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Usefulness of an Electromagnetic  
Navigation System for Direct Percutaneous 
Puncture of the Superior Ophthalmic Vein

Yoshiki Sato, Kenichi Hattori, Takeshi Okamoto, Shigeru Fujitani, Kentaro Wada, Tsuyoshi Saito, Taro Okumura,  
and Hisashi Hatano

Objective: We report a case of dural arteriovenous fistula (dAVF) at the cavernous sinus treated by direct puncture of 
the superior ophthalmic vein (SOV) using an electromagnetic navigation system.
Case Presentation: The case involved a 70-year-old male patient who presented with mild chemosis, proptosis, and 
abducens palsy of the right eye. In this case, we used an electromagnetic navigation system for direct puncture of the 
SOV. Angiographic obliteration of the fistula was confirmed and the visual symptoms recovered well after surgery. There 
were no complications associated with direct puncture of the SOV using the electromagnetic navigation system.
Conclusion: Direct puncture of the SOV to obliterate a dAVF is a possible alternative choice of treatment when the usual 
transvenous access route fails. To reduce the risk of complications, an electromagnetic navigation system is useful.
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Introduction

Transvenous embolization (TVE) of sinusal-type dural 
arteriovenous fistula (dAVF), which exist in the sinus wall, 
is selected as a first-choice treatment in many cases because 
it facilitates radical treatment.

Recently, treatment by ONYX TAE has been routinely 
performed in many countries, but the neurotoxicity of ONYX 
was reported in patients with cavernous sinus dAVF; TVE is 
therefore selected.

In patients with dAVF, occlusion of a venous outflow 
tract develops with the progression of the diseases, making 
an approach to the affected sinus difficult and inducing 
aggressive features, which must be treated. Due to occlusion 
of a venous outflow tract, strategies to guide a microcatheter 
to the affected sinus are required in many cases.

Physicians attempt to reach the affected sinus using the 
Kurukuru method, in which the occluded sinus is tunneled, 
but it is technically difficult, requiring many hours in 
some cases.

Percutaneous puncture of the affected sinus or outflow 
vein facilitates the simplification of an approach, but it is rel-
atively invasive. In this study, we report a patient in whom 
the use of an electromagnetic navigation system (Medtronic 
Stealth Station) facilitated a safe, simple approach to the 
affected sinus.

No study has reported direct percutaneous puncture of 
the superior ophthalmic vein (SOV) using an electromag-
netic navigation system. We present this case as a new 
attempt and review the literature.

Case Presentation

Case
A 70-year-old man presented with conjunctival congestion 
of the right eye, palpebral edema, exophthalmos, and abdu-
cens nerve paralysis. Right external carotid angiography 
revealed a cavernous sinus dAVF fed by the right middle 
meningeal artery (MMA) as a main feeder (Fig. 1A, red 
arrow) and draining mainly into the right SOV. The inferior 
petrosal sinus (IPS) was occluded (Fig. 1B).

Based on preoperative three-dimensional (3D)-computed 
tomography angiography (CTA) findings in addition to the 
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above findings, approaching via the superior or inferior 
roots of the SOV through the facial vein was considered to 
be difficult. An approach via the thrombosed IPS using the 
Kurukuru method was selected as the first option. We 
planned to adopt another approach to the affected sinus 
through direct puncture of the SOV if impossible. Initially, 
the thrombosed right IPS was tunneled using the Kurukuru 
method, but a route was unable to be secured, and the 
transfemoral approach was abandoned and switched to 
TVE through direct puncture of the SOV.

Treatment
Under general anesthesia, an electromagnetic navigation 
system (Medtronic Stealth Station) was used. Initially, a tar-
get site of SOV puncture was established before surgery 
(Fig. 2A–2D). The instrument tip was placed on the supra-
palpebral sulcus and the passage route of a puncture needle 
was assessed to confirm that important structures, such as 
the eyeballs/blood vessels, were able to be avoided (Fig. 3A 
and 3B). Even if puncture is conducted using a navigation 
system, there may be a puncture-related shift in the soft tis-
sue in a deep area; therefore, the SOV was punctured using 
both the navigation system and digital subtraction angiogra-
phy (DSA) to adjust this mechanical shift (Fig. 3C and 3D).

After puncture of the SOV, an SL-10 (Stryker, Kalama-
zoo, MI, USA) and 0.014-inch CHIKAI (Asahi Intecc, 
Aichi, Japan) attached to a hemostatic valve were inserted 
into the needle (Fig. 4A). Usually, the SOV is large enough 
to avoid venous congestion by the insertion of a microcath-
eter (Fig. 4B).

The SL-10 was guided to the shunt point via the SOV, and 
a Target 360 ULTRA 4 mm x 15 cm (Stryker) was inserted 
as a first coil. Subsequently, a total of 19 coils, such as a Tar-
get HELICAL ULTRA (Stryker), SMART EXTRA SOFT 
(Penumbra Inc., Alameda, CA, USA), and SMART WAVE 
EXTRA SOFT (Penumbra Inc.), varying in size (total: 181 
cm), were inserted. Angiography confirmed the disappear-
ance of the shunt (Fig. 5A and 5B).

In the present case, an ENVOY 6F (Codman & Shurtleff 
Inc., Randolph, MA, USA) was inserted into the right exter-
nal carotid artery from the right femoral artery and an SL-10 
1 marker (Stryker) was inserted into the right MMA for flow 
reduction if puncture failure induced venous hypertension.

Hemostasis was achieved by simple manual compres-
sion for 10 seconds after shunt obliteration. After surgery, 
there was no hematoma around the eyelid and puncture- 
related swelling of the right eyelid gradually reduced.

The postoperative course was uneventful. Conjunctival 
congestion and exophthalmos were reduced, and there was 
no oculomotor nerve paralysis.

Right abducens nerve paralysis remained. On the 6th post-
operative day, the patient was discharged. During follow-up 
at the outpatient clinic, the course has been favorable.

Discussion

Transvenous approach routes to an affected sinus include 
the IPS, facial vein, superior petrosal sinus (SPS), SOV, 
and basilar plexus. However, tortuosity/stenosis or throm-
bosis of these routes may make access difficult.

Fig. 1 Preoperative DSA images (right external carotid angiography) (A) Lateral view. A cavernous sinus dAVF was 
visualized, with the right MMA as a main feeder (red arrow). (B) Lateral view The right SOV functioned as a main drain-
age vein and the IPS was occluded. dAVF: dural arteriovenous fistula; DSA: digital subtraction angiography; IPS: infe-
rior petrosal sinus; MMA: middle meningeal artery; SOV: superior ophthalmic vein
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the angular vein, are present, making transfemoral/-venous 
approaches difficult in many cases.3,4)

Previously, a microcatheter was inserted into the angu-
lar vein through a minor incision, but this was relatively 
invasive, being a disadvantage. Furthermore, an approxi-
mately 10-mm incision was required in many cases, being 
esthetically disadvantageous.

Several studies reported direct percutaneous puncture of 
the SOV under fluoroscopy or using cone-beam CT.5–7) 
However, on puncture failure, SOV blood flow may stag-
nate, aggravating symptoms. In this study, we measured the 
angle/depth of puncture using an electromagnetic navigation 
system to achieve accurate puncture. Using the electromag-
netic navigation system (Medtronic Stealth Station), skull 
fixation with a head pin is unnecessary, and the seal-type 

Currently, a trans-IPS approach using the Kurukuru 
method is frequently adopted. Thrombosed IPS passage is 
possible in many cases. A previous study reported that the 
cure rate after TVE via the IPS ranged from 54% to 99%. 
However, a specific time is required and the exposure dose 
increases; this may lead to an increase in the incidence 
of guidewire/catheter migration or migration-related 
complications.1,2)

Tang reported that neurological complications were 
observed in 4 of 20 patients in whom TVE was performed 
via the IPS with thrombosis-related occlusion, and the mean 
IPS approach time was 111 minutes.3)

In many patients with IPS occlusion, the SOV functions 
as a main drainage vein. The SOV itself is markedly swol-
len, but tortuosity/stenosis of the peripheral veins, such as 

Fig. 2 Preoperative 3D-CTA. (A) Direct puncture of the SOV (red arrow) was planned. (B, C, D) Before surgery, a target 
was established. On preoperative assessment, the vascular diameter was approximately 4 mm. 3D-CTA: three-dimensional 
computed tomography angiography; SOV: superior ophthalmic vein
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Fig. 3 Preoperative photograph, electromagnetic navigation image and intraoperative DSA images. (A, B) An entry point 
for the target was established, as shown in in Fig. 2, using an electromagnetic navigation system in order to avoid important 
structures, such as the eyeballs and blood vessels. (C, D) The deep area was directly punctured with an 18-G indwelling 
needle while confirming the SOV position in two directions on DSA. DSA: digital subtraction angiography; SOV: superior oph-
thalmic vein

Fig. 4 Intraoperative images. (A) An SL-10 and 0.014-inch CHIKAI were guided into a check valve, and after inserting the 
former into the SOV following puncture, the check valve was attached to the indwelling needle. (B) The diameter of the SOV 
was sufficient for an SL-10. SOV: superior ophthalmic vein
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sulcus on the body surface, and the mean vascular diameter 
is reportedly 2.2 mm.12)

The SOV is classified into three segments in the orbit. 
The course of segment I (SI) locates from the trochlea to 
extraconal portion in upper diagonal and horizontal direc-
tions. The course of segment II (SII) runs into the muscle 
cone, inferior surface of the superior rectus muscle, and pos-
terolateral area. The confluence of the anterior apsidal vein 
as another branch from the facial vein, other than the angular 

electromagnetic reference frame attached to the forehead is 
small; therefore, it did not affect neuroendovascular surgery 
and this system was useful. In addition, an emitter (magnetic 
field generator) may be brought close to the patient only 
when using an electromagnetic navigation system; this can 
be operated by outside nurses. Therefore, preoperative fixa-
tion of an emitter was considered to be unnecessary.

Complications related to direct puncture of the SOV 
include ocular injury, intraorbital hemorrhage, postopera-
tive subcutaneous palpebral hemorrhage, nerve injury, and 
internal carotid artery injury.8)

Concerning ocular injury, mis-penetration of the sclera 
on puncture leads to rupture of the globe, requiring prompt 
surgical repair. The sclera is thin, and a previous study 
reported that when the sclera was penetrated, the risk of 
intraocular injury was higher than when the cornea was 
penetrated.9) Postoperative low vision or loss of vision may 
be unavoidable. Regarding infection, endophthalmitis and 
unilateral sympathetic ophthalmitis may develop, although 
the latter is rare. In such cases, corticosteroid eye drops are 
effective, but the eye with irreversible injury is preventively 
extirpated before the onset of sympathetic ophthalmitis in 
some cases.10,11)

The use of an electromagnetic navigation system facili-
tates the accurate assessment of the positions of important 
structures, such as the eyeballs/blood vessels, based on CT 
images, improving the safety and preventing complications, 
including ocular injury, as demonstrated in the present case.

Concerning the anatomical structure of the SOV, it is located 
in an area adjacent to the nasal side of the suprapalpebral  

Fig. 5 DSA images after embolization. (A, B) Lateral view. DSA and DA  confirmed the disappearance of the shunt. DA: dig-
ital angiography; DSA: digital subtraction angiography

Fig. 6 Scheme of the anatomy around the SOV. After branching 
from the facial or frontal veins to the angular vein via the angular 
vein, the superior and inferior roots become one as the SOV. Then, 
it joins with the IOV and flows in the CS as an ophthalmic vein. SI, 
which was located in the extraconal portion, was directly punctured 
(red arrowhead). CS: cavernous sinus; IOV: inferior ophthalmic vein; 
SI: segment I; SOV: superior ophthalmic vein
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In addition, currently, transarterial embolization (TAE) of 
non-sinus-type dAVF with ONYX is sometimes performed 
through direct puncture of a dural branch adjacent to a shunt 
and catheter insertion to the puncture site.15) In such cases, 
an electromagnetic navigation system may also be applied.

Conclusion

We reported a patient in whom the treatment of a cavernous 
sinus dAVF by direct puncture of the SOV was performed 
using an electromagnetic navigation system, leading to a 
favorable outcome.

Direct puncture of the SOV using an electromagnetic 
navigation system may be effective from the viewpoint of 
safety in the future.
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