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Abstract

Purpose The purpose of the study is to evaluate the initial and midterm efficacy and safety of endovascular treatment (EVT)
using Viabahn stent-graft (SG) for arterial injury and bleeding (AIB) at the visceral arteries.

Materials and methods Consecutive patients with visceral AIB who underwent EVT using Viabahn between January 2017
and February 2021 were retrospectively reviewed. Technical success, clinical success, peripheral organ ischemia, peri-
procedural complications, bleeding-related mortality, 30-day mortality, neck length, re-bleeding, endoleaks, and patency of
the SGs at 1, 3, 6, and 12 months were evaluated.

Results EVT using Viabahn was performed in 14 patients (mean age: 68.6 years; 12 males) and 15 arteries. The technical
and clinical success rates were 100%. The rates of peripheral organ ischemia, peri-procedural complications, bleeding-related
mortality, and 30-day mortality were all 0%. The mean neck length was 9.9 mm. No endoleaks or re-bleeding occurred dur-
ing the follow-up (mean: 732 days). The SG patency was confirmed after 1, 3, 6, and 12 months in 78.6%, 78.6%, 78.6%,
and 56.1% of the patients, respectively.

Conclusion EVT using Viabahn for AIB at the visceral arteries was safe and effective. SG occlusions without ischemia often
occurred after 12 months.
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endovascular treatment (EVT) [1-10]. However, trans-arte-
rial embolization has a risk of peripheral organ ischemia
owing to embolization of the parent vessels. Therefore,
indications for trans-arterial embolization must be assessed
carefully to avoid ischemic complications. EVT with stent-
grafts (SGs) is an ideal treatment for AIBs because it simul-
taneously permits hemostasis and maintains the blood flow
to peripheral organs [11-13].

Viabahn is a heparin-coated self-expandable SG for
peripheral arteries and exhibits high flexibility and accuracy
of the delivery system. In December 2016, Viabahn SG was
approved for arterial injury use in Japan for the first time in
the world. Compared with that of a balloon-expandable SG,
this high flexibility seems to be more suitable for endovascu-
lar repair of tortuous arteries such as visceral arteries. There-
fore, EVT with Viabahn SGs for AIBs may be one of the
best treatment options and is suitable not only for limb artery
injuries but also for visceral artery injuries. Nevertheless, to
date, reports regarding the initial and midterm outcomes of
EVT with Viabahn SGs for AIBs are limited [14-20].

Endoleaks (ELs) could occur following SG treatment,
and type 1 ELs could be associated with re-bleeding fol-
lowing SG treatment. Neck length is one of the most impor-
tant factors in avoiding type 1 ELs in SG treatment [21,
22]. Therefore, type 1 ELs associated with SG treatment for
visceral arteries may be associated with an increased risk of
re-bleeding following the procedure.

This study aimed to evaluate EVT using Viabahn SGs
for AIB at visceral arteries, focusing on initial and midterm
efficacy and safety. Additionally, the relationship between
neck length and type 1 ELs was assessed.

Materials and methods
Patients

This study included consecutive patients who underwent
emergency EVT using Viabahn SGs for AIBs between Jan-
uary 2017 and February 2021. The eligibility criteria for
EVT with SGs were as follows: (1) evidence of AIBs at the
visceral artery, including pseudoaneurysms or extravasation
on computed tomography angiography (CTA), (2) diameter
of the target vessel between 4 and 12 mm, and (3) no con-
traindications to heparinization and contrast media. Accord-
ing to the instructions for use of Viabahn SG, the device
indication in vessel injury is confined to the arteries in the
"body trunk" (except the aorta, coronary artery, brachioce-
phalic artery, carotid artery, vertebral artery, and pulmonary
artery). Therefore, we have excluded the locations outside
of those indicated in the instructions for use from this study.
This study was approved by the Institutional Review Board

of our hospital, and informed consent was obtained from all
patients before treatment.

Endovascular procedure

EVT was performed through a common femoral or brachial
artery with a 4-Fr sheath (Supersheath; Medikit, Tokyo,
Japan) under local anesthesia. A 4-Fr catheter (GLIDE-
CATH; Terumo, Tokyo, Japan) was advanced to the dis-
tal side of the injured artery with the aid of a 0.035-inch
guidewire (Radifocus Guide Wire M; Terumo, Tokyo,
Japan). The guidewire was exchanged for a 0.035-inch stiff
wire (Amplatz Super Stiff™; Boston Scientific, Natick,
MA) to exchange the sheath for a 6-7-Fr guiding sheath
(Destination; Terumo, Tokyo, Japan). The guiding sheath
was then advanced to the distal side of the injured artery
in most cases. In cases where it was dangerous or impos-
sible to advance the guiding sheath to the distal site of
bleeding points, a guiding sheath was placed as close as
possible to the bleeding point followed by advancing the
SG alone over the bleeding point. A 0.018-inch stiff wire
(V-18™, Boston Scientific, Natick, MA) was used for SG
delivery. The injured artery was measured by arteriography
or pre-operative CTA imaging. The diameter of the SG was
sized to approximately 110% of the diameter of the injured
artery. The length of the SG was such that it covered the
entire injured artery. The Viabahn (Gore, Flagstaff, AZ)
SG (5-7 mm in diameter and 25 or 50 mm in length) was
advanced until it covered the entire site of the injured artery,
and was then deployed. In case there was a branch artery
of >2 mm in diameter within 5 mm of the injured artery,
embolization of the branch artery was performed with coils
(Tornade; Cook Medical, Bloomington, IN, Interlock; Bos-
ton Scientific, Natick, MA) or an AMPLATZER™ Vascular
Plug 2 (AVP 2; St. Jude Medical, St. Paul, MN) to avoid a
type 2 EL. An angiogram was immediately performed after
the deployment without post-dilatation of the SG. In case the
angiogram revealed a type 1 EL, an additional percutaneous
transluminal angioplasty with the same SG diameter was
performed to treat the EL. After the procedure, if there were
no contraindications, anticoagulation therapy based on dual
antiplatelet therapy (aspirin 100 mg/day and clopidogrel
75 mg/day) was prescribed for at least 6 months to prevent
SG thrombosis. A follow-up CTA was performed at 1, 3, 6,
and 12 months following treatment.

Assessment of EVT efficacy

The following data were collected: enrolled patient number,
case number, age, sex, cause, presence of biliary or pancre-
atic leakage, drainage for the leakage, shock index (the heart
rate divided by systolic blood pressure), indication, loca-
tion of artery, approach site, diameter of the injured artery,
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diameter of the SG, oversize percentage of the SG, length
of the SG, neck length, associated embolization, additional
percutaneous transluminal angioplasty, procedure time, anti-
coagulation therapy, and CTA follow-up duration. The neck
length was defined as the minimum distance between the
edge of the SG and the injured or bleeding point. The techni-
cal success, clinical success, ischemia of peripheral organs,
peri-procedural complications, bleeding-related mortality,
30-day mortality, re-bleeding, ELs, and SG patency at 1,
3, 6, and 12 months were assessed. Technical success was
defined as the disappearance of the pseudoaneurysm and
extravasation with preserved blood flow of peripheral organs
on the angiogram. Clinical success was defined as complete
hemostasis within 30 days following the procedure. Ischemia
of peripheral organs was defined as ischemic sequelae of the
peripheral organs of the injured artery. As per the Society of
Interventional Radiology classification, complications were
defined as major complications that required therapy [23].
Re-bleeding, ELs, and SG patency were evaluated using
CTA images.

Statistical analysis

Continuous variables are presented as means + stand-
ard deviations, whereas categorical data are presented as
percentages. Kaplan—Meier analyses were performed for
SG patency using SPSS software version 21 (IBM Corp.,
Armonk, NY). Factors that might have influenced the
patency of the SG (age, sex, anticoagulation therapy, loca-
tion, artery diameter, SG diameter, oversize SG, and infec-
tion) underwent univariate analysis using the log-rank test.

Results
Patient characteristics

The patient characteristics are presented in Table 1. The
study included 14 patients with 15 AIBs. One patient had
two simultaneously injured arteries (right hepatic artery
[RHA] and gastroduodenal artery [GDA]) (Fig. la—c).
The causes of AIBs were post-operative (n=10), trauma
(n=2), acute pancreatitis (n = 1), and idiopathic (n=1). The
operations included subtotal stomach-preserving pancrea-
toduodenectomy (n=4), pancreatoduodenectomy (n=1),
laparoscopic distal pancreatectomy (n=1), laparoscopic
pancreatoduodenectomy (n= 1), left hepatic trisegmentec-
tomy (n=1), extended left hepatectomy (n=1), and gall-
bladder bed resection (n=1). Among the 10 post-operative
cases, 8 cases showed biliary or pancreatic leakage, and all
of them underwent drainage for the leakage.
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Procedure results

The procedure results are presented in Table 1. The brachial
artery approach was used for cases that exhibited a sharp
angle downward between the celiac artery and aorta. Branch
artery embolization was performed in 2 cases. Angiograms
just following SG placement revealed type 1 ELs in 3 cases;
however, all the ELs disappeared following an additional
balloon percutaneous transluminal angioplasty and/or sec-
ond SG placement. Consequently, there were no ELs on the
final angiographies.

Initial and midterm results

The initial and midterm results are presented in Table 1.
Technical and clinical success was obtained in all patients.
Ischemia of peripheral organs, peri-procedural complica-
tions, bleeding-related mortality, and 30-day mortality
were all 0%. Anticoagulation therapy based on dual platelet
therapy was prescribed for 11 of 14 patients (78.6%), and 3
patients did not undergo this therapy because of contraindi-
cations with active bleeding. CTA post-operative follow-ups
were performed for 14 of 15 patients (mean CTA follow-up
periods: 731.7 days; range 39—1307). CTA imaging assess-
ment of the SGs with information regarding AIB exclusion
and SG patency was available after 1 month (n= 14 cases),
3 months (n=13), 6 months (n=10), and 12 months (n=9).
SG occlusion occurred in 5 cases (2 cases after 7 days, 1 case
after 1 month, 2 cases after 12 months) within 12 months,
and 1 case in 15 months. Among the 6 occluded SGs, the tar-
get artery diameters were 4 mm in 3 cases (3/6: three of six
4-mm diameter cases), 5 mm in 2 (2/7), and 6 mm in 2 (1/5).
Furthermore, the SG diameters were 5 mm in 3 cases (3/8:
three out of eight 5-mm diameter cases) and 6 mm in 3 cases
(3/6). In addition, the oversized SG was >20% in 3 cases (3
of 9 cases: >20% oversized SG). As a result, SG patency
was confirmed after 1, 3, 6, and 12 months in 78.6%, 78.6%,
78.6%, and 56.1% of the patients, respectively (Fig. 2).
Two cases underwent dual platelet therapy, 3 cases were
administered aspirin only, and 1 case had already discon-
tinued the anticoagulation therapy at that time. Two cases,
which were in the same patient, experienced SG occlusion
7 days following the procedure with abscesses surrounding
the SG (Fig. 1c¢). In addition, another case had sepsis when
the occlusion had occurred. The SG occlusions were not
treated, as all the patients were asymptomatic, and no rel-
evant data of ischemic complications were detected. Patients
with infection and target artery diameters < 4 mm had sig-
nificantly higher risks of SG occlusion on the log-rank test
(P<0.01 and P=0.01, respectively), while those with>20%
oversized SG were close to significance (P =0.06). On the
other hand, anticoagulation therapy did not significantly
influence the patency of SGs (P=0.38).
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Table 1 Summary of results Factor
Patients 14
Cases 15
Age (years-old, mean +SD) 68.6+11.7 (range 50-84)
Sex (male/female) 1272
Cause (post-op/trauma/pancreatitis/idiopathic) 10/2/1/1
Shock index (mean =+ SD) 0.8+0.3 (range 0.5-1.3)
Indication (pseudoaneurysm/extravasation) 12/3
Location of Artery (SA/CHA/PHA/RHA/GDA/CA/SMA) 4/4/3/1/1/1/1
Approach site (femoral/brachial) 1372
Artery diameter (mm, mean +SD) 4.7+0.7 (range 4-6)
SG diameter (mm, mean + SD) 5.5+0.6 (range 5-7)
SG oversizing (%, mean + SD) 18.0+12.2 (range 0—40)
SG length (2.5/5 cm) 2/13
Neck length (mm, mean +SD) 9.9+4.9 (range 1-17)
Procedure time (min, mean + SD) 43.4+15.3 (range 15-66)
Technical success (%) 100
Clinical success (%) 100
Ischemia of peripheral organs (%) 0
Peri-procedural complications (%) 0
Bleeding related mortality (%) 0
30-days mortality (%) 0
Anticoagulation therapy (%) 78.6
CTA follow-up duration (days, mean+ SD) 731.7+500.2 (range 39-1307)
Re-bleeding (%) 0
Endoleaks (%) 0
SG patency (%)
1 month 78.6
3 months 78.6
6 months 78.6
12 months 56.1

CA celiac artery, CHA common hepatic artery, CTA computed tomography angiography, GDA gastroduo-
denal artery, PHA proper hepatic artery, Post-Ope post-operation, RHA right hepatic artery, SA splenic
artery, SD standard deviation, SG stent-graft, SMA superior mesenteric artery

Discussion

In the present study, EVT with Viabahn SGs was per-
formed in 14 patients with 15 AIBs. In all patients, tech-
nical and clinical success was obtained without peripheral
organ ischemia. In addition, there were no peri-procedural
complications and mortality. These findings suggest that
EVT with Viabahn SGs is effective and safe for visceral
AIB. Previous studies reported technical success rates
of 67-96% in visceral arteries [14—17]. Pedersoli et al.
reported technical success with the first attempted inter-
vention in only 6 out of 9 cases (66.7%) [15], indicating
achievement of technical success is not to be considered
trivial. It is believed that there are several possible reasons
for the higher technical success rate in this study than in
previous reports. First, the guiding sheath was advanced
to cross the injured arteries before SG deployment, since it

might not be possible to advance the SG without the guid-
ing sheath through severely torturous vessels. In addition,
there is a potential risk of inducing vascular damage by
forced advancement of the SG without the guiding sheath,
as Viabahn is mounted coverless on the delivery system.
Therefore, it may be necessary to cross the guiding sheath
to the injured artery before advancing the SG to deliver it
safely and certainly as much as possible. In cases where it
was dangerous or impossible to advance the guiding sheath
to the distal site of bleeding points, a guiding sheath was
placed as close as possible to the bleeding point followed
by advancing the SG alone over the bleeding point. Sec-
ond, selecting an appropriate approach site is important.
If the abdominal splanchnic artery branches steeply from
the aorta to the caudal side, the brachial approach may be
easier than the femoral approach for advancing a guiding
sheath into the farther side of the visceral artery. Third,
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Fig.1 A 78-year-old man with post-left hepatic trisegmentectomy.
a The pre-treatment angiogram shows two pseudoaneurysms in the
right hepatic artery (RHA) (white arrow) and the gastroduodenal
artery (GDA) (white arrowhead). The hepatic artery (A6) (black
arrowhead 1) branches from RHA, and posterior superior pancreati-
coduodenal artery (PSPDA) (black arrowhead 2) and anterior supe-
rior pancreaticoduodenal artery (ASPDA) (black arrowhead 3)
branches from GDA. Three drainage tubes (black arrows) are placed
in intraperitoneal space. b The angiogram after endovascular therapy
with two Viabahn stent-grafts (RHA; 5 mmX50 mm [white arrow],
GDA; 5 mmXx50 mm [white arrowhead]) shows the disappearance

the use of a stiff, supported wire as the guidewire ensures
the stability of the delivery system.

The SG diameter was 110% the size of the injured artery
diameter. Saxon et al. performed EVT with Viabahn for
femoropopliteal artery disease, and demonstrated that the
primary patency for devices oversized by >20% was signifi-
cantly lower than that of devices oversized by <20% [24].
According to this study, it may be better to avoid devices
oversized by >20%. However, since the most important goal
in treating injured arteries is hemostasis, avoiding an under-
sized diameter is crucial. Therefore, SGs with a diameter
of 110% that of injured arteries were selected. Appropriate
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of the pseudoaneurysms and a maintained blood flow of peripheral
organs. The hepatic artery (A6), PSPDA, and ASPDA are occluded
by Viabahn stent-grafts. There are no endoleaks on the angiogram.
¢ Arterial phase of contrast-enhanced computed tomography (CECT)
7 days after treatment indicates the occlusion of the Viabahn stent-
graft in RHA (white arrows). There is an abscess surrounding the
stent-graft (white arrowheads). d Portal phase of CECT 7 days after
treatment indicates the occlusion of the Viabahn stent-grafts in GDA
(white arrow). Portal vein (white arrowheads) blood flow is main-
tained

diameter size selection is important to avoid re-bleeding and
ELs. In patients with hypovolemic shock, the artery diameter
became small because of spasms; therefore, measurement of
the injured artery diameter should be performed using the
pre-operative CTA findings.

The neck length is also a critical factor to avoid re-bleed-
ing and type 1 ELs. It should be secured at least 20 mm
according to the manufacturer’s instructions for the use of
Viabahn; however, this may be challenging, especially in
visceral arteries. In the present study, only 9.9 mm (range
1-17 mm) of a mean neck length was ensured in the visceral
artery cases, including 1 mm of the shortest neck length.
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Fig.2 Stent-graft patency. A Kaplan—-Meier curve reveals stent-graft
patency overtime for Viabahn grafts. The transverse axis shows the
time (months) after the procedure. SG stent-graft

Nevertheless, no post-operative type 1 ELs were observed.
Although the neck length is based on the anatomical char-
acteristics, such as angulation and configuration of the tar-
get vessel and coagulation ability, our results suggest that
it is possible to treat injured arteries without type 1 ELs,
even if the neck length is within 20 mm, if the diameter
size selection is appropriate. However, if infection, such as
biliary or pancreatic leakage, exists surrounding the target
vessels, there is a higher risk of re-bleeding or ELs due to
the spread of inflammation to the vessel walls. In addition,
branch arteries were embolized that were less than 2 mm in
diameter within 5 mm of the injured artery to avoid type 2
ELs. Unlike aortic SGes, it is difficult to treat type 2 ELs of
peripheral SGs. If a type 2 EL is expected to occur within
a branch artery, prophylactic embolization of the branch
should be considered before SG replacement.

Although the available CTA imaging follow-up data
were limited and were obtained from a small number of
patients, the post-operative SG patency was 78.6% after
1, 3, and 6 months and 56.1% after 12 months. Although
the SG patency at 1, 3, and 6 months was consistent with
previous studies that reported 75-100% [14-20], the SG
patency at 12 months was worse. Dual antiplatelet therapy
is recommended for at least 6 months following femoral
artery stenosis/occlusion treatment with Viabahn to avoid
SG occlusion [24]. However, there are no studies on anti-
coagulation therapy following injured artery treatment.
Although anticoagulation therapy based on dual anti-
platelet therapy was performed for at least 6 months for
most cases in this study, SG occlusions occurred in 5 cases
within 12 months. Among these cases, 2 cases experienced

occlusion after 12 months, and none of the patients were
receiving dual antiplatelet therapy at that time. It is dif-
ficult to identify the cause of occlusion; however, other
factors, such as the location of the injured artery, infec-
tion, oversized SG, and smaller vessel diameters, could
be responsible. Indeed, all of the SG occlusions in the
present study occurred in visceral artery injuries. Further-
more, 3 cases of SG occlusion had infections (abscesses
and sepsis). Additionally, SG oversized by >20% (the
5 mm SG for 4 mm artery diameter) in 3 cases were used.
Moreover, 3 injured arteries were 4 mm in diameter in this
study. Lim et al. reported that SG patency in the visceral
artery cases was 69.6% at 1 year, and patients with tar-
get artery diameters of <4 mm had a significantly higher
risk of SG occlusion [16]. Indeed, our study shows that
patients with infection and target artery diameters < 4 mm
had significantly higher risk of SG occlusion. In addition,
those with >20% oversized SG tend to have a higher risk
of SG occlusion. However, anticoagulation therapy did
not significantly influence the patency of SGs. In sum-
mary, patients with £ 4 mm artery diameter with >20%
oversized SG and infection regardless of anticoagulation
therapy might have a higher risk of SG occlusion. Fortu-
nately, all the occlusions did not need treatment since there
was no evidence of organ ischemia. Organ ischemia did
not occur, probably due to the development of collateral
circulation before occlusion formation.

The limitations of the present study include its ret-
rospective nature, single-arm design, and limited imag-
ing follow-up data available for only a small number of
patients.

In conclusion, EVT with Viabahn SGs for AIB at the
visceral arteries was safe and effective with a low rate of
peri-procedural complications and mortality. Additionally,
although fixation at least 20 mm from the neck length is
recommended, there were no type 1 ELs and re-bleeding
even when the neck length was within 20 mm. At midterm,
available imaging data showed good SG patency after 1, 3,
and 6 months; however, SG occlusions without ischemia
of peripheral organs often occurred following 12 months.
Long-term follow-up and a larger sample size are needed
for further treatment evaluation.
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