artifacts, diagnostic angiography was executed again from ECAs and accurate information
was obtained regarding which branch of the ECA was involved. Also, a 6F guiding catheter
was navigated to the ipsilateral internal jugular vein through the femoral vein, in which a 4F

catheter was introduced coaxially.

After detection of the involved branches, a microcatheter was placed in one of the involved

Results

The characteristics of the cases in this series are summarized in Table 1. Among the 20
patients in this study, 15 were female and the mean age was 67.5 years old. Initial symptoms
were ocular symptoms (chemosis and/or exophthalmos) in 13 and cranial nerve palsy in 11.

The location of the shunt was clearly identified in 14 cases, and the shunt point was located

IS
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outside the CS in 7 cases.

In all cases, the shunt was diminished by transvenous coil placement, and SSSO was defined
as a coil mass not exceeding more than one compartment of the CS.

SSSO was achieved in 12 of 14 cases (85.7%) with shunts restricted to the small

compartment. In two cases, SSSO was tried in vain; dislocation of the microcatheter out of

enever the patient complained of

1e.patient looked abnormal.

Case 5

This 76-year-old woman presented with right chemosis and abducens palsy. Cerebral
angiography revealed a Barrow type D CSdAVF (Figs. 1A-B). At the time of the procedure, a
microcatheter was advanced into the shunt segment by the transvenous approach. After the

location of the microcatheter was confirmed by consecutive superselective
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arterio-venography (Figs. 1C-D), the shunt segment was obliterated with five bare platinum
coils (Fig. 1E). Her symptoms disappeared immediately and she remained asymptomatic for
5 years without recurrence of the shunts.

Case 19

This 71-year-old man suffered from left abducens palsy and tinnitus. Cerebral digital

symptoms (Fig. 3).

Discussion

incidence of persistent CNP was up to 44% with a mean follow-up period of 4.4 years.”

L 4

Recently, transarterial or transvenous embolization using Onyx, a liquid material, has also
been reported by several authors. A complete cure for dural AVFs could be achieved with the
use of this non-adhesive agent. However, unfavorable complications such as bradycardia,

cranial nerve palsy, and gluing of the microcatheter, could not be ignored.’* '*'* On the other

hand, TVE enables the direct interruption of abnormal drainage to the orbit and cerebrum




without damaging the branches of external carotid arteries that may supply the cranial nerves.
Thus, we chose transvenous embolization as the first line therapy in this study. Unavailability
of Onyx for treating dural AVFs in Japan was another reason.

Our data demonstrated the excellent results of SSSO in CSdAVFs. In all 12 cases with

SSSO, initial symptoms were resolved within one month; only 3 patients (25%) had

Identiﬁcati;n of the shunt is mainly done by diagnostic angiography with fast sequences of
4 to 6 frames/seconds. Instead of selective venography in the CS, superposing the early
arteriél phase with full venous phases, and using oblique views as reported in previous
reports®’, we preferentially used 3-D RA to clarify the location of shunts. 3-D RA usually

showed the arterial segment as denser than the venous component in fistulous lesions, thus




allowing comprehensive visualization of the fistulas. Furthermore, the working angles at the
time of the procedure could be easily obtained. If available, a 3-D C-arm mounted FPD
cone-beam CT system may also be useful in this identifying step as reported by Hiu et al.'®

Navigation of the microcatheter to the shunt segment was easy when the angioarchitecture

of the affected CS was clearly demonstrated by angiograms with appropriate working angles

obtained by 3-D RA.

@Sﬁ’% hi

Confirmation of the position of the microcathet ally achieved by consecutive

T to superselective venography, as it

para-cavernous structures still remains unknown, as para-cavernous structures are constructed
in the fetal stage, whereas dural AVFs are known to be an acquired disease.'®'* A possible
explanation for this question is that inflammation, which is considered to be the cause of the
occurrence of dural arteriovenous shunts, may be more prone to take place in these restricted

small structures than the vast sinus wall itself.?°
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There are several limitations to this study. This is a retrospective study from a single center
experience. And the total number of patients is rather small, thus the success rate of SSSO
may vary with the accumulation of cases. Furthermore, longer follow-up may be required to
ensure that there is no clinical or radiological recurrence.

Nevertheless, the technical details described here are very comprehensive and should be

considered useful to physicians who deal with neuroendovascular therapy.

Conclusion

outlets.

References

1. Lucas C, Zabramski‘Jv

2.
3.
%’y
volume and location of detachable coils. J Neurosurg. 2008;109(2):208-214.
4, Bink A, Goller K, Liichtenberg M, et al. Long-term outcome after coil embolization

of cavernous sinus arteriovenous fistulas. AINR Am J Neuroradiol.

2010;31(7):1216-21.

5. Yoshida K, Melake M, Oishi H, Yamamoto M, Arai H. Transvenous embolization of




10.

11.

12.

13.

10

dural carotid cavernous fistulas: a series of 44 consecutive patients. AJNR Am J
Neuroradiol. 2010;31(4),651-655.

Nakamura M, Tamaki N, Kawaguchi T, Fujita S. Selective transvenous embolization
of dural carotid-cavernous sinus fistulas with preservation of sylvian venous outflow.

Report of three cases. J Neurosurg. 1998;89(5):825-829.

Piske RL, Campos CM, Chaves JB, et al. Dural sinus compartment in

-
Bender A, Lehmann R, Lanksch W. Transvenous occlusion of dural

cavernous sinus fistulas through the thrombosed inferior petrosal sinus: report of four

cases and review of the literature. Surg Neurol. 2000;54(1):42-54.
Theaudin M, Saint-Maurice JP, Chapot R, et al. Diagnosis and treatment of dural
carotid-cavernous fistulas: a consecutive series of 27 patients. J NeurolNeurosurg

Psychiatry. 2007;78(2):174-179.

Elhammady MS, Wolfe SQ, Farhat H, Moftakhar R, Aziz-Sultan MA. Onyx

360



11

embolization of carotid-cavernous fistulas. J Neurosurg. 2010;112(3):589-594.

14. Lv X, Jiang C, Zhang J, Li Y, Wu Z. Complications related to percutaneous
transarterial embolization of intracranial dural arteriovenous fistulas in 40 patients.
AJINR Am J Neuroradiol. 2009;30(3):462-468.

15.  Natarajan SK, Ghodke B, Kim LJ, Hallam DK, Britz GW, Sekhar LN. Multimodality

treatment of intracranial dural arteriovenous fistulas in the Onyx era:

experience. World Neurosurg. 2010;73(4):365-79.

16.  Hiu T, Kitagawa N, Morikawa M, et al. Efficacy of DynaC

Neuroradiol. 2009;30(3):487-491.
17. Tanoue S, Kiyosue H, Okahara M, et al.
luated on fat-suppressed 3D fast
0l. 2006;27(5):1083-1089.

18. 1S1¢ i ontaneous dural arteriovenous fistulas
19. hdev VP, Cho SH. et al. Dural arteriovenous maliformation of the

20. i ‘ i tsubara N, Naito T, Haraguchi K, Wakabayashi T. Mechanism

Figure Legnds

Figure 1: Case 5. Branches of both the right ICA (lateral view, A) and ECA (lateral view, B)
were involved and diagnosed as a Barrow type D CSdAVF. The middle meningeal artery and
the artery of foramen rotundum were the feeding arteries from right ECA. During the

procedure, a microcatheter was located in right MMA and another microcatheter was in the
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para-cavernous vein. The shunt and CS were visualized by arterial injection (C), followed by
venous injection (D) to confirm the tip of the venous-sided microcatheter in the shunt
segment. The tip of the venous-sided microcatheter is indicated by an arrow, and the course

of the microcatheter is indicated by arrowheads. The shunt segment was obliterated with five

bare platinum coils.

APhA, thi pIo cdure was performed for the shunt from the left APhA. The shunt
segments were obliterated with a total of eight bare platinum coils (C). Postprocedural

angiograms of the right (D) and the left CCA (E) showed extirpation of the shunt.

362



Table1  Profiles and characteristics of the cases in this study

worsening  persistent

Case Barrow Initial shunt uration "
age sex side SSSO period
No. type symptoms  location (days)
(months)

1 62 F R D 7 59

2 50 F L C 69

3 75 F R D 60

4 76 F R C 65

5 58 M L D 59

6 73 F R D 8 54

7 22 F L D 1 52

8 68 M R D permanent 52

9 64 F R D 2 52

10 67 M R D 30 44
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11 74 F L D E PS Yes No none 36

12 76 F B D C,E diffuse No Yes 90 24
13 70 F R D C, VI PS Yes 33
14 83 F L D C, VI PS Yes 24
15 42 F R D v diffuse No permanent 24
16 63 F R D none diffuse 20
17 63 F L D c,vi diffuse 18
18 53 M R D \%! PS,M Yes 11, VI 7 12
19 71 M L C No none 6
20 76 F R B No none 6
Abbreviations:

15
k-

IVR: interventional radiology, FU: follow-up, C:
abducens palsy, Al anteroinferior com

%
para-cavernous region, T indicates two distin unts located in para-cavernous region.
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