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Abstract: Aim: The aim of this study is to present the reliability and efficacy of Exoseal vascular closure device (EVCD) for closure of extrafemoral
punctures. Materials and methods: All patients who were treated with EVCD following arterial endovascular treatment involving an extrafemoral
puncture between April 2013 and January 2014 were examined retrospectively. This study included 11 patients (4 women and 7 men between the
ages of 48 and 87 years; average age= 65 years). A total of 13 procedures were performed in 11 patients involving the following access routes: brachial
artery (n= 5), popliteal artery (n= 4), and polytetrafluoroethylene graft (n= 4). Results: Twelve out of 13 EVCD procedures achieved technical
success and procedural success. One minor and one major complications occurred. Both complications were revealed to be pseudoaneurysms, both in
the brachial artery. Pseudoaneurysm of the minor complication was treated by Fibrin Sealant (Tisseel) injection guided by ultrasonography and the
other pseudoaneurysm was treated by covered stent placement. Conclusions: The femoral artery is an essential access route of arterial endovascular
procedures; however, in some cases, the extrafemoral arterial route is necessary. In this study, EVCD was found to be useful for closing extrafemoral
arterial routes. This study had a limited number of cases and more large-scale studies are needed.
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Introduction

Arterial access is the first step in arterial endovascular
treatment. However, the arterial access route is also asso-
ciated with the most frequent complications of arterial
endovascular treatment. Therefore, the maintenance of
hemostasis after arterial endovascular treatment is
critical [1]. The gold standard for achieving the
maintenance of hemostasis following extra femoral cathe-
terization is manual compression. However, given the
proliferation of vascular closure devices (VCDs) and their
associated benefits of rapid hemostasis, VCDs have been
applied to vascular sites as an alternative to manual com-
pression. VCDs were first introduced in the 1990s [2].
Their reliability and success have been proven in many
studies [3–5]. The Exoseal (VCD; Cordis Corporation,
Bridgewater, NJ, USA) was introduced to the medical

community in 2010 with the purpose of using them to
close femoral arterial punctures. EVCD is based on the
deployment of a polyglycolic acid plug in the extravascular
area of the puncture site. This plug dissipates by
turning into carbon dioxide and water [1, 2]. The plug
can be deployed through the procedural sheath (e.g., 5, 6,
or 7F sheath).

Extra femoral artery closure with VCDs can be imple-
mented as a new interventional procedure. There is a
limited data about extra femoral usage of VCDs. Pieper
et al. [6] reported an initial study on using EVCD to
achieve extrafemoral access site closure; in their study,
EVCD was successful in 12 of 13 procedures.

In this paper, we aimed to summarize our experience
using EVCD in patients who underwent arterial endo-
vascular treatments where an extrafemoral entry was
implemented. In light of the current lack of data on this
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subject in the literature, we believe this paper will be
useful in spite of our limited cases.

Materials and Methods

Patient population

All 11 patients who underwent arterial endovascular
treatment with EVCD deployment between April 2013
and January 2014 were retrospectively included in this
study. Each patient’s medical history, procedure, and
follow-up features were recorded. The study was ap-
proved by the Ethics Committees.

Interventional procedure

All procedures were performed by two interventional
radiologists who also had experience in using EVCD.
We used Siemens Axiom Artis as the angiography ma-
chine (Siemens Medical Solutions, Erlangen, Germany).

At arterial endovascular treatment, the brachial artery,
popliteal artery, or surgical graft was used as an access
route. A 4F micropuncture set (Cook MPIS-401-U,
Bloomington, IN, USA) was used to access the brachial
artery or popliteal artery under sonographic guidance. An
18G needle and 0.035-in. wire set were used to create a
surgical graft access. All procedures were performed when
the patient was under anesthesia with prilocaine (Citanest
2%, 20 mg, AstraZeneca PLC, England). Heparin was
administered as a bolus dose of 5,000 IU and as an
infusion dose of 1,000 IU/h for 12 h. The activated
clotting time measurement was not used.

Subsequent to arterial endovascular treatment, the
vascular sheath was removed and the EVCD plug was
deployed. EVCD deployment was compatible with the
thickness of the vascular sheath. There are two main
technical points related to the appropriate extravascular
application of the plug: (1) arterial pulsatile flow discon-
tinuation, which shows that the device is in the extravas-
cular area, and (2) conversion of the white marker into
the black marker on the screen of the device.

At the end of the procedure, manual compression was
performed at least for 5 min. If there was no hematoma and
hemostasis maintained within 5 min, immobilization was
recommended for 1 h. If there was hematoma or if hemo-
stasis was not maintained within 5 min, manual compres-
sion was resumed. Subsequently, compression bandaging
was applied and immobilization for 5 h was suggested.

Follow-up

Physical examination and Doppler ultrasonography
(Siemens Acuson Antares ultrasound system, Siemens

Medical Solutions, Erlangen, Germany) were performed
within 24 h of the procedure. In Doppler ultrasonogra-
phy, access artery, pseudoaneurysm, arteriovenous fistula,
and hematoma were investigated. In addition, the
findings of thrombosis and embolization were noted.

Analysis

Technical success was defined as the release of the plug
without any major complications. Procedural success was
defined as the maintenance of hemostasis with manual
compression within 5 min of EVCD deployment without
any major complications or the need for a compression
bandage.

Major complications were defined as in the ECLIPSE
study. They were: (1) hemorrhage that required surgical
or non-surgical vascular closure processes or blood
transfusion, (2) infections that required treatment with
antibiotics, (3) acute ischemia symptoms in the ipsilateral
area related to VCD, and (4) nerve injuries that were
permanent or required medical intervention [2].

Minor complications were defined as follows: (1)
pseudoaneurysm, (2) arteriovenous fistula, (3) >6 cm
ecchymose or hematoma, and (4) recurrent hemorrhage
that required hemostatic treatment [2].

Results

We performed 13 procedures in 11 patients [4 women
and 7 men; median age: 65 years (range: 48–87 years)]
who underwent arterial endovascular treatment with
EVCD due to peripheral arterial disease. Three proce-
dures were in the upper extremity and 10 were in the
lower extremity. The brachial artery (n= 5), popliteal
artery (n= 4), or polytetrafluoroethylene (PTFE) graft
(n= 4) was used to achieve extra femoral arterial punc-
ture (Table I). A 5F sheath was used in 11 procedures and
a 6F sheath was used in two procedures. Acetylsalicylic
acid and clopidogrel were used in 10 procedures,
acetylsalicylic acid only was used in 2 procedures, and
enoxaparin was used in 1 procedure.

Technical success and procedural success were
achieved in 12 out of 13 procedures. In all cases, EVCD
release in the extravascular space was successful in brachial
arterial, popliteal arterial, and surgical bypass graft punc-
tures and following the procedure, hemostasis was main-
tained within 5 min. Surgical bypass graft punctures were
performed in three femoropopliteal and one aortofemoral
subcutaneous bypass PTFE graft.

The only procedure, which proved to be unsuccessful,
was brachial artery closure in Patient no. 4. In this case,
hemostasis was maintained with manual compression
within 5 min. However, a profound hematoma (10 cm
in diameter) was observed approximately 12 h later.
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The hematoma was compressed and a bandage was
applied. Nonetheless, the area of hematoma grew; an
angiography was performed and pseudoaneurysm was
observed. The pseudoaneurysm was treated by covered
stent (Fig. 1). That was the only major complication in
this study.

Only 1 out of 13 procedures led to a minor complica-
tion in a patient (Patient no. 5) who suffered from acute
critical limb ischemia. The patient had initially presented
with sudden cold feet. The patient had a history of

Leriche syndrome and a bypass operation, and the patient
was using warfarin as an anticoagulant. International
normalized ratio (INR) was 2.7, which was over the
upper normal limit. Computed tomography angiography
was performed, which showed occlusion in the aortofe-
moral subcutaneous bypass. Thus, an arterial endovascu-
lar treatment was immediately planned whereby we
accessed the brachial artery owing to occlusion of both
femoral arteries. We did not access the radial artery
because of the possibility of mechanic thrombectomy.

Table I Patients’ characteristics

Procedure
no.

Arterial access
Exoseal French

size (F)
INR value
(0.8–1.1)

Procedural
success

Success of the
technical device

Complication

I Brachial artery 5 1.2 + + −

II Brachial artery 5 1.2 + + −

III Brachial artery 5 1 + + −

IV Brachial artery 5 1.7 − − Major
complication

V Brachial artery 5 2.7 + + Minor
complication

VI Popliteal artery 5 1.5 + + −

VII Popliteal artery 5 0.8 + + −

IIX Popliteal artery 5 1.1 + + −

IX Popliteal artery 5 1 + + −

X Surgical bypass
graft

5 0.8 + + −

XI Surgical bypass
graft

5 1.1 + + −

XII Surgical bypass
graft

6 0.7 + + −

XIII Surgical bypass
graft

6 0.8 + + −

Fig. 1. (A) Brachial artery angiogram shows a pseudoaneurysm. (B) After balloon expandable covered stent placement, pseudoaneurysm was
cured successfully

Experience of extrafemoral Exoseal VCD usage
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The thoracic angiogram showed thrombo-occlusion of
the graft in the patient. An infusion catheter was inserted
(Cragg-McNamara; ev3 Endovascular Inc., Plymouth,
Minn or Unifuse; Angiodynamics, Latham, NY, USA).
Tissue plasminogen activator (Actilyse; Boehringer
Ingelheim, Ingelheim, Germany) was given, 8 mg by
bolus and 12 mg by infusion within 12 h. After 24 h,
control angiography demonstrated resolution of the
thrombus. The vascular sheath was removed and EVCD
was used. Hemostasis maintained within 5 min. Never-
theless, pseudoaneurysm was revealed in the control
Doppler ultrasonography within 24 h. This area was
treated completely with thrombin injection under sono-
graphic guidance.

Hemostasis blood parameters were elevated in 5 out
of 13 procedures. Although the INR value exceeded the
upper normal limit in these cases, we did not normalize
the elevated blood parameters before endovascular treat-
ment as these patients had acute cutaneous limb ischemia,
which urgently required endovascular treatment.

Discussion

VCDs decrease compression time, time to ambulation,
and patient discomfort. The efficiency and reliability of
VCDs have been proven in the literature [3–5]. EVCD
was introduced to the medical community in 2010 and is
based on the release of polyglycolic acid plug absorbable
within 3 months. The device is designed to release the
plug into the extravascular area. In interventional radio-
logical treatments, the common femoral artery is gener-
ally used as the vascular access route. However, different
puncture sites can be necessary, especially in patients with
peripheral arterial disease such as those in this study.
Obesity and angulated aortic bifurcation are other indica-
tions for extrafemoral access [7, 8]. In this study, we
aimed to present our experience of using EVCD to close
extrafemoral routes that were implemented during arte-
rial endovascular treatment.

Most recent studies on EVCD with regard to superfi-
cial femoral artery antegrade punctures have shown that
this device is reliable and successful [9–11]. In 2014,
Pieper et al. [6] published an initial study on using EVCD
to achieve extrafemoral access site closure [6]. In this
study, technical success and procedural success were
achieved in 12 out of 13 cases. The only unsuccessful
case was related to a minor complication of hematoma
less than 3 cm. Although this is the first study in a limited
number of patients, it showed that EVCDs can be used
outside the femoral artery. This study adds to the findings
of the Pieper et al.’s study, supporting the potential use of
EVCDs outside the femoral artery.

The brachial artery has been reported as the most
common site of extrafemoral access for endovascular
intervention. The success of suture-closed, clip-based,

and collagen-based devices in regard to this access route
was reported to be >90%, 100%, and 96.9%, respectively.
In these studies, minor and major complications were rare
[12–16]. Hematoma was reported as a minor complica-
tion. In this study, there were four brachial artery
accesses. One procedure was not successful and the
patient had a major complication. Four procedures were
successful, although INR values of patients in all these
procedures were increased and one patient experienced
pseudoaneurysm as a minor complication.

Although this study did not include procedures involv-
ing axillary artery access, the indications for axillary artery
access are the same as for brachial artery access. However,
axillary artery access is not as reliable as brachial artery
access because brachial artery can be compressed using
the underlying humerus. The rates of complications, such
as nerve damage, are higher with axillary artery access.
Often, the reason is ruptured medial brachial fascia result-
ing from hematoma [17]. Inglese et al. [18] presented
their experience on using an 8F collagen-based closure
device to close the axillary arterial access route. In all four
patients, success was achieved with no complications in
the 2-month follow-up. Gonen et al. [19] used a clip-
based device in six patients. Hemostasis was not achieved
in 2 min in only one case. In their study, one hematoma
(5 × 6 cm) and one complaint of slight pain at the
puncture site were minor complications.

The first reported instance of using a VCD to close
popliteal arterial punctures is in Henry et al. [20] who
used a collagen-based VCD. Although their study mainly
involved the use of VCD for closing the common femoral
artery, VCD was used in three cases with the popliteal
artery as an access route. Success was achieved in all three
cases with no complications. Subsequently, Hoffman
et al. [21] reported one case of popliteal artery closure
using a suture-mediated device and success was achieved
without any complications in the 3-month follow-up.
Noory et al. [22] presented that clip-based device was
used in 28 patients with peripheral artery disease. Tech-
nical success was achieved in all patients. There were three
small hematomas (<5 cm) that were minor complica-
tions. Only one patient had popliteal artery occlusion as a
major complication. To date, Balli et al. [23] presented
the largest study on using EVCD for arterial artery
closure. In this study, the technical failure rate was
4.3%. There were three minor complications and one
major complication. In this study, we used EVCD to
close four popliteal arterial routes. Hemostasis was
achieved in all cases without any complication.

Pieper et al. [6] were the first to report the use of
EVCD to close a venous bypass route. In their study,
the same patient underwent three procedures. All
procedures were carried out successfully. No complica-
tions were reported. Bypass graft puncture is generally
avoided as an access route as graft puncture carries a risk
of complications, such as rupture, infection, and

Caymaz et al.

ISSN 2061-1617 © 2019 The Author(s) Interventional Medicine & Applied Science185



pseudoaneurysm. However, in some cases, it may be vital.
Manual compression of graft access requires special at-
tention because the risk of thrombosis in grafts is higher
than that in native vessels [17]. In this study, the success
of the procedure in all four cases with surgical graft access
was achieved with no complication.

This study has some limitations as a result of the
EVCD application in a limited number of cases. Finally,
this is an initial study and large-scale studies are needed
regarding off-label usage.

In conclusion, we present our experience on applying
EVCD to close surgical bypass graft, popliteal artery, and
brachial artery access routes.
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