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Fig. 1. A 32-year-old female with right proximal calf AVM caus-
ing extreme pain.
A. Early arterial phase of right femoral arteriogram shows the
AVM with enlarged arterial feeders (arrows) from right
tibioperoneal trunk and early opacification of draining vein
(open arrow). Through a 3 Fr microcatheter placed superselec-
tively in tibioperoneal trunk branch, Total 40.8 ml of absolute
ethanol (included 6 ml of 80% ethanol) was embolized into the
AVM. One of direct puncture and two of transcatheter em-
bolization were performed with pneumatic pressure cuff inflat-
ed.
B. Arterial phase of right femoral arteriogram immediately 
post-embolization shows no arteriovenous shunting and preservation of all normal arterial branches.
C. Initial 99mTc-RBC WBBPS shows abnormal blood pooling (arrows) in the right proximal calf.
D. Follow-up 99mTc-RBC WBBPS shows no abnormal radioactivity.
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Fig. 2. A 29-year-old female with left
pelvic AVM causing vaginal bleeding.
A. Pre-embolization pelvic arteriogram
shows the AVM in the left side pelvic
cavity.
B. A 5 Fr occlusion balloon catheter
was placed superselectively in a left ob-
turator artery branch. Early phase arte-
riogram of the obturator artery branch
shows arterial feeders (arrows) and
AVM.
C. Dilated draining vein is opacified
later in the same run. Total 78.5 ml of
absolute ethanol was embolized into
the AVM with occlusion balloon inflat-
ed.
D. Transvenous coil embolization of
draining veins was performed with 12-
mm-diameter Nester coils. Note multi-
ple coils within draining veins.

E. Pelvic arteriogram 5 months after two sessions of transcatheter embolizations shows complete obliteration of the AVM with pre-
served flows of the adjacent normal arterial branches.
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Fig. 3. A 14-year-old girl with painful AVM of the left fourth finger. Through a 3 Fr microcatheter placed superselectively in a me-
dial proper palmar digital artery, 40 ml of 50% ethanol was embolized into the AVM. Embolization was performed with pneumatic
pressure cuff inflated. Left brachial arteriograms before embolization (A) and 1 month post-embolization (B) show marked oblitera-
tion (more than 75%) of the AVM involving left fourth finger. The patient has remained asymptomatic for 4 months without skin
necrosis.
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Fig. 4. An 18-year-old male with right
buttock AVM.
A. Pre-embolization right common iliac
arteriogram shows large AVM of the
right buttock and dilatation of the right
internal iliac artery (arrow).
B. Right common iliac arteriogram after
23 sessions of ethanol embolization
shows marked obliteration (more than
75%) of the AVM. The patient has been
waiting for the next session of ethanol
embolization.
C. Initial 99mTc-RBC WBBPS shows ab-
normal blood pooling (arrows) in the
right buttock and prominent vascular
marking of right iliac vessel.
D. Follow-up 99mTc-RBC WBBPS shows
substantial reduction (arrows) of the
pooled blood radioactivity.
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Table 1. Summary of Major Complications

Complication Location of AVM
Route of Injection Dose of

Level of Care
Embolization Pure Ethanol (ml/kg)

Cerebral infarction Hand 4-day hospitalization
Urinary tract infection Pelvic cavity D 0.30 10-day hospitalization
Acute renal failure Buttock, flank T 0.06 25-day hospitalization

Hemodialysis
Median nerve palsy Forearm D 0.32 3-day hospitalization

Permanent sequelae
Infection Upper extremity D 0.86 Above elbow amputation

*D = direct puncture embolization, T = transcatheter embolization
Cerebral infarction occurred during insertion of Swan-Ganz catheter

Fig. 5. Angiogram shows the AVM with dominant micro-fistu-
las in the left foot. Transarterial embolization was tried but
failed due to multiple coils (arrows) along the feeding arteries.
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Purpose: To assess the effectiveness of ethanol embolization for the treatment of arteriovenous malformation
(AVM), and the complications, if any, arising.
Materials and Methods: Thirty-three patients with AVMs underwent 145 staged sessions of ethanol emboliza-
tion. AVMs were located in an upper extremity (n=14), a lower extremity (n=10), the pelvis (n=7), the thorax
(n=1), or the abdomen (n=1). Eighty-five transcatheter embolizations and 60 direct percutaneous puncture em-
bolizations were performed, and seven patients underwent additional coil embolization of the dilated outflow
vein. The therapeutic effectiveness of embolization was evaluated in terms of the extent to which an AVM was
obliterated between baseline and the final angiogram. Complications were classified as minor or major.
Results: In 13 patients (39%), AVMs were totally obliterated. In eitht patients (24%), more than 75% were
obliterated; in three (9%), the proportion was 50 75%; and in four (12%), less than 50%. Five patients (15%),
were not treated. The reasons for failure were the difficulty of approaching the nidus due to previous surgical
ligation or coil embolization of the feeding artery, the subcutaneous location of an AVM, post-procedural infec-
tion, and massive bleeding during the follow-up period. Twenty-one minor complications such as focal skin
necrosis or transient nerve palsy developed during 145 sessions of (an incidence of 14%), but these were re-
lieved by conservative treatment. The five major complications arising (3%) were cerebral infarction, urinary
tract infection, acute renal failure due to rhabdomyolysis, permanent median nerve palsy, and infection.
Conclusion: Ethanol embolization by direct percutaneous puncture or using a transcatheter technique is an ef-
fective approach to the treatment of an AVM. However, to overcome the considerable number of complica-
tions arising, further investigation is required.
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