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Abstract
Background and purpose: To explore the prevalence, risk factors, time correlation, char-
acteristics and clinical outcome of dural arteriovenous fistulas (dAVFs) in a cerebral ve-
nous thrombosis (CVT) population.
Methods: We included patients from the International CVT Consortium registries. 
Diagnosis of dAVF was confirmed centrally. We assessed the prevalence and risk fac-
tors for dAVF among consecutive CVT patients and investigated its impact on clinical 
outcome using logistic regression analysis. We defined poor outcome as modified Rankin 
Scale score 3–6 at last follow-up.
Results: dAVF was confirmed in 29/1218 (2.4%) consecutive CVT patients. The median 
(interquartile range [IQR]) follow-up time was 8 (5–23) months. Patients with dAVF were 
older (median [IQR] 53 [44–61] vs. 41 [29–53] years; p < 0.001), more frequently male 
(69% vs. 33%; p < 0.001), more often had chronic clinical CVT onset (>30 days: 39% vs. 
7%; p < 0.001) and sigmoid sinus thrombosis (86% vs. 51%; p < 0.001), and less frequently 
had parenchymal lesions (31% vs. 55%; p = 0.013) at baseline imaging. Clinical outcome at 
last follow-up did not differ between patients with and without dAVF. Additionally, five 
patients were confirmed with dAVF from non-consecutive CVT cohorts. Among all pa-
tients with CVT and dAVF, 17/34 (50%) had multiple fistulas and 23/34 (68%) had cortical 
venous drainage. Of 34 patients with dAVF with 36 separate CVT events, 3/36 fistulas 
(8%) were diagnosed prior to, 20/36 (56%) simultaneously and 13/36 after (36%, median 
115 [IQR 38–337] days) diagnosis of CVT.
Conclusions: Dural arteriovenous fistulas occur in at least 2% of CVT patients and are 
associated with chronic CVT onset, older age and male sex. Most CVT-related dAVFs are 
detected simultaneously or subsequently to diagnosis of CVT.
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INTRODUC TION

Cerebral venous thrombosis (CVT) is a rare disease with an incidence 
of 1.3–1.6 per 100,000 adults, mainly affecting working-aged indi-
viduals and predominantly females [1–3]. The occurrence of dural 

arteriovenous fistulas (dAVFs) has been reported among 0.9%–13% 
of patients up to 6 months after diagnosis of CVT, but data are lacking 
from large cohorts [3–6]. It has been suggested that thrombi in the 
cerebral venous system may stagnate blood flow, increase venous 
pressure and thereby cause enlargement of preexisting physiological 

District Health Board, Wellington, New 
Zealand
12Department of Medicine, University of 
Otago, Dunedin, New Zealand
13Division of Neuroscience and 
Experimental Psychology, School 
of Biological Sciences, University of 
Manchester, Manchester, UK
14Department of Neurology, Royal Prince 
Alfred Hospital, University of Sydney, 
Sydney, New South Wales, Australia
15Department of Neurology, University 
of Virginia Health System, Charlottesville, 
Virginia, USA
16Inselspital, University Institute 
for Diagnostic and Interventional 
Neuroradiology, Bern, Switzerland
17John Hunter Hospital, University of 
Newcastle and Hunter Medical Research 
Institute, Newcastle, New South Wales, 
Australia
18Department of Diagnostic and 
Therapeutic Neuroradiology, Centre 
Hospitalier Universitaire de Toulouse, 
Toulouse, France
19Department of Neurology, South 
Australian Medical Research Institute, 
Royal Adelaide Hospital, University of 
Adelaide, Adelaide, Australia

Correspondence
Erik Lindgren, Department of Clinical 
Neuroscience, Institute of Neuroscience 
and Physiology, Sahlgrenska University 
Hospital, Sahlgrenska Academy at 
University of Gothenburg, Blå Stråket 7, 
3rd floor, Gothenburg 413 45, Sweden.
Email: erik.lindgren@neuro.gu.se

Funding information
EL has received research grants from the 
Swedish Neurological Society, Elsa And 
Gustav Lindh's Foundation, Per Olof Ahl's 
Foundation and Rune And Ulla Amlöv's 
Foundation for research on CVT. JMC 
has received research funding for CVT 
from Boehringer and Bayer. All fees 
were paid to JMC's institute (no personal 
compensation). TT has received academic 
research funding from University of 
Gothenburg and Sahlgrenska University 
Hospital for cerebral venous thrombosis 
research. The funding sources had no role 
in the design and conduct of the study, 
collection, management, analysis and 
interpretation of the data, preparation, 
review or approval of the manuscript, or 
the decision to submit the manuscript for 
publication

K E Y W O R D S
cerebral venous thrombosis, dural arteriovenous fistula, follow-up, long-term outcome, stroke

mailto:erik.lindgren@neuro.gu.se


    | 3DAVFS IN CEREBRAL VENOUS THROMBOSIS

arteriovenous shunts or stimulation of neoangiogenesis and devel-
opment of a dAVF [7–11]. However, diagnosis of dAVF is challenging 
as low-grade fistulas may remain asymptomatic, and it is not known 
whether CVT cause dAVFs or vice versa [12]. In a cohort of 69 pa-
tients with dAVF, CVT was present in 39% [13]. In case reports, di-
agnosis of dAVF has been described prior to, simultaneously and 
subsequent to the diagnosis of CVT [7,14–17]. Hence, the frequency 
and time correlation of dAVF among CVT patients remains unclear.

Untreated high-grade fistulas (i.e., fistulas with retrograde corti-
cal venous drainage) entail a 10% annual risk of mortality and a 15% 
annual risk of intracerebral hemorrhage or non-hemorrhagic neuro-
logical sequelae [12,18–20]. The impact of dAVF on clinical outcome 
has not been systematically investigated among CVT patients.

In the present study, we aimed to explore the prevalence and 
time correlation between CVT and dAVF as well as to describe the 
risk factors for and characteristics of dAVF in a large multicenter 
CVT patient cohort. Further, we aimed to investigate the impact of 
dAVF on clinical outcome.

METHODS

Study design and participants

Patients were recruited from eight hospital-based consecutive 
adult CVT registries within the International CVT Consortium [21]. 
Details of the consortium are described in Table S1 and Table S2 in 
the Supplemental Material. Start of recruitment varied by hospital, 
the earliest being August 1987. We included patients diagnosed with 
CVT until October 2018.

Due to the particularly rare combination of CVT and dAVF, 
we centrally reviewed all patients with suspected CVT and dAVF 
within the consortium and discovered five additional patients with 
suspected CVT and dAVF that did not originate from consecutive 
CVT registries; the University of Virginia Health System (n  =  4, 
Charlottesville, VA, United States) and the John Hunter Hospital 
(n = 1, Newcastle, Australia). These patients were included for de-
scriptive analyses exploring features of dAVF but were not included 
in the epidemiological or outcome analyses.

Ethics approval

This study was performed in line with the principles of the 
Declaration of Helsinki. Each center received permission from the 
relevant national authorities and ethical committees for collecting 
observational data.

Data collection

Data including demographics, clinical features, symptoms of CVT 
and dAVF, risk factors, clinical features and neurological imaging 

were obtained from medical records. CVT diagnosis was confirmed 
either by computed tomography (CT) venography, magnetic reso-
nance imaging (MRI) combined with magnetic resonance venog-
raphy, conventional angiography, or autopsy, in accordance with 
international guidelines [22].

Central imaging review of patients with suspected 
CVT and dAVF

Following local neuroradiologists' neuroimaging review, raw data 
on all routine care radiological examinations from patients with sus-
pected CVT and dAVF were referred centrally for evaluation by an ex-
perienced specialist in interventional neuroradiology at Sahlgrenska 
University Hospital, Gothenburg, Sweden, in accordance with a 
preset study formula. The dAVF group comprised patients in whom 
both CVT and a dAVF could be confirmed, regardless of their re-
spective occurrence in time, and for whom imaging from a digital 
subtraction angiography (DSA) was available at the central imaging 
review. The dAVFs were categorized in accordance with Cognard's 
Classification System for dAVF where grade IIb or higher represents 
fistulas with retrograde cortical venous drainage [19]. Number of in-
dividual dAVFs with independent feeders was assessed and patients 
with more than one dAVF were regarded as having multiple dAVFs. 
Ambiguous cases were discussed and validated by experienced ex-
perts within the field. The index date for CVT and dAVF was defined 
as the imaging date when the first radiological signs appeared for 
each condition, respectively. If indirect signs of dAVF were observed 
on MRI or CT that were later diagnosed as dAVF at the same location 
on a DSA, the conduct date of the first imaging was considered as 
the dAVF index date. Recurrent CVTs confirmed at different imaging 
studies and dates were considered as separate events. To determine 
the degree of relationship between the fistula and venous thrombus, 
all CVT events were categorized into three groups depending on lo-
cation of the CVT versus location of the dAVF as follows: (i) “prob-
able”: CVT and dAVF located in the same sinus; (ii) “possible”: CVT 
located directly downstream of dAVF, but not in the same sinus; and 
(iii) “unlikely”: CVT located on the contralateral side or upstream of 
the dAVF without radiological evidence of hemodynamic influence 
at the location of the thrombus.

Clinical outcome

Clinical outcome was measured with the modified Rankin Scale 
(mRS) at last follow-up. We defined poor clinical outcome as mRS 
score 3–6.

Statistical analyses

We compared consecutive CVT patients with dAVF and with-
out dAVF using Fisher's exact test for dichotomous data and the 
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Mann–Whitney U-test for continuous data. We considered a two-
sided probability value below 0.05 as significant and calculated posi-
tive predictive values for all variables that fulfilled these criteria. We 
used logistic regression to investigate the association of dAVF with 
clinical outcome, adjusted for age and sex. In a subgroup analysis, 
we also evaluated clinical outcome of dAVF patients with retrograde 
cortical venous drainage. We performed sensitivity analyses with 
and without non-consecutively recruited cases. All data were ana-
lyzed using IBM SPSS Statistics version 23.0 (International Business 
Machines Corporation).

RESULTS

In total, 1218 adult CVT patients were included from eight consecu-
tive registries. The study recruitment flowchart appears in Figure 1.

From the consecutive CVT cohort, neurological imaging of 41 
patients with suspected CVT and dAVF were reviewed centrally, 
and presence of CVT and dAVF was confirmed in 29 patients. The 
remaining 12 patients were disqualified because of insufficient im-
aging data (n = 7, suspected dAVF on CT and/or MRI, but no DSA 
available), inability to confirm either CVT or dAVF (n = 4), and con-
current meningioma situated at the same location as the suspected 
CVT (n = 1).

Five additional patients with high suspicion of CVT and dAVF 
were included separately from the University of Virginia Health 
System (n = 4) and the John Hunter Hospital, Newcastle, Australia, 
(n  =  1). These cases were centrally reviewed and CVT and dAVF 
could be confirmed in all patients, but these patients were not in-
cluded in the epidemiological or the outcome analysis. There was 
no difference in sex or age between the non-consecutive CVT and 

dAVF patients as compared to consecutively recruited CVT and 
dAVF patients.

Prevalence of and risk factors for dAVF

Among consecutive adult CVT patients, the prevalence of dAVF was 
29/1218 (2.4%) during a median (interquartile range [IQR]) follow-
up of 8 (6–12) months. Baseline data comparing patients with dAVF 
versus patients without dAVF are shown in Table 1. The median (IQR) 
follow-up time from diagnosis of CVT did not differ between patients 
with and without dAVF (6 [5–12] vs. 8 [6–12] months; p = 0.453). In 
univariable analyses, patients with dAVF were older, more often 
male, more often had chronic CVT onset and sigmoid sinus throm-
bosis, and less often had a parenchymal lesion at baseline imaging as 
compared to CVT patients without dAVF. Treatment with oral anti-
coagulation did not differ between patients with and without dAVF.

Risk for dAVF, as calculated by positive predictive value, was 
best predicted by chronic CVT onset (>30 days) in combination with 
either sigmoid sinus thrombosis, 10/37 (27%), male sex, 9/49 (18%), 
onset age >41 years, 8/52 (15%), or no parenchymal lesion at base-
line imaging, 7/68 (10%).

Time correlation and degree of relationship

In total, 34 patients were diagnosed with CVT and dAVF centrally 
(29 patients from the consecutive CVT cohort and five patients 
from non-consecutive series). Two patients with CVT and dAVF had 
multiple episodes of CVT, therefore, we investigated each throm-
bus event separately with regard to time correlation and degree of 

F I G U R E  1  Flow chart displaying study participants. Abbreviations: CT, computed tomography; CVT, cerebral venous thrombosis; dAVF, 
dural arteriovenous fistula; DSA, digital subtraction angiography; MRI, magnetic resonance imaging
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TA B L E  1  Baseline data on 1218 consecutive patients with cerebral venous thrombosis

CVT and dAVF, n = 29 CVT only, n = 1189 p-value

Clinical characteristics

Women, n/N (%) 9/29 (31) 798/1189 (67) <0.001

Age in years, median (IQR)a 53 (44–61) 41 (29–53) <0.001

Headache, n/N (%) 22/29 (76) 982/1172 (84) 0.305

Focal neurological deficits, n/N (%) 11/29 (38) 666/1180 (56) 0.058

Coma (GCS < 9), n/N (%) 2/29 (7) 77/1170 (7) 0.716

Seizure(s), n/N (%) 6/27 (22) 383/1171 (33) 0.303

Symptom onset, n/N (%)

Acute (<48 h) 7/28 (25) 443/1172 (38) <0.001

Subacute (48 h−30 days) 10/28 (36) 643/1172 (55)

Chronic (>30 days) 11/28 (39) 86/1172 (7)

Risk factors, n/N (%)

Cancer 2/29 (7) 135/1172 (12) 0.765

Previous venous thrombosis 4/29 (14) 110/1163 (9) 0.351

Hereditary thrombophilia 4/25 (16) 152/1038 (15) 0.777

Local trauma 0/25 (0) 48/996 (5) 0.626

Surgery 2/25 (8) 31/992 (3) 0.193

Local infection 3/25 (12) 128/1156 (11) 0.752

Oral contraceptive useb 1/9 (11) 335/776 (43) 0.086

Hormone replacement therapyb 2/9 (22) 34/602 (6) 0.094

Pregnancy, puerperiumb 1/9 (11) 92/792 (12) 1.000

Any female-specific risk factorb 4/9 (44) 451/727 (62) 0.314

Imaging characteristics, n/N (%)

Any parenchymal lesion 9/29 (31) 599/1085 (55) 0.013

Intracerebral hemorrhage 5/29 (17) 389/1086 (36) 0.048

Cerebral edema/infarct 6/29 (21) 368/1066 (35) 0.164

Sulcal subarachnoid hemorrhage 1/29 (3) 108/1059 (10) 0.351

Cerebral venous thrombus location, n/N (%)

Superior sagittal sinus 12/29 (41) 626/1185 (53) 0.261

Sigmoid sinus 25/29 (86) 487/948 (51) <0.001

Sigmoid sinus, right 12/29 (41) 240/948 (25) 0.081

Sigmoid sinus, left 14/28 (50) 287/947 (30) 0.036

Transverse sinus 20/29 (69) 825/1184 (70) 1.000

Transverse sinus, right 11/29 (38) 481/1184 (41) 0.850

Transverse sinus, left 14/29 (48) 498/1183 (42) 0.570

Cortical vein 0/29 (0) 152/913 (17) 0.009

Straight sinus 2/29 (7) 198/1184 (17) 0.208

Cavernous sinus 0/29 (0) 13/766 (2) 1.000

Treatment, n/N (%)

Oral anticoagulation 23/29 (79) 1069/1184 (90) 0.061

Decompressive craniectomy 3/29 (10) 50/949 (5) 0.204

Groups compared using Fisher's exact test for categorical data and Mann Whitney U test for continuous data.
Abbreviations: CVT, cerebral venous thrombosis; dAVF, dural arteriovenous fistula; GCS, Glasgow Coma Scale; IQR, interquartile range; n/N, number 
of cases/number of observations.
aNo missing data.
bAmong female patients.
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relationship between CVT and dAVF. In total, 36 CVT events in 34 
patients were recognized at central imaging review.

Comparison of the first date of radiologically confirmed CVT or 
dAVF showed that dAVF was diagnosed prior to the CVT in 3/36 
cases (8%; median 569 [IQR 375–574] days), simultaneously to CVT 
in 20/36 cases (56%), and subsequently to the CVT in 13/36 cases 
(36%; median 115 [IQR 38–337] days).

Among 32/36 (89%) CVT events, at least one of the throm-
boses was situated either at the same sinus or in direct venous 
downstream in relation to the fistulas, and their relationship was 
categorized as probable. The remaining 4/36 (11%) CVT events were 
located directly downstream of the dAVF but not in the same sinus, 
hence, their relationship was considered as possible. No cases were 
assigned to the unlikely group.

Characteristics of dAVF

Radiological characteristics including classification of dAVF are pre-
sented in Table 2. Among patients with CVT and dAVF, 17/34 (50%) 
had multiple dAVFs, most commonly two or three. Neuroimaging 
from a representative patient with CVT and multiple dAVFs is pre-
sented in Figure  2. Fistulas most frequently involved the sigmoid 
sinus or the transverse sinus, with a preference for the left side. 
Nineteen patients (56%) had a dAVF engaging the sigmoid trans-
verse junction and 23/34 (68%) had at least one fistula with ret-
rograde cortical venous drainage. Most patients with dAVF, 25/34 
(74%), were treated with endovascular intervention, 9/34 patients 
(26%) were treated conservatively and 3/34 patients (9%) under-
went a neurosurgical procedure.

Clinical symptoms were reported by treating physicians as re-
lated to dAVF in 31 patients, including: tinnitus, bruit or pulsatile tin-
nitus in 15/31 (48%), headache in 14/31 (45%), visual impairment in 
7/31 (23%), aphasia in 6/31 (19%), seizures in 5/31 (16%), decreased 
consciousness or cognitive decline in 5/31 (16%), paresis in 4/31 
(13%), nausea in 4/31 (13%), ataxia in 2/31 (6%) and disturbance of 
gait in 2/31 patients (6%).

There was no major difference between consecutively re-
cruited dAVF patients and non-consecutively recruited dAVF 
patients with regard to dAVF characteristics, clinical symptoms 
related to dAVF or time correlation between diagnosis of CVT and 
dAVF.

Clinical outcome

After adjustment for age and sex, presence of dAVF was not associ-
ated with poor clinical outcome at follow-up (mRS score 3–6, ad-
justed odds ratio [aOR] 1.0, 95% confidence interval [CI] 0.4–2.5, 
median [IQR] follow-up time 8 [6–12] months), compared to the con-
secutive CVT cohort. In a subgroup analysis, we examined the influ-
ence of cortical venous drainage on clinical outcome, but found no 
association (aOR 1.4, 95% CI 0.5–4.1).

DISCUSSION

In our multicenter cohort of 1218 consecutive adult CVT patients, 
the prevalence of dAVF was 2.4%. Most dAVFs (92%) were diag-
nosed simultaneously or subsequently to CVT. In univariable analy-
ses, patients with CVT and dAVF were older, more often male, and 
more often had chronic CVT onset and sigmoid sinus thrombosis, 
but less frequently had parenchymal lesions at baseline imaging, 
compared to CVT patients without dAVF. Presence of dAVF in CVT 

TA B L E  2  Characteristics and location of dural arteriovenous 
fistulas among patients diagnosed with cerebral venous thrombosis

CVT and 
dAVF (n = 34)

Radiological characteristics, n/N (%)

Multiple dAVFs 17/34 (50)

Dural venous sinus stenosis 7/34 (21)

Recanalization of CVT at time of dAVF diagnosisa

No recanalization 17/31 (55)

Partial recanalization 10/31 (32)

Complete recanalization 4/31 (13)

Location of dAVF, n/N (%)

Superior sagittal sinus 3/34 (9)

Sigmoid sinus 25/34 (74)

Sigmoid sinus, right 10/34 (29)

Sigmoid sinus, left 18/34 (53)

Transverse sinus 24/34 (71)

Transverse sinus, right 12/34 (35)

Transverse sinus, left 16/34 (47)

Involves both transverse and ipsilateral sigmoid 
sinus

19/34 (56)

Confluence sinus 12/34 (35)

Straight sinus 1/34 (3)

Cavernous sinus 0/34 (0)

Cognard's classification of dAVFs: n/N (%)

I – normal antegrade dural sinus drainage 8/34 (24)

II – drainage into sinuses with insufficient antegrade venous 
drainage and reflux

IIa – reflux into sinus(es) only 9/34 (26)

IIb – reflux into cortical vein(s) only 4/34 (12)

IIc – reflux into sinus(es) and cortical veins 16/34 (47)

III – drainage directly into cortical vein without 
venous ectasia

9/34 (26)

IV – drainage directly into cortical vein, with 
venous ectasia

3/34 (9)

V – drainage into spinal perimedullary veins 0/34 (0)

Abbreviations: CVT, cerebral venous thrombosis; dAVF, dural 
arteriovenous fistula.
aAmong patients with dAVF after diagnosis of CVT.



    | 7DAVFS IN CEREBRAL VENOUS THROMBOSIS

patients was not associated with poor clinical outcome at last follow-
up as compared to CVT patients without dAVF.

The prevalence of dAVF in the present cohort was higher than 
most previous reports among CVT patients [3–5]. One recent ex-
ploratory study investigated 30 CVT patients with four-dimensional 
magnetic resonance venography and detected dAVF in four patients 
within 6 months, but the investigated number of patients was low 
[6]. Within the International CVT Consortium, most patients rou-
tinely undergo follow-up imaging of their CVT with MRI or CT, thus 
increasing the likelihood of incidental suspicion and diagnosis of 
dAVF. Nevertheless, the prevalence of dAVF in the present study 
may still be an underestimation because: (i) the frequency, timing 
and modality of follow-up imaging was not standardized; (ii) not all 
CVT patients routinely undergo DSA; (iii) despite occasional high 

suspicion, uncertain cases were excluded from the dAVF group on 
central imaging review; (iv) detection of dAVF was limited to the fol-
low-up period of the study; and (v) radiological methods for detect-
ing dAVF have improved over time and the study inclusion period 
ranges back to 1987.

Proposed risk factors for dAVF found in our CVT cohort are in 
line with risk factors for dAVF in general [18]. Most frequently, dAVF 
affects patients aged 50–60 years with no sex preference, in con-
trast to CVT which affects patients with a median age of ~40 years 
and predominantly female patients [3,18]. Overall, most dAVFs ap-
pear without clear cause, and apart from CVT, only small subsets can 
be explained by previous head trauma, local infection, craniotomy or 
intracranial tumors [23–25]. Due to a limited number of events, we 
were unable to perform multivariable analyses.

F I G U R E  2  Radiological imaging of 
a representative patient with cerebral 
venous thrombosis and multiple dural 
arteriovenous fistulas. (a) Magnetic 
Resonance Imaging (MRI) showing 
bilateral transverse sinus thrombosis 
and partial sigmoid sinus thrombosis 
on admission. (b) 6 months later, the 
patient is readmitted with symptoms of 
severe headache. MRI and computed 
tomography (CT) angiography (on the 
right) reveal persistent bilateral transverse 
sinus thrombosis, partial sigmoid sinus 
thrombosis, a venous hemorrhage in 
the left temporal lobe (white arrow) 
and a venous aneurysm (red arrow). (c) 
Digital subtraction angiography (DSA) 
images 6 months after first admission, 
revealing bilateral dural arteriovenous 
fistulas (dAVF, blue arrows) where arterial 
contrast from the external carotid artery 
fills the transverse sinuses through 
the middle meningeal artery and the 
occipital artery on the left and right side 
respectively. (d) Follow-up DSA images 
after endovascular embolization of the 
left dAVF and neurosurgical treatment 
of the right dAVF, 16 months after first 
admission. Arterial contrast applied in the 
external carotid artery no longer reaches 
the transverse sinuses 
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The vast majority of dAVF cases in our cohort were diagnosed si-
multaneously or subsequently to the diagnosis of CVT. As such, our 
data support the concept of cerebral venous obstruction increasing 
the risk of subsequent dAVF development. Patients with dAVF had 
a more insidious CVT symptom onset, suggesting that chronic CVT 
entails higher risk for the development of dAVF. Nevertheless, one-
quarter of patients with dAVF had acute CVT onset and the possibil-
ity of development of dAVF within just a few days after CVT onset 
cannot be ruled out. However, in patients in whom the dAVFs and 
CVT were detected simultaneously, their mutual influence and time 
association remains unclear.

Our findings indicate an association between CVT and dAVF. 
The prevalence and incidence of dAVF among CVT patients is higher 
than that in the general population. Although no studies have in-
vestigated the incidence of dAVF in a healthy population, detec-
tion rates of 0.15–0.29 per 100,000 per year have been reported 
in population-based patient cohorts with previous intracranial 
arteriovenous malformations [26–29]. Further, nearly all fistulas 
were connected to or situated at the same location as the CVT. The 
fact that there was not a single patient in the cohort in whom CVT 
and dAVF locations were completely unrelated also brings indirect 
support that CVT and dAVF were related to each other in a cause-
consequence order.

Sigmoid sinus thrombosis in particular was strongly associated 
with dAVF and, interestingly, fistulas were predominantly located 
to the left transverse or sigmoid sinuses. This left side tendency 
has also been described in previous reports [30], and coincides 
with left side tendency of hypoplastic transverse sinus which is 
present in 21%–31% of asymptomatic adults on magnetic reso-
nance venography [31–34]. Venous stenosis was diagnosed in 
seven patients with dAVF. Acquired venous stenosis potentially 
increases risk of dAVF by partial venous occlusion, but it is not 
known whether congenital hypoplasia also increases risk of devel-
oping a dAVF. We did not discover a single case of dAVF involving 
any of the cavernous sinuses although cavernous sinus involve-
ment has been reported in 6%–15% of patients with dAVF and 
cortical venous drainage [12,20].

Due to the low rates of dAVF, our results do not support 
routinely screening all CVT patients for dAVF at follow-up. 
Nevertheless, in certain subsets of CVT patients, dAVFs were 
diagnosed in more than every fourth patient. We believe these 
findings are clinically important and can easily be implemented in 
clinical practice by increasing awareness of dAVF symptoms and 
asking high-risk CVT patients for symptoms of dAVF at admission 
and follow-up (i.e., tinnitus, pulsatile tinnitus). High-risk patients 
include those with chronic CVT symptom onset in combination 
with either sigmoid sinus thrombosis, male sex, age at CVT di-
agnosis >41 years or no parenchymal lesion at baseline imaging. 
Dynamic non-invasive angiographic imaging techniques (i.e., dy-
namic magnetic resonance venography) may play a future role in 
screening of selected patients with suspected dAVFs after CVT 
but require evaluation regarding accuracy for detection of dAVF in 
large cohorts prior to implementation in routine care [6].

We found no association between dAVF and worse clinical out-
come. However, these findings are highly influenced by the fact that 
most patients with dAVF received endovascular treatment. Previous 
studies report increased risk of intracerebral hemorrhage or non-
hemorrhagic neurological deficit of 15% and a mortality rate of 10% 
annually, in patients with high-grade dAVF who refused treatment or 
received insufficient therapy that did not eliminate the cortical ve-
nous drainage [20]. Further, parenchymal lesions, which are a strong 
predictor for poor clinical outcome among CVT patients, were less 
frequent in the dAVF group.

Strengths of the present study are our large cohort of CVT 
patients and our international, multi-center design with high data 
quality. Central imaging review increases consistency and accu-
racy in image interpretation. Our study cohort, including baseline 
data and clinical presentation, essentially matches previously re-
ported cohorts [3]. Several limitations warrant comment. First, 
central imaging review was limited to patients with suspected CVT 
and dAVF. Second, clinical data were partly retrospective and on 
enrollment of these patients, study outcome measures were not 
defined and variables were not prespecified. Third, five out of 34 
dAVF patients originated from non-consecutive series. These pa-
tients were therefore excluded from epidemiological aspects of 
the study. Further, in sensitivity analyses, baseline demograph-
ics, dAVF characteristics and time correlation between diagnosis 
of CVT and dAVF did not differ between consecutive and non-
consecutively enrolled patients. Fourth, detection of dAVF was 
limited to the follow-up period, and a longer follow-up period 
might have yielded a higher prevalence.

To conclude, the prevalence of dAVF among adult CVT patients 
is at least 2.4%. The vast majority of CVT-related dAVFs are diag-
nosed simultaneously or subsequently to diagnosis of CVT. Male 
sex, higher age, chronic clinical CVT onset and sigmoid sinus throm-
bosis were all associated with dAVF among CVT patients, in univari-
able analyses. We found no association between presence of dAVF 
and poor clinical outcome.
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