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Coil-in-Plug Method for Left Subclavian Artery 
Embolization in Thoracic Endovascular Aortic 
Repair with Arch Vessel Debranching

Shunichiro Fujioka, MD, PhD, Tadashi Kitamura, MD, PhD, Toshiaki Mishima, MD, PhD,  
Hisaya Mori, MD, Masaomi Fukuzumi, MD, PhD, Fumiaki Shikata, MD, PhD,  
and Kagami Miyaji, MD, PhD

Objectives: Since 2018, we have routinely placed an Am-
platzer vascular plug (AVP) in the proximal left subclavian 
artery (LSCA) to prevent embolic events during thoracic 
endovascular aortic repair with arch vessel debranching (d-
TEVAR). Type II endoleaks of LSCA origin were observed in 
two patients (20%), and the coil-in-plug (CIP) method, i.e., 
microcatheter insertion through the plug and addition of 
coil embolization, which has been used since August 2019, 
was performed. This study aims to evaluate the effectiveness 
of the CIP method for LSCA embolization.
Methods: A total of 26 patients who underwent d-TEVAR 
for an aortic arch aneurysm between 2018 and 2022 were 
retrospectively reviewed. Ten patients who underwent d-
TEVAR with a simple AVP placement (the control group) and 
16 patients who underwent d-TEVAR with the CIP method 
(the CIP group) were compared.
Results: Two patients had type II endoleaks in the control 
group, whereas none had them in the CIP group. LSCA 
length was significantly shorter in patients with endole-
aks than in those without endoleaks (24.5 vs. 50.3 mm; 
p<0.01). No perioperative deaths or cerebral infarctions 
occurred in either group.
Conclusions: AVP placement in the LSCA during d-TEVAR 
effectively prevented perioperative cerebral infarction. d-
TEVAR with CIP was especially useful in patients with a short 
LSCA.

Keywords: aortic arch aneurysm, coil-in-plug, debranching 
thoracic endovascular aortic repair, left subcla-
vian artery, stroke

Introduction
Thoracic endovascular aortic repair with arch vessel deb-
ranching (d-TEVAR) has been reported to have satisfac-
tory results for aortic arch aneurysms,1–3) which has been 
indicated for the treatment of aortic arch aneurysms in 
some elderly patients with serious complications, such as 
chronic obstructive pulmonary disease (COPD) and car-
diac dysfunction. Despite the advancements in equipment 
and technology, perioperative stroke remains an impor-
tant complication after d-TEVAR. Previous studies have  
reported a stroke rate of approximately 3.8%–8%,4,5) i.e., 
indicating a higher number than simple TEVAR.5) Most 
cerebral infarctions during TEVAR are caused by flying 
atheroma during insertion and deployment of the stent 
graft. Therefore, balloon protection of the left subclavian 
artery (LSCA) has been reported to decrease cerebral in-
farction incidence.6,7) Occlusion of the LSCA without its 
reconstruction may also increase the risk of arm ischemia 
and ischemia of the vertebrobasilar artery system.8) In our 
hospital, all patients with landing zones 0, 1, and 2 have 
at least undergone an LSCA reconstruction.

Since 2018, our unit has been using an Amplatzer vas-
cular plug (AVP) (St. Jude Medical, Plymouth, MN, USA), 
which is placed in the proximal LSCA before inserting the 
stent graft to prevent stroke. For type II endoleaks origi-
nating from the LSCA in several patients, we embolize 
the LSCA with AVP using the coil-in-plug (CIP) method 
to add coil embolization after a stent graft placement 
through a microcatheter placed beforehand via the AVP, 
a method our unit has been performing since August 
2019. In addition, Kotoku et al. reported the usefulness of 
the CIP technique in internal iliac artery embolization.9) 
Therefore, this study aims to clarify the effectiveness of  
d-TEVAR using the CIP technique.
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Materials and Methods
A total of 26 patients who underwent d-TEVAR for an 
aortic arch aneurysm between January 2018 and June 
2022 were retrospectively reviewed. Those who under-
went acute dissection were excluded. Ten patients who 
underwent d-TEVAR with simple AVP placement in the 
LSCA between January 2018 and July 2019 (the control 
group) and 16 patients who underwent d-TEVAR using 
the CIP technique after August 2019 (the CIP group) 
were compared. In addition to intraoperative differences, 
contrast-enhanced computed tomography (CT) was per-
formed 3 months postoperatively to evaluate the presence 
of endoleaks. Thereafter, noncontrast CT was performed 
every 6 months, and if the aortic aneurysm was enlarged, 
contrast CT was performed again to reevaluate the pres-
ence of an endoleak. The length of the LSCA was defined 
as the distance from its origin to the vertebral artery bifur-
cation. The proximal aortic diameter was measured as the 
short diameter at the site where the proximal end of the 
stent graft was implanted. Preoperative cerebrovascular 
disease (CVD) was defined as a permanent focal or global 
neurologic dysfunction (sustained preoperatively) or a his-
tory of CVD. Ischemic heart disease was defined as a ste-
nosis of at least 75% of one coronary artery. COPD was 
defined as a forced expiratory volume of <70% with the 
normal or daily routine use of bronchodilators. Chronic 
kidney disease was defined as a creatinine clearance of 
<50 ml/min or the need for hemodialysis. Patients with 
end-stage cancer, untreated carcinoma status, and a his-
tory of surgical or medical treatment for malignancy were 
defined as having malignancy. The diameter of the LSCA 
is measured 2 cm peripherally from the aortic bifurcation.

Bypass surgery procedure of d-TEVAR
The landing was zone 0 for 4 patients, and a Najuta stent 
graft (Kawasumi Laboratories, Inc., Tokyo, Japan)10,11) 
was used in all of them. One patient underwent bypass 
surgery using an 8-mm T-shaped expanded polytetrafluo-
roethylene (ePTFE) graft (W. L. Gore & Associates, Inc., 
Flagstaff, AZ, USA) from the right axillary artery to the 
left common carotid and LSCAs. Three patients under-
went bypass surgery using an 8-mm ePTFE graft from the 
right to the left axillary artery.

The landing was zone 1 for three patients. Bypass sur-
gery was performed using an 8-mm T-shaped ePTFE graft 
to the left common carotid artery and LSCA, with the 
right axillary artery as the inflow vessel.

The landing was zone 2 for 19 patients. Bypass surgery 
was performed using an 8-mm ePTFE graft to the LSCA, 
with the right axillary artery as the inflow vessel.

AVP placement method in the LSCA
After bypass surgery, 6-F 45-cm destination sheaths (Teru-
mo Medical, Somerset, NJ, USA) were inserted through a 
puncture after a purse-string suture proximal to the left 
axillary artery anastomosis for the LSCA embolization.

The contrast was obtained from the sheath; AVP II was 
placed in the case of a sufficient distance from the LSCA 
bifurcation to the vertebral artery, and AVP I was placed 
in the case of a short distance. The plug was 30%–50% 
larger than the diameter of the embolized LSCA. After the 
plug placement, the stent graft was inserted and deployed 
via the femoral artery approach.

CIP method
From January 2018 to July 2019, type II endoleaks were 
reported (2/10, 20%) in the group who underwent LSCA 
embolization by simply placing an AVP. Therefore, after 
August 2019, the CIP method was adopted using AVP 
I. Before implantation, the plug was deployed from the 
loader, and a 0.016-in guidewire (Asahi Meister; ASAHI 
INTECC CO., LTD., Aichi, Japan) was used to insert a 
2.2-F microcatheter (Coiling Support; HI-LEX Corpora-
tion, Takarazuka, Japan) through the plug and stored in 
a loader (Fig. 1). Stowage was performed in a heparinized 
saline solution to prevent air from entering the plug, and 
the plug was placed before the stent graft was inserted. 
After the deployment of the stent graft, a microcatheter 
was placed through the plug and embolized between the 
stent graft and the plug and within the plug. AZUR CX18 
(Terumo, Tokyo, Japan) and Penumbra (Penumbra Inc., 
Alameda, CA, USA) were used for embolization.

Endpoint analysis
The primary endpoints of the study were perioperative 
death, perioperative stroke, and a type II endoleak from 
the LSCA. Perioperative death was defined as intraop-
erative death and death up to 30 days postoperatively. 
Perioperative stroke was defined as a symptomatic cere-
bral infarction that occurred intraoperatively and up to 
30 days postoperatively. Type II endoleak was assessed 
by performing intraoperative contrast and postoperative 
contrast-enhanced CT and based on the presence of an 
endoleak originating from the LSCA during the follow-up 
period.

Statistical analysis
Continuous data are presented as the mean± standard 
deviation, whereas categorical variables are presented as 
frequencies and percentages. We compared continuous 
data using Student’s t-tests and categorical variables using 
χ2 or Fisher’s exact tests. Two-tailed p-values were used 
and p<0.05 was considered statistically significant. All 
data were analyzed using SAS software (version 16.1; SAS 
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Institute, Inc., Cary, NC, USA).

Results
Baseline characteristics
Table 1 shows the patients’ characteristics. The mean 
ages were 78± 10 and 79± 6 years in the control and CIP 
groups, respectively, with a higher number of patients with 
COPD in the CIP group (p= 0.05). Six patients (60%) in 
the control group and seven (44%) in the CIP group were 
taking oral antiplatelet agents. No patients were taking 
anticoagulants. The proximal landing zone was zone 0 
for 4 patients in the CIP group and none in the control 
group; landing zone 1 for 2 patients in the CIP group and 
1 patient in the control group; and landing zone 2 for 10 
patients in the CIP group and 9 patients in the control 
group. The anatomy of the aorta and the LSCA and the 
devices used are shown in Table 2. No differences were 
observed in the proximal aortic diameter, the maximum 
short diameter of the arch aorta, the maximum short di-
ameter of the aortic aneurysm, or the vessel diameter and 
length of the LSCA. The type of plug and stent graft used 
are shown in Table 3. The Najuta stent graft was used in 
all patients in landing zone 0. AVP I was used as the plug 

Fig. 1 Coil-in-plug method. (a) Before implantation, the Amplatzer vascular plug I was un-
folded from the loader, and a 2.2-F microcatheter was inserted passing through the 
plug using a 0.016-in guidewire. (b) The plug was stored in the loader in a heparinized 
saline solution to prevent air from entering the plug. (c) The plug was placed in the left 
subclavian artery, and the stent graft was delivered to the aortic arch. (d) After deploy-
ing the stent graft, a microcatheter was placed through the plug and was embolized 
between the stent graft and the plug as well as inside the plug.

Table 1 Patient characteristics

Control  
(n=10)

CIP  
(n=16)

p

Median age (y) 78±10 79±6 0.71
Male 6 (60%) 14 (88%) 0.1
CVD 1 (10%) 2 (13%) 0.84
IHD 2 (20%) 4 (25%) 0.85
COPD 1 (10%) 9 (56%) 0.05
CKD 3 (30%) 10 (63%) 0.1
Malignancy 2 (20%) 1 (6%) 0.66
Emergency 2 (20%) 1 (6%) 0.66
History of type B dissection 1 (10%) 1 (6%) 0.68
Prior intervention on AAA 1 (10%) 1 (6%) 0.68
Prior median sternotomy 1 (10%) 1 (6%) 0.68
Prior TEVAR repair 0 1 (6%) 0.81
Proximal Landing zone 0 0 4
Zone 1 1 2
Zone 2 9 10

CIP: coil-in-plug; CVD: cerebrovascular disease; IHD: ischemic 
heart disease; COPD: chronic obstructive pulmonary disease; 
CKD: chronic kidney disease; AAA: abdominal aortic aneurysm; 
TEVAR: thoracic endovascular aortic repair
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in all patients in the CIP group, whereas in the control 
group, AVP II and AVP I were used in 8 and 2 patients, 
respectively. The control group used plugs that were 60% 
oversized relative to the diameter of the LSCA whereas 
the CIP group used plugs that were 31% oversized. The 
control group had significantly larger plugs (p= 0.01). 
The mean number of coils used in the CIP group was 4.2. 
The operative time was 203± 60 and 243± 62 min in the 
control and CIP groups, respectively, without significant 
differences (p= 0.45).

Clinical outcomes
The mean observation period was 631± 480 days. No 
perioperative death or perioperative cerebral infarction 
occurred in either group (Table 4). CT 3 months after 
TEVAR showed a type II endoleak of the LSCA origin in 
two patients (20%) in the control group: one with AVP 
I and the other with AVP II. In the control group, the 
length of the LSCA was significantly shorter in patients 
with endoleaks than in those without endoleaks (24.5 vs. 
50.3 mm; p<0.01). Conversely, the diameter of the LSCA 
did not differ significantly between patients with endole-
aks (7.8 mm) and those without endoleaks (9.3 mm). 
Patients with endoleaks used plugs that were 95% over-
sized for the LSCA vessel diameter, while patients without 

endoleaks used plugs that were 53% oversized. There 
was no significant difference. In one case of endoleak, the 
patient had a short subclavian artery with a stenosis in 
the middle, which caused the AVP II to protrude into the 
aorta. In this patient, an enlarged aortic aneurysm was 
observed on CT 6 months postoperatively; therefore, ad-
ditional coil embolization was performed. In the same pa-
tient, the leak had spread to the greater curvature, which 
disappeared after additional embolization, and a reduc-
tion in aortic diameter could be observed on CT 6 months 
after embolization. Another patient is under observation 
without an enlarged aneurysm. No type II endoleak of 
LSCA origin was observed in the CIP group. Moreover, an 
aneurysmal enlargement due to distal stent graft-induced 
new entry was observed during the observation period in 
the CIP group; thus, an additional TEVAR was performed. 
One remote aortic-related death occurred in the CIP 
group. The patient had an enlarged thoracoabdominal 
aorta that ruptured. Due to an advanced age, the patient 
died without an indication for surgery.

Discussion
A favorable 30-day and hospital mortality rates of 3.2% 
and 4.8%, respectively, have been reported for median 
sternotomy in aortic arch aneurysms in Japan.12) Con-
versely, for extensive aortic aneurysms extending into 
the descending aorta, these rates increased to 7.5% and 
11.2%, respectively. In Japan, the Japanese Circulation 
Society guidelines consider TEVAR with branch recon-
struction for arch aneurysms unsuitable for open sur-
gery.13) A relatively high incidence of perioperative stroke 
was observed in d-TEVAR,4,5) and the mortality rate of 
patients who develop postoperative stroke has also been 
reportedly high.14,15) However, solutions to prevent peri-
operative cerebral infarction during d-TEVAR have not 
been established.

Melissano et al. reported that the incidence of cerebral 
infarction was 4.5% in patients with an open LSCA dur-
ing a stent graft insertion, but not in patients with an oc-
cluded LSCA.16) Yoshitake et al. also reported that since 
the cerebellum is the main site of cerebral infarction dur-
ing d-TEVAR surgery, cerebral embolization via the ver-

Table 2 Morphology

Control  
(n=10)

CIP  
(n=16)

p

Proximal aortic diameter (mm) 30±5 32±2 0.19
Diameter of the aorta arch (mm) 57±7 56±9 0.76
Maximal diameter of aneurysm (mm) 58±6 57±8 0.74
Diameter of the left subclavian artery (mm) 9±1 9±2 0.6
Length of the left subclavian artery (mm) 45±10 51±9 0.14

CIP: coil-in-plug

Table 3 Plug and stent graft

Control (n=10) CIP (n=16)

Plug
AVP I 2 16
AVP II 8 0

Stent-graft
Stent graft size (mm) 37 (26–42) 38 (34–44)
cTAG 5 6
Valiant 2 4
RELAY Plus 2 1
Najuta+cTAG 0 3
Najuta+Valiant 0 1
RELAY Plus+Valiant 1 1

CIP: coil-in-plug; AVP: Amplatzer vascular plug cTAG (WL Gore 
& Associates, Inc., Newark, Del.), Valiant (Medtronic, Inc., 
Minneapolis, Minn.), RELAY Plus (Bolton Medical Inc., Sunrise, 
Fla.), Najuta (Kawasumi Laboratories, Inc., Tokyo, Japan)

Table 4 Clinical results

Control (n=10) CIP (n=16)

30-day mortality 0 0
Late mortality 0 1
Stroke 0 0
Paraplegia 0 0
Type II EL 2 0
Reintervention 1 1

CIP: coil-in-plug; EL: endoleak



Annals of Vascular Diseases Vol. 16, No. 3 (2023) 193

CIP Method in Debranching TEVAR

tebrobasilar artery system is associated with problems.17) 
Occlusion of the LSCA during stent graft deployment has 
been reportedly effective in preventing cerebral infarc-
tion.6,13) Furthermore, coil devices are commonly used as 
an embolization material in the LSCA, but embolization 
using a plug has been reported to have a shorter proce-
dure time and less risk of migration into the vertebral 
artery.18,19) Since August 2019, we have adopted LSCA 
embolization using a plug by adding coil embolization 
to the plug using the CIP method after observing two pa-
tients with a type II endoleak originating from the LSCA. 
The CIP method has been reported by Kotoku et al. to 
allow embolization with a shorter length and fewer coils.9) 
AVP I can be embolized with a shorter landing than AVP 
II; however, recanalization is considered more common.20) 
AVP II has a higher embolization efficacy, but its longer 
length may cause unscheduled branch embolization.21) 
Therefore, the CIP method overcomes the disadvantages 
of AVP I by inserting a microcatheter through the plug 
and adding embolization to the plug. Two of our patients 
may have had endoleaks because of the short length of the 
LSCA. In one patient, AVP I was used, whereas in another 
patient, AVP II was used. AVP I alone may not be sufficient 
for embolization. In the second patient, the placement of 
an excessively large AVP II in a short subclavian artery 
may have caused distortion, resulting in leakage. Both 
patients could have been treated without endoleaks if 
the CIP method had been used. If the LSCA is sufficiently 
long, treatment with AVP II alone may be possible without 
endoleaks. However, in cases where the LSCA is short, 
such as in our patients, we believe that the CIP method 
can provide reliable embolization with a short landing 
without crushing the vertebral artery. If a coil is added to 
the end of the plug, the coil may fall onto the vertebral 
artery if the subclavian artery is short. In this study, no 
cerebral infarction occurred, and AVP placement in the 
LSCA before stent graft insertion was useful in preventing 
cerebral infarction. After adopting the CIP method, no 
type II endoleak was observed in one patient, suggesting 
that this method is particularly useful for patients with a 
short LSCA.

Limitations
Our study has some limitations. This was a single-center, 
retrospective, observational study with a small sample 
size. More patients and observation periods are needed 
to support the usefulness of the CIP method in d-TEVAR. 
Furthermore, due to the higher number of type II endole-
aks in the control group, the CIP method that we have 
utilized since August 2019 has been used. Therefore, the 
results of this study may be influenced by improvements 
in patient management and equipment.

Conclusions
AVP placement in the LSCA during d-TEVAR effectively 
prevented perioperative cerebral infarction. d-TEVAR 
with CIP was especially useful in patients with a short 
LSCA.
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