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Subclavian artery aneurysms, occasionally related to connective tissue diseases, including
Marfan syndrome, are rare and conventionally managed with surgery or endovascular treat-
ment. However, in some cases, both interventions are challenging because of the inability to
reach an aneurysm through a safe route or postoperative adhesion. This report describes the
case of a 43-year-old patient with a left subclavian artery aneurysm and Marfan syndrome.
In this case, the patient’s 5 previous surgeries related to Marfan syndrome made surgery and
endovascular treatment difficult. Therefore, an alternative was researched, and we decided
to perform a method of percutaneous embolization with coils and N-butyl cyanoacrylate
using the direct puncture technique, which succeeded in eliminating the blood flow in the
left subclavian artery aneurysm. No severe complications were associated with the proce-
dure. The patient was free from the risk of an aneurysm rupture post-treatment, and the
left back pain improved. Follow-up computed tomography 2 years postsurgery revealed the
aneurysm being under control without re-enlarging. Our method is considered an effective
and safe therapeutic option for cases in which surgical approach and transarterial access
routes are limited.
© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Fig. 1 - Because of the enlargement of the false lumen remnant of the left subclavian artery (A, 15 years ago), thoracic
endovascular aortic repair and internal carotid artery revascularization were performed. Once, it looked in good condition
(B, 12 years ago), but gradually re-enlarged (C, just before our treatment).

Introduction

Marfan syndrome is one of the connective tissue disorders in-
herited in an autosomal dominant pattern. This disorder af-
fects the skeletal, ocular, and cardiovascular systems. Sub-
clavian artery aneurysms are rare, accounting for <1% of all
peripheral aneurysms, and the underlying causes of these
aneurysms are connective tissue diseases, including Marfan
syndrome or Ehlers-Danlos syndrome, which are rare [1,2].
As a treatment for subclavian artery aneurysms, although
surgery is historically the first choice, this treatment is asso-
ciated with a risk of complications due to artery deterioration
and previous operations in patients with connective tissue
disorder [2]. Recently, the use of minimally invasive endovas-
cular approaches, including revascularization, has been re-
ported [2-4]. However, these interventions are sometimes un-
successful due to their inability to reach an aneurysm through
a safe route or postoperative adhesion. In such cases, another
option is sought, and optimal treatment strategies are not yet
well known. In this case report, we describe the case of a pa-
tient with a left subclavian artery aneurysm and Marfan syn-
drome, effectively treated with embolization with coils and
N-butyl 2-cyanoacrylate (NBCA) using a direct sac puncture
(DSP) technique percutaneously. To our knowledge, only a few
reports have mentioned percutaneous embolization of a sub-
clavian artery aneurysm using the direct puncture technique.

Case report

A 43-year-old patient with a left subclavian artery aneurysm
and Marfan syndrome underwent 5 surgeries for Stanford
type B aortic dissection and impending abdominal aortic
aneurysm (AAA) rupture 23 years ago. The Bentall procedure,
vascular graft replacement within the descending aorta, and
left subclavian artery revascularization were adopted. Subse-
quently, the patient was diagnosed with an enlarged false lu-
men remnant of the left subclavian artery (Fig. 1A). Therefore,
the patient underwent thoracic endovascular aortic repair
and internal carotid artery revascularization. The aneurysm
was isolated by blocking blood flow into the aneurysm, and
the patient’s condition appeared to be under control for a
while. However, the aneurysm continued to enlarge, likely sec-
ondary to type II endoleaks from the vertebral artery, and

an additional intervention was necessary (Figs. 1B and C).
Unfortunately, because of the patient’s previous surgeries,
open surgery and transarterial endovascular treatment via the
femoral or radial artery were considered difficult. Then, the
patient was referred to our department for minimally invasive
treatment. The patient had a history of left back pain and pre-
gabalin intake (75 mg daily), and his pain was under control.
However, we could not judge whether his pain was associated
with an aneurysm.

First, the aneurysm and subclavian arterial blood flow
were evaluated using various imaging modalities. Contrast-
enhanced computed tomography showed a 26-mm aneurysm
with mural thrombus and endoleak findings (Fig. 1C) and re-
vealed left vertebral-occipital arteries and left costocervical
trunk-occipital artery anastomoses (Fig. 2). Four-dimensional
CT of the vertebral artery revealed retrograde blood flow into
the aneurysm. The costocervical artery appeared to function
as an outflow and inflow vessel. To-and-fro vertebral artery
flow was recognized on Doppler ultrasonography (US). Accord-
ingly, 3 access routes to the aneurysm were considered: (1)
from the occipital artery to the aneurysm via vertebral artery
anastomosis, (2) via vertebral artery puncture, and (3) via di-
rect puncture to the aneurysm. The first option requires a skin
incision and exposure of the occipital artery and features a
long pathway through a small tortuous anastomotic vessel
that may be unreachable; the second option requires a deep
puncture and is associated with a high risk of bleeding, and
the third option—DSP—is simple and feasible and has a lower
risk of complications. Thus, embolization via DSP was final-
ized.

The following procedures were performed under local
anesthesia induced by 1% xylocaine. We identified an ane-
choic region with a flow signal using the US, directly punc-
tured with an 18-gauge Surflo cannula (Terumo Corporation,
Tokyo, Japan). Subsequently, we placed a 4-Fr sheath intro-
ducer (introducer set; Medikit, Co., Tokyo, Japan). Digital sub-
traction angiography of the sheath revealed vertebral and cos-
tocervical arteries traffic with the aneurysm (Fig. 3A). The
vertebral artery was the main inflow vessel; however, signifi-
cant upstream contrast reflected to-and-fro blood flow. To pre-
vent nontarget embolization, coil embolization of the verte-
bral artery was performed before filling the aneurysm with
NBCA. We used a co-axial system comprising a 4-Fr catheter
and a 2.4-Fr steerable microcatheter (LEONIS Mova; Sumitomo
Bakelite, Tokyo, Japan) to access the vertebral artery. While ad-
justing the tip angle, a steerable microcatheter was advanced
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L. costocervical trunk

Fig. 2 - The schema expressing his vessel state before our treatment (A), left vertebral artery-left occipital artery, and left
costocervical trunk-left occipital artery anastomosis revealed by CECT (B and C).

Fig. 3 - Images during treatment (DSA (A and B) and DA (C)).

following the upper wall of the aneurysm, and the left verte-
bral artery was cannulated. We embolized the vertebral artery
using appropriately sized detachable coils (Target XL, Stryker:
2, IDC, Boston Scientific: 2) (Fig. 3B). Subsequently, we slowly
injected 33% of NBCA via a 4-Fr hook catheter. Within a short
time, the cast stagnated proximal to the left deep costocervi-
cal artery. We continued injecting NBCA to fill the aneurysm.
After injecting 6 mL of NBCA, we removed the 4-Fr catheter
using a sheath introducer (Fig. 3C). After completing all proce-
dures, we confirmed the lipiodol deposit area and the absence
of bleeding on interventional radiology-CT. Furthermore, we
confirmed the disappearance of blood flow in the sac using
color Doppler US (Fig. 4). On the following day of the treat-
ment, on X-ray, we confirmed that the coils and glue were
at a suitable location without migration (Fig. 5). Furthermore,
contrast-enhanced magnetic resonance imaging 1 week af-

ter treatment confirmed no blood flow in the aneurysm. Post-
treatment, the patient experienced mild back and left arm
pain and numbness for several days, which resolved spon-
taneously. No other complications were associated with the
procedure. The patient has continued taking pregabalin at the
same dose as before treatment for left back pain; however, it
gradually diminished.

Follow-up CT 2 years after treatment showed that the
aneurysm remained under control without re-enlarging.

Discussion

The incidence of subclavian artery aneurysms is rare, and
subclavian artery aneurysms in patients with Marfan syn-
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Fig. 4 - Ultrasound images before and after treatment (before (A) and after (B)).

drome are uncommon. However, subclavian artery aneurysms
are occasionally related to connective tissue diseases, in-
cluding Marfan syndrome and Ehlers-Danlos syndrome [1,2].
Subclavian artery aneurysms are located primarily in the
proximal segment of the subclavian artery, as in this case.
These aneurysms are often managed by surgical treatment
with median sternotomy or thoracotomy [3]. Recently, few
reports have focused on less invasive treatments, such as
endovascular procedures, including the use of endografts,
to avoid such invasive surgery [3,4]. However, occasionally,
we may encounter cases where both interventions are chal-
lenging because of various factors, including the inability to
reach an aneurysm through a safe route or postoperative
adhesion.

In this case, we observed a left subclavian artery aneurysm
secondary to Marfan syndrome and type Il endoleaks from the
vertebral artery due to changes in blood flow caused by previ-
ous surgeries. First, we considered embolization by endovas-
cular treatment but could not establish access via the femoral
or radial artery. Although some reports have described em-
bolization of head and neck aneurysms after establishing ac-
cess via the vertebral artery, most have warned of a high risk
of hemorrhage, hematoma, or vasospasm [5-7]. Thus, we con-
sidered DSP to be the most appropriate option. Several reports

have described direct percutaneous sac injection in type Il en-
doleaks after endovascular aortic repair [8]. This case’s clinical
condition was similar to previously described cases in which
researchers used NBCA to iodized oil ratio of 50% or 33% to em-
bolize AAA [9,10]. We used 33% NBCA to prevent cast deviation
at the area distal to the branch, and an excellent therapeutic
effect was confirmed. This ratio appears adequate.

Because of multiple contraindications for open surgery and
intravascular embolization, this case proceeded successfully
using a strategy that involved DSP of the subclavian artery
aneurysm. Complete blood flow cessation to the aneurysm
was confirmed post-treatment using coils and glue. Remark-
ably, we could prevent reenlargement of the aneurysm by
completely blocking blood flow. Particularly, although em-
bolization with NBCA alone appeared to provide a reliable
therapeutic effect on the aneurysm, a combination of coil em-
bolization appeared to be the best choice for reducing the risk
of spinal cord infarction and other complications.

In this case, we embolized vertebral and costocervical ar-
teries to block the route into the aneurysm; the former di-
verges a cervical branch, and one branch of the latter also di-
verges another branch toward the cervical spinal cord. There-
fore, completely embolizing only target vessels using coils
or NBCA adjusted to an appropriate concentration was re-
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Fig. 5 - X-ray image just after the procedure (A) and X-ray of the next day (B).

quired. We completed the procedure with extreme caution to
this point, that is, embolizing the vertebral artery with coils
and costocervical artery with 33% NBCA, while observing the
movement of the cast in realtime under X-ray. We are con-
vinced that such a careful procedure yielded a highly positive
result. In our case, we reduced the risk of aneurysm rupture.
Aneurysm cases where the patient has a high risk of surgery
and endovascular treatment are considered rare; however, the
possibility that physicians encounter such cases is not very
low.

In conclusion, although only a few reports have mentioned
percutaneous embolization of subclavian artery aneurysms
using the direct puncture technique, it is an effective and safe
therapeutic option for cases in which surgical approach and
transarterial access routes are limited. Furthermore, to our
knowledge, this is the first report of embolizing subclavian
artery aneurysms using a combination of coils and NBCA, pos-
sibly leading to novel treatment options.

Patient consent

We obtained written informed consent from the patient for
this report.
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