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ABSTRACT

Arteriovenous malformations (AVMs) classically feature an intervening nidus of poorly differentiated endothelium. The
pillar of modern AVM treatment is intranidal delivery and deposition of various liquid embolic agents such as n-butyl
cyanoacrylate, ethylene vinyl alcohol copolymer, and ethanol. These agents are cumbersome to prepare, deliver, and
deploy and have been associated with complications related to limited delivery control, nonretrievability, frequent
microcatheter exchanges, and nontarget embolization. Coils and other proximal occlusive agents have not been tradi-
tionally recommended as sole embolic agents for AVM treatment given the inherent lack of adequate AVM nidus
penetration with previous coil technologies. In the present report, we have described a series of three patients with AVMs
in whom newer generation, platinum-based, packing coils were used safely and effectively as the primary agent for
superselective nidal penetration and embolization. (J Vasc Surg Cases and Innovative Techniques 2021;7:230-4.)
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Arteriovenous malformations (AVMs) represent patho-
logic low-resistance connections between arteries and
veins that form proximal to high-resistance distal capil-
lary beds.? Left untreated, they can cause venous
hypertension-mediated pain, bleeding, ulceration, and
disfigurement. More severe, chronic cases can rarely
cause distal steal and high-output heart failure® AVMs
classically feature an intervening nidus of various
angioarchitectural configurations.* This is an extremely
low-resistance region with poorly differentiated endo-
thelium and neither an arterial nor a venous designation.
The pillar of modern AVM treatment is nidal obliteration
using various polymerizing and nonpolymerizing liquid
embolic agents such as n-butyl cyanoacrylate (n-BCA),
ethylene vinyl alcohol copolymer (Onyx; Medtronic, Dub-
lin, Ireland), and ethanol. These can be associated with
potentially devastating complications related to
nontarget distribution and embolization, especially in
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less experienced hands.> Although coils have been
used to obliterate direct fistulous arteriovenous connec-
tions and as adjunct embolic agents to seal proximal
nidus arterial feeders and distal venous drainers, coiling
has not been used routinely for intranidal embolization
owing to the technical limitations and the coils’ inability
to induce endothelial cell disruption. In the present
report, we have demonstrated that superselective intra-
nidal embolization using the latest generation,
platinum-based packing coils as a first-line embolic
agent is safe and effective in treating certain configura-
tions of AVMs. All the patients provided written informed
consent for the report of their cases.

CASE REPORT

Patient 1. A 44-year-old, healthy male patient with a medical
history of squamous cell cancer of the lip had been referred for
further evaluation and treatment of a large, symptomatic, left
anterolateral proximal chest wall mass. The findings from ex-
amination of an incisional biopsy by the referring service had
suggested a vascular malformation. The patient reported that
the mass had been present for “quite some time” but could not
provide further details. His symptoms included pain, swelling,
discomfort, and limited range of motion at the shoulder joint.
The mass was partially compressible and tender and warm to
palpation, with visible overlying venous tributaries. Mild ipsilat-
eral arm swelling was present, with no evidence of acral steal.
We detected a high-flow, low-resistance signal using handheld
Doppler ultrasound interrogation. Using T2-weighted, fat-
suppressed, contrast-enhanced magnetic resonance imaging
(MRI) series, the mass showed enhancement within the subcu-
taneous tissues with no invasion of the intercostal musculature
or thoracic cavity.® Multiple flow voids were detected, confirm-
ing the presence of an AVM.
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Patient 3

Fig 1. A (top row), Intraoperative imaging studies from patient 1 (from left to right): pre-embolization angiog-
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raphy of lesion, superselective microcatheterization of feeding vessel, nidal coil deposition, and post-
embolization angiogram depicting lesion devascularization. B (middle row), Intra- and postoperative imaging
studies from patient 2 (from left to right): pre-embolization angiogram of lesion, postembolization angiogram
depicting lesion devascularization, external appearance of lesion preoperatively, and external appearance of
lesion postoperatively. C (bottom row), Intraoperative imaging of patient 3 (from left to right): pre-embolization
angiogram of lesion, intermediate results of coil embolization, and final results of embolization.

Based on these findings, transfemoral left subclavian angiog-
raphy with embolization was offered. Angiography revealed a
Yakes IIA AVM fed by branches of the thoracoacromial trunk
and lateral thoracic artery, with rapid shunting into the axillo-
subclavian venous system (Table). A 2.7F, 150-cm Lantern micro-
catheter was placed at the terminal branches of the
thoracoacromial trunk feeding the AVM nidus. Three 60-cm
Ruby packing coils (Penumbra, Inc, Alameda, Calif) were
advanced and delivered, with appropriate nidal deposition
and no evidence of migration or nontarget embolization. The
completion angiogram demonstrated near-total obliteration of
the AVM nidus with cessation of venous arterialization (Fig 1,
A). No complications developed. The patient reported an imme-
diate improvement in local pain. His postoperative course
=18 months was uneventful, with sustained symptom relief

and devascularization of the AVM confirmed using duplex ultra-
sound surveillance.

Patient 2. A 28-year-old male patient had presented with
a chronically symptomatic submental vascular malformation
that had been treated 9 years previously with resection and
5 years previously with embolization but with limited suc-
cess. The patient complained of throbbing, pulsatile pain,
and cosmetic disfigurement. Physical examination demon-
strated a protuberant, irregular, skin-colored, right sub-
mental mass with a cobblestone overlying appearance. A
contrast-enhanced, T2-weighted, fat-suppressed MRI series
revealed an enhancing, 3-cm subcutaneous lesion overlying
the mental protuberance with multiple flow voids sugges-
tive of an AVM.
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Pre-operative

Post-operative

Fig 2. Left: Preoperative appearance of patient 3's lesion.
Right: Appearance of lesion after embolization and sur-
gical reconstruction.

Selective bilateral cervicocerebral angiography confirmed the
presence of a Yakes IIA AVM that was fed predominantly by ter-
minal branches of the right facial and submental arteries. Dur-
ing the course of two separate sessions, superselective
microcatheterization of the nidus was performed as described,
and a total of three coils (one Ruby packing [15 cm; Penumbra,
Inc] and two SMART extrasoft coils [ mm x 3 cm and
2 mm x 4 cm; Penumbra, Inc]) were delivered terminally into
the nidus. Completion angiography demonstrated obliteration
of nidal flow and diminished venous enhancement. At
~90 days after embolization, the patient underwent successful
resection and local reconstruction with no major bleeding com-
plications (Fig 1, B). At the 6-month follow-up examination, the
patient had remained asymptomatic with no further recurrence
of the lesion or symptoms.

Patient 3. A 22-year-old female patient had presented with a
longstanding history of a lower lip vascular malformation, previ-
ously treated unsuccessfully with laser ablation. She noted pain,
swelling, ulceration, bouts of projectile hemorrhage, severe
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cosmetic disfigurement, and psychosocial impairment that
limited employment and activities of daily living. The physical
examination revealed an exophytic, fungating mass affecting
the right lower lip with mucosal involvement and ulceration.
Overlying ulcerations were present that were extremely tender
to palpation. Doppler ultrasound interrogation confirmed a
high-flow, low-resistance signal. Topical and oral analgesics
had provided little to no relief.

Given these findings, we decided to forego MRI in favor of se-
lective angiography. Bilateral selective examinations confirmed
the presence of a large Yakes IIA and IV AVM affecting the right
mental and submental regions. Arterial feeders were predomi-
nantly from the terminal branches of the right facial and sub-
mental arteries. Using a similar technique, superselective nidus
microcatheterization and coil deposition was performed in
two separate sessions spanning 2 months. A total of 20 Ruby
packing, SMART wave, and SMART extra soft coils (Penumbra,
Inc) ranging from 2 to 4 mm in diameter and 4 to 10 cm in
length were deployed (Fig 1, C). The Yakes IV component of
the AVM was not conducive to transarterial microcatheteriza-
tion of the dispersed, interstitial nidus and was, therefore,
treated successfully with a single session of direct stick emboli-
zation with one vial of n-BCA. No bouts of nontarget emboliza-
tion occurred, and no perioperative complications had
developed. After each session, the patient had recovered un-
eventfully and experienced a segmental reduction in symptoms.
After the first session of embolization, the hemorrhagic bouts
had ceased. Within 1 month after the final procedure, the pa-
tient had undergone successful resection of the malformation
with local reconstruction and wound healing at 4 months post-
operatively. At the last follow-up examination, she remained
largely asymptomatic with satisfactory cosmesis. Also, she had
returned to work and no longer required analgesic pharmaco-
therapy (Fig 2).

DISCUSSION

Although used occasionally as an adjunctive method
for proximal inflow or distal outflow occlusion when
paired with Onyx (Medtronic), n-BCA, or ethanol, coils
have traditionally not been the primary embolic agent
of choice for AVM treatment, given their limited capa-
bility for nidal penetration. Despite the popularity of
ethanol among certain experts, we have tended to use
a more conservative approach to AVM embolization,
relying on less potent embolic agents such as n-BCA,
Onyx (Medtronic), and coils. Yakes pointed out that “prox-
imal occlusion of the feeding arterial supply will never
effectively treat an AVM.”” Without obliteration of the
nidus itself, the AVM is likely to recruit collateral feeding
vessels and recur with time” Older generation coils
placed in proximal feeding arteries were never adequate
for sustained AVM obliteration. We have, however,
demonstrated in the present case series that newer gen-
eration, low-profile, platinum-based packing coils—
nicknamed “liquid metal’—can safely and effectively be
used as first-line and primary embolic agents of choice
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Table. Summary of Yakes classification system for arte-
riovenous malformations

| Arteriovenous fistula without intervening
nidus, with one inflow artery and one
outflow vein

Il Arteriovenous malformation with poorly
differentiated nidus with multiple
contributory arteries and (a) multiple
outflow veins, which can be aneurysmal or
(b) a solitary aneurysmal outflow vein

1 Arteriovenous malformation without a nidus,
containing multiple contributory arteries
and arterioles connecting directly into an
aneurysmal vein and (a) one solitary outflow
vein or (b) multiple outflow veins

\Y, Arteriovenous malformation with nidus
containing a large number of arterioles
shunting into many venules, with extensive
tissue infiltration

for AVM nidus obliteration with satisfactory short- to mid-
term outcomes. Their use requires careful angiographic
interrogation and classification of the AVM nidus
because not all angioarchitectural varieties—such as
Yakes IV AVMs—will be conducive to this technique.
Yakes described the Yakes IV AVM as ‘innumerable
microfistulae” interspersed with capillary beds. Thus,
transarterial approaches will not be selective enough to
both obliterate pathologic microfistulas and also spare
the capillary beds, leading to inevitable tissue necrosis.®
Classification schemes, such as those championed by
Yakes and Houdart, therefore, remain essential compo-
nent of therapeutic strategies (Table)>'° It is essential
to highlight that superselective, third and fourth order,
branch microcatheterization is needed—with micro-
catheters as low profile as 1.6F—for adequate terminal
access of the nidus such that premature and proximal
nontarget embolization is avoided. With certain
anatomic constraints, however, in which direct intranidal
microcatheter access might not be feasible or safe, these
“liquid metal” coils can be advanced antegradely to
penetrate the nidus from a more proximal location, given
their low resistance to flow and premature coiling on
exiting from the microcatheter tip. Given these flow
properties, these coils have traditionally been used as
“fillers” to enhance packing of a previously scaffolded
space and not as an initial deposition. By deploying these
coils as the first deposition, we are taking advantage of
their inherent resistance to coiling to maximize distal
penetration and intranidal flow.

The fully detachable nature of these coils allows for to-
tal expulsion from the microcatheter and evaluation of
the deposited configuration before deployment
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commitment without time restriction or other such lim-
itations. Furthermore, total retrieval back into the delivery
apparatus and even back outside the patient is possible,
which helps to maximize deployment precision and
minimize the risk of nontarget embolization. These ma-
neuvers are not possible with liquid embolic agents,
which can have catastrophic—even lethal—
consequences.’ Furthermore, the inert, noninflammatory
nature of platinum is beneficial for subsequent surgical
debulking or resection of the treated AVM. We have
used Doppler ultrasound studies for follow-up imaging,
because the presence of coils results in prohibitive arti-
facts on computed tomography or MRI.

A precedent exists for successful coil-only treatment of
type Il renal AVMs, for which liquid agents have a high
risk of causing infarct.” We found 1 described case of
coil-only embolization and 23 cases of coil-and-ethanol
therapy in a study of 192 Yakes Il AVMs.'?

We, too, required the adjunctive use of n-BCA despite
successful coil embolization in the Yakes IV nidus we
encountered in one patient. This finding highlights the
importance of a comprehensive, multifaceted approach
to AVM treatment. The relatively short follow-up remains
a limitation of our small series. Late complications and
recurrence are concerns that require ongoing surveil-
lance. We have continued to follow up these patients
to better understand the long-term durability of our
approach.

CONCLUSIONS

Historically, AVM nidus embolization has been accom-
plished via direct stick or transarterial delivery of liquid
embolic agents, which can be associated with limited
control and the risk of irreversible nontarget emboliza-
tion. We have demonstrated in the present series of three
patients that superselective transarterial microcatheteri-
zation and intranidal delivery of platinum-based, high-
density packing coils is technically feasible, safe, and
effective in treating peripheral AVMs in the short term
and as a bridge to surgical excision. Longer term

follow-up is needed to better ascertain treatment
durability.
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