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A B S T R A C T 

Objective: To evaluate the treatment outcomes, angiographic occlusion rates, and safety profiles of 

endovascular therapy (EVT) versus surgical intervention for intracranial dural arteriovenous fistulas 

(dAVFs) treated at a single institution over a 10-year period. 

Methods: A retrospective review was conducted on 70 adult patients treated for intracranial dAVFs between 

2014 and 2024. Inclusion criteria were patients treated with EVT, surgery or combination of both. Primary 

outcome was initial complete angiographic occlusion. Secondary outcomes included residual shunting, 

recurrence, and symptom improvement. 

Results: Most patients (80%) were male, with a median age of 62 years. EVT was performed in 60%, 

surgery in 38.6%, and combined treatment in 1.4%. Initial angiographic occlusion was achieved in 69.6%, 

with no significant difference between EVT (71.4%) and surgery (69.2%). Lesions with cortical venous 

drainage (Borden III) showed significantly higher occlusion rates (p = 0.027). Final angiographic cure was 

achieved in 89.9% of patients after additional treatments or spontaneous regression. Symptomatic 

improvement was observed in 95.7% of patients. Treatment-related complications occurred in 18.6%, with 

no significant difference between modalities. 

Conclusion: Both EVT and surgery are effective and safe for treating intracranial dAVFs. Angio-

architectural complexity, fistula location and venous drainage patterns were significantly associated with 

higher treatment success. 

 

 

1. Introduction 

 

Dural arteriovenous fistulas (dAVFs) are vascular malformations 

involving abnormal shunting between meningeal arteries and dural 

venous sinuses or bridging veins [1]. Intracranial dAVFs constitute 

approximately 10-15% of all intracranial arteriovenous malformations 

[2]. These lesions may be incidentally detected or present with pulsatile 

tinnitus, headache, ocular symptoms, neurological deficits, or 

intracranial hemorrhage, depending on location and venous drainage [3]. 

Their clinical significance is determined by venous hemodynamic 

impact, with several classification systems developed to stratify risk [4-

7]. Management is based on clinical presentation, venous drainage type, 

and angioarchitecture [8]. Treatment options include endovascular 

therapy (EVT), microsurgical resection, radiosurgery, or combined 

approaches [9]. EVT has become increasingly favored with the advent 

of DMSO-based liquid embolic agents, advanced microcatheter 

technology, and newer imaging techniques that enhance understanding 

of dAVF angioarchitecture, achieving 50-76% success with low 

complication rates (2.2-2.5%) [10-16]. Although EVT is often first-line, 

surgical or combined strategies may yield better results in hemorrhagic 

cases or surgically accessible lesions [17]. Microsurgery achieves 69-

88% obliteration, though morbidity and mortality can reach 13% [3, 18-

21]. The comparative advantages of each modality, stratified by 

classification and clinical context, remain incompletely defined [3]. In 

the absence of randomized controlled trials, a tailored, patient-specific 

approach remains essential [3, 22].  

 

The purpose of our study is to assess treatment efficacy, in terms of 

angiographic occlusion, and procedural safety in patients undergoing 

endovascular versus surgical intervention for intracranial dAVFs. 
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2. Methods 

 

The study was approved by the institutional research ethics board. A 

retrospective review was conducted on all adults treated for intracranial 

dAVFs between 2014 and 2024. Inclusion criteria were dAVF patients 

treated by EVT, Surgery or combination of both. Cerebral AVMs, spinal 

fistulas, carotid-cavernous fistulas, and incomplete records were 

excluded. Clinical notes, operative reports, Computed tomography (CT), 

Magnetic resonance imaging (MRI), and digital subtraction angiogram 

(DSA) of cerebral vessels were reviewed. 

 

Demographics (age, sex, presentation) and treatment modality 

(endovascular, surgical, combined) were recorded. Post-procedural data 

included complications, neurological status, and hospital stay. Follow-

up clinical status and imaging were obtained from outpatient records and 

included DSA, CT angiography (CTA), and time-resolved contrast-

enhanced MR angiography (MRA). Presenting symptoms were 

classified as benign (e.g., tinnitus, chronic headache, incidental) or 

aggressive (e.g., hemorrhage, seizures, focal deficits, cognitive decline) 

[23, 24]. CTs were reviewed for hemorrhage and mass effect, and MRI 

sequences (T1, T2, fluid-attenuated inversion recovery [FLAIR], 

susceptibility-weighted imaging [SWI], and post-contrast T1) were used 

to assess parenchymal changes, venous congestion, or 

microhemorrhages. When available, MRA and MR venography (MRV) 

were assessed to delineate specific vascular anatomy and venous 

drainage pattern. DSA was used to identify lesion classification, 

location, arterial supply (from external/internal carotid or vertebral 

arteries), and venous drainage patterns. Lesions were grouped by 

location and classified by Borden and Cognard systems [6, 7]. 

 

For sinus-draining dAVFs (Borden I/II; Cognard I, IIa, IIb, IIa+b), 

treatment depended on sinus functionality. Nonfunctional sinuses were 

treated with transvenous (TV) coil embolization; functional sinuses used 

transarterial (TA) or balloon-assisted approaches. Surgically treated 

sinus lesions aimed to disconnect cortical reflux. For non-sinus (Borden 

III; Cognard III/IV) lesions, the goal was venous outflow interruption 

via surgical clipping/coagulation or TA embolization with liquid agents; 

TV embolization was used when arterial access was limited (Figure 1). 

Primary outcome was initial complete angiographic occlusion. 

Secondary outcomes included, residual shunting, and recurrence on 

follow up. Angiographic cure was defined as complete absence of 

shunting on follow-up, including cases where residual lesions regressed 

spontaneously. Residual fistula referred to persistent shunting detected 

immediately or shortly after treatment, indicating incomplete occlusion. 

Recurrence was defined as reappearance of shunting at a previously 

obliterated site on delayed imaging after initial cure. In cases with 

residual lesions, the subsequent clinical course was documented 

specifically, those that resolved spontaneously versus those requiring 

additional treatment. Final obliteration rates at last follow-up were also 

recorded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Endovascular management of a right convexity Borden Type III dural arteriovenous fistula (dAVF) in a 67-year-old male with status epilepticus, 

treated via combined transarterial and transvenous embolization. A) Lateral projection digital subtraction angiogram (DSA) of the right external carotid 

artery (ECA) injection demonstrates the dAVF (arrow) supplied by sphenoidal branches of the right middle meningeal artery (MMA), with cortical venous 

drainage into the vein of Labbé. B) Post-transarterial embolization lateral DSA of the right common carotid artery (CCA) reveals persistent filling of the 

cortical draining vein (arrow), indicating residual shunting. C) Unsubtracted lateral image shows the coil mass (arrow) deployed transvenously into the 

draining vein, adjacent to the liquid embolic cast (arrowhead). D) Final lateral DSA of the left CCA confirms complete angiographic occlusion.  

CCA: Common Carotid Artery; DSA: Digital Subtraction Angiogram; ECA: External Carotid Artery; MMA: Middle Meningeal Artery. 

 

Factors influencing treatment selection (surgery vs. EVT) were analyzed 

for lesion location, clinical presentation, urgency, age, and sex. Risk 

factors for incomplete occlusion were analyzed, including age, sex, 

location, Borden/Cognard grade, number of feeders (≤ 3 vs. > 3), 
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unilateral or bilateral feeders, and clinical presentation type. For EVT 

cases, number of arterial pedicles, use of middle meningeal artery, and 

embolic material (liquid vs. coils) were examined. Safety outcomes 

included complications such as dissection, stroke, hemorrhage, venous 

thrombosis, cranial nerve palsies, and catheter entrapment in EVT cases; 

and stroke, infection, hemorrhage, and nerve deficits in surgical cases. 

Mortality was defined as death within 30 days related to disease or 

treatment. 

 

All statistical analyses were conducted using R (version 4.4.2 in 

RStudio). Demographic and patient characteristic data were analyzed by 

using descriptive summary statistics. Categorical variables such as sex, 

past medical history, etiology, and clinical presentation were reported 

with frequency distributions and percentages. Numerical variables, such 

as age, follow-up duration and hospital stay duration were reported as 

median and interquartile ranges. The Pearson test and Fisher’s exact test 

was used to identify significant association between occlusion type and 

categorical variables, as well as between treatment modality preferences 

and categorical variables. 

 

3. Results 

 

A total of 70 adult patients (median age- 62 yrs; 80% male) with 

intracranial dAVFs, were identified and included in the study. The 

detailed demographics and clinical characteristics are summarized in 

(Table 1). The majority (88.6%) of dAVFs were idiopathic. The median 

follow-up duration was 24.8 months (IQR 8.8-38.6) and the median 

hospital stay was 3.5 days (IQR 1-11). Patients with benign symptoms 

comprised 25.7% who presented incidentally and 20% who presented 

with flow-related symptoms such as tinnitus. Aggressive presentations 

were observed in 27.1% of patients who exhibited neurological deficits, 

and in another 27.1% who presented with intracranial hemorrhage. 

According to the Borden classification, 84.3% of the lesions were Type 

III. Under the Cognard classification, 50% were categorized as Type III 

and 34.3% as Type IV.  

 

Table. 1. Descriptive Statistics of DAVF Patient Cohort. 

Demographics 

 

Age, median (IQR), years 62 (51–70) 

Sex n (%) 

Male  56 (80%) 

Female 14(20%) 

 Etiology n (%) 

Idiopathic 62 (88.6) 

Trauma / cranial surgery 3 (4.3) 

Cerebral venous thrombosis 5 (7.1) 

Pregnancy 1 (1.4) 

Infection 0 (0) 

Medical Comorbidities n (%) 

Hypertension 43 (61.4) 

Diabetes mellitus 17 (24.3) 

Coronary artery disease 5 (7.1) 

Smoking 16 (22.9) 

Prior stroke 5 (7.1) 

Prior TIA 4 (5.7) 

Malignancy 10 (14.3) 

Clinical Presentation n (%) 

Incidental 18 (25.7) 

Flow-related symptoms 14 (20.0) 

NHND (focal or global) 19 (27.1) 

Hemorrhage 19 (27.1) 

Lesion Location n (%) 

Sinus draining 

 

Transverse–sigmoid sinus 8 (11.4) 

Jugular bulb 3 (4.3) 

Superior Sagittal Sinus 0 (0%) 

Torcula 0 (0%) 

Non-Sinus draining 

 

Parasagittal 15 (21.4) 

Convexity 15 (21.4) 

Cribriform 8 (11.4) 

Tentorial / petrous 12 (17.1) 

Sphenoid 3 (4.3) 
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Posterior fossa 4 (5.7) 

Marginal 2 (2.9) 

Angiographic Classification n (%) 

Borden 
 

Type I 4 (5.7) 

Type II 7 (10.0) 

Type III 59 (84.3) 

Cognard n (%) 

Type I 2 (2.9) 

Type IIA 2 (2.9) 

Type IIB 1 (1.4) 

Type IIA+B 6 (8.6) 

Type III 35 (50) 

Type IV 24 (34.3) 

Primary Treatment Modality n (%) 

Endovascular 42 (60.9) 

Surgery 27 (39.1) 

Combined 1 (1.4) 

Endovascular Approach n (%) 

  Transarterial (TA) 36 (51.4) 

  Transvenous (TV) 2 (2.9) 

  Transarterial + Transvenous (TA/TV) 4 (5.7) 

  Transarterial in Combined 1 (1.4) 

Surgery Type n (%) 

  Ligation of Bridging Vein 24 (34.3) 

  Ligation of Bridging Vein, Combined 1 (1.4) 

  Disconnection of Cortical venous reflux 3 (4.3) 

Clinical Outcomes n (%) 

Complete symptom improvement 48 (68.6) 

Partial improvement 19 (27.1) 

No improvement 1 (1.4) 

Angiographic Outcomes n (%) 

Initial Angiographic occlusion 48 (69.6) 

Residual shunting 21 (30.4) 

Spontaneous regression 4 (19.0 of residuals) 

Additional treatment required 11 (52.3 of residuals) 

Recurrence 1 (1.4) 

Final Angiographic cure 51(73.9) 

Mortality, n (%) 2 (2.8) 

Follow-up duration, Median (IQR), months 24.8 (8.8–38.6) 

Hospital stay, days  Median (IQR) 

Overall 3.5 (1-11) 

EVT -  elective 1 (1–2) 

EVT -  emergency 9.5 (6–13.2) 

Surgery - elective 2 (2–3.2) 

Surgery - emergency 20 (6.8–54.5) 

 

Treatment was primarily endovascular in 60% of patients, surgical in 

38.6%, and combined in 1.4% (Table 2). EVT was mostly TA (51.4%), 

with 4 cases managed using a combined TA/TV approach. Surgical 

management largely consisted of disconnection of the bridging vein by 

clipping or coagulation (34.3%), with a smaller subset undergoing 

disconnection of the refluxing cortical veins. Treatment decisions 

appeared to be influenced by lesion location and accessibility. For 

example, all cribriform dAVFs were treated surgically, whereas 

convexity and parasagittal fistulas were more commonly managed via 

endovascular routes. Initial angiographic complete occlusion was 

achieved in 69.6% (48/69) of all treated patients. No significant 

difference (p = 0.427) was seen in the occlusion rates between the 

endovascular (71.4%) and surgical (69.2%) groups. One patient (1.4%) 

was lost to follow-up. Lesions located at the convexity demonstrated a 

higher likelihood of complete occlusion (p = 0.034), as did dAVFs with 

fewer than three arterial feeders (p < 0.001) (Table 3).  
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Table. 2. Initial Angiographic Occlusion Rates and complete obliteration rate at final follow up by Treatment Modality and Type of lesion. Overall initial 

complete angiographic occlusion for surgical vs. endovascular treatment: 69.2 vs. 71.4 %, p = 0.427. 

Type  Treatment Initial Complete 

angiographic occlusion 

Residual flow Spontaneous 

regression 

Angiographic cure on 

follow up 

Borden I, II & 

Cognard I, IIa, 

IIb, IIa+b 

Endovascular  

(Overall) 

4/8 (50%) 4/8 (50%)  4/8 (50%) 

TA 2/5 (40%) 3/5 (60%)  2/5 (40%) 

TA/TV 0/1 (0%) 1/1 (100%)  0/1 (0%) 

TV 2/2 (100%) 0/2 (0%)  2/2 (100%) 

Surgery 0/3 (0%) 3/3 (100%) 1/3 1/3 (33.3%) 

Combined - -  - 

All treatments 4/11(36.4%) 7/11 (63.6%) 1/7 5/11 (45.5%) 

Borden III & 

Cognard III,IV 

Endovascular  

(Overall) 

26/34 (76.5%) 8/34 (23.5%) 1/8 27/34 (79.4%) 

TA 23/31 (74.2%) 8/31 (25.8%) 1/8 24/31 (77.4%) 

TA/TV 3/3(100%) 0/3 (0%))  3/3 (100%) 

TV - -  - 

Surgery 18/23 (78.3%) 5/23 (21.7%) 2/5 19/23 (82.6%) 

Combined 0/1 (0%) 1/1 (100%)  0/1 (0%) 

 All treatments 44/58 (75.9%) 14/58 (24.1%) 3/14 46/58 (79.3%) 

All grades Endovascular  

(Overall) 

30/42(71.4%) 12/42(28.6%) 1/12 31/42 (73.8%) 

 Surgery 18/26 (69.2%) 8/26 (30.8%) 3/8 20/26(76.9%) 

 Combined 0/1 (0%) 1/1 (100%)  0/1 (0%) 

Overall Cohort All treatments 48/69 (69.6%) 21/69(30.4%) 4/21 51/69 (73.9%) 

TA: Transarterial; TV: Transvenous. 

 

Table. 3. Predictive Factors Associated with Complete Occlusion. 

Characteristic Complete Occlusion Incomplete Occlusion p-value 

    

Sex    

   Female 9 4 1 

   Male 39 17  

Age Group    

   <50 11 3 0.732 

   >70 11 6  

   50-70 26 12  

Location    

   Convexity 14 1 0.034* 

   Cribriform 6 1  

   Jugular 1 2  

   Other Bridging Vein 15 6  

   Parasagittal 9 6  

   Transverse-Sigmoid 3 5  

Borden Classification    

   Borden 1/2 4 7 0.027* 

   Borden 3 44 14  

Cognard Classification    

   Cognard 1-2 4 7 0.027* 

   Cognard 3-4 44 14  

Number of Arterial Feeders    

   >3 feeders 14 16 <0.001*** 

   ≤3 feeders 34 5  

Laterality    

   Bilateral 19 13 0.147 

   Unilateral 29 8  
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Clinical Presentation    

   Flow-related 8 6 0.440 

   Hemorrhage 12 6  

   Incidental 15 3  

   NHND 13 6  

EVT: Arterial Pedicles Treateda    

   >1 pedicles 4 5 0.102 

   1 pedicle 23 7  

EVT: Endovascular Approacha    

   MMA 27 10 0.209 

   Other arterial pedicles 1 2  

***P<.001, **P<.01, *P<.05; aEVT-specific factors analyzed for N = 42 endovascular patients with available data. 

 

The type of venous drainage significantly influenced occlusion rates 

(Tables 2 and 3). Lesions with non-sinus drainage (i.e., Borden Type III 

or Cognard Types III/IV) demonstrated significantly higher (75.9% vs 

36.4%; p = 0.027) initial and final angiographic occlusion compared to 

fistulas draining into the dural sinuses. Among the 3 surgically treated 

patients with dural sinus drainage (all Borden Type II), residual fistulas 

(Type 1 in nature) were noted postoperatively in all cases, with one 

lesion regressing spontaneously. Eight patients underwent EVT (4 

Borden Type I and 4 Borden Type II); 2 patients achieved complete 

occlusion with TV embolization of nonfunctional sinuses. Among the 6 

patients treated with sinus-preserving strategies—5 underwent TA 

Embolisation and 1 underwent a balloon-assisted TA/TV approach. 

Initial angiographic cure was achieved in 2 patients (33.3%) and 

improved to 50% after staged treatment in one additional patient.  

 

In contrast, Borden Type III fistulas showed excellent outcomes (Table 

2). Surgical treatment yielded 78.3% (18/23) initial occlusion, with 2 

residual fistulas regressing spontaneously and 2 more fistulas cured with 

adjunctive treatment by EVT. Endovascularly treated Borden III lesions 

had 76.5% (26/34) initial occlusion. All residual cases (n=8) were 

eventually cured, 1 by spontaneous regression and 7 following additional 

surgery. These results underscore the higher treatment efficacy in high-

grade (Borden III) lesions and the technical challenges and therapeutic 

intent associated with sinus-preserving treatment in lower-grade fistulas. 

Among the 48 patients (69.6%) who achieved complete occlusion on 

initial post-treatment angiography, 1 patient (2.1% of initially cured) 

experienced a recurrence. This patient underwent a subsequent 

endovascular procedure for complete cure. 

Of the 21 patients (30.4%) with residual lesions following initial 

treatment, 11 (52.4% of those with residuals) underwent a total of 13 

retreatment procedures, 4 by endovascular means and 9 by surgery, with 

2 patients requiring re-operation. Among these 11 patients, 10 (90.9% of 

retreated) ultimately achieved complete occlusion. Four of the 21 

residual lesions (19.0% of residuals) showed spontaneous regression on 

follow-up imaging. Six patients (28.6% of residuals) with residual 

disease did not receive further treatment. Of these, 1 patient (1.4% 

overall) died within 1 month, 1 patient (1.4%) declined additional 

therapy, and the remaining four (5.7%) had low-grade or stable lesions 

and are currently being monitored with serial imaging. Overall, at final 

follow-up, 62 out of 69 patients (89.9%) had achieved complete 

angiographic cure. Symptoms resolved completely in 48 patients 

(68.6%), with partial improvement in 19 patients (27.1%) and no 

improvement in 1 patient (1.4%). 

 

Treatment-related complications (Table 4) were seen in 18.6% of all 

patients and were not significantly different (p = 0.342) between the 

endovascular group (21.4%) and the surgical group (14.8%). In the EVT 

group, complications included arterial dissection (of the middle 

meningeal artery) (7.1%), stroke (7.1%), catheter-related complications, 

and cranial nerve injuries. Surgical complications primarily involved 

hemorrhage (7.4%), stroke (3.7%) and wound infection (3.7%). No 

major long-term deficits were reported, underscoring the safety of both 

approaches when appropriately selected. 

 

 

Table. 4. Patient based Treatment-Related Complications Summary. 

Treatment Complication  n (%) 

Endovascular  Overall  9/42(21.4%)* 

Dissection 3 (7.1%) 

Catheter trap 1 (2.4%) 

Stroke 3 (7.1%) 

CVT 2 (4.8%) 

Hemorrhage 1 (2.4%) 

Temporary cranial nerve palsy 0 (0%) 

Permanent cranial nerve palsy 1 (2.4%) 

Temporary motor weakness/aphasia 2 (4.8%) 

Permanent motor weakness/aphasia 0 (0%) 

Surgical  Overall  4/27(14.8%)* 

Stroke 1 (3.7%) 

CVT 0 (0%) 
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Hemorrhage 2 (7.4%) 

Temporary cranial nerve palsy 0 (0%) 

Permanent cranial nerve palsy 0 (0%) 

Temporary motor weakness/aphasia 0 (0%) 

Permanent motor weakness/aphasia 0 (0%) 

Wound infection 1 (3.7%) 

Bone flap necrosis 0 (0%) 

p = 0.342 (Fisher's exact). *Patients with multiple complications are counted only once in this summary. 

 

Table. 5. Treatment Modality Preferences by Patient Characteristics. 

Characteristic Endovascular n (%) Surgery n (%) p-value 

Location    

Convexity 10 (66.7%) 5 (33.3%) 0.002** 

Cribriform 0 (0%) 8 (100%)  

Jugular 2 (66.7%) 1 (33.3%)  

Other Bridging Vein 12 (57.1%) 9 (42.9%)  

Parasagittal 12 (85.7%) 2 (14.3%)  

Transverse-Sigmoid 6 (75%) 2 (25%)  

Presenting Symptoms    

Flow-related 10 (71.4%) 4 (28.6%) 0.250 

Hemorrhage 8 (44.4%) 10 (55.6%)  

Incidental 10 (55.6%) 8 (44.4%)  

NHND 14 (73.7%) 5 (26.3%)  

Emergency vs. Elective    

Elective 26 (65%) 14 (35%) 0.565 

Emergency/Urgent 16 (55.2%) 13 (44.8%)  

Age Group    

<50 9 (60%) 6 (40%) 0.891 

>70 9 (56.2%) 7 (43.8%)  

50-70 24 (63.2%) 14 (36.8%)  

Sex    

Female 9 (64.3%) 5 (35.7%) 1 

Male 33 (60%) 22 (40%)  

***P<.001, **P<.01, *P<.05. Overall treatment distribution: Endovascular 42 (60.9%), Surgery 27 (39.1%) of 69 patients. 

Note: Percentages represent treatment choice within each patient characteristic category. 

 

4. Discussion 

 

In our retrospective cohort study, the overall initial complete 

angiographic occlusion was seen in 69.6% (48/69) of patients, with 

similar (p = 0.47) outcomes between the endovascular (71.4%) and 

surgical (69.2%) groups. Angioarchitectural complexity (p =< 0.001), 

fistula location (p = 0.034) and venous drainage patterns (p = 0.027) 

significantly influenced treatment success in our series. Previous studies 

have demonstrated that multiple arterial feeders particularly when small, 

tortuous, or difficult to access, are associated with lower incidence of 

complete obliteration [25]. Consistent with these findings, lesions with 

three or fewer arterial feeders in our cohort were associated with higher 

incidence of complete occlusion compared to those with more than three 

feeders. Lesions over the convexity or laterally along the transverse or 

sigmoid sinus often achieve better occlusion, especially when supplied 

by a single dominant feeder and draining into a single vein or non-

functional sinus [25, 26]. In contrast, midline or paramedian fistulas 

involving the superior sagittal sinus or torcula (Figures 2 & 3) tend to 

have lower obliteration rates due to complex bilateral arterial supply [25, 

26]. These lesions often require bilateral embolization or disconnection 

to achieve cure, as unilateral approaches are typically inadequate [27]. 

In our series, location was significantly associated with treatment 

outcome (p = 0.034), with convexity lesions demonstrating higher initial 

occlusion rates than other locations. Although higher rates of residual 

fistula were noted in bilaterally supplied lesions in our series, this 

difference did not reach statistical significance when compared to 

unilaterally supplied cases. 
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Fig. 2. Multimodal management of a parasagittal Borden Type III dural arteriovenous fistula (dAVF) in a 54-year-old male presenting with syncope. A & 

B) Anteroposterior (AP) projection digital subtraction angiograms (DSA) of right and left external carotid artery (ECA) injections demonstrate the dAVF 

supplied by branches of bilateral middle meningeal arteries (MMA) and superficial temporal arteries (STA), with drainage into left paramedian cortical 

veins. C) Unsubtracted AP projection shows the liquid embolic cast (arrow) delivered via multiple arterial pedicles (right MMA, left STA, and left MMA). 

D) AP projection DSA of left ECA injection reveals persistent fistulous filling (arrow) due to incomplete venous penetration of embolic material. E & F) 

Postoperative AP projections of right and left ECA injections confirm complete angiographic obliteration after microsurgical disconnection of the draining 

leptomeningeal vein.  

AP: Anteroposterior; DSA: Digital Subtraction Angiogram; ECA: External Carotid Artery; MMA: Middle Meningeal Artery; STA: Superficial Temporal 

Artery. 
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Fig. 3. Endovascular treatment of a Borden Type II dural arteriovenous fistula (dAVF) involving the right transverse sinus and torcula in a 57-year-old male 

presenting with chronic headaches and blurry vision. A) Lateral projection of right external carotid artery (ECA) injection shows the dAVF with retrograde 

venous drainage into contralateral transverse sinus and superior sagittal sinus. B) Anteroposterior (AP) projection of right ECA injection demonstrates 

absent antegrade flow in right transverse sinus. C) AP projection of left ECA injection reveals transosseous feeders from occipital artery. D) AP projection 
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of right vertebral artery (VA) injection shows muscular branch feeders. E) Lateral projection digital subtraction angiogram (DSA) of selective right middle 

meningeal artery injection (arrow) used for transarterial embolization. F) Unsubtracted AP projection demonstrates liquid embolic agent in right transverse 

sinus (arrow) with protective balloon at torcula (arrowhead). G) Post-embolization AP projection of right ECA injection shows near-complete obliteration. 

H) Post-embolization AP projection of right VA injection confirms patent torcula with residual shunting.  

AP: Anteroposterior; DSA: Digital Subtraction Angiogram; ECA: External Carotid Artery; VA: Vertebral Artery. 

 

Clinical outcomes were largely influenced by the type of venous 

drainage, with significant differences observed between lesions draining 

into dural sinuses and those draining directly into cortical (non-sinus) 

veins [6, 7]. In our series, lesions with non-sinus drainage patterns 

demonstrated significantly higher angiographic occlusions (p = 0.027). 

Surgical disconnection is remains the most definitive approach for non-

sinus draining fistulas, particularly when the lesion drains into a single 

leptomeningeal vein. In our cohort, Initial angiographic occlusion was 

achieved in 78.3% (18/23) with cure in 87% (20/23) of patients 

following surgery for non-sinus draining fistulas. Targeted interruption 

of the draining vein can achieve high cure rates, with reported series 

demonstrating obliteration rates approaching 95-100%. [26, 28-30]. The 

slightly lower rate observed in our series, may be attributed to anatomical 

complexity such as multiple draining veins, deep-seated fistulas, or 

proximity to eloquent cortical areas limiting surgical exposure and safe 

access [31, 32].  

 

EVT has emerged as an effective treatment option in non-sinus draining 

lesions.Initial angiographic occlusion following EVT was achieved in 

76.5% (26/34) with cure  in 79.4% (27/34) of patients in our series. 

Obliteration rates for dural arteriovenous fistulas (dAVFs) have 

historically ranged from 50% to 80%, influenced by factors such as 

microcatheter navigability, distal positioning within the fistulous 

segment, and the number of arterial pedicles embolized [27]. Early 

endovascular efforts primarily used N-butyl cyanoacrylate (NBCA) 

glue, yielding occlusion in only 30-50% of cases [10, 33]. The 

subsequent development of DMSO-based liquid embolic agents 

substantially improved outcomes, allowing effective treatment through 

a single arterial pedicle in many instances and expanding the proportion 

of dAVFs amenable to a transarterial approach [13, 21]. These technical 

advancements, combined with ongoing refinements in microcatheter 

design, contributed to the higher success rates observed in contemporary 

series [34].  

 

The management of dAVFs that drain into dural sinuses (Borden type I 

and II) is fundamentally distinct and requires careful consideration of 

both the abnormal arteriovenous shunt and the normal venous outflow 

of the surrounding brain. In such lesions, particularly in the absence of 

cortical venous reflux, the primary treatment objective is often 

symptomatic relief rather than complete angiographic cure [28, 29, 35, 

36]. Surgical treatment in these fistulas is complex and less commonly 

employed due to its invasive nature and potential morbidity [32, 37]. In 

our series, only 3 patients with Borden Type II dAVFs underwent 

surgery, primarily to disconnect cortical venous reflux. While all 3 had 

residual fistulas, 1 patient experienced complete symptomatic relief and 

2 reported partial improvement. EVT is the preferred first-line approach 

for dAVFs that drain into sinus [35, 38]. When the involved sinus is non-

functional, TVE can achieve high cure rates (80-90%) [21, 35]. In our 

series, 2 patients with nonfunctional sinus underwent successful TVE, 

achieving angiographic cure with partial symptomatic improvement. 

When the sinus is functional, TVE is often contraindicated and TA 

embolization or sinus-preserving techniques, such as balloon-assisted 

protection are employed (Figure 3) [39-41]. Cure rates are lower (60-

75%) depending on the arterial anatomy, and technique used [35]. 

Among 6 patients treated with sinus-preserving EVT in our series, 

angiographic cure was achieved in two (33.3%). Nonetheless, five 

(83.3%) experienced symptomatic improvement, emphasizing the role 

of partial flow modification in achieving clinical benefit even without 

complete angiographic cure. 

 

While EVT is widely considered as the first-line treatment for most 

dAVFs, treatment strategies must be individualized, especially when 

arterial access is limited or hazardous, or when venous routes are 

unfavorable [9, 22, 27, 34, 42]. In our cohort, notably all anterior cranial 

fossa lesions were treated by microsurgery, whereas most parasagittal 

(85.7%), convexity (66.7%), and sigmoid sinus (75%) fistulas were 

treated endovascularly. Clinical urgency also influences treatment 

choice with patients presenting with hemorrhage or rapidly progressive 

deficits often requiring immediate intervention, favoring approaches that 

ensures prompt and definitive occlusion [3]. In some cases, failed EVT 

may compromise further endovascular access by occluding key arterial 

pedicles. In such instances, adjunctive microsurgery can achieve high 

cure rates [34, 43]. In our series, 7 patients with residual fistulas after 

initial EVT were successfully treated with surgery, highlighting the 

crucial complementary role of microsurgical intervention in complex or 

refractory cases (Figure 2). 

 

The overall complication rate following endovascular treatment in our 

series was 21.4% (9/42 patients), compared to 14.8% (4/27 patients) in 

the surgical group. Reported endovascular complication rates range from 

9% to 21%, often related to cranial nerve palsies or motor deficits 

resulting from embolic migration via external-to-internal carotid 

anastomoses, especially when skull base feeders are targeted [27, 35, 

39]. Transvenous embolization may also cause venous infarction or 

cranial nerve dysfunction secondary to sinus thrombosis [44]. In our 

cohort, despite the 21.4% complication rate, only 1 patient had a 

permanent deficit, with 2 others experiencing transient symptoms, a 

similar trend as seen in other studies as well [35]. Surgical complication 

rates, range from 4% to 15% and are primarily related to craniotomy and 

manipulation near eloquent cortical or venous structures [25, 45]. 

Overall, both treatment modalities demonstrated acceptable safety 

profiles.  

 

This study has several limitations. Its retrospective, single-center design 

introduces potential selection and information biases, and limits 

generalizability. Treatment allocation was non-randomized, based on 

clinical judgment, which may confound outcome comparisons. The 

small sample size, particularly within subgroups, restricted statistical 

power. Additionally, only treated patients were included, excluding data 

on conservatively managed low-grade fistulas. Finally, functional 

outcomes were based on clinical records, without standardized patient-

reported outcome measures. However our results showing equivalence 
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between EVT and surgical management of dAVF may facilitate more 

EVT approaches for these complex intracranial vascular malformation 

in the future. 

 

5. Conclusion 

 

There was no significant difference in the cure rate of dAVF and 

associated complications between EVT and surgical treatment. Angio-

architectural complexity, fistula location and venous drainage patterns 

were significantly associated with higher treatment success in our series. 
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