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Report

Objective: Subclavian artery aneurysms are relatively rare, and have been treated by open surgery and/or endovascular
treatment using a stent graft. In this article, we report a case of unruptured right subclavian artery aneurysm successfully
treated using balloon-assisted coil embolization.

Case Presentation: A 77-year-old man was diagnosed with an asymptomatic unruptured right subclavian artery
aneurysm of 8 mm in diameter by follow-up CTA after surgery for thoracoabdominal aortic aneurysms. He also had a
history of cerebral infarction and clipping of an unruptured cerebral aneurysm. The subclavian artery aneurysm was
treated by balloon-assisted coil embolization because its diameter increased to 17.6 mm in 2 years. Balloon assistance
was mainly used to prevent protrusion of the framing coil into the parent artery, and satisfactory framing was achieved.
Subsequently, the aneurysm was obliterated using filling and finishing coils. The postoperative course was uneventful,
and the follow-up MRI at 18 months after treatment revealed no recanalization of the aneurysm.

Conclusion: Balloon-assisted coil embolization may be an effective treatment for subclavian artery aneurysms, but

further long-term follow-up and case accumulation are needed.
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| Introduction

Subclavian artery aneurysms are relatively rare, account-
ing for 0.13% of all aneurysms.” Most of the subclavian
artery aneurysms have been treated by open surgery or
endovascular treatment using a stent graft.>¥ A case report
of stent-assisted coil embolization was previously pub-
lished, but to the best of our knowledge, no study has
reported balloon-assisted coil embolization of subcla-
vian artery aneurysms. In this article, we report a case of
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unruptured right subclavian artery aneurysm successfully
treated using balloon-assisted coil embolization.

| Case Presentation

A 77-year-old man, who had a history of hypertension,
cerebral infarction (etiology: unclear), and clipping of an
unruptured left middle cerebral artery aneurysm. He had
undergone artificial vascular graft replacement for tho-
racic and abdominal aortic aneurysms 7 and 5 years pre-
viously, respectively. Since then, follow-up computed
tomography angiography (CTA) had been regularly per-
formed. Two years ago, CTA revealed a saccular right
subclavian artery aneurysm measuring approximately 8
mm in diameter. Because there was an increase in the
aneurysmal size, he was referred to our department. On
the initial consultation, his consciousness was clear and
there was no neurological deficit. There was no ischemic
symptom of the right upper limb, no laterality in the
blood pressure measured on the brachium, and no history
of trauma.

Thoracic CTA revealed a saccular aneurysm measuring
approximately 18 mm in diameter on the dorsal side of the
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Fig. 1

Preoperative 3D-CTA. A saccular aneurysm (arrow) is detected on the dorsal side of the right subclavian artery origin (A: 3D, B: sagittal

section). The arrow head indicates the site of aortic arch graft anastomosis (C: 3D right lateral view, D: 3D frontal view). 3D: three-

dimensional; CTA: computed tomography angiography

4.68mm 9.77mm

Fig. 2 Preoperative right subclavian arteriography (maximum inten-
sity projection image). The aneurysm measures 17.6 mm in
maximum diameter and 9.8 mm in neck diameter. The diam-
eter of the parent artery distal to the neck is 4.7 mm, and
slight stenosis is noted.

right subclavian artery origin (Fig. 1). In addition, the
ascending to descending aortas had been replaced with

‘ 256 ‘ Journal of Neuroendovascular Therapy Vol. 14, No. 7 (2020)

artificial vascular graft, and a portion of the brachioce-
phalic artery had been anastomosed (Fig. 1). Ultrasonog-
raphy suggested an aneurysm, but noise made detailed
assessment difficult. On subclavian arteriography, the max-
imum and neck diameters of the aneurysm were 17.6 mm
and 9.8 mm, respectively. Slight stenosis of the parent
artery was observed (Fig. 2).

Endovascular treatment was selected through a coopera-
tive conference by several departments, including the
Department of Cardiovascular Surgery. As antithrombotic
therapy, aspirin at 100 mg/day, which had been administered
after artificial vascular graft replacement, was continued.

Under local anesthesia, a 4-Fr, 100-cm SY5 catheter
(Hanako Medical, Saitama, Japan) was inserted through
the left radial artery, and a 6-Fr, 55-cm Ansel ANL1 cathe-
ter (Cook, Bloomington, IN, USA) was inserted through
the right brachial artery. Initially, the SY5 was inserted into
the right brachiocephalic artery for diagnostic imaging.
Three-dimensional (3D) rotational angiography was per-
formed, and a working angle was established. Subse-
quently, the Ansel end was inserted into the distal
subclavian artery. Intravascular ultrasonography was per-
formed, but the vascular diameter was large, and no
detailed information on the aneurysmal neck was obtained.
Using a 0.014-inch 200-cm CHIKAI guidewire (Asahi
Intecc, Aichi, Japan), a SHOURYU 7-7 mm balloon
(Kaneka Medix Corp., Osaka, Japan) was guided to the
aneurysmal neck for the balloon-assisted technique. A
PX SLIM 045 microcatheter (Penumbra, Alameda, CA,
USA) was inserted into the aneurysm under guidance with
0.010/0.014-inch 200-cm TENROU guidewire (Kaneka
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Fig. 3

Medix Corp., Osaka, Japan) (Fig. 3). Framing was per-
formed using a Penumbra coil 400 complex standard 18
mm-57 cm (Penumbra, Alameda, CA, USA). The coil
was inserted while preventing coil protrusion by inflating the
SHOURYU, which had been inserted to cover the aneurys-
mal neck on the distal side at an appropriate time, resulting
in favorable frame formation. Next, filling was carried out
using Penumbra coils 400 complex standard 16 mm—60 cm
and 14 mm-50 cm, and Penumbra coils 400 complex soft
12 mm-35 cm, 10 mm-30 cm, 8 mm—20 cm, 7 mm—-20 cm,
6 mm-15 cm, and 5 mm—13 cm. At this point, the “kick-
back” phenomenon of the PX SLIM 045 was noted, and
the procedure was completed. During filling, no balloon
was used. Final angiography confirmed that the aneurysm
involving the inflow zone was tightly embolized (complete

Intraoperative angiography (A-D: anteroposterior views, E-H: lateral views). (A and E) A balloon is guided to the aneurysmal neck.
(B and F) A catheter is inserted into the aneurysm through the outflow zone of the aneurysm such that its end (arrow) faces the inflow
zone. (C and G) The first coil is inserted into the aneurysm to prepare a frame. (D and H) Final angiography confirms complete obliter-
ation and the patency of the parent artery.

obliteration, packing density: 35.5%), and that the parent
artery was patent.

There were no neurological abnormalities during or
after surgery. For postoperative antithrombotic therapy,
aspirin at 100 mg/day, which had been administered before
treatment, was continued. Postoperative brain magnetic
resonance imaging (MRI) did not demonstrate new-onset
cerebral infarction. The postoperative course was unevent-
ful, and the patient was discharged from the hospital on the
ninth postoperative day. Plain X-ray 1 month after treat-
ment, CTA/ultrasonography after 2 months, plain X-ray
after 4 months, and subclavian arteriography (Fig. 4) after
6 months confirmed that there was neither change in the
coil shape nor aneurysmal recanalization, and that the par-
ent artery was patent. In addition, CTA after 14 months and
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Fig. 4 Subclavian arteriography 6 months after surgery. There is no recanalization of the aneurysm. The
parent artery is patent (A: before subtraction, B: after subtraction, C: 3D rotational angiography).

3D: three-dimensional

Fig. 5 CTA 12 months after surgery (A: axial section, B: sagittal section) and CINE MRI after 18 months
(C: axial section, D: sagittal section). On CTA, detailed evaluation of the aneurysmal neck is difficult due
to coil artifacts, but parent artery blood flow is maintained. MRI confirms no change in the embolic state
of the aneurysm (arrow head). CTA: computed tomography; MRA: magnetic resonance angiography

MRI after 18 months confirmed no change in the state of
embolization (Fig. 5).

| Discussion

Subclavian artery aneurysms are relatively rare, and etio-
logical factors for these aneurysms include arteriosclero-
sis, trauma, and thoracic outlet syndrome. Several previous
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studies reported connective tissue disease, collagen dis-
ease, iatrogenic factors (mis-puncture on central vein), and
infection as etiological factors, and suggested that some
patients had idiopathic aneurysms.>® The incidence of
subclavian artery aneurysms complicated by aneurysms at
other sites is high (33—47%),” and the preoperative assess-
ment of systemic blood vessels is important. In addition,
aneurysm development during the course must also be



considered. Our patient had undergone treatment for mid-
dle cerebral artery and thoracic/abdominal aortic aneu-
rysms. Etiological factors for multiple aneurysms include
connective tissue disease and infectious aneurysms. How-
ever, in the present case, neither physical nor laboratory
findings suggested these disorders. Furthermore, the aneu-
rysmal site was distant from the anastomotic site of artifi-
cial vascular graft, but the possibility of an iatrogenic
aneurysm was unable to be excluded.

Approximately 50% of subclavian artery aneurysms are
detected in the absence of symptoms/signs.® On the other
hand, according to a report published by Vierhout et al.
involving 381 patients, local signs, such as pulsatile
masses, accounted for 51% of signs, aneurysm enlarge-
ment-related mass effects (hoarseness, brachial plexopa-
thy, airway stenosis, and vascular stenosis) for 36%,
intra-aneurysmal thrombus-related distal thromboembo-
lism for 22%, and aneurysmal rupture-related hemoptysis
or hemothorax for 9%.% If rupture occurs, it may lead to a
fatal outcome, as demonstrated for other aneurysms.

There are no criteria for treatment indications. However,
the incidence of thromboembolism was reported to be
9-22%,>” and another study suggested that rupture occurs
in 40% of patients treated conservatively.!” Based on these
studies, some investigators emphasized the necessity of
surgical intervention regardless of the aneurysmal diame-
ter.'12 The present case was asymptomatic, but the aneu-
rysmal size markedly increased during the 2-year
follow-up, with a maximum diameter of 18 mm. There-
fore, we decided to perform surgery to prevent the aneu-
rysm-related complications.

Subclavian artery aneurysms have been treated by open
surgery or stent grafting in many cases. Endovascular sur-
gery by stent-assisted coil embolization has also been
reported.>* Reports on subclavian artery aneurysms after
2018 are shown in Table 1.313-22 Treatment methods con-
sisted of open surgery in 25 patients, endovascular treat-
ment in 13, and their combination in 3. Endovascular
treatment procedures consisted of stent grafting in 12
patients, stenting in 2, stent-assisted coil embolization in 1,
and coil embolization in 1. To the best of our knowledge,
this is the first report of a subclavian artery aneurysm treated
using balloon-assisted coil embolization. The etiology (tho-
racic outlet syndrome, trauma), aneurysmal site (intra-/
extrathoracic), and complications are important for deter-
mining a treatment method. In each treatment method, the
importance of maintaining cerebral blood flow is recog-
nized. In particular, right subclavian artery aneurysms are
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adjacent to the right common carotid artery in some cases;
therefore, a treatment strategy in which attention is paid to
cerebral blood flow maintenance is necessary.? In the pres-
ent case, endovascular treatment under local anesthesia was
considered to be more appropriate than open surgery under
general anesthesia due to advanced age, hypertension, and
the possibility of tissue adhesion after graft replacement for
thoracic/abdominal aortic aneurysms. Parent artery-pre-
serving endovascular treatment methods for aneurysms
include covered stenting such as stent grafting, coil emboli-
zation, and stenting alone.” Coil embolization procedures
include embolization with a coil alone, balloon-assisted coil
embolization, and stent-assisted coil embolization. Based
on the site, shape, and characteristics of aneurysms, an opti-
mal method is selected. In treatment with a stent graft,
which has been introduced in many studies, a main blood
vessel adjacent to the aneurysm may be occluded. To avoid
this, several methods have been performed. Funata et al.!D
and Hosokawa et al.!? reported a hybrid procedure in which
stent grafting for right subclavian artery aneurysms was
combined with axillo-axillar crossover bypass. The hybrid
procedure facilitates the prevention of common carotid
artery or vertebral artery blood flow blockage, and is less
invasive than open surgery by median sternotomy approach.
However, it is more invasive than endovascular surgery
alone, which was performed in the present case. When per-
forming endovascular surgery alone, coil migration or fail-
ure in coil filling may occur during coil embolization of
wide-neck aneurysms. In the present case, balloon- or
stent-assisted procedures were considered to prevent these.
As advantages of the stent-free balloon-assisted procedure,
potent antithrombotic therapy is unnecessary, and there
may be no procedure-related problems, such as stent injury/
interference, when endovascular operations at this site are
required to treat other lesions later. This disease is compli-
cated by several aneurysms in many cases, and the possibil-
ity that several sessions of surgery may be required must be
considered. In the present case, slight stenosis of the parent
artery was observed, and we considered stent insertion to
reduce aneurysmal stress related to blood stagnation at this
area as an option, but instead selected a treatment strategy
to initially complete the balloon-assisted procedure alone, if
possible, and additionally perform stenting if recurrence
was noted considering the risk of stent injury/interference
under additional endovascular operations. We performed
this procedure using an approach through the right upper
limb, in which the risk of graft injury may be the lowest
considering the state after aortic arch and abdominal aorta
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Table 1
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Investigator Year of

report
D’Oria M 2018
Oh JK'9 2018
Pallett SJC'9 2018
LiL® 2018
Franz RW1® 2018
Kaneyuki D17 2018
El Khoury R'® 2019
Davidovic LB 2019
Gillen J20 2019
Ramtoola MT2" 2019
Archie MM?2) 2019
Present case 2019

Age

69

72

28

32

61

20

79

42.84 +14.66

47

74

Mean 39
(17-66)

7

Etiology
No description
No description
Trauma
Behcet’s disease
Possibility of trauma
Fibromuscular

dysplasia
Trauma

Thoracic outlet
syndrome: n =18
Arteriosclerosis: n =5
Trauma: n=2

Arteriosclerosis

Arteriosclerosis

Thoracic outlet
syndrome

Unclear

Summary of subclavian artery aneurysms reported between 2018 and 2019

Site
Intrathoracic, right
Intrathoracic, right
Extrathoracic, left
Extrathoracic, left
Intrathoracic, right
Extrathoracic, left
No description of
intra- or extrathoracic

sites, left
Intrathoracic, right: n =2

Intrathoracic, left: n =3

Extrathoracic, n = 20,
no description of the
left or right

Intrathoracic, right
Intrathoracic, right

No description of intra- or
extrathoracic sites, right:

n=2,lefttn=5
Intrathoracic, right

Maximum
diameter (mm)
30
35
No description
No description
72

25

21

No description

27

No description

Mean 21
(20-22)

18

Presence of

symptom
Asymptomatic
Asymptomatic
Symptomatic
Symptomatic
Symptomatic
Asymptomatic
Asymptomatic

Symptomatic: n =3,
Asymptomatic: n =2

Symptomatic: n =19,
Asymptomatic: n =1

Symptomatic
Symptomatic

(rupture)
Symptomatic: n=7

Asymptomatic

Clinical presentation

Claudication of the left
upper limb

Left cervical pain, left
shoulder pain

Left thoracic/abdominal
pain

Dyspnea:n=1,
Hemothorax: n =2

Shoulder pain and pulsatile
mass: n =7, acute limb
ischemia: n =5, chronic
limb ischemia: n=7

Right upper limb pain

Shortness of breath,
back pain
Limb ischemia: n=7

Treatment

Hybrid (bypass +
stent graft)
Stent-assisted coll
embolization

Open surgery

Stent graft

Stent graft

Open surgery

Stent

Open surgery: n =2
Open surgery: n=2,
hybrid (bypass +
stent graft): n =1
Open surgery: n =
19, stent graft: n =1

Hybrid (bypass +
coil embolization)
Stent

Stent graft: n=7

Balloon-assisted
coil embolization

‘|e 19 ‘w 1adwen



grafting. Indeed, when coil embolization was started, the
aneurysmal neck was relatively narrow, and a coil was able
to be placed in the aneurysm through balloon-assisted oper-
ations alone at appropriate times. Furthermore, the parent
artery measured >4 mm in diameter, and the aneurysmal
neck diameter was 9.8 mm, but a SHOURYU 7-7 mm was
used. We assumed that the aneurysmal shape would facili-
tate coil stabilization, even if the aneurysmal neck was not
completely covered by the balloon, if it prevents protru-
sion of the framing coil into the parent artery. A stent was
prepared in case that treatment was unable to be com-
pleted by balloon-assisted coil embolization alone, but it
was not used.

To the best of our knowledge, there was no study that
reported the treatment of subclavian artery aneurysms by
balloon-assisted coil embolization. The long-term outcome
remains to be clarified. However, Oh et al.'® reported a
patient in whom stent-assisted coil embolization was per-
formed, and there was no recurrence during the 3-year
postoperative follow-up. In the present case, there has been
no recurrence during the 1-year-and-6-month follow-up.
On the other hand, a postoperative aneurysmal rupture
which occurred 1 year and 7 months after the coil emboli-
zation was reported.”? When rupture is suspected, it is dif-
ficult to evaluate the aneurysmal diameter or embolic state
on CT due to coil artifacts; therefore, subclavian arteriog-
raphy must be performed in the early phase.? In the pres-
ent case, the postoperative course during the
1-year-and-6-month follow-up has been uneventful. How-
ever, to evaluate the long-term efficacy of coil emboliza-
tion, further follow-up and case accumulation are necessary.

| Conclusion

We performed balloon-assisted coil embolization of a right
subclavian artery aneurysm after total aortic arch replace-
ment, and obtained favorable outcome. This treatment
method for subclavian artery aneurysms is minimally inva-
sive and does not require blood flow blockage, differing
from open surgery. In addition, there is no influence on
cerebral blood flow during surgery; therefore, this method
may be a useful treatment strategy. To clarify the long-term
usefulness of this method, further long-term follow-up and
case accumulation are necessary.
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