. However this needs to be 

further assessed in prospective studies.  
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Rationale of this study is to use a combination of diffusion and 

susceptibility weighted imaging to non invasively assess pretreatment and post 

treatment case of intracranial dural arteriovenous fistulas with special 

emphasis on evaluation of cortical venous reflux using digital subtraction 

angiography (DSA) as gold standard. 
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AIMS AND OBJECTIVES 

 
  This is a prospective study to assess the role of susceptibility weighted 

and diffusion weighted imaging in noninvasive characterization of intracranial 

DAVF using conventional digital subtraction angiography (DSA) as gold 

standard in all consecutive patients satisfying the inclusion criteria who report 

to Sree Chitra Tirunal Institute for Medical Sciences and Technology 

(SCTIMST) between 2012 - 2014.  

STUDY HYPOTHESIS: 

      SWI & DWI can non invasively aid in characterization of DAVF. 

 AIMS & OBJECTIVES:  

1. To assess the role of SWI & DWI in non invasive characterization of 

intracranial DAVF using conventional DSA as gold standard. 

2. To evaluate the usefulness of ADC as an indicator of the severity of 

cortical venous reflux. 

3. To document the post treatment changes of DAVF by SWI & DWI and 

analyze their potential in post treatment monitoring of DAVF and 

correlation with clinical follow up. 
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REVIEW OF LITERATURE 

INTRODUCTION 

Dural arteriovenous fistulas (DAVF) are abnormal shunts between 

arteries and veins within the dura mater. They are considered to be acquired 

lesions (1–3) that are usually without an obvious cause, but can also be found 

in association with trauma, surgery, tumors (most commonly meningiomas), 

or previous infections or inflammation in the vicinity. Inspite of being 

extracerebral lesions, they may present with a wide range of neurologic 

symptoms, varying from an asymptomatic state to life-threatening or fatal 

events, such as intracranial hemorrhage. (4) 

Much of the clinical presentation depends on the venous drainage 

pattern, which is the most important determinant of prognosis. In benign 

fistulas, drainage does not involve the cerebral veins, and uncomplicated 

tinnitus or ocular symptoms are the most common forms of presentation. The 

“aggressive” or “dangerous” fistulas are characterized by retrograde cortical 

venous drainage (5–7) and tend to present with intracranial hemorrhage, 

progressive neurological deficit, seizures, or intracranial hypertension. 

EPIDEMIOLOGY 

Dural arteriovenous fistulas are uncommon lesions, comprising 6 to 

15% of intracranial vascular malformations. (8–10). In a prospective 

population-based study, the crude detection rate of DAVF was 0.16 per 
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100,000 adults per year. (8) They can present from birth to old age (mean in 

the fifth decade). (6) There is no known correlation between age, cause of 

DAVF and presence of aggressive symptoms. (6) The most common locations 

for DAVF are the transverse or sigmoid sinus (5,6,11,12) (over 40% of 

reported locations), and the cavernous sinus region, which typically is affected 

to a greater degree in postmenopausal women.(13) Other locations include the 

superior sagittal sinus, petrosal sinuses, tentorium cerebelli, foramen magnum, 

sphenoparietal sinus, and anterior cranial fossa. Aggressive DAVFs are more 

often seen in men. Dural AVFs can also be seen directly involving the 

ophthalmic or olfactory vein complexes, perhaps because these veins follow a 

trans-osseous course. (14)  Multiple DAVFs have been seen in approximately 

7% of cases. (15) There are no clear associations between DAVF and the 

presence of other vascular malformations. 

PATHOPHYSIOLOGY 

The pathophysiology of DAVF remains largely unknown, but it is 

considered as a secondary rather than primary disease of the wall of the dural 

venous sinuses. The sinus often shows signs of previous partial or complete 

thrombosis. The shunt consists of multiple direct communications of various 

sizes between dural arteries of the vicinity and the sinus, confined to an 

anatomically defined segment of the dural venous sinus system. The dura has 

this propensity for exuberant neovascularization, and direct arteriovenous 

shunts may result from angiogenesis in the proximity of arteries. Also, 
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preexisting arteriovenous communications can increase in size or grow in 

response to various angiogenic factors.  

(A)  Anatomic factors 

The normal dura mater is richly vascularized with an extensive shared supply. 

Most of its arterial supply arises from branches of the external carotid artery 

with some participation of the internal carotid, vertebral, and ophthalmic 

arteries. Extensive anastomoses exist between the meningeal arteries (10, 12) 

and this allows DAVFs to recruit feeders from distant arteries. The dominant 

supply to DAVFs are from the meningeal arteries, which were present in 95% 

of DAVFs in a series of 205 cases reviewed by Cognard et al. Shared 

meningeal and cortical branch supply can be found in 5% of cases. (6) Pial 

supply to a DAVF typically originates from the development of trans-

arachnoid anastomoses. In contrast to vessels in the brain parenchyma, the 

arteries and veins within the dura are very close together. Therefore, following 

trauma, vascular rupture can more easily result in a fistulous communication. 

Postmortem studies have demonstrated arteriovenous shunts of 50 to 90 

microns diameter in normal dura, with a majority of shunts positioned lateral 

to the superior longitudinal sinus. (17) However, the function and long-term 

potential for pathological transformation of these physiological dural AV 

shunts is unknown. (18) 
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(B)  Role of sinus thrombosis and venous stenosis 

The role of venous sinus thrombosis as an acute precedent or 

accompaniment to DAVF formation was demonstrated by Houser et al. by 

cerebral angiography. (3) In their series, two of 14 patients had angiographic 

evidence of sigmoid or transverse sinus occlusion before formation of DAVF 

in the pertinent sinus; ten patients with DAVF had compromised sinuses, of 

which eight demonstrated transverse or sigmoid sinus occlusion, and two 

demonstrated sinus stenosis. (3) In another study, cerebral sinus thrombosis 

was diagnosed in 27 (39%) of 69 patients with DAVF. Of these 10 (37%) 

patients had cerebral sinus thrombosis (CST) in more than one location. (19) 

However, once CST is formed, most patients do not progress to DAVF. (18, 

20) In a series of 51 patients with transverse sinus thrombosis with mean 

follow-up of 78 months, only one patient went on to develop a DAVF. (20) 

Alternatively, sinus stenosis and thrombosis may less commonly occur as a 

consequence of a DAVF due to high flow angiopathy. The presence of venous 

thrombosis may affect the drainage of a dural fistula, impacting upon its 

clinical and hemodynamic behavior. (21) It may also explain the changes 

observed during the clinical evolution of fistulas from rerouting of venous 

drainage to other pathways, to spontaneous closure of the fistula. In a study of 

54 patients with untreated DAVF, patients without a venous sinus outflow 

occlusion at initial angiography were more likely to have symptom 

improvement or remain stable compared to patients with an occlusion who 

demonstrated infrequent improvement. (11) Cortical venous drainage can still 
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develop without sinus occlusion, (3) when the flow exceeds the capacity of the 

sinus.  

(C)  Thrombophilic factors 

Several hematologic abnormalities including associations with factors 

known to affect coagulation have been reported in patients with DAVF. In a 

pooled analysis, the factor V Leiden mutation was present in 9/121 (7.4%) 

patients compared to 3/178 (1.7%) volunteers (OR 4.7, 95% CI 1.2–17.7); the 

prothrombin gene mutation (G20210A) was present in seven of 121 patients, 

but only in one of 178 controls (OR 10.9, 95% CI 1.3–89.5). (22–25). Due to 

the low frequency of mutations in patients with DAVF, routine screening of 

prothrombotic mutations is not indicated. (22) 

Other hematologic parameters, such as basic coagulation profile, fibrinogen, 

and factor VIII were found normal in one study with 40 DAVF patients. (22) 

(D)  Formation of the shunt  

Venous sinus thrombosis may induce opening of normal or pre-existing 

intrinsic dural arteriovenous shunts during organization and recanalization of 

thrombus. (1,3,18) These microscopic shunts may be present from birth 

(10,26) or develop from abnormal growth of the vasa vasorum of the 

sinuses.(3) In rat models, induced venous hypertension (27,28) and sinus 

thrombosis (27,29) were shown to elicit formation of DAVF. 
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DAVFs may arise from neoangiogenesis, in response to an 

inflammatory cascade triggered by venous ischemia. A vicious cycle can 

occur: venous hypertension or thrombosis can lead to reduced perfusion, 

which leads to tissue hypoxia stimulating neoangiogenesis, perhaps due to 

higher levels of vascular endothelial growth factor (VEGF). (30) 

Angiogenesis by dural blood vessels could then promote shunting into 

dural sinuses. (27) Arterialization could further exacerbate venous 

hypertension and enlarge the dural fistula arteriovenous malformations. 

CLASSIFICATION 

At least three classifications have been proposed: those of Djindjian, 

Cognard, and Borden, but they are all variations of the same understanding (5–

7) The classifications of DAVFs is determined by the direction of venous 

drainage, which separates benign from aggressive forms of the disease.  

(A) Djindjian and Merland’s classification 

 1978, Djindjian and Merland used superselective angiography to 

classify DAVFs based on the pattern of venous drainage, with each subsequent 

type considered as a more aggressive form of the disease. (5) 

In this classification, type I fistulas drain into a sinus or meningeal vein; 

type II drain into a sinus with reflux into other sinuses (IIA) or cortical veins 

(IIB); type III drain directly into a cortical vein; type IV drain into a cortical 
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vein with a giant associated venous pouch (dural or subdural) which can 

occasionally act as an intracranial space occupying lesion.  

(B) Cognard’s classification 

Cognard et al. further modified the original Djindjian classification by 

validating Djindjian’s classification scheme with a series of over 200 patients. 

(6) They showed that no DAVF without cortical venous drainage bled, and 

expanded upon the patterns of venous drainage, particularly for Type II 

fistulas and fistula with spinal drainage. In this modified classification, type I 

fistulas exhibit antegrade drainage into a sinus; type II are located in the main 

sinus, with reflux of injected contrast into the sinus (IIa), cortical veins (IIb), 

or both (IIa+b); type III drain directly into a cortical vein without venous 

ectasia; type IV drain directly into a cortical vein with venous ectasia and type 

V have associated spinal perimedullary venous drainage. In general, tentorium 

cerebelli and anterior cranial fossa AVFs are type III and type IV dural fistulas 

because of their cortical venous drainage. The shunt lies in the wall of the 

intradural portion of a cortical vein proximal to its anastomosis with the 

corresponding sinus. When the anastomosis is stenosed or occluded (while the 

sinus may or may not be patent), the flow is directed in a retrograde manner 

into the cortical vein. (15) Patients with type IV dural fistulas can also develop 

progressive tumor-like symptoms due to mechanical compression of adjacent 

structures. (6)   
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(C) Borden’s classification 

Borden later simplified the classification scheme, unifying cranial and 

spinal fistula classification. (7) Type I DAVFs drain antegrade into dural 

venous sinuses or meningeal veins, and are considered benign. Type II 

DAVFs drain into dural sinuses or meningeal veins, although they can also 

drain in a retrograde manner to subarachnoid veins. Neurological deficits are 

seen with Type II DAVFs, due to secondary venous hypertension. Type III 

DAVFs drain into subarachnoid veins only, and typically present with 

intracranial hemorrhage. 

CLINICAL PRESENTATION 

DAVFs can present with a wide range of symptoms and signs, 

depending on their location and pattern of venous drainage. Most commonly 

patients present with tinnitus or ophthalmic manifestations in the more 

common transverse and cavernous locations. Although hemorrhagic 

presentations are less common, DAVFs should always be considered in the 

differential diagnosis of intracranial hemorrhages, particularly in the absence 

of more frequently seen conditions such as aneurysms or AVMs. Finally, the 

rarer lesions causing symptomatic venous hypertension can be associated with 

a wide variety of presentations. The high flow nature of a lesion can cause 

hemodynamic or high-output presentations, or the spinal drainage will be 

associated with a myelopathic presentation. 
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Symptoms may include pulsatile tinnitus, headache, diplopia, chemosis, 

proptosis, seizures, transient global amnesia, altered mental status including 

dementia or cognitive decline, and even progressive myelopathy. In children 

and infants, there may be such high flow as to manifest signs and symptoms 

related to heart failure. Signs are also variable, and may manifest as an audible 

bruit, exophthalmos, chemosis, cranial nerve palsy, dysphasia, progressive 

dementia, or sensorimotor deficit. The onset of symptoms may be insidious, as 

with progressive neurological deficits, or fulminant, as with intracranial 

hemorrhage. (33) 

(A)  Orbital symptoms related to cavernous DAVFs 

Symptoms typical of dural cavernous carotid fistula include progressive 

conjunctival chemosis, proptosis, pulsating exophthalmos, and painful 

ophthalmoparesis. (34) Later signs of cavernous sinus DAVF include visual 

acuity impairment and secondary or accelerating open angle glaucoma. Visual 

impairment may result from spontaneous choroidal detachment, strabismus, 

proptosis with corneal exposure, or retinal or optic nerve ischemia. (13) 

Decreased visual acuity mandates urgent treatment. Paradoxical symptoms in 

the contralateral orbit may occur if ipsilateral cavernous sinus thrombosis 

reroutes the venous drainage. (35, 36). The oculomotor nerves are the most 

common cranial nerves affected by a DAVF in this location. 
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(B) Tinnitus  

Pulsatile tinnitus or bruit is the most common presenting symptom in 

DAVFs. (11) The sound becomes perceptible when there is venous drainage 

that involves a dural sinus in direct contact with the petrous pyramid. (35) 

Through bone conduction the sound is transmitted to the auditory apparatus. 

(37) This is most often seen in lesions of the transverse-sigmoid region, 

however may also be seen in cavernous sinus DAVFs, and those involving the 

petrosal sinus. The bruit is generally high pitched, worse with exercise, 

positional changes, stress and at night. (37) A softer bruit may be transmitted 

to the contralateral side. (5, 37). Light pressure against the ipsilateral retro-

auricular region or over the ipsilateral common carotid artery may improve the 

symptoms, (37, 38).  

(C)  Intracranial hemorrhage 

Intracranial hemorrhage may be seen in aggressive fistulas with cortical 

venous drainage; many of these are fulminant. The ictal event can consist of a 

severe headache and focal neurological deficit. Compartments affected by the 

intracranial hemorrhage can on occasion be localized to the subdural, or 

intraventricular spaces, (2,9,11) although they most commonly present with 

intraparenchymal and subarachnoid hemorrhage. (2,11) 

Re-bleeding after initial hemorrhage can occur in up to 35% of patients. 

In a series of 20 patients who presented with intracranial hemorrhage, cortical 
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venous drainage was demonstrated in all patients who underwent angiography. 

Of the 20 patients, seven suffered re-bleeding within 2 weeks after the first 

hemorrhage, (39) all with change in level of consciousness and worsened 

neurological status as a direct result of rebleeding. There was a predominance 

of type IV dural fistulae and posterior tentorial circulation location among 

those that rebled. 

(D)  General neurological symptoms 

Headache is a non-specific presentation of DAVF, but may be 

disabling. The headache can be due to underlying dural irritation, venous 

congestion, or intracranial hypertension. The headache may be ipsilateral to 

the fistula and may be aggravated by head position, exercise or Valsalva-like 

maneuver, and high blood pressure. (37) Hemorrhagic presentations can also 

be associated with headaches that have a “thunderclap” character and may be 

followed by coma. High-flow large dural AVFs may overwhelm the pathways 

permitting normal cerebral venous drainage, thereby leading to increased 

intracranial pressure and communicating hydrocephalus. (2) 

Increased intracranial pressure has been attributed to an increase in the 

cerebral blood volume and pressure in the dural sinus, with a secondary 

decrease in CSF absorption (Monroe–Kellie doctrine). Intracranial 

hypertension can be seen in type IIa DAVFs. (6) Non-communicating 

hydrocephalus may also occur as a mechanical consequence, when a venous 

varix obstructs the outflow of cerebrospinal fluid in the posterior fossa, (2). 
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With increased intracranial pressure, patients may present with papilledema 

and secondary optic atrophy (40)  

Focal neurological symptoms 

Focal neurological symptoms without hemorrhage are mainly seen in 

the presence of cortical venous drainage and venous congestion which 

interferes with normal venous drainage. (35) As a result, any territory may be 

affected, leading to seizures or variable deficits. Venous ischemia with edema, 

with or without infarction of the affected territory may occur. (37) 

Transient focal deficits have also been described. (3) Less commonly, 

local mass effect by a venous aneurysm or “venous lake” can result in a 

neurological deficit. (41) Symptoms such as dysphasia, motor weakness, 

transient ischemic attack, visual changes, cognitive impairment or focal 

seizure may surface, depending on the route of venous drainage.  

Myelopathy 

Myelopathy is a rare clinical manifestation of intracranial DAVFs, 

occurring in approximately 3% of cases. (6,11) Drainage into perimedullary 

veins classifies the DAVF as type V, by the Cognard classification. Fistulas at 

the foramen magnum or at the tentorium have been described to drain via 

anastomotic connections towards the spinal perimedullary veins. (42,43) 

Drainage at this location may cause congestive myelopathy and present with 

urinary retention, numbness and paresthesias, lower extremity weakness 
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followed by upper extremity weakness. (43,47) Rarely, if the edema 

progresses cephalad, the lower brainstem can be affected with bulbar 

symptoms, as well as autonomic symptoms like orthostatic hypotension, 

tachycardia or bradycardia. (44–46) 

NATURAL HISTORY 

(A)  Benign DAVFs 

DAVFs without cortical venous drainage are considered benign. In a series 

of 55 Borden type I DAVFs, 26 patients were followed for a mean of 32 

months and showed symptom resolution or improvement in 21 (81%) patients. 

Five (19%) were unchanged. (48) Overall, 53/54 (98%) patients with Borden 

type I DAVFs were stable at follow-up (mean 33-month follow-up), whereas 

one patient deteriorated and died, likely secondary to raised intracranial 

pressure. (48) The potential for transformation of a benign fistula to an 

aggressive type is low. A study of 117 patients with benign DAVFs showed 

that an aggressive clinical course occurred in 2% of patients over a median 

follow-up of 27.9 months (range 1 month to 17.5 years). (22) Another series 

showed absence of transformation in 84 type I DAVFs (47 followed 6 months 

to 23 years) other than one type I DAVF that progressed to type IIa due to 

increased flow. (6) 

Cognard et al. evoked several factors that may lead to worsening 

DAVF grade in a series of seven patients: stenosis or thrombosis of the 

draining veins in four cases, increased arterial flow in two, and appearance of 
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a new fistula site or extension of the initial shunt in two. There is some 

controversy in the follow-up of benign type I DAVFs. Clinical evaluation may 

not be reliable since positive changes in the symptoms such as a reduction of 

the bruit may be associated with development of cortical drainage which could 

remain asymptomatic until hemorrhage occurs. Due to the low probability of 

aggressive evolution, follow-up with catheter angiography appears ill-advised. 

Up until recently, non-invasive imaging could not distinguish reliably between 

benign and aggressive types but this is changing with the advent of time 

resolved MRA and susceptibility weighted MRI. 

(B)  Aggressive DAVFs 

The natural history of more aggressive lesions is very difficult to 

assess. Type III and IV intracranial DAVFs have been reported to have a 

hemorrhagic risk of approximately 1.8% per year. (39) The annual risk of 

mortality and morbidity with lesions with cortical venous reflux is 10 and 

15%, respectively. (50) In 1990, Awad et al reviewed 360 cases reported in the 

literature and 17 of their own cases to compare the angiographic features of 

100 aggressive cases and 277 benign cases. They concluded that the presence 

of leptomeningeal venous drainage, variceal or aneurysmal venous dilatations, 

and Galenic drainage are possible signs of a more aggressive fistula type. (32) 
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(C) Risk factors for hemorrhage 

In patients with intracranial DAVFs, retrograde leptomeningeal venous 

drainage or cortical venous reflux and venous ectasia were first associated 

with intracranial hemorrhage by Houser et al (3) in 1972 and was later 

supported by Castaigne et al (2).  

In 1984, a metaanalysis by Malik et al (57) found retrograde 

leptomeningeal venous drainage, venous ectasia, and lesion location ‘‘outside 

a major sinus’’ to be associated with intracranial hemorrhage on presentation. 

In 1987, Ishii et al (58) identified a subgroup of patients who were at 

high risk for hemorrhage and dementia because of venous overload 

exacerbated by occlusive changes in the transverse sinus. In their report, Ishii 

et al noted that engorged pial veins on angiography were related to the venous 

overload.  

Awad et al (32), in a review of 360 cases from the literature prior to 

1990, found that retrograde leptomeningeal venous drainage, venous ectasia, 

and vein of Galen drainage correlated with intracranial hemorrhage and non 

hemorrhagic neurologic deficit at presentation. 

Location has been reported as another factor to consider, with DAVFs 

at the tentorium cerebelli, anterior cranial fossa, and superior sagittal sinus at 

higher risk for hemorrhage. (5,6,31,32) However, the tentorium cerebelli and 

anterior cranial fossa sites generally drain into cortical venous pathways, 
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hence the risk of intracranial hemorrhage is really due to cortical venous 

drainage rather  than a peculiarity of the location. 

DAVF WITH CORTICAL VENOUS REFLUX 

Intracranial DAVFs with cortical venous reflux may have a similar 

presentation to the benign type or may present with an intracranial 

hemorrhage, neurologic deficit, or seizure. Direct cortical venous reflux has a 

greater prevalence of hemorrhage as compared with sinosal drainage with 

cortical venous reflux (6).  

The study by Davies et al (48) of the natural history of intracranial 

DAVFs confirmed the benign course of those with sinosal drainage only and 

the aggressive course of those with cortical venous reflux. 

Dural arteriovenous fistulas with cortical venous drainage are rare, and 

this type accounts for approximately one third of all intracranial DAVFs 

treated. There is a striking preponderance of men versus women (24:5) 

harboring DAVFs with cortical venous drainage.  

Van Rooij et al evaluated intracranial dural arteriovenous fistulas with 

cortical venous drainage. Out of 91 patients with intracranial DAVFs in their 

series 29 (32%) had cortical venous drainage. There were 5 women and 24 

men (mean age, 53.9 years; range, 24-77). Clinical presentation was 

intraparenchymal or subarachnoid hemorrhage in 18 patients (62%), seizures 

in 4 patients (14%), visual symptoms in 2 patients (7%), pulsatile bruit in 1 
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patient (3%), and the DAVF was incidentally discovered in 4 patients. (14%) 

(51) Also in another large study, (52) men were more often involved than 

women. On the other hand, benign DAVFs without cortical venous drainage 

are more often encountered in women. (53, 54) 

EVALUATION OF DAVF 

The gold standard test for diagnosis of DAVF is angiography. Benign 

types of dural fistulas are generally occult on CT or MR except for those 

located at the cavernous sinus where a dilatation of the superior ophthalmic 

vein with or without exophthalmia can be seen. In DAVFs with cortical 

drainage, CT and MR may show dilated veins or parenchymal reaction such as 

edema, infarction, hemorrhage, calcifications or chronic white matter 

hyperintensities. Sensitivity and specificity of these techniques remain poor. 

Standard CT angiography and MR angiography lack the hemodynamic 

evaluation given by angiography as well as the spatial resolution necessary for 

small lesions.  

(A)  Angiographic study of DAVFs 

Angiographic evaluation for DAVFs should include selective injection 

of both internal and external carotid arteries as well as vertebral arteries.  

Selective injection of both internal carotid and vertebral arteries is important 

for a complete evaluation of the pattern of cerebral venous drainage, and 

identification of pial or meningeal contributors to the DAVF. The location of 

the shunt should be identified, along with the arterial feeders (meningeal vs. 
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pial). The topography of venous drainage should be identified with special 

attention directed towards identifying any cortical venous reflux or mural 

venous pouch. Risk factors for hemorrhage such as venous sinus stenosis 

subtotal or total occlusion and venous ectasia should be noted. One should 

also observe whether the sinus drainage carries any associated anomaly, 

stenosis, thrombosis or hypoplasia. (6) Venous drainage of normal brain 

parenchyma along with circulation time also needs to be evaluated. 

In patients presenting with progressive cord myelopathy, findings of 

swollen cervical cord and dilated perimedullary veins, complete work-up must 

include external carotid artery injections and angiography of the vertebral area, 

if cervical or spinal artery catheterizations are negative. (43) 

Rapid recognition of an intracranial DAVF is important as early 

disconnection of the cranial DAVF drainage into spinal veins permits 

myelopathy recovery, before ischemic and gliotic changes become 

irreversible. (55) 

Pseudophlebitic pattern 

Tortuous, engorged veins can be identified on the venous phase of the 

brain circulation in an angiogram in patients with venous congestion related to 

an intracranial dural arteriovenous fistula. The term pseudophlebitic pattern 

(PPP) has been used to describe this finding. It represents a response to venous 

congestion with the development of enlarged, tortuous collateral veins and 
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venous rerouting. Rerouting may be into dilated transosseous venous channels 

or may be retrograde into the orbital veins. 

In a study of 130 patients with intracranial DAVF, Willinsky et al (56) 

tried to determine the prevalence of PPP and analyzed the relationship of this 

sign to presentation, location of the fistula, presence of retrograde 

leptomeningeal venous drainage, and MR findings. The PPP was graded as 

mild, moderate, or severe. Authors in this study found PPP in 51 patients 

(42%). Thirty-two (73%) of the 44 patients who had a hemorrhage, neurologic 

deficit, or seizure had PPP as compared with 16 (21%) of the 75 who had a 

bruit or orbital signs. The three patients with either congestive heart failure or 

increasing head circumference had PPP. Fourteen (88%) of the 16 who had 

fistula of the superior sagittal sinus, straight sinus, or superior petrosal sinus 

had PPP. PPP was seen in 46 (81%) of 57 patients who had retrograde 

leptomeningeal venous drainage and in five (8%) of the 65 who had only 

sinosal drainage. Fourteen (88%) of the 16 who had white matter T2 

hyperintensity on MR images had severe PPP. The authors concluded that the 

PPP reflects venous congestion and is associated with an aggressive 

presentation with or without retrograde leptomeningeal venous drainage. The 

presence of moderate or severe PPP may be useful in highlighting a subgroup 

of patients in whom aggressive symptoms or signs may develop. Interval 

improvement in PPP   may be a reassuring angiographic sign in the follow-up 
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of partially treated patients. PPP may be a useful prognostic indicator and 

should be considered in treatment decisions. 

Cortical Venous reflux 

Impairment of venous outflow in patients with DAVFs be it functional or 

anatomical results in cortical venous reflux and venous hypertension and 

eventual venous infarction with hemorrhage. In their study Kitajima et al (59) 

evaluated retrograde cortical and deep cerebral venous drainage in twenty one 

patients with intracranial dural AV fistulas and also correlated angiographic 

findings with MRI findings.  Retrograde venous drainage was categorized as 

cerebral cortical, deep cerebral, posterior fossa, medullary, ophthalmic, or 

spinal venous. They also proposed a grading system for assessing its severity 

on angiography; as follows: grade 0=no retrograde cortical venous drainage, 

grade 1 = involved volume of 0-25%,  grade 2 = 26-50%, and grade 3 = >50%. 

The volume of involved cortical veins was determined visually relative to the 

whole of the cortical veins on the anteroposterior and lateral angiograms. 

(B)  Non invasive imaging of DAVF 

Conventional MRI 

De Marco et al (60), in a 12-case study, concluded that dilated cortical 

veins without a parenchymal nidus on MR images are suggestive of DAVF 

with venoclusive disease. They also described that dilated cortical veins were 

observed on MR imaging in all angiographically proved cases but failed to 
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directly identify the fistula by MR imaging. In addition, they described venous 

infarct, hemorrhage, or hydrocephalus as DAVF-related complications. In 

other words, DAVF might not be detected without the presence of a dilated 

cortical vein, hemorrhage, or parenchymal change on MR imaging. These 

findings seemed to be more directly associated with complications of venous 

hypertension than DAVF.  

Unlike De Marco, Chen et al (61) pointed out that a fistula was directly 

visualized by MR imaging in 4 and by MR angiography (MRA) in 6 of 7 

patients. They regarded the fistula as a slightly irregular region of flow voids 

on MR imaging or as flow-related enhancement along the involved sinus on 

MRA, and confirmed this by conventional angiography.  

Kwon et al (62) in their study sought to identify MR imaging finding 

differences between DAVF types classified on the basis of venous drainage 

patterns. This study showed that the MR imaging findings of DAVFs were 

closely related to type of DAVF, and, the higher the type, the more common 

the findings such as white matter hyperintensity, hemorrhage, dilated vessels, 

venous pouch, and vascular enhancement; however, only 2 of these findings-

namely, dilated vessels and prominent vascular enhancements-were found to 

be significantly frequent in increasing type. Therefore, if dilated vessels or 

prominent vascular enhancements are present on MR imaging, there is a high 

probability of type II or III DAVF with retrograde leptomeningeal venous 
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drainage, and the patient may require a prompt examination by conventional 

angiography.  

Abnormally dilated pial or medullary veins in patients with DAVFs are 

identified as flow voids on T2-weighted SE images. Willinsky et al (56) 

attempted to correlate the severity of retrograde venous drainage determined 

on T2-weighted SE images with the clinical presentation and suggested that 

evidence of moderate or severe retrograde venous drainage may be useful for 

identifying a subgroup of patients in whom aggressive symptoms or signs 

might develop. 

Venous congestion may be evident on MR images as bilateral or 

unilateral diffuse T2 hyperintensity in the white matter of either the cerebral or 

cerebellar hemispheres. These MR findings may be partially reversible after 

treatment. Thalamic and brain stem venous congestion can result from those 

fistulas refluxing into the straight sinus and deep veins. This clinicopathologic 

picture has been referred to as venous congestive encephalopathy. PPP 

represents a response to venous congestion with the development of enlarged, 

tortuous collateral veins and venous rerouting. These are seen as prominent 

flow void on SE T2 sequences. (56) 

 In their study Kitajima et al showed that enhanced MR images were 

superior to nonenhanced images for evaluating retrograde venous drainage, 

probably because undilated veins and slow flow retrograde venous drainage 

may not be detected with T2-weighted SE images. Both enhanced 3D MP-
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RAGE and T1-weighted SE images had high diagnostic accuracy, not only for 

the detection of retrograde cortical venous drainage but also for its severity. 

Although enhanced 3D MP-RAGE images were highly sensitive, their 

specificity was slightly lower than that of enhanced T1-weighted SE  

images.  (59) 

3D MP-RAGE is a small–flip angle, gradient recalled-echo sequence in 

which a 3D Fourier transformation acquisition is implemented with a 180° 

inversion preparation pulse. The resulting sequence yields heavily T1-

weighted contrast; a relatively high signal-to-noise ratio; thin, continuous 

images with post processing capability; rapid acquisition times; and depiction 

of flow-related enhancement (63). Enhanced 3D MP-RAGE images were 

more sensitive than T1-weighted SE images because of the high spatial 

resolution with no gaps, the reduction of vascular dephasing, the decreased 

susceptibility artifacts, and the suppression of fat signals. Enhanced 3D MP-

RAGE sequence relies not only on time-of-flight effects but also on the T1-

reducing effect of gadolinium to depict the flow (64). Although these effects 

are beneficial for identifying normal vasculature on enhanced 3D MP RAGE 

images, it may make the differentiation of normal and affected veins more 

difficult than it is on enhanced T1-weighted SE images. Therefore, enhanced 

3D MP-RAGE imaging is slightly less specific than enhanced T1-weighted SE 

imaging. The diagnosis of retrograde venous drainage into deep veins was 

difficult regardless of the imaging technique used. (59) 
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Magnetic resonance angiography 

Noguchi et al (65) evaluated patients with dural arteriovenous fistula, 

with source images of 3D TOF MR Angiography and MR digital subtraction 

angiography. 3D TOF MRA showed two abnormal findings: multiple high-

intensity curvilinear or nodular structures adjacent to the sinus wall and high-

intensity areas in the venous sinus. MR digital subtraction angiography done 

with 4 seconds temporal resolution showed early filling of the venous sinus, 

suggestive of dural arteriovenous fistula. Sensitivity and specificity of multiple 

high-intensity structures adjacent to the sinus wall, high-intensity areas in the 

venous sinus, and early filling of the venous sinus were 100% and 100%, 76% 

and 86%, and 87% and 100%, respectively. Although 3D TOF MR 

Angiography failed to show the findings of retrograde cortical venous 

drainage and venous sinus occlusion, MR digital subtraction angiography 

clearly showed both findings in all five subjects. 

Meckel et al (66) in their study found that on time-resolved 3D 

contrast-enhanced (TR 3D) MRA, the side and presence of all patent fistulas 

were correctly indicated, and no false-positive findings were observed in 

occluded DAVFs. Grading of fistulas with this imaging technique was correct 

in 77% and 85% of patent fistulas for both readers, respectively.  

Farb et al (67) assessed time-resolved MR angiography (trMRA) at 3T 

for the diagnosis and classification of a cranial DAVF and compared with the 

reference standard of digital subtraction angiography. They concluded that use 
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of trMRA in the arena of cranial DAVF is useful only for the purposes of 

screening and surveillance and not as a tool for complete characterization of a 

fistula. This technique of trMRA does not rely on visualization of feeding 

arteries but, rather, exploits the obligatory early venous filling to identify 

fistulas.  

Computed Tomography Angiography (CTA) 

Though non invasive as compared to DSA, CTA is however limited 

due to issues of use of contrast media and radiation concerns.  Narvid et al 

(68) suggested that CTA can be used to screen for DAVF in patients with 

clinical symptoms like pulsatile tinnitus. The presence of asymmetrically 

visible and enlarged arterial feeding vessels has a high sensitivity and 

specificity for the diagnosis of DAVF. 

Willems et al (69) evaluated 11 patients with DAVF with 4D-CTA 

imaging by using a 320-detector CT scanner.  In 10 cases, there was full 

agreement between DSA and 4D-CTA regarding the Borden classification. 

However, in the remaining patient, a slow-filling DAVF with a low shunt 

volume was missed by both readers on 4D-CTA. In all 10 detected cases, ≥1 

of the major contributing arteries could be identified with 4D-CTA.  4D-CTA 

appeared to be a valuable new adjunct in the noninvasive diagnostic work-up, 

treatment planning, and follow-up of patients with cranial DAVFs. 
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Diffusion Weighted MR Imaging 

Water mobility in the brain tissues under various conditions can be 

measured by the apparent diffusion coefficient (ADC), a quantitative 

parameter of diffusion-weighted magnetic resonance imaging. Previous 

studies on MRI findings of cerebral venous thrombosis have suggested that 

both vasogenic edema and cytotoxic edema may develop in the affected brain 

tissue. (70) 

In a study by Sato et al (71) authors measured ADC values in the brain 

tissue affected by cortical venous reflux (CVR) to test the hypothesis that any 

changes in water diffusion might depend on the severity of CVR. This was a 

retrospective review in which 56 patients with DAVFs were identified who 

underwent diffusion-weighted imaging before treatment. Twenty patients had 

neurological symptoms corresponding to the brain area affected by CVR 

(Group I), 21 patients with CVR had no focal brain dysfunctions (Group II), 

and 15 patients had no CVR (Group III). Apparent diffusion coefficient was 

measured for 11 brain areas predefined based on normal venous drainage 

patterns in the 56 patients and in 21 normal volunteers. The mean ADC ratio 

was calculated for each area by dividing the ADC value of patients by that of 

normal volunteers. 

Authors found that areas affected by CVR in Group I showed a mean 

ADC-to-control ratio of 0.72, which was significantly lower than that of 

Group II (0.96, P<0.01). Follow-up studies demonstrated significantly 
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increased ADC ratios in brain areas affected by CVR after the DAVFs were 

treated successfully. This study concluded that decreased ADC was observed 

in the brain parenchyma affected by CVR and was associated with regional 

brain dysfunction. Successful treatment of the DAVF increased the ADC 

toward normal levels. Authors suggested that the ADC may be a useful 

indicator of the severity of CVR and should be included as a protocol for 

‘venous congestion imaging’ in patients with dural arteriovenous fistulas.  

Prior to this in an another case report Sakamota et al (72) reported  the  

course of ADC values of cerebral edema before and after endovascular 

treatment in DAVFs. They reported a case of 65-year-old woman with 

transverse-sigmoid sinus DAVFs with retrograde leptomeningeal venous 

drainage who presented with severe edema in cerebellar hemisphere and 

brainstem. In preoperative MRI, increased ADC values were observed in the 

edema area. The isolated sinus was obliterated completely by transvenous 

embolization. On the following day after treatment, the ADC values in 

cerebral edema area increased slightly without any new neurological deficits 

and improved 1 week later. Rapid resolution of venous congestion due to 

DAVFs may have caused a slight, transient progression of vasogenic edema.   

Very few studies have evaluated the hemodynamic impairment 

associated with CVR with ADC values. However there are a few studies 

which have evaluated this using Positron emission tomography. 
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In a study by Iwama et al (73) Positron emission tomography showed 

evidence of hemodynamic impairment in the regions affected by CVR in 4 of 

5 patients. These 4 patients presented with nonhemorrhagic neurological 

deficits, whereas the other patient with normal hemodynamics presented with 

only tinnitus.  

Positron emission tomography also showed abnormal cerebral blood 

flow and O2 extraction fraction in areas affected by cortical venous reflux 

caused by DAVF, and these parameters improved significantly after definitive 

treatment. (74) 

Another experimental report demonstrated a correlation between 

decreased ADC values and decreased cerebral metabolic rate of O2 and 

glucose. (75) 

Susceptibility weighted imaging 

Susceptibility-weighted imaging (SWI) is a high-spatial resolution 3D 

gradient-echo MR imaging technique with phase postprocessing that 

accentuates the paramagnetic properties of blood products and is very 

sensitive in the detection of intravascular venous deoxygenated blood as well 

as extravascular blood products.(76) It was originally referred to as high 

resolution blood oxygen level dependent venography, (77) But because of its 

broader application than evaluating venous structures,  it is now referred to as 

SWI.  SWI has been used in studies of arterial venous malformations, occult 



 

Review of Literature 

33 

 

venous disease, multiple sclerosis, trauma, tumors, and functional brain 

imaging. 

SWI exploits the loss of signal intensity created by disturbance of a 

homogeneous magnetic field, the principles of which have been extensively 

described by Haacke et al, Reichenbach et al, and Sehgal et al. (76-78) Briefly, 

these disturbances can be caused by various paramagnetic, ferromagnetic, or 

diamagnetic substances such as air/tissue or air/bone interfaces. As spins 

encounter heterogeneity in the local magnetic field, they precess at different 

rates and cause overall signal-intensity loss in T2*-weighted (ie, gradient-

echo) images. Sensitivity to susceptibility effects increase as one progresses 

from fast spin-echo to routine spin-echo to gradient-echo techniques, from T1- 

to T2- to T2*-weighting, from short-to-long echo times, and from lower to 

higher field strengths. 

SWI is not a new concept, but recent advances have allowed the 

technique to be refined, thereby expanding its applicability to study various 

conditions and pathologic states. Haacke et al (76) designed SWI, a high-

spatial-resolution 3D fast low-angle shot (FLASH) MR imaging technique that 

is extremely sensitive to susceptibility changes. The underlying contrast 

mechanism is primarily associated with the magnetic susceptibility difference 

between oxygenated and deoxygenated hemoglobin, leading to a phase 

difference between regions containing deoxygenated blood and surrounding 

tissues, resulting in signal intensity cancellation. The term “SWI” implies full 
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use of magnitude and phase information and is not simply a T2* imaging 

approach 

The technique of SWI sequence consists of a strongly T2* weighted 

low bandwidth 3D fast low-angle shot sequence, with flow compensation in 

all 3 orthogonal directions. SWI images are created by using the magnitude 

and phase raw datasets. A phase mask is created by setting all positive phase 

values between 1° and 180° to unity and by normalizing the negative phase 

values ranging from 0° to 180° to a gray-scale of values ranging linearly from 

unity to zero, respectively. This normalized phase mask is multiplied 4 times 

against the original magnitude image and yields the SWI image that enhances 

the hypointensities of the region containing susceptibility properties (such as 

deoxygenated venous blood, clots, and hemosiderin). Minimum intensity 

projection can be performed to display the processed data (79) 

Most of the early studies regarding use of SWI or BOLD venography 

for vascular malformations were for slow flow vascular malformations, 

developmental venous anomalies and cavernomas. Lee et al (80) studied 10 

patients and concluded that SWI is ideal for screening patients with a high 

clinical suspicion of low-flow vascular malformations such as cavernomas. 

Reichenbach et al (81) also reported a similar result for a 

developmental venous anomaly. 
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Saini et al (82) in 2009 reported a case of multiple DAVF in which T2-

weighted MR imaging was equivocal but SWI with minimal intensity 

projection showed very conspicuous venous vasculature of the entire brain, 

more on the right, with prominent collateral venous channels in the right 

occipital region. Dynamic contrast-enhanced MR venographic study 

demonstrated occlusion of the right distal transverse and sigmoid sinuses. A 

digital subtraction angiography study revealed multiple DAVF in the superior 

sagittal sinus and the right transverse sinus, with feeders noted from right 

middle meningeal, superficial temporal, and occipital arteries with delayed 

cerebral venous drainage. SWI correlated very well with the DSA findings. 

Diffuse prominence of the venous vasculature noted on the SWI could be 

explained by the prolonged passage time of the blood in the intracranial 

circulation from the functional obstruction caused by DAVF at the level of the 

venous sinuses. Therefore, this prominence possibly allowed for increased 

oxygen extraction, which resulted in more desaturation of blood in the veins, 

which makes them stand out on SWI. Venous engorgement, which occurs in 

cases of DAVF, may also be contributing to this imaging appearance. The 

possible site of the fistula may also be inferred from the presence of a cluster 

of vessels, which can be very well visualized on SWI. Moreover, in this case 

after particulate embolization of the external carotid feeders, authors noticed a 

significant reduction in the prominence of the cortical veins with improved 

cerebral circulation time and better filling of the venous sinuses on follow-up 

imaging after 1 week. 
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Tsui et al (83) reported a case of DAVF with venous varix in which 

SWI revealed hyperintensity in a venous varix. This was due to the 

oxygenated blood or high flow possibly due to shunting from artery to the 

venous varix. The serpentine structures seen on SWI were thought to represent 

collateral venous flow and venous engorgement resulting from functional 

obstruction. 

Noguchi et al (84) in their study reported the use of SWI in 

combination with dynamic susceptibility contrast (DSC) perfusion MRI in 

examining retrograde cortical venous drainage (RCVD) in patients with 

intracranial DAVFs. Ten patients with angiographically confirmed DAVFs 

with RCVD underwent conventional MR imaging, SWI, and DSC perfusion 

MRI. The ability of SWI to depict dilated cerebral veins was evaluated and 

then compared with DSC perfusion MRI. The hemispheres of patients with 

DAVFs were grouped into affected (with RCVD) or nonaffected (without 

RCVD) categories by angiography. Four patients had bilaterally affected 

hemispheres. SWI showed dilated cerebral veins on the surface of the brain in 

all (100%) of the 14 affected hemispheres in patients with DAVFs with RCVD 

and deep in the brain in 9 (64%). T2-weighted imaging showed prominent 

flow-voids on the surface of the brain in 10 (71%) of the 14 affected 

hemispheres in patients with DAVFs with RCVD and deep in the brain in 5 

(36%). DSC perfusion MRI showed increased cerebral blood volume in all of 

the 14 affected hemispheres. The SWI findings regarding dilated veins on the 
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surface of the brain corresponded well with the areas of increased cerebral 

blood volume. Authors in this study concluded that SWI in combination with 

DSC perfusion MRI could be used to characterize the presence of retrograde 

cortical venous drainage in patients with DAVFs. 

Gasparetto et al (85) reported a case of a 71-year-old man with 

progressive dementia and a previous history of hemorrhagic infarcts. He 

underwent brain MR imaging, which showed areas of encephalomalacia with 

hemosiderin/ferritin deposits and mild microangiopathic changes. In addition 

to these findings, the SWI demonstrated severe dilation of the cerebral veins 

on the surface of the brain as well as deep in the brain. Due to these findings, 

the diagnostic hypothesis of DAVF with retrograde leptomeningeal venous 

drainage (RLVD) was suggested. Digital subtraction angiography was 

performed and confirmed the diagnosis of left transverse-sigmoid sinus DAVF 

with RLVD. Authors suggested that further studies should investigate the role 

of SWI for the evaluation of DAVF.  

Jagadeesan et al (86) in their study attempted to determine the accuracy 

of susceptibility-weighted magnetic resonance imaging (SWI) for the 

detection of arteriovenous shunting (AVS) in vascular malformations of the 

brain (BVM). In this study a total of 80 BVMs were identified in the 60 

patients included. Of the 29 BVMs with AVS on DSA, 14 were untreated 

AVMs, 10 were previously-treated AVMs, and 5 were untreated dural 

arteriovenous fistulas. Overall, the presence of SWI signal hyperintensity 
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within at least 1 vein draining the BVM was 93% sensitive and 98% specific 

for the detection of AVS. This study concluded that the presence of SWI 

signal hyperintensity within the venous structures draining a BVM is an 

accurate indicator of AVS from an underlying high-flow vascular 

malformation, and suggested that SWI should be included in the MRI protocol 

for suspected BVM, and that attention should be paid to hyperintense signal in 

venous structures as it is highly correlated with AVS 

In another study by Jagadeesan et al (87) authors tested the hypothesis 

that the accuracy of the SWI sequence in the detection of AVS can be further 

improved by performing post contrast SWI studies (PCSWI) after the 

intravenous administration of gadolinium contrast agents. On the postcontrast 

SWI (PCSWI) studies, the normal arteries become even brighter when 

compared with non-contrast SWI studies secondary to a time-of-flight effect, 

and the normal veins become darker when compared with non-contrast SWI 

studies secondary to a more pronounced T2* effect. Therefore, postcontrast 

studies are likely to be even more sensitive to the presence of AVS in high-

flow BVMs. A total of 17 BVMs were identified by digital subtraction 

angiography (9 newly diagnosed arteriovenous malformations, 3 dural 

arteriovenous fistulas, 4 treated arteriovenous malformations with residual 

arteriovenous shunting, and 1 complex developmental venous anomaly). 

PCSWI was 100% sensitive and 100% specific with 100% positive predictive 

value and 100% negative predictive value for the detection of arteriovenous 
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shunting in these BVMs. The PCSWI/ susceptibility-weighted imaging signal 

intensity ratio in the most prominent early draining venous structure was 

1.2+/-0.32. This study concluded that PCSWI appears to be superior to 

susceptibility-weighted imaging, time-of-flight MR angiography, and contrast-

enhanced MR angiography in detecting arteriovenous shunting in BVMs and 

may be useful in the initial diagnosis and follow-up of patients with BVMs. 

L. Letourneau-Guillon & T. Krings (88) presented a series of 6 patients 

in which they described the potential contribution of SWI in the noninvasive 

evaluation of DAVFs. SWI images were compared with DSA for the 

identification of the location of the fistulous point, the presence of cortical 

venous reflux, and the presence of the PPP. In 5 of 6 patients, it was possible 

to identify the fistulous locations depicted as hyperintensity within venous 

structures. Cortical venous reflux was underestimated on SWI in 3 cases of 

robust CVR and not identified in 2 cases of less severe CVR. The PPP seen on 

angiograms correlated anatomically with increased number, caliber, and 

tortuosity of hypointense veins seen on SWI. Furthermore, SWI was superior 

to conventional MR imaging in the detection of these dilated veins. These 

preliminary results suggested an important role for SWI in the detection and 

assessment of the complex hemodynamics associated with DAVFs.  

Ischiro Nakagawa et al (89) in a recent study evaluated the efficacy of 

susceptibility-weighted magnetic resonance imaging (SWI) in detecting 

retrograde leptomeningeal venous drainage (RLVD) in DAVFs. They  



 

Review of Literature 

40 

 

retrospectively  identified  17  DAVF  patients  who had  angiographic  

evidence  of  RLVD  and  received  treatment.  Conventional angiography and 

SWI were assessed at pre- and post-treatment time points.  The presence of 

RLVD on SWI was defined as cortical venous hyperintensity,  and  the  

presence  of  venous  congestion  on  SWI  venograms  was  defined  as  

increased caliber of cortical or medullary veins. Cortical  venous  

hyperintensity  was  identified  in  pre-treatment  SWI  of  15  patients. 

Cortical  venous  hyperintensity  was  absent  in  early  post-treatment  SWI,  

consistent  with  the  absence of RLVD in post-treatment angiography, in all 

but one of these patients. In two patients, cortical venous hyperintensity was 

identified during follow-up, indicating recurrence of RLVD.  Cortical venous 

hyperintensity was not identified in pre-treatment SWI of two patients, despite 

angiographic evidence of RLVD.  Venous congestion was identified in pre-

treatment SWI  venograms  of  11  patients,  and  was  of  similar  appearance  

to  that  identified  from  angiography.  Venous congestive signs improved 

over the follow-up period. The study concluded that presence of SWI 

hyperintensity within the venous structure could be a useful indicator of 

RLVD in DAVF patients and SWI offers a noninvasive alternative to 

angiography for identification of RLVD in pre- and post-treated DAVF 

patients. 
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Susceptibility weighted angiography (SWAN) 

Susceptibility-weighted angiography (SWAN) is a new 3D T2*-based 

gradient-echo sequence generating several echoes that are read out at different 

TE times. (90). During each TR, the SWAN sequence captures multiple TE 

readouts: short TEs provide a time-of-flight (TOF) effect, whereas long TEs 

are responsible for the magnetic-susceptibility effect. The SWAN sequence 

allows high-resolution visualization of both cerebral veins and arteries. By use 

of either mIP or maximum intensity projection (MIP) reconstructions, the 

hyperintense arteries can be distinguished from the hypointense veins. 

Hodel et al (91) reported two cases of intracranial DAVFs with RCVD 

explored at 3T by using the SWAN sequence. In these cases using the SWAN 

sequence, the RCVD was clearly identified with dilated veins that appeared 

hyperintense. A 4D dynamic MR angiography (Time-Resolved Imaging of 

Contrast Kinetics [TRICKS]) showed the DAVF and the related RCVD with 

an abnormal early arterial filling of these veins, which appeared bright on the 

SWAN images. They speculated that the hyperintensity of the RCVD may be 

more related to a TOF effect than the presence of nondeoxygenated blood 

within the veins.  

In a more recent study with larger study group Hodel et al (92) 

evaluated susceptibility-weighted angiography (SWAN) for the 

characterization of slow flow vascular malformations (SFVM) and high flow 

vascular malformations (HFVM). Fifty-eight consecutive patients with a 
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suspected intracranial vascular malformation were explored with SWAN and 

post-contrast MRI sequences at 3 T.  Thirty-one patients presented 35 SFVM 

(26 developmental venous anomalies and 9 brain capillary telangiectasias) that 

systematically appeared hypointense on SWAN images. In patients with 

atypical MRI findings, DSA revealed one patient with an atypical DVA and 

26 patients with HFVM (22 brain arteriovenous malformations and 4 DAVF). 

SWAN revealed at least one venous hyperintensity in all patients with HFVM.  

Magnetic resonance perfusion imaging 

Dynamic susceptibility contrast perfusion imaging 

Initial efforts of using perfusion weighted imaging for characterizing 

DAVF were using dynamic susceptibility contrast perfusion MRI, a T2* based 

perfusion imaging requiring administration of gadolinium based contrast 

media. Noguchi et al (84, 93) evaluated ten patients with angiographically 

proven DAVF with RCVD, with dynamic susceptibility contrast (DSC)-MR 

imaging. In all patients with DAVF with RCVD, the rCBV map showed an 

increase in rCBV of the angiographically proved affected hemisphere. The 

mean rCBV ratio in patients with DAVF with RCVD was significantly higher 

than that of control subjects. Increased rCBV by DSC-MR correlated with 

RCVD in patients with DVAF.  

Arterial spin labeling 

Most recent studies have used arterial spin labeling for perfusion 

imaging of DAVF. Arterial spin labeling (ASL) is a MR perfusion imaging 
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technique in which arterial blood water is electromagnetically labeled 

proximal to the brain and used as a diffusible flow tracer. 

Le et al. (94) reported on venous ASL signal intensity seen frequently  

in 8 patients with DAVF and 7 patients with small AVM. The sensitivity and 

specificity of venous ASL signal intensity for predicting positive findings on a 

DSA study were 78% and 85%, respectively. 

ASL-MRI might be useful for identifying the hemodynamic behavior of 

DAVFs before and after treatment. Noguchi et al (95) performed ASL for 

three patients with Cognard’s IIa+b type of DAVFs before and after treatment. 

Perfusion images obtained by ASL-MRI (ASL images) before treatment were 

visually compared with those by single-photon emission computed 

tomography images (SPECT images). In all three patients, ASL images before 

treatment demonstrated high perfusion in regions around the shunting areas, 

where normal or low perfusion were detected on SPECT images. On days 

eight to 20 after treatment, ASL values around the shunt areas remained the 

same or decreased, and those in the regions other than the shunt areas 

increased in all three patients. This might have been due to a combination of 

the following: a decrease in shunt flow volume, an amelioration of venous 

congestion, and a sustained an upward shift in the autoregulation of the brain 

perfusion pressure 

In another study of DAVF patients with RCVD, Flow-sensitive 

alternating inversion recovery (FAIR) clearly showed prominent veins on the 
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surface of the brain in affected hemisphere, and FAIR corresponded well with 

the areas of increased rCBV. In all DAVF patients without RCVD, FAIR 

showed no prominent veins (96) 

Noguchi et al (97) in their later study reported the results of ASL 

applied to a larger group (16 patients) with DAVF including all Borden types. 

In this study ASL clearly depicted draining dural venous sinus in all patients 

with DAVF Borden type I and type II. ASL depicted cortical venous reflux  in 

only one patient with DAVF Borden type II (1/4). ASL depicted drainage 

directly into cortical veins in all patients with Borden type III.  

Iryo et al (98) in a recent study evaluated whether 3-T four-dimensional 

(4D) arterial spin-labeling (ASL) based magnetic resonance (MR) 

angiography is useful for the evaluation of shunt lesions in patients with 

intracranial dural arteriovenous fistulas. On all 4D ASL MR angiographic 

images, the major intracranial arteries were demonstrated at a temporal 

resolution of 300 milliseconds. Interobserver agreement was excellent for the 

fistula site, moderate for the main arterial feeders, and good for venous 

drainage. Intermodality agreement with DSA was excellent for the fistula site 

and venous drainage and good for the main arterial feeders. The study 

concluded that good-to-excellent agreement between 3-T 4D ASL MR 

angiographic and DSA findings suggests that 3-T 4D ASL MR angiography is 

a useful tool for the evaluation of intracranial dural AVFs. 
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MATERIALS AND METHODS 
 

Patient characteristics 
 

This is a prospective study of all consecutive patients diagnosed to have 

intracranial dural arteriovenous fistula on DSA presenting at Sree Chitra 

Tirunal Institute for medical Sciences and technology (SCTIMST) between 

2012 to 2014.  

No pregnant women, persons incompetent to give informed consent, 

prisoner, normal/healthy volunteer, staff/ student of the institute were included 

in study.  

Informed consent was taken from all the patients/ next of kin (including 

parents of minors) before DSA and endovascular treatment. 

 

The Inclusion and Exclusion criteria were as follows: 
 

1. Inclusion criteria: 

a. All consecutive patients diagnosed to have intracranial dural AV 

fistula on DSA presenting at SCTIMST between 2012 to 2014 

were included irrespective of age, sex or ethnicity.  

b. Follow up patients of partially treated intracranial dural AV 

fistulas who subsequently underwent repeat DSA and MRI 

within one week of each other. 
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2. Exclusion criteria:  

a. Presence of any other intracranial vascular or non-vascular lesions 

which could have altered the diffusion or susceptibility parameters.   

b. Recent metallic implants, pacemakers or any other  contraindications 

for undergoing MRI  
 

Study protocol 

All patients included in the study were analyzed for neurological signs 

and symptoms. Their symptoms were classified as being benign or malignant. 

Modified Rankin’s score was documented for each patient. 

  Later based on presence of cortical venous reflux on digital subtraction 

angiography these patients were divided into 3 groups. 

a. Group I – Patients with cortical venous reflux and aggressive 

neurological symptoms  

b. Group II – Patients with cortical venous reflux and no or non aggressive 

symptoms 

c. Group III – Patients with no cortical venous reflux 

All patients diagnosed to have intracranial dural arteriovenous fistulas 

on DSA underwent MRI with diffusion weighted imaging (DWI) and 

susceptibility weighted imaging (SWI) within 1 week of DSA. 
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Those patients who underwent embolization were also evaluated by 

using SWI & DWI before and after the intervention using same imaging 

parameters. 

Digital subtraction angiography protocol 

All angiograms were performed on Innova biplane flat panel digital 

subtraction angiography unit (GE Milwaukee, USA).  Diagnostic angiograms 

were done under local anesthesia. Baseline neurological evaluation was done 

prior to the angiograms. Premedication (Inj.  Tramadol 25-50mg i.m & Inj. 

Phenargan 12.5-25mg i.m) was given before the angiograms.  Intravenous 

heparin was administered in a dose of 50-70 U/kg body weight before starting 

the procedure. The angiograms were performed using 4Fr to 5 Fr diagnostic 

catheters. Selective injections of bilateral internal carotid arteries, external 

carotid arteries and vertebral arteries were obtained. Superselective injections 

from the specific external carotid artery feeders were obtained where ever it 

was required. 3D rotational angiograms were done from the prominent feeders 

when required. 

All the dural arteriovenous fistulas were assessed on DSA for the 

location of fistula, arterial feeders, venous drainage of the fistula, venous 

rerouting, circulation time, pseudophlebitic pattern and for presence of cortical 

venous reflux. Fistulas were classified as per Cognard’s and Borden’s 

classification. 
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Following angiographic features were tabulated for all the patients as per 

proforma attached. 

a. Classification  

b. Fistulous Point 

c. Cortical venous reflux 

d. Pseudophlebitic pattern 

Magnetic resonance imaging technique 

  MRI was performed on a 1.5 Tesla MRI Scanner ((Magnetom Avanto; 

Siemens, Erlangen, Germany). Conventional imaging was performed for all 

patients using either a T2 weighted or using FLAIR sequences in an axial 

plane. Diffusions and susceptibility weighted images were obtained for all 

patients. 

Susceptibility weighted imaging parameters 

We obtained high resolution SWI using following imaging parameters: 

TR- 49 ms; TE - 40ms; number of averages - 1; flip angle - 15°; slice 

thickness - 2 mm; matrix size  - 448 x 290; pixel bandwidth - 80 Hz; field of 

view (read) - 230mm;  field of view (phase) - 186mm. The raw data 

processing was performed automatically by the Magnetom Vision software 

(Siemens) and yielded magnitude image, phase image, SWI image and 

minimum intensity projections (mIP). 
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SWI image analysis 

  SWI images were reviewed after blinding to patient’s clinical and 

conventional imaging findings or angiographic data.  

Pseudophlebitic pattern (PPP) - on SWI was defined by an increased number, 

increased tortuosity, and increased caliber of leptomeningeal and/or medullary 

veins compared with normal-appearing regions of the brain. The severity of 

the PPP was also graded by using a semiquantitative scale depending on the 

number of dilated veins seen in a particular region: mild PPP, <5; moderate 

PPP, 5–10; and severe PPP, >10 veins being larger than those in normal-

appearing regions of the brain.  

Fistulous point - was defined as hyperintensity within at least 1 venous 

structure (ie, the cortical vein or venous sinus).  Signal intensity of the 

proximal intracranial arteries at the circle of Willis (supraclinoid ICAs, M1 

segments, basilar trunk) was used as internal standards; the signal intensity 

within the veins or dural sinuses needed to be equal to or greater than these 

arteries.  

Cortical venous reflux - was defined as hyperintensity in cortical venous 

structures radiating from the presumed fistulous point.  
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Diffusion weighted imaging 

Diffusion weighted imaging used the single-shot, multidirectional, 

echo-planar spin-echo sequence with the following parameters: matrix size - 

178x178;  field of view (read) - 230mm;  field of view (phase) - 100mm ; 

repetition time - 4800 ms; and echo time - 126 ms with b values of 0 and 1000 

s/mm. Diffusion gradients were applied in twenty directions. Twenty one 5 

mm thick axial slices with an interslice gap of 1.5 mm were obtained. 

Diffusion-weighted imaging sequence data were processed to obtain the 

apparent diffusion coefficient (ADC) values, which were calculated from 

diffusion trace images collected with b value of 0 and 1000 s/mm2 on a pixel 

by pixel basis.   

ADC analysis 

ADC measurements were done using a 5mm circular region of interest 

(ROI) in the areas showing cortical venous reflux as seen on DSA and as 

visualized on susceptibility weighted imaging. For comparison ADC values 

were obtained from the opposite hemispheres in the same region, using a 

similar size ROI. Note was made regarding the presence of cortical venous 

reflux on the opposite side using DSA and SWI and data were interpreted 

accordingly. ADC values were obtained from the cerebrospinal fluid (CSF) in 

the lateral ventricle. Ratio of ADC values was obtained with the CSF ADC 

values to obtain a normalized ADC values. 
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Statistical analysis  

The parameter evaluated on SWI i.e. identification of fistulous point, 

presence of cortical venous reflux and presence of pseudophlebitic pattern 

were qualitative in nature and were compared with the findings on angiogram 

which was taken as the gold standard. 

On diffusion weighted imaging normalized ADC values calculated in 

the areas of cortical venous reflux were compared with the normalized ADC 

values obtained in the contralateral hemispheres which had no or relatively 

less cortical venous reflux than the affected hemispheres. 

Differences in the two datasets were evaluated using 2 tailed, paired 

Students ‘t’ test.  Differences were considered significant at a probability 

value of <0.05. 

Differences in the normalized ADC values in areas affected by CVR 

was also evaluated in patients with aggressive and those with non aggressive 

symptoms using a 2 tailed unpaired Students ‘t’ test. 
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RESULTS 

Demographic profile 

A total of 26 patients with intracranial dural arteriovenous fistula who 

had DSA and MRI examinations (with SWI & SWI) within one week of each 

other were included in the study. One patient with foramen magnum dural 

arteriovenous fistula was not included in data analysis as the complete extent 

of the fistulous site was not covered in the SWI images planned for the brain. 

2 patients had post embolization follow up DSA and MRI, of which one 

patient had complete occlusion of the fistula on follow up. While the other 

patient in whom only palliative embolization with poly vinyl alcohol particles 

was done had significant residual fistula similar to pre procedure status.  

The age of the patients ranged between 17 - 60 years (mean 44 years). 

There were 22 males and 4 females in the study population. Male to female 

ratio was 5.5:1. Age wise distribution of the study cohort is as follows:- 

 



 

Results 

53 

 

Clinical Features  

Common presenting features were headache, tinnitus, and visual 

symptoms in form of proptosis and visual blurring. Other features were altered 

sensorium, seizures, focal neurological deficits and haemorrhage. (Including 

parenchymal and intraventricular haemorrhage). 

Symptoms were classified into aggressive and non aggressive 

symptoms. Haemorrhage, focal neurological deficits and altered sensorium 

were included in the aggressive group; where as headache, tinnitus, seizures 

and visual symptoms were included in the non aggressive group. 

8 patients (31%) had aggressive symptoms while the remaining 18 

patients (69%) had non aggressive symptoms 
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Angiographic features 

Classification 

All fistulas were classified as per Borden’s and Cognard’s 

classification. Six patients had multiple fistulas; of which one patient had three 

fistulous points and remaining five had two fistulous points on DSA. A total 

number of 33 fistulous points were observed. 
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Location 

Location of the fistulas as on DSA were as follows 

 

 

Cortical venous reflux 

Out of 33 fistulous point evaluated on DSA, a majority of these i.e. 29 

were associated with cortical venous reflux.  Of this 3 patients also had spinal 

perimedullary venous drainage. One patient with spinal perimedullary venous 

drainage had hyperintensity on T2W MRI in upper cervical cord. 

Out of total 26 patients, 8 had aggressive symptoms. And all these 8 

patients had cortical venous reflux. Of the remaining 18 patients with non 

aggressive symptoms, cortical venous reflux was seen in 17 patients. There 

was only one patient with non aggressive symptoms and without cortical 
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venous reflux. This discrepancy of only one patient being without cortical 

venous reflux is due to six patients with multiple dural arteriovenous fistulas 

in which some of the fistula showed cortical venous reflux, while others did 

not. 

Based on clinical symptoms and presence of cortical venous reflux on 

angiograms these patients were divided into three groups 

Group I - Patients with CVR and aggressive symptoms  

Group II - Patients with CVR and non aggressive symptoms 

Group III - Patients without CVR 

 

Distribution of patients in these groups were as follows 
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Pseudophlebitic pattern 

Pseudophlebitic pattern on DSA was identified as dilated tortuous veins 

seen on the venous phase of angiogram with prolongation of circulation time. 

Angiograms of 15 patients (58%) revealed pseudophlebitic pattern, while 

remaining 11 patients (42%) did not reveal pseudophlebitic pattern. 

Out of 15 patients showing pseudophlebitic pattern, 6 showed severe 

venous congestion with significant prolongation of circulation time. While the 

remaining 9 patients revealed mild to moderate pseudophlebitic pattern. 
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Conventional MRI 

T2 weighted/FLAIR sequences were obtained for all the patients. In all 

the cases prominent flow voids were seen in the region of fistula and in other 

areas of brain. Extent of flow voids seen on T2W MRI were correlating with 

the presence and severity of pseudophlebitic pattern observed on DSA. 

However in most of the cases just based on these T2 images it was difficult to 

predict the fistulous point. 

Apart from these flow voids, in two patients white matter 

hyperintensities were seen which were away from the fistulous region. 

However these patients did have cortical venous reflux. These white matter 

changes could have been related to the venous congestion. 

In patients with previous haemorrhages T2 images could show signal 

intensity changes depending on the age of bleed. Apart from these 

conventional imaging showed evidence of chronic cerebral venous sinus 

thrombosis in 6 patients. Hydrocephalus was seen in 3 patients. 

One patient with a left transverse sinus-sigmoid sinus dural 

arteriovenous fistula had an ill defined expansile T2 hyperintense space 

occupying lesion in left cerebellar hemisphere. 

One patient with a dural arteriovenous fistula at left transverse sigmoid 

sinus junction with spinal perimedullary venous drainage had hyperintensity 

on T2W MRI in upper cervical cord. 
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Susceptibility weighted imaging 

For identification of fistulous point and cortical venous reflux ‘SWI 

images’ were used. Minimum intensity projections were used for assessing the 

pseudophlebitic pattern. 

Fistulous point identification 

Fistulous point on SWI was defined as hyperintensity within at least 1 

venous structure (i.e. the cortical vein or venous sinus).  Signal intensity of the 

proximal intracranial arteries at the circle of Willis was taken as the reference 

standard to assess SWI venous hyperintensity. 

Out of total of 33 fistulous points identified on DSA SWI could 

accurately identify 25 fistulous points (75%). While out of 26 patient who 

were evaluated, SWI was able to identify at least one fistulous point in 23 

patients (88.5%). 
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Table1: Fistulous point identification on SWI – location wise 

Location Number of Fistulous point 
on DSA 

Number of Fistulous point
on SWI 

TS-SS jn 17 14 

SSS 4 2 

Tentorium 3 3 

Cortical veins 7 4 

Torcula 1 1 

Paracavernous 1 1 

Total 33 25 
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There were three patients in which SWI could not identify the fistulous 

point. Among these three patients two had significant susceptibility artefacts 

as a result of intracerebral haemorrhage. Both these patients had Borden type 

III fistula one located in parietal region and the other in posterior fossa. 

The third patient in which fistulous point could not be identified had a 

Borden type II and Cognard type IIa+b fistula at left transverse sinus – 

sigmoid sinus junction. However this patient had three large saccular 

aneurysms located in left middle meningeal artery which was the principle 

arterial feeder to this fistula. (Fig 4)  It is possible that the stagnation of arterial 

blood rich in oxyhaemoglobin within these aneurysms located proximal to the 

fistula could have reduced the ‘time of flight’ effect of the fast arterial inflow 

and the relative increase in deoxyhaemoglobin in the arterial blood could have 

further hampered the visualization of fistulous point on SWI. 

There were 6 patients who had multiple fistulous points on angiogram. 

Of these SWI could identify all the fistulous points in only one patient. 

However in all these patients SWI could identify at least one fistulous point 

was identified. The fistulas which were not identified on SWI were smaller in 

size and flow while the other co existing fistulas were larger and of high flow. 
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The altered flow dynamics in the venous sinuses due to a high flow fistula 

may have impaired the visualization of other co existing smaller fistulas. 

In one of the cases having high flow fistula located in mid superior 

sagittal sinus. SWI could identify the fistula location in mid superior sagittal 

sinus region. However there was diffuse SWI hyperintensity till posterior 

superior sagittal sinus. In view of the above exact identification of fistulous 

point was difficult, though localization to mid superior sagittal sinus was 

correct. 

Cortical venous reflux 

Cortical venous reflux on SWI was defined as hyperintensity in cortical 

venous structures radiating from the presumed fistulous point. Of the 33 

fistulous points seen on angiograms 29 fistulous points were associated with 

cortical venous reflux. SWI however could identify cortical venous reflux at 

26 (89.6%) fistulous points and failed to identify CVR at 3 fistulous points. 

Overall there was relative underestimation in the extent of cortical 

venous reflex of SWI as compared to DSA 

Among the patient where CVR could not be identified on SWI one had 

Borden type II and Cognard type IIa+b fistula at left transverse sinus – 
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sigmoid sinus junction along with saccular aneurysms of the left middle 

meningeal artery which was the primary feeder to this fistula. In this patient 

even the fistulous point was not identified on SWI. 

Other two patients where SWI could not identify CVR had Borden type 

II fistulas at transverse sinus-sigmoid sinus junction. 
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Pseudophlebitic pattern 

Pseudophlebitic pattern (PPP) on SWI was defined by an increased 

number, increased tortuosity, and increased caliber of leptomeningeal and/or 

medullary veins compared with normal-appearing regions of the brain. 15 

patients had pseudophlebitic pattern on angiograms. SWI was able to detect 

prominent hypointense veins in all these 15 patients. The extent of 

pseudophlebitic pattern seen on angiograms correlated with the number, 

tortuosity and caliber of hypointense veins seen on minimum intensity 

projections of SWI. In many of the cases these hypointense veins were seen on 

SWI only and were not seen on T2 weighted images. Overall presence of 

prominent hypointense veins with hyperintensity in the venous sinuses or one 

of the venous structures in combination proved to be a reliable marker of dural 

arteriovenous fistulas on SWI. 

 

Other findings on SWI 

Areas of susceptibility changes due to recent or past haemorrhages 

could be identified on SWI. In one of the case previous subclinical 

haemorrhage was identified on SWI, which helped in formulating the 

treatment strategy for that patient. 
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Diffusion weighted imaging 

For DWI analysis apparent diffusion coefficient values (ADC) values 

were measured in ROI placed in the region of cortical venous reflux as 

identified on DSA and SWI images. For comparison similar size ROI was 

placed in contralateral white matter. Cases with bilateral symmetric CVR were 

excluded from ADC analysis. However patients who had asymmetric CVR 

were included and hemisphere showing greater CVR was taken as the affected 

hemisphere and the one showing less CVR was taken as control. ADC values 

were also calculated from the CSF in lateral ventricles and ratio between the 

ADC in ROI and ADC in CSF was calculated to obtain normalized ADC 

values. 

ADC analysis was done in a total of 17 patients.  There were 8 patients 

who had aggressive symptoms. However in 4 of these patients ADC analysis 

could not be done due to either susceptibility artefacts as result of 

haemorrhage or due to extensive bilateral CVR. Group wise distribution of 

patients for whom ADC analysis was done was as follows 

Group I – 4 

Group II – 13 

Group III - Nil 
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Table 2: ADC and normalized ADC values in areas with CVR and 

opposite hemispheres with less or no CVR 

ADC with 
CVR 

ADC 
control  

ADC  
ventricles 

nADC with 
CVR 

nADC 
control  

761 781 2985 0.254 0.261 

722 762 2725 0.264 0.279 

626 707 2589 0.241 0.273 

730 752 2902 0.251 0.259 

622 684 2578 0.241 0.265 

703 806 2886 0.243 0.279 

720 750 2398 0.3 0.312 

750 775 2845 0.263 0.272 

732 778 3067 0.238 0.253 

781 811 2834 0.238 0.286 

792 782 2896 0.273 0.27 

737 738 2993 0.246 0.246 

748 813 2938 0.254 0.276 

750 717 2643 0.283 0.271 

730 784 3028 0.241 0.258 

709 705 2183 0.324 0.322 

787 883 3179 0.247 0.277 

*ADC values in 10-6 mm2/sec 
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The mean nADC values in areas associated with CVR was 0.258 while 

mean value in those areas without or less CVR was 0.274. P values were 

calculated using paired ‘t’ test. Difference between the normalized ADC 

values between the areas with or without/less CVR was statistically significant 

at P value of 0.001. 

Patients in whom ADC analysis was done were divided into groups 

depending of presence or absence of aggressive symptoms. ADC analysis was 

possible in only 4 out of the 8 patients in group I (those with aggressive 

symptoms). 3 patients were excluded as the ADC maps were distorted due to 

susceptibility artefacts related to previous haemorrhage and in one patient 

there was bilateral near symmetrical CVR in both hemispheres. ADC values 

were calculated for 13 out of 17 patients in group II (those with non aggressive 

symptoms). 4 patients were excluded due to presence of symmetrical CVR in 

both hemispheres. 

P value = 0.001 
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Table 3: ADC values in relation to patient symptoms and CVR 

 Hemispheres with 
CVR 

Average ADC  
(n ADC) 

Contralateral 
hemispheres with no/less 

CVR 
Average ADC (nADC) 

Aggressive 
symptoms (n-4) 706 (0.252) 751 (0.268) 

Non-aggressive 
symptoms (n-13) 736 (0.260) 771 (0.275) 

  ADC values in areas with CVR were lower in patients with aggressive 

symptoms as compared to those with non aggressive symptoms. Statistical 

significance of this observation was evaluated using unpaired ‘t’ test. P value 

of 0.54 was obtained. 

 

 

P value = 0.54 
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Post treatment follow up 

  There were only two patients in whom post embolization follow up 

SWI & DWI were available. 

  First case had a Borden type II left transverse sigmoid sinus junction 

dural AV fistula with spinal perimedullary venous drainage. This patient had 

T2 hyperintensities in the cervical cord. She underwent complete embolization 

of the fistula with Onyx. Follow up angiogram and MRI with SWI & DWI 

was done 6 months after the embolization. Angiograms revealed complete 

occlusion of the fistula. SWI examination on follow up did not reveal any 

evidence of fistulous point or cortical venous reflux. 

  ADC and normalized ADC values in the areas of CVR prior to 

treatment measured 730 and 0.251 respectively. While post embolization ADC 

and nADC values in same areas measured 749 and 0.264 respectively. (Fig 6) 

  Second case had Borden type I dural AV fistula at bilateral transverse 

sigmoid sinus junction. This patient underwent palliative embolization with 

poly vinyl alcohol particles for disturbing tinnitus. Check angiogram done 6 

month later revealed persistence of fistulas on both sides. Nature of fistula also 

remained the same. SWI was able to identify the fistulous points on both 

occasions. ADC values were not estimated as there was no cortical venous 

reflux. 
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REPRESENTATIVE CASES 

Case No 1 

History: 

43 years old male patient, diabetic and hypertensive on medications 

presented with complaints of insidious onset progressive diminution of vision 

and tinnitus in left ear of 5 months duration. Tinnitus was pulsatile in nature 

and was more at night, irritating but not disabling. No h/o proptosis, redness, 

increased lacrimation, ocular pain or diplopia. 

On examination: 

Patient was conscious, alert with stable vital signs. GCS on admission 

was 15/15. Visual acuity was 6/36 in both eyes.  Fundoscopy revealed bilateral 

papilledema. Bruit was heard over left temporal and occipital regions. No 

cranial nerve deficits. Motor and sensory examinations were normal.  There 

were no cerebellar signs. Other Systemic examination was unremarkable. 

Angiogram: 

Revealed a Cognard type II a+b dural AV fistula located at left 

transverse sigmoid sinus junction with cortical venous reflux and presence of 

pseudophlebitic pattern. (Fig A & B) 
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IMAGING (Fig 1) 

  

SWI & DWI: 

SWI identified the fistulous point at left transverse sigmoid junction 

with presence of cortical venous reflux (Fig C). Pseudophlebitic pattern was 

also seen to be more prominent on left side (Fig D). ADC values & 

normalized ADC values in areas of CVR and on opposite sides were 781 

(0.238) and 811 (0.286) x 10-6  mm2/s respectively (not shown). 

 

A B

C  D
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Case No 2 

History: 

40 years old male patient, with past history of cerebral venous sinus 

thrombosis presented with complaints of progressive diminution redness of 

right eye along with orbital pain.  

On examination: 

Patient was conscious, alert with stable vital signs. GCS - 15/15. Visual 

acuity was 6/6 in both eyes.  Fundoscopy was normal. Bruit was heard over 

preauricular region. There were no neurological deficits 

Angiogram: 

Revealed a Cognard type II b dural AV fistula located at mid superior 

sagittal sinus with cortical venous reflux. (Fig A,B&C). Severe pseudo- 

phlebitic pattern with prolongation of circulation time was noted. (Fig D) 

SWI & DWI: 

SWI identified the fistulous point at superior sagittal sinus with 

presence of cortical venous reflux (Fig E). Pseudophlebitic pattern was seen 

on minimum intensity projections (Fig F). ADC values & normalized ADC 

values in areas of CVR (left) and on opposite sides were 626 (0.241) and 707 

(0.273) x 10-6  mm2/s respectively. (Not shown) 
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IMAGING (Fig 2) 

 

A 

E

B

F

C  D
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Case No 3 

History: 

60 years old male patient, hypertensive presented with complaints of 

recurrent episodes of heaviness of right lower limb associated with difficulty 

in walking. He also had right focal seizures with frequency of 1-2 per month. 

On examination: 

Patient was conscious, alert with stable vital signs. Vision in right eye 

was 6/36. Left eye vision was normal. There was no papilledema. Right pupil 

was mildly dilated with sluggish reaction to light. Right UMN facial paresis 

was present.  Grade 2 spasticity and grade 4 power was seen in right upper and 

lower limbs. There were no cerebellar signs. Other Systemic examination was 

unremarkable. 

Angiogram: 

Revealed a Cognard type IV dural AV fistula draining into a left frontal 

cortical vein along with an ectatic venous sac.  Cortical venous reflux was also 

seen. (Fig A & B) 
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IMAGING (Fig 3) 

 

SWI & DWI: 

SWI could identify the fistulous point close to the partially thrombosed 

ectatic venous sac. (Fig C).  Cortical venous reflux was identified as venous 

hyperintensities (Fig D).  ADC values were not calculated as there was 

perifocal edema around the venous sac on FLAIR which could confound the 

ADC changes due to CVR.  

C  D
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Case No 4 

History: 

41 years old male patient, presented with complaints of giddiness, 

vomiting, swaying while walking and recurrent falls for 6 months duration. He 

also noted pulsatile swelling over scalp in left temporal region associated with 

tinnitus in left ear.  He also had complaints of blurring of vision in both eyes 

for the last 2 weeks and bilateral lower limb weakness for the last 1 week. 

On examination: 

Patient was conscious, alert with stable vital signs. Vision in right eye 

was 6/12. Left eye vision was 6/18. Fundoscopy revealed papilledema. Gaze 

evoked nystagmus was seen in both eyes. Gait ataxia, intention tremors, 

dysdiadokinesia, Romberg's sign, impaired finger to nose test, mild dysarthria 

were present. Motor system examination was normal. Other Systemic 

examination was unremarkable. 

Angiogram: 

Revealed a Cognard type II a+b dural AV fistula draining at left 

transverse sigmoid sinus junction along with saccular aneurysm involving the 

left middle meningeal artery which was the main feeder to the fistula.  

(Fig A & B) 
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IMAGING (Fig 4) 

 

SWI & DWI: 

Left middle meningeal artery aneurysms were seen. (Fig C) However in 

this case SWI failed to identify the fistulous point as well as the cortical 

venous reflux. (Fig D) ADC measurements were not done for this case. 
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Case No 5 

History: 

17 years old male patient, presented with sub acute onset redness of 

right eye, followed by swelling over right eye which gradually progressed. No 

history of blurring of vision or ocular pain. No history of tinnitus. 

On examination: 

Patient was conscious, alert with stable vital signs. Pupils were 

bilaterally equal and reactive. Extra-ocular movements were full. Visual acuity 

was 6/6 in both eyes. There was no papilledema. IOP- 24 (Right eye), 18 (Left 

eye). There was periorbital swelling in right eye with prominent episcleral 

vessels. Bruit was present. Rest of the examination was unremarkable. 

Angiogram: 

Revealed a type II a+b DAVF located at the wall of right transverse 

sigmoid sinus junction from where it was draining via the superior petrosal 

sinus into the right cavernous sinus and further into the right superior 

ophthalmic vein. Mild cortical venous reflux was also seen. (Fig A & B) 

DWI: 

ADC values & normalized ADC values in areas of CVR (right) and on 

opposite sides were 730 (0.241) and 784 (0.258) x 10-6 mm2/s respectively. 

(Not shown) 
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IMAGING (Fig 5) 

 

SWI : 

SWI identified the fistulous point at right transverse sigmoid junction 

(Fig C). Cortical venous reflux and dilated arterialized right SOV was also 

seen (Fig D). This correlates with results of previous study on carotico-

cavernous fistulas using SWI by Harsha et al (99) 
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Case No 6 

History: 

51 years old female patient, presented with complaints of insidious 

onset progressive bilateral lower limb weakness followed by both upper limb 

weakness of 5 months duration. She had difficulty in making food bolus and 

had mild slurring of speech.  

On examination: 

She was conscious and oriented with GCS of 15/15. Vision was 

normal. There was no papilledema. Extraoccular movements were normal. 

Mild sensory loss seen in left trigeminal distribution. Grade 4/5 power noted at 

knee flexors and extensors bilaterally. There were no cerebellar signs. 

Systemic examination was unremarkable 

Pre treatment Angiogram and Imaging: 

Revealed a Cognard type V dural AV fistula located at the left 

transverse sigmoid sinus junction with cortical venous reflux. (Fig A) Spinal 

perimedullary venous drainage was also seen. (Fig B) T2 hyperintensities 

were seen in the cervical cord (Fig F). 

SWI images revealed the fistulous point (Fig C) and the cortical venous 

reflux (Fid D). ADC values & normalized ADC values in areas of CVR (left) 

and on opposite sides were 730 (0.251) and 752 (0.259) x 10-6 mm2/s 

respectively (Fig E) 
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IMAGING (Fig 6) 
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Embolization: 

Patient underwent embolization of the fistula through the left middle 

meningeal artery feeders with complete obliteration of fistula. Post 

embolization there was significant improvement in her clinical symptoms. 

Follow up imaging was done 6 months after the embolization 

Post treatment Angiogram & Imaging: 

Angiograms revealed complete obliteration of fistula as well as the 

cortical venous reflux. (Fig G). MRI revealed resolution of cord 

hyperintensity. (Fig H). 

Post treatment SWI: 

SWI did not reveal any hyperintensity in the region of left transverse 

sigmoid junction.  Previously seen cortical venous reflux was not seen. (Fig I)  

Post treatment DWI: 

ADC values & normalized ADC values in areas of CVR (left) 

measured 749 (0.264) compared with pre embolization ADC values at same 

location which was 730 (0.251) x 10-6 mm2/s. (Fig J) 
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IMAGING (Fig 6) 
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Case No 7 

History: 

44 years old male patient, presented with complaints of insidious onset 

progressive right-sided tinnitus and intermittent vertigo for the last 2 years. 

Since last 9 months he had developed right sided facial deviation and 

decreased hearing in the right ear. 

On examination: 

Conscious and oriented with stable vital signs and GCS of 15/15. Mild 

proptosis was present on right side. Nystagmus was seen. Vision was normal. 

There was no papilledema. Extraoccular movements were normal. Sensory 

loss was seen in right V1 and V2 distribution. Weber's lateralised to the left. 

Rinne's: Bilateral AC>BC. Bruit audible over bilateral temple and right globe. 

Motor and sensory examination was normal. There were No cerebellar signs. 

Systemic examination was unremarkable 

Angiogram: 

Revealed dural AV fistulas at bilateral transverse sigmoid sinus 

junction. Type II a+b on right side (Fig A) and Type II a on left side. (Not 

shown. Additional fistulous communication was seen at right paracavernous 

region (IIb). Extensive cortical venous reflux (Fig A) and pseudophlebitic 

pattern was seen. (Not shown) 
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IMAGING (Fig 7) 

 

SWI & DWI: 

SWI identified the fistulous point at right transverse sigmoid junction 

with diffuse hyperintensity along the superior petrosal sinus and in right 

paracavernous region. (Fig B). ADC values & normalized ADC values in 

areas of CVR (right) and on opposite sides were 722 (0.264) and 762 (0.269) x 

10-6  mm2/s respectively. (Fig C & D) 
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DISCUSSION 

This study was carried out with an aim to assess the accuracy of 

susceptibility weighted imaging in evaluation of the fistulous point 

identification, in assessing the presence of cortical venous reflux and 

pseudophlebitic pattern in patients with intracranial dural arteriovenous 

fistulas. We also evaluated the alterations in ADC values in those brain areas 

affected by cortical venous reflux. 

Demographic profile 

A total of 26 patients with intracranial dural arteriovenous fistula who 

had DSA and MRI examinations (with SWI & SWI) within one week of each 

other were included in the study. The age of the patients ranged between 17 - 

60 years (mean 44 years). There were 22 males and 4 females in the study 

population. Male to female ratio was 5.5:1. 8 patients (31%) had aggressive 

symptoms while the remaining 18 patients (69%) had non aggressive 

symptoms. Overall demographic profile of our study cohort was in 

concordance with previously published larger studies on natural history of 

intracranial dural arteriovenous malformations (6, 35, 48). Less number of 

female patients in our study cohort can be attributed to non inclusion of 

cavernous sinus dural arteriovenous fistulas, which are generally more 
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common in female population. These fistulas were not included due to 

inherent difficulty of SWI and DWI in assessing these fistulas owing to their 

location near the skull base 

Digital subtraction angiography 

On angiograms commonest location of the fistulous points was in the 

transverse sigmoid sinus junction, followed by direct fistulous communication 

with cortical veins in various locations. This was followed by superior sagittal 

sinus, tentorium and torcula. This location wise distribution also generally 

mirrors the results of previous studies if we exclude the cavernous sinus 

fistulas. (5,6,10,35) In our study group there were relatively greater number of 

patients with Cognard III/IV fistula draining directly into the cortical veins. 

There were 33 fistulous points in 26 patients. Out of these, there were 4 

with Borden’s type I, 21 with type II and 8 with type III fistulas. As per the 

Cognard’s classification commonest classification group was type II a+b 

which included 16 fistulous points. 29 of the 33 fistulous points were 

associated with cortical venous reflux. All 8 patient having aggressive 

neurological symptoms had cortical venous reflux. Of the remaining 18 

patients with non aggressive symptoms, cortical venous reflux was seen in 17 

patients.  
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In the present study cohort there were a greater number of patients who 

had higher angiographic grades and there were only a few with Borden type I 

fistulas. This in part may be due to the entire study cohort recruited from a 

tertiary care neurointervention center where generally patients are referred for 

management of symptomatic intracranial dural arteriovenous fistulas. Cortical 

venous reflux was seen in 88% of fistulous points in our study. This rate is 

higher compared to the results of van Rooij et al (51) where out of 91 patients 

with intracranial DAVFs 29 (32%) had cortical venous drainage. In another 

study by Sato et al (71) cortical venous reflux was identified in 41 (73.2%) of 

the 56 patients with DAVFs. 

Based on clinical symptoms and presence of cortical venous reflux on 

angiograms patients in our study group were divided into three groups. Group 

I - Patients with CVR and aggressive symptoms, Group II - Patients with CVR 

and non aggressive symptoms and Group III - Patients without CVR. There 

were 8 patients in group 1, 17 in group II and only 1 patient in group III. 

Similar classification has been used in a previous study by Sato et al (71) 

where out of 56 patients with intracranial DAVFs group I patients with CVR 

and aggressive symptoms were 20, group II patients with CVR and no or 

nonaggressive symptoms were 21; and group III patients without CVR were 

15 in number.  
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Angiograms of 15 patients (58%) revealed pseudophlebitic pattern, 

while remaining 11 patients (42%) did not reveal pseudophlebitic pattern. Out 

of 15 patients showing pseudophlebitic pattern, 6 showed severe venous 

congestion with significant prolongation of circulation time. While the 

remaining 9 patients revealed mild to moderate pseudophlebitic pattern. This 

is comparable to the results obtained in a study by Willinsky et al (56) where 

pseudophlebitic pattern was found in 51 (42%) out of 122 patients with 

intracranial dural arteriovenous fistulas.  

Conventional MRI 

In all the cases prominent flow voids were seen in the region of fistula 

and in other areas of brain. Extent of flow voids seen on T2W MRI were 

correlating with the presence and severity of pseudophlebitic pattern observed 

on DSA. However in most of the cases just based on these T2 images it was 

difficult to predict the fistulous point. A few patients also had parenchymal 

hyperintensities as well as cord hyperintensities on T2 images, probably 

related to venous congestion. Similar findings have been earlier described in 

earlier studies evaluating the role of MRI in dural AV fistulas (56, 59, 62) 

Susceptibility weighted imaging 

Out of total of 33 fistulous points identified on DSA SWI could 

accurately identify 25 fistulous points (75%) seen as hyperintense venous 
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structures on SWI. While out of 26 patient who were evaluated, SWI was able 

to identify at least one fistulous point in 23 patients (88.5%). Cortical venous 

reflux on SWI defined as hyperintensity in cortical venous structures radiating 

from the presumed fistulous point could be seen at 26 of 29 (89.6%) fistulous 

points. Overall there was relative underestimation in the extent of cortical 

venous reflex of SWI as compared to DSA 

Tsui et al initially in 2009 (83) reported a case of DAVF with venous 

varix in which SWI revealed hyperintensity in a venous varix. In a larger study 

Jagadeesan et al studied 60 patients with brain vascular malformations out of 

which there were 5 dural arteriovenous fistulas. Presence of SWI signal 

hyperintensity within at least 1 vein draining the BVM was 93% sensitive and 

98% specific for the detection of AVS. Higher sensitivity obtained in this 

study could have been related to majority of shunts being brain arteriovenous 

malformations and only 5 cases were of dural arteriovenous fistulas. Dural AV 

fistula by virtue of their location and flow dynamic would definitely be less 

conspicuous as compared to brain AVMs.  

L. Letourneau-Guillon & T. Krings (88) presented a series of 6 patients 

of dural arteriovenous fistula in which it was possible to identify the fistulous 

locations in 5 of 6 patients. The extent of CVR revealed on SWI was, 

however, underestimated in 3 cases of robust CVR, whereas it could not be 

identified in 2 patients with mild CVR.  Nakagawa et al (89) in a recent study 
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evaluated the efficacy of SWI in detecting cortical venous reflux in DAVFs. 

They also performed pretreatment and post treatment SWI in all their patients.  

In this study 88% of patients exhibited cortical venous hyperintensity in 

pretreatment SWI. The hyperintense venous structures correctly indicated the 

location of the fistula and disappeared early after treatment. Furthermore, no 

patients showed a venous hyperintense signal on SWI in the group of Cognard 

type I and type IIa. 

SWI, exploits the differences in T2* relaxation between deoxygenated 

venous and oxygenated arterial blood, as well as the susceptibility-induced 

phase differences between veins and surrounding structures, to enhance the 

signal loss in the venous structures. The venous hyperintensity evident with 

SWI has been attributed to the time-of-flight phenomenon that is intrinsic to 

high-velocity arterial flow and to the lack of paramagnetic phase shift 

secondary to the diamagnetic oxyhemoglobin content of arterial blood.  

In the present study there were three patients in which SWI could not 

identify the fistulous point. Two of these patients had significant susceptibility 

artefacts as a result of previous intracerebral haemorrhage. Both these patients 

had Borden type III fistula one located in parietal region and the other in 

posterior fossa. The third patient in which fistulous point could not be 

identified had a Borden type II and Cognard type IIa+b fistula at left 

transverse sinus – sigmoid sinus junction. However this patient had three large 
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saccular aneurysms located in left middle meningeal artery which was the 

principle arterial feeder to this fistula. (Fig 4) It is possible that the stagnation 

of arterial blood rich in oxyhaemoglobin within these aneurysms located 

proximal to the fistula could have reduced the ‘time of flight’ effect of the fast 

arterial inflow and the relative increase in deoxyhaemoglobin in the arterial 

blood could have further hampered the visualization of fistulous point on SWI. 

Even the cortical venous reflux could not be identified in this patient. 

There is relative underestimation of cortical venous reflux on SWI. 

Slow-flowing DAVFs may result in poor flow-related enhancement, which 

may partially explain the lack of venous hyperintensity in the false negative 

cases. Furthermore, oxyhemoglobin contained in CVR might be rapidly 

diluted in deoxyhemoglobin-rich congested veins. 

This observation that the CVR is  underestimated on SWI ,suggests that 

the noninvasive evaluation of CVR should rely on time-resolved MRA or 

CTA, which have sensitivity > 90% with good-to-excellent interobserver 

agreement. However it is, possible that slow-flowing CVR or fistulas may be 

missed by using these techniques also. This highlights the persisting role of 

conventional angiography in DAVF characterization. 

Prominent dilated leptomeningeal and medullary veins on SWI were 

associated with pseudophlebitic pattern and cortical venous drainage. SWI 

demonstrating more congested veins compared with conventional sequences, a 
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finding enhanced by the use of mIPs. Similar findings have been observed in 

previous reports on the use of SWI for the depiction of venous congestion 

secondary to DAVFs. Saini et al (82) described reduction in the prominence of 

these cortical veins after treatment in 1 patient. L. Letourneau-Guillon (88) in 

their series of 6 patients also showed prominent hypointense veins on SWI 

correlated with angiographic presence of pseudophlebitic pattern. In the study 

by Nakagawa et al (89) venous congestion was identified in pretreatment SWI 

venograms of 11 patients and had an appearance similar to that identified from 

angiography. Venous congestive signs improved over the follow-up period 

after the treatment. 

The dilated hypointense veins identified on SWI in the setting of 

DAVFs are likely to represent enlarged and tortuous collateral veins serving to 

reroute venous blood away from obstructed and/or hypertensive venous 

drainage pathway. The underlying mechanism for increased venous visibility 

on SWI is multifactorial. Venous hypertension secondary to DAVF leads to 

hypoperfusion and possibly increased oxygen extraction in ischemic tissue, 

which would then lead to increased deoxyhemoglobin concentration and 

increased susceptibility effects. With positron-emission tomography studies, 

increased oxygen extraction fraction has been demonstrated in a subset of 

DAVFs associated with decreased cerebral blood flow and venous-drainage 

impairment when oxygen metabolism was preserved. (73,74)  In addition to 
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increased oxygen extraction fraction, the increased volume of 

deoxyhemoglobin within dilated veins may also explain their conspicuity on 

SWI. 

There were certain limitations which were observed with the SWI. One 

is its vulnerability to susceptibility artifacts present at the skull base. Fistulas 

at these locations may not be depicted to advantage.  Another caveat for SWI 

in the diagnosis of DAVF is the possibility of fistula obscuration by blood-

degradation products which was seen in two of our patients. 

Diffusion weighted imaging 

In the present study apparent diffusion coefficient values (ADC) values 

were measured in ROI placed in the region of cortical venous reflux as 

identified on DSA and SWI images. For comparison similar size ROI was 

placed in contralateral white matter. Cases with bilateral symmetric CVR were 

excluded from ADC analysis. Normalized ADC values were calculated by 

obtaining the ratio between the ADC in ROI and ADC in CSF. ADC analysis 

was done in a total of 17 patients.  There were 4 patients in group I and 13 

patients in group II. 

The mean nADC values in areas associated with CVR was 0.258 while 

mean value in those areas without or less CVR was 0.274. This difference was 

statistically significant at P value of 0.001. ADC values in areas with CVR 
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were lower in patients with aggressive symptoms as compared to those with 

non aggressive symptoms. However this difference was statistically not 

significant at P value of 0.54. This could be related to a small number of 

patients in group I in which ADC evaluation was possible. 

  Sato et al (71) in their study measured ADC values in the brain tissue 

affected by CVR by using a different methodology. They measured ADC 

values for 11 brain areas predefined based on normal venous drainage patterns 

in 56 patients and in 21 normal volunteers. Authors found that areas affected 

by CVR in Group I showed a mean ADC-to-control ratio of 0.72, which was 

significantly lower than that of Group II (0.96, P<0.01). Follow-up studies 

demonstrated significantly increased ADC ratios in brain areas affected by 

cortical venous reflux after the DAVFs were treated successfully.  

Reduced ADC values imply presence of cytotoxic edema. Exact 

pathophysiological basis behind the presence of cytotoxic edema in cortical 

venous reflux remains unclear.  Normally increased venous pressure impairs 

the uptake of extracellular tissue fluid into the capillary vessels and thus 

causes congestive edema. Alternatively, previous experimental studies have 

showed that retrograde venous pressure might counteract capillary perfusion 

pressure to decrease cerebral blood flow, and thus cause arterial ischemia 

resulting in cellular or cytotoxic edema. 
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Positron emission tomography studies have shown abnormal cerebral 

blood flow and O2 extraction fraction in areas affected by CVR caused 

 by DAVF, and these parameters improved significantly after definitive 

treatment. (73, 74)  

Limiting factor in our ADC analysis was its retrospective nature. 

Though the study was prospective in nature but ADC analysis was done only 

in those areas affected by CVR after assessing angiograms and SWI images. 

Other limiting factor might have been in the control selection. Though we 

have tried to include only those patient for ADC analysis in which CVR was 

on one side only or was asymmetric. However all these assessments were on 

macroscopic evaluation of angiograms and SWI. We did not have age matched 

equal sized population control to compare our ADC values. Also due to these 

factors number of patients who underwent ADC analysis was relatively small. 

  In spite of above limitations observations in these studies do indicate 

that alteration in ADC values are present in areas affected by cortical venous 

reflux associated with intracranial dural arteriovenous fistulas. These finding 

have implication in post treatment surveillance as even after successful 

occlusion of fistula it takes a certain time before normalization of venous 

congestion. Kuroda et al (74) reported that the reversibility of impaired 

cerebral oxygen use in patients with severe venous congestion caused by 

DAVF was not identified on positron emission tomographic scans performed 4 
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to 8 weeks after treatment. Being a completely non invasive technique it can 

be coupled with follow up conventional MRI and may be able to quantify the 

degree of improvement or return to baseline post treatment. 

Post treatment follow up 

  Post treatment follow up SWI and DWI was available in only two 

patients. This small number was partly related to non availability of liquid 

embolic agents during the study period in India. One patient in which fistula 

was completely obliterated using Onyx was followed up 6months later with 

SWI and DWI. Follow up angiograms revealed complete occlusion of the 

fistula. SWI examination on follow up did not reveal any evidence of fistulous 

point or cortical venous reflux. ADC and normalized ADC values in the areas 

of CVR prior to treatment measured 730 and 0.251 respectively. While post 

embolization ADC and nADC values in same areas measured 749 and 0.264 

respectively. (Fig 6)   

  Second case had Borden type I dural AV fistula at bilateral transverse 

sigmoid sinus junction. This patient underwent palliative embolization with 

poly vinyl alcohol particles for disturbing tinnitus. Check angiogram done 6 

month later revealed persistence of fistulas on both sides. Nature of fistula also 

remained the same. SWI was able to identify the fistulous points on both 

occasions. ADC values were not estimated as there was no cortical venous 

reflux. 
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  Sato et al (71) in their study performed follow up ADC evaluation 6 

months following successful obliteration of fistula/CVR. Post treatment mean 

sADC ratio was significantly higher than the pretreatment value. 
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CONCLUSION 

  This was a prospective study trying to assess the role of susceptibility 

weighted and diffusion weighted imaging in non invasive characterization of 

intracranial DAVF using conventional digital subtraction angiography as gold 

standard. A total of 26 patients harboring 33 dural arteriovenous fistulas were 

assessed. Results of this study are concordant with available literature 

regarding use of these techniques in evaluation of intracranial dural 

arteriovenous fistula. 

Following conclusions can be drawn from this study:- 

Susceptibility weighted imaging 

1. SWI is accurate with more than 75% sensitivity in identification of 

fistulous point in intracranial dural AV fistulas 

2. In patients harboring multiple dural AV fistulas SWI may not be able to 

depict all the fistulous points. However it is definitely able to detect at 

least one fistulous point. 

3. SWI can reliably depict the presence of cortical venous reflux as 

hyperintensities in these veins radiating from the fistulous point. 

However there is relative underestimation of cortical venous reflux 

when compared to DSA. Hence as of now DSA remains the gold 
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standard for accurately assessing the presence and extent of cortical 

venous reflux. 

4. SWI minimum intensity projection depicts enlarged tortuous congested 

veins, extent of which correlate with the pseudophlebitic pattern on 

angiograms. 

5. Presence of susceptibility artefacts as a result of recent/old 

haemorrhage and location of fistulas near skull base are factors which 

impair adequate visualization of fistulas on SWI. 

6. SWI provides additional information in form of evidence of old 

subclinical haemorrhages which may have implication in formulating 

treatment strategies. 

7. Venous congestion as assessed from SWI venograms (minimum 

intensity projections) may provide indirect assessment of 

aggressiveness of dural arteriovenous fistula and may help in post 

treatment follow up. 

8. SWI is useful in post treatment follow up of these fistulas regarding the 

presence of fistula, recurrence of fistula and in evaluating the change in 

pattern of cortical venous reflux. 

9. Overall identification of prominent tortuous hypointense veins with 

presence of hyperintensity in one of the sinuses or veins strongly 
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suggests the presence of dural arteriovenous fistula and warrants further 

investigation by an angiogram. 

Diffusion weighted imaging 

1. Apparent diffusion coefficient values can be altered in areas of brain 

affected by cortical venous reflux. 

2. This lowering of ADC might be greater in patients with more 

aggressive clinical symptoms. 

3. Post treatment following elimination of cortical venous reflux there 

may be normalization of ADC values in these areas. 

4. ADC may be useful in post treatment evaluation of dural AV fistulas 

and may be included as a part of holistic protocol for ‘venous 

congestion imaging’ in patients with intracranial dura arteriovenous 

fistulas. 
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Annexure 1: PROFORMA FOR STUDY 

 

(Non invasive Imaging of Intracranial Dural AV  Fistulas using Susceptibility & 
Diffusion weighted Imaging) 

I. PERSONAL PARTICULARS 
Name   Age   Sex    

II. CLINICAL HISTORY 
1. Presenting complaints (aggressive vs non aggressive) 
2. Evolution : Onset , progress and number of episodes 
3. Other relevant neurologic history 
4. Other relevant history (past history of significant other illness,  

family history, treatment history) 
5. Clinical findings including modified Rankin’s score  

 
III. ANGIOGRAPHIC (DSA) FINDINGS 

1. Fistulous points: number, location, classification (Cognard & 
Borden) 

2. Cortical venous reflux  
3. Pseudophlebitic pattern 

 

IV. CONVENTIONAL MRI FINDINGS 
 

V. SWI FINDINGS 
1. Fistulous point identification.  
2. Cortical venous reflux identification and grading 
3. Pseudophlebitic pattern identification and grading 

 

VI. DWI FINDINGS 
1. ADC values with ROI in areas with CVR 
2. ADC values in opposite brain parenchyma 
3. ADC values of CSF in lateral ventricle 
4. Normalized ADC ratios 

 

VII. POST TREATMENT OUTCOME IF AVAILABLE 
1. Angiographic 
2.  SWI 
3. DWI 
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1 45 M
Tinnitus ‐ left ear, 
headache, papilledema

II IIa+b Lt  TS‐SS Yes Yes  Lt TS‐SS Yes  Yes 761 781 2985 0.254 0.261

2 47 M
Tinnitus ‐ right ear, vertigo, 
right facial weakness

Rt TS‐SS ‐ II,  Lt TS‐    
SS ‐ I, Rt PCR ‐ II

Rt TS‐SS ‐ IIa+b,  Lt 
TS‐SS‐II a, Rt PCR ‐ 

II b

B/L TS‐SS (Rt‐ II a+b, Lt‐ IIa), 
Rt PCR‐ IIb

Yes  Yes 
Rt TS‐SS, Rt PCR seen, Lt TS‐

SS FP not seen
 Yes  Yes  722 762 2725 0.264 0.279

3 60 M
Episodic  right lower limb 
weakness, Rt focal seizures

III IV Lt frontal cortical Yes No Lt frontal Yes (less) No NR

4 41 M
Rt eye chemosis, pain & 
lacrimation. Old CVT

II IIb Posterior SSS Yes Yes Posterior SSS  Yes Yes  626 707 2589 0.241 0.273

5 49 F
BLL weakness, ataxia, 
bicerebellar signs. Old CVT

II V Lt TS‐SS Yes  Yes  Lt TS‐SS Yes (less) Yes  730 752 2902 0.251 0.259

6 52 M
Severe headache, GTCS, 
Altered sensorium, ICH

III V Rt parietal cortical Yes  Yes  No direct visualization Yes Yes  NR

7 55 F
Headache, Tinnitus ‐ right 
ear, Blurring of vision

II IIa+b Rt TS‐SS Yes Yes Rt TS‐SS Yes Yes 622 684 2578 0.241 0.265

8 29 M
Headache, GTCS, 
Papilledema

II IIa+b Rt TS‐SS Yes  Yes Rt TS‐SS Yes (less) Yes 703 806 2886 0.243 0.279

9 41 M
Giddiness, ataxia, pulsatile 
scalp swelling,  tinnitus left 
ear, blurring of vision

II IIa+b
Lt TS‐SS  with Lt MMA 

aneurysms
Yes No Not seen  No  No 720 750 2398 0.3 0.312

10 32 M
Sudden loss of 
conciousness, Seizures

III IV Rt parietal CV into  Mid SSS Yes No Rt parietal CV Yes No 750 775 2845 0.263 0.272

11 50 F
Headache,blurring of 
vision, Papilledema

II IIa+b Lt TS‐SS Yes Yes Lt TS‐SS Yes (less) Yes 732 778 3067 0.238 0.253

12 33 F
Headache, LOC (lt 
cerebellar bleed), bilateral 
tinnitus

III V
Lt posterior fossa cortical 

veins
Yes No Not seen Yes No NR

13 35 M
B/L Tinnitus (R>L), 
headache, old CVT

I & I I & II a Rt TS‐SS, Lt TS‐SS (R>L) No No Only Rt TS‐SS. Lt not seen No No NR

14 43 M
Visual blurring  both eyes, 
left tinnitus, bilateral 
papilledema

II IIa+b Lt TS‐SS Yes Yes Lt TS‐SS Yes Yes 781 811 2834 0.238 0.086

Annexure II : Master Chart



15 60 M
Headache, IVH, Altered 
sensorium

III IV Tentorium( VOG‐> SS) Yes No Tentorium Yes No NR

16 21 M
Visual blurring both eyes, 
proptosis lt eye, bilateral  
tinnitus

II & I IIa+b & II a
Tentorium around Rt TS‐SS, 

posterior SSS
Yes  Yes  Right tentorial region Yes Yes 792 782 2896 0.273 0.27

17 58 M Seizures II IIa+b Posterior SSS Yes  Yes  Posterior SSS  Yes Yes  NR

18 44 M Headache, bilateral tinnitus II IIa+b Rt TS‐SS Yes No Rt TS‐SS Yes (less) No 737 738 2993 0.246 0.246

19 54 M
Intermittent headache, rt 
tinnitus, lt SnHL 

III & III Rt ‐ III, Lt ‐ IV Cortical veins near B/L TS‐SS  Yes Yes Near B/L TS‐SS Yes Yes NR

20 48 M Seizures II IIb Lt TS‐SS (isolated segment) Yes No Lt TS‐SS Yes No NR

21 47 M Headache, Papilledema II IIb Rt TS‐SS Yes No Rt TS‐SS No No 748 813 2938 0.254 0.276

22 59 M
Old right Frontoparietal 
hematoma, headache, 
seizures

II  IIa+b Lt TS‐SS Yes  No Lt TS‐SS No No NR

23 43 M
Abnormal behaviour, 
papilledema, visual blurring

II &III IIa+b & III
Torcula (large) & rt frontal 
cortical para sagittal (small)

Yes  Yes  Torcula Yes  Yes  750 717 2643 0.283 0.271

24 17 M
Rt orbital proptosis, 
congestion

II II a+b Wall of rt TS‐SS ‐‐> Rt SPS Yes No Rt TS‐SS Yes No 730 784 3028 0.241 0.258

25 51 M Visual blurring, headache II & II IIa+b, IIa+b Rt TS‐SS,    mid SSS (small) Yes  Yes  Rt TS‐SS Yes Yes 709 705 2183 0.324 0.322

26 39 M Seizures II IIa+b Rt lateral tentorial Yes Yes Rt lateral tentorium Yes  Yes 787 883 3179 0.247 0.277

* ADC values in 10‐6 mm2/sec
NR ‐ ADC values  not recorded 
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