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Case Report

Navigation guided small craniectomy 
and direct cannulation of pure isolated 
sigmoid sinus for treatment of dural 
arteriovenous fistula
Jun Ho Shim, Gi Yong Yun, Jae-Min Ann, Jong-Hyun Park, Hyuk-Jin Oh,  
Jai-Joon Shim, Seok Mann Yoon
Department of Neurosurgery, Soonchunhyang University Cheonan Hospital, Cheonan, Korea

Dural arteriovenous fistula (DAVF) is a rare condition affecting approximately 1.5% of 
1,000,000 individuals annually. It frequently occurs in the transsigmoid and cavernous 
sinuses. An isolated sigmoid sinus is extremely rare and is treated by performing 
transfemoral transvenous embolization along the opposite transverse sinus.

A 69-year-old woman presented with asymptomatic Borden type III/Cognard type III 
DAVF involving an isolated sigmoid sinus. She underwent a staged operation in which 
a navigation system was used to expose the sigmoid sinus in the operating room before 
transferring the patient to the angio suite for transvenous embolization.

Various modalities have been used to treat DAVF, including surgical disconnection, 
transarterial embolization, transvenous embolization, and stereotactic radiosurgery. 
However, treating DAVF cases where the affected sinus is isolated can be challenging 
because an easily accessible surgical route may not be available. In this case, direct 
sinus cannulation and transvenous embolization were the most effective treatments. 

Keywords　‌�Central nervous system vascular malformations, Arteriovenous fistula, 
Embolization, Onyx

This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License 
(http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted 
non-commercial use, distribution, and 
reproduction in any medium, provided the 
original work is properly cited.

Journal of Cerebrovascular and Endovascular Neurosurgery
pISSN 2234-8565, eISSN 2287-3139, https://doi.org/10.7461/jcen.2023.E2023.05.009

INTRODUCTION

Dural arteriovenous fistula (DAVF) is a rare type of cerebrovascular malformation, 
accounting for only 10–15% of cases.9) Intracerebral hemorrhage is a severe 
complication of DAVF associated with poor outcome. Among the types of DAVF, 
the isolated type is high grade owing to potential drainage into the cortical venous 
system.1) Several studies indicate that this type of DAVF frequently causes hemor-
rhagic complications.3)4)6) Despite advances in endovascular technology and stereo-
tactic radiosurgery, the treatment of isolated-type DAVF remains challenging for 
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involving the sigmoid sinus, with multiple instances of 
cortical vein reflux fed by the transosseous branches 
and posterior meningeal branches of the occipital 
artery and the parietal branch of the middle meningeal 
artery (Fig. 2A, 2B). DSA was performed to assess the 
extent of retrograde cortical vein reflux and venous 
drainage (Fig. 2C, 2D). The ipsilateral transverse sinus 
and jugular vein were not visualized, indicating a pure 
isolated sigmoid sinus DAVF with multiple instances 
of cortical vein reflux, classified as Borden type III or 
Cognard type III. No abnormal shunting was observed 
in any of the other arteries. Because the lesion was inac-
cessible via a conventional transfemoral transvenous 
approach, transvenous embolization via direct cannu-
lation of the sigmoid sinus was planned for complete 
obliteration of the fistula. In the operating room, under 
general anaesthesia, a small craniectomy was performed 
using preoperative CT angiography images and the 
Stryker neuronavigation system (Stryker Instru-
ments, Kalamazoo, MI, USA) (Fig. 3A). The sigmoid 
sinus was exposed within the small craniectomy, and 
bleeding was controlled using bone wax and fibrin-
ogen/thrombin-based collagen fleece (TachoCombⓇ, 
CSL Behring, Tokyo, Japan) (Fig. 3B). The patient was 
then transferred to the angio suite, and a 5-French 

neurosurgeons owing to increased risk of bleeding from 
multiple feeding arteries during open surgery, limited 
accessibility to endovascular treatment, and potentially 
incomplete treatment via stereotactic radiosurgery. Here, 
we report a case of a staged operation to treat DAVF 
of an isolated sigmoid sinus, which involved exposure 
of the sinus via minimally invasive craniectomy in the 
operating room, followed by embolization using a trans-
venous approach in the angio suite.

CASE DESCRIPTION

A 69-year-old female patient was referred from the 
Neurology Department with abnormal findings on 
magnetic resonance angiography (MRA) images. Upon 
neurological examination, no symptoms of tinnitus, 
vomiting, or altered mental state were noted, and her 
consciousness was alert with only mildly impaired 
cognitive function. On radiological examination, 
T2-weighted imaging revealed enlarged pial vessels in 
the subarachnoid space (Fig. 1A), and MRA revealed 
arteriovenous shunting into the isolated sigmoid sinus 
and cortical veins (Fig. 1B). Catheter digital subtrac-
tion angiography (DSA) revealed a right-sided DAVF 

Fig. 1. Preoperative MRI and MRA. (A) Brain MRI T2 image showing 
multiple areas with low signal intensity in the subarachnoid 
space without other abnormal findings in the brain parenchyma. 
(B) MRA demonstrating an irregular and tortuous vascular structure 
around the right sigmoid sinus. MRI, magnetic resonance imaging; 
MRA, magnetic resonance angiography
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sheath was placed in the left femoral artery. Using 
visual surveillance and roadmap guidance, the right 
sigmoid sinus was punctured using a micropuncture 

needle, and a micropuncture sheath was sequentially 
placed under fluoroscopic guidance. A microcatheter 
(Headway-17TM, MicroVention, Tustin, CA, USA) was 

Fig. 2. Preoperative transfemoral angiography. (A and B) External carotid angiogram showing the DAVF. The sigmoid sinus appears 
in the early arterial phase with multiple feeding occipital artery branches, the parietal branch of the middle meningeal artery, and 
cortical vein refluxes. (C and D) Delayed venous phase angiogram demonstrating extensive cortical vein refluxes without opacification 
of the ipsilateral transverse sinus or jugular vein, indicating an isolated sigmoid sinus. DAVF, dural arteriovenous fistula
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positioned appropriately for embolization at the fistula 
point (Fig. 4). Subsequently, the sinus was embolized 
using multiple detachable packing coils. The microca-
theter was carefully retracted while densely packing the 
sigmoid sinus with coils from the superior to inferior 
regions. Although complete embolization with coils 
alone was initially anticipated, a post-embolization 
angiogram following the placement of 10 detachable 
packing coils of various sizes (MicroVention, Tustin, 
CA, USA) revealed a reduction in the flow limited to the 
sinus and fistula areas. To achieve complete obliteration 
of the fistula, glue embolization was performed with 
OnyxⓇ (ev3, Irvine, CA, USA) (Fig. 5). The patient was 
discharged without complications.  

DISCUSSION

DAVF is a type of vascular malformation character-
ized by abnormal connections between the intracranial 
arteries and the dural leaflets of the venous sinuses. It 
accounts for approximately 10%–15% of all intracra-
nial vascular malformations.9) Its etiology is mostly 
unknown, although dural sinus thrombosis, trauma, 
infection, or a prior craniotomy have been reported as 
potential causes.12) DAVF can occur in various locations, 
including the superior sagittal sinus, tentorial cerebelli, 

petrosal process, and spinal dura. Supratentorial loca-
tions are more commonly reported than infratentorial 
locations, with the transverse sigmoid sinus being the 
most common.7) The manifestation in the present case 
was extremely rare in that it involved a single isolated 
sigmoid sinus, which posed several limitations for treat-
ment. 

Pure sigmoid sinus DAVF can be anatomically more 
challenging to access than transverse sigmoid sinus 
DAVF. They are often located deep within the sinuses, 
and in areas that are difficult to access. This decreases 
the accessibility of treatment and increases the risk of 
tissue damage. In the case of a purely isolated sigmoid 
sinus DAVF, transvenous embolization via the transverse 
sinus by approaching the contralateral sigmoid sinus is 
not possible. Additionally, the fistula point in an isolated 
sigmoid sinus DAVF is smaller than that in a transverse 
sigmoid sinus DAVF. In such cases, surgical exposure 
of the sinuses is difficult. Treating isolated sigmoid 
sinus DVAFs by performing stereotactic radiosurgery 
is also challenging because of the relatively small radia-
tion exposure area. A PubMed search in English using 
the keyword “isolated sigmoid sinus” did not yield any 
directly correlated case reports or clinical articles. Simi-
larly, Google Scholar yielded no significant results. Our 
case highlights the importance of addressing the risk of 
hemorrhage due to drainage through the cortical veins 

Fig. 3. Intraoperative photograph demonstrating. (A) Planning the craniectomy using a neuronavigation system. (B) Exposure of the sigmoid 
sinus (black arrowhead) after creating a small craniectomy.
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in patients with isolated DAVF.1) Our principal goal was 
to prevent hemorrhage by complete obliteration of the 
fistula.

In our case, stereotactic radiosurgery was deemed 
unsuitable because of the low cure rates and the latency 
period required to achieve obliteration. Microsurgical 

treatments such as the interruption of leptomeningeal 
venous drainage, skeletonization, direct sinus packing, 
and sinus reconstruction have high cure rates with 
acceptable morbidity and mortality.8)10)15) However, these 
treatments carry a risk of excessive bleeding owing to 
multiple feeding arteries, which was a major concern in 

Fig. 4. Intraoperative photograph and right common carotid angiogram. 
(A) Photograph demonstrating the position of the microcatheter and 
micropuncture sheath. (B and C) Navigation of the microcatheter 
over a microwire into the right isolated sigmoid sinus under fluoroscopic 
guidance.
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Fig. 5. (A and B) Angiogram showing partial occlusion of the isolated sigmoid sinus with the feeding artery after adding nine packing coils. 
(C) Sequential Onyx cast filling the sigmoid sinus and feeding artery, with a remnant fistula point. (D) Final early and late phase angiogram 
demonstrating complete obliteration of the DAVF. DAVF, dural arteriovenous fistula
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the present case.
In recent years, endovascular therapy has emerged as 

a first-line treatment option for most cases of DAVF, 
particularly in patients with multiple comorbidities 
who are at a high risk of complications associated with 
open surgery. Transarterial embolization using liquid 
embolic materials has also become a feasible modality 
for treating DAVF,5) although it has a post-procedural 
occlusion rate of 30%.2) In the present case, the key to 
treating the DAVF centered on the occlusion of the 
fistula point was that transarterial embolization via 
small branches of the occipital artery was not feasible for 
complete obliteration, given the concerns of infarction 
owing to unwanted embolization. Transarterial embo-
lization of the parietal branch of the middle meningeal 
artery may also be a good treatment option. However, 
this was not attempted in the present case because it was 
not the main feeder artery.13) 

Transvenous embolization, which allows direct access 
to the fistula point, is often preferred in cases of DAVF 
involving an isolated sinus. However, lack of accessibility 
can present challenges for surgeons. Various methods 
have been introduced, including direct access through 
an occluded sinus.11) However, this is associated with 
potential complications, such as perforation of the sinus. 
Komiyama et al. introduced access to a DAVF involving 
an isolated transverse sigmoid sinus on the contralateral 
side.11) In our case, this method was unsuitable because 
of the lack of a transverse sinus. 

Several reports have described an approach involving 
a small craniectomy for sinus exposure combined with 
transvenous embolization via direct sinus puncture.14) 
Although drilling over the sinus carries the risk of 
perforation, neuronavigation technology can reduce this 
risk.2) We were constrained by the lack of a hybrid oper-
ating system in our institution. Alternatively, we initially 
performed a craniotomy using a neuronavigation system 
in the operating room to ensure the accuracy of the burr 
hole and to gather information regarding the DAVF and 
surrounding bony structures. Subsequently, the patient 
was transferred to the angio suite for transvenous embo-
lization. It was unnecessary to transfer the patient to a 

facility with a hybrid operating system to perform both 
the surgical and endovascular procedures. Combining 
surgical and endovascular methods is a reliable way 
to manage challenging cases of DAVF with an isolated 
sinus. Given the development of sophisticated neuro-
navigation and hybrid operating systems, the treatment 
outcomes for DAVF are promising.

CONCLUSIONS

A DAVF involving an isolated sinus remains a chal-
lenge for healthcare practitioners. However, combined 
surgical and endovascular treatments can completely 
obliterate malformations. Advances in technology, such 
as neuronavigation and hybrid operating systems, have 
helped reduce the complications associated with these 
procedures. Therefore, a combined treatment approach 
is recommended as the first-line therapy for DAVF 
involving an isolated sinus with limited accessibility. An 
individualized treatment plan must be developed based 
on the specific characteristics and location of the DAVF 
as well as the overall health of the patient. A multidis-
ciplinary approach involving a team of neurosurgeons, 
neurointerventionists, and other specialists can enhance 
the chances of successful outcomes.

Disclosure
The authors report no conflict of interest concerning 

the materials or methods used in this study or the findings 
specified in this paper.
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