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arteriovenous malformation, transvenous embolization, Onyx

Case Age Sex Onset Location = SM grade Drainage TAE RS TVE Complication GW perforation
1 38 M Rupture Intraventricle 3 Single + - + — +
2 61 F Rupture Brain stem 3 Single + - + — +
3 78 F Trigeminal neuralgia  Brain stem 3 Single + + + - -
4 63 M Rupture Brain stem 3 Single + - + — -
5 43 F Rupture Corona radiata 3 Single + - + + —
6 71 M Rupture Brain stem 3 Single + -+ - -
7 55 M Rupture Cerebellum  4—2%  Single + + + - —
8 23 F Rupture Corona radiata 2 Single + - + — -
9 36 M Seizure Occipital lobe 3 Single + - + - -
10 9 M Rupture Occipital lobe 3 Single + - + — -
11 32 M Rupture Occipital lobe 3 Single + - + - -
12 71 M Rupture Sylvian fissure 3 Single + - + - -
13 70 F Rupture Brain stem 3 Single + - + - -

3% The AVM was reduced to less than 2 cm after TAE and Gamma Knife radiosurgery (RS).
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Summary of 13 cases in which TVE was performed

Case Age Sex Onset Location SM grade Drainage TAE RS TVE Complication GW perforation
1 38 M Rupture Intraventricle 3 Single + - + - +
2 61 F Rupture Brain stem 3 Single + - + - +
3 78 F Trigeminal neuralgia  Brain stem 3 Single + + + - -
4 63 M Rupture Brain stem 3 Single + - + - -
5 43 F Rupture Corona radiata 3 Single + - + + -
6 71 M Rupture Brain stem 3 Single + - + - -
7 55 M Rupture Cerebellum  4—2%  Singe + + + — —
8 23 F Rupture Corona radiata 2 Single + - + — —
9 36 M Seizure Occipital lobe 3 Single + - + — —
10 9 M Rupture Occipital lobe 3 Single + - + - -
11 32 M Rupture Occipital lobe 3 Single + - + - -
12 711 M Rupture Sylvian fissure 3 Single + - + - -
13 70 F Rupture Brain stem 3 Single + - + - —

% The AVM was reduced to less than 2 cm after TAE and Gamma Knife radiosurgery (RS).
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A:CT: A thick SAH was observed in the right CP angle cistern.
B : Angiography: Right vertebral artery angiography reveals a small AVM in the right CP angle cistern (Top: Frontal view. Bottom:
Lateral view. All subsequent figures are the same) .
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A: Selective angiography: Selective embolization via the right pontine circumferential branch revealed the AVM, which was
draining into the IPS.

B: TVE procedure: Two MC were guided into the right IPS. Coils were inserted through the proximal MC to create a plug. The
basilar artery was occluded with a balloon.

C : Onyx injection: TVE was performed by injecting Onyx through the distal MC.

D : Postoperative angiography: Right vertebral artery angiography showed the AVM was completely occluded.

RIS % 8%, FHEE T CHllr LR L 72,
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A Selective angiography: Left middle cerebral artery angiography revealed a small AVM with a microaneurysm (arrow) in the
feeding artery, draining into the thalamostriate vein.
B: Onyx injection: Onyx 18 was injected via the venous side. Reflux reached the inflow artery side (arrowhead). Onyx injection

was discontinued.
C : Postoperative angiography: Left internal carotid angiography showed complete occlusion of the AVM.

 Fig. 4]

A:CT.

B:MRI T2".

C:MRI FLAIR: Preoperative CT and
MRI revealed cerebral hemorrhage in
the left corona radiata.

D : MRI FLAIR follow-up: Venous edema
worsened from the day to 8 days
after TVE, but gradually improved
and completely disappeared 2
months after TVE.
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Transvenous Curative Treatment of Small Ruptured or
Symptomatic Deep-Seated AVMs

Hiroo YAMAGA, Tomoaki TERADA
Department of Neurosurgery, SHOWA Medical University Northern Yokohama Hospital

Objective

To evaluate the safety and efficacy of transvenous embolization (TVE) as a curative treatment associated
with/without transarterial embolization (TAE) in patients with ruptured or symptomatic deeply located small
cerebral arteriovenous malformations (AVMs) that are difficult to access arterially and surgically.
Methods

From 2019 to 2022, 13 patients with deep AVMs located in their basal ganglia, brainstem, ventricular
system, cerebellum, or occipital deep white matter (11 ruptured, 2 symptomatic) underwent single or staged
treatment under general anesthesia. First, the feeders accessible via TAE were embolized to reduce the nidus
size. Next, a 6 Fr catheter was advanced via the internal jugular vein into the draining vein or sinus. One or two
hybrid microcatheters were navigated into the distal venous segment of the drainer, coils were placed to form a
plug, and Onyx was injected under controlled hypotension (systolic blood pressure < 70 mmHg) to achieve
retrograde nidus obliteration and feeding.
Results

Complete angiographic occlusion was achieved in all patients, with no rebleeding or recurrence during
follow-up. Early complications included venous perforation in two initial cases, managed immediately without
permanent neurological deficits, and transient venous edema with worsened aphasia and hemiparesis in one
patient, which fully resolved by 6 months.
Conclusion

TVE with or without TAE offers a promising curative option for selected, deeply located, small AVMs
that are challenging to treat with TAE or surgery. In carefully selected patients, particularly those with a nidus
diameter < 3 c¢m, a single draining vein, and a history of hemorrhage or symptoms, TVE can achieve complete
obliteration with acceptable complications. Larger prospective studies are warranted to define long-term

outcomes and optimal treatment indications.
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