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Abbreviations

ACS  Acute coronary syndrome

PCI Percutaneous coronary intervention

PGA  Polyglycolic acid

VCD  Vascular closure device

Vascular closure devices (VCDs) were de-
veloped to reduce access site bleeding, to
improve patient comfort, and to acceler-
ate ambulation after percutaneous cor-
onary interventions (PCI) [1]. Despite
higher complications rates in earlier stud-
ies [2], recent data suggest similar com-
plication rates or even better outcomes
after the use of VCDs as compared with
manual compression [3, 4, 5]. Exo-Seal®
(Cordis, Warren, N.].) is an extravascu-
lar closure device that uses a polyglycol-
ic acid (PGA) plug to occlude the punc-
ture channel without affecting the inner
lumen of the vessel. Whether the use of
this extravascular closure device is as ef-
fective as the more widely used plug/an-
chor-mediated devices has not been eval-
uated to date.

We performed a randomized, multi-
center, single-blind trial to prove the ef-
ficacy of the extravascular closure device
Exo-Seal® in comparison with the colla-
gen-based plug/anchor-mediated Angio-
Seal® system.
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Comparison of Exo-Seal®
and Angio-Seal® for arterial
puncture site closure

A randomized, multicenter, single-blind trial

Methods
Patient population

Between December 2011 and December
2012, patients who underwent either cor-
onary angiography and/or PCI were re-
cruited in three centers in Germany in-
to the ACCESS study. Inclusion criteria
were: age > 18 years, femoral access with
a 6-Fr sheath, and ability to provide writ-
ten informed consent. Patients with con-
traindications for any VCD - including
(1) severe calcification of the vessel site,
(2) severe peripheral artery disease, (3)
puncture in the origin of the femoral pro-
funda artery, (4) nonfemoral sheath inser-
tion, (5) marked tortuosity of the femo-
ral or iliac artery, and (6) marked obesity
(BMI >40) or cachexia (BMI <20) — were
excluded from the study [6, 7]. Patients
with puncture in the common femoral ar-
tery as well as patients with puncture in
the superficial femoral artery were includ-
ed. A clinical exclusion criterion was con-
tinuous medication with oral anticoagu-
lants. Whenever possible, recommenda-
tions of the CONSORT statement were
applied [8]. The protocol was approved
by the ethics committee and all patients
gave written informed consent.

Study design and procedures

Patients were randomly assigned to treat-
ment with Angio-Seal® or Exo-Seal® af-
ter they had undergone angiography/in-
tervention according to standard proto-
cols [9] and exclusion criteria were as-
sessed (B Fig. 1). Patients who underwent
PCI were loaded with either 300 mg or
600 mg of clopidogrel or 60 mg of prasu-
grel or 180 mg of ticagrelor, followed by a
maintenance dose of 75 mg of clopidogrel
or 5 mg or 10 mg of prasugrel, or 90 mg
of ticagrelor prior to the intervention. Af-
ter insertion of a 6-Fr sheath, all patients
received 3,000 IU of unfractionated hep-
arin (UF). When PCI was performed af-
ter a diagnostic angiography or when an
elective PCI was performed, heparin was
given until an activated clotting time-level
(ACT) of 250 s. Before using the VCD, an-
giography of the accessed femoral artery
was performed to rule out major risk fac-
tors for malfunction of the system. Angio-
Seal® or Exo-Seal® was implanted when
ACT was <300 s. The use of protamine
was allowed. Placement of the device was
performed according to the manufactur-
er’s recommended technique. The opera-
tor had to have used the device at least 50
times. After insertion of the VCD, a cir-
cular groin dressing was applied and pa-
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Fig. 1 A Flowchart of the patients randomized to the ACCESS study. FU follow-up

tients were immobilized for 4 h. After 4 h,
the arterial puncture site was examined,
and auscultation was performed. If there
was no relevant complication, ambulation
was initiated.

Anticoagulation either with unfrac-
tionated heparin or low-molecular-weight
heparin was restarted 6 h after removal of
the dressing. On the next day, clinical ex-
amination, ultrasound, and Doppler spec-
tral analysis of the puncture site were per-
formed on all patients.

Device description

Angio-Seal® (St. Jude Medical, St. Paul,
Minn.) is a collagen-based plug system
with a flat, absorbable rectangular anchor,
an absorbable collagen plug, and an ab-
sorbable suture. Exo-Seal® (Cordis, War-
ren, N.J.) is a closure device with a bio-
absorbable polyglycolic acid (PGA) plug,
which is administered to the extravascu-
lar space above the arteriotomy using vi-
sual guidance (B Fig. 2).

Data management and
study endpoints

Demographic and procedural data were
prospectively collected using a standard-
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ized procedural data sheet. This included
date and type of intervention, sheath size,
procedure-related drug doses, and num-
ber of previous interventions. Major or
minor complications, as well as the time
of events, were recorded.

The primary endpoint was the inci-
dence of vascular complications after 24 h.
Vascular complications were defined as
hematoma >5 cm, major bleeding, false
aneurysm, and device failure.

Secondary endpoints were hemato-
ma >5 cm immediately after closure and
pain while applying the closure device ac-
cording to the Borg Scale, as well as after
30 days the presence of hematoma >5 cm,
infection, new bleeding events, any pain at
the puncture site, or the necessity for sur-
gical revision.

Bleeding was identified according to
the thrombolysis in myocardial infarc-
tion (TIMI) criteria [10], and major bleed-
ing was defined as “clinically overt signs
of haemorrhage associated with a drop
in haemoglobin of >5 g/dl or fatal bleed-
ing that directly results in death within 7
days.”

Pain during closure procedure was cat-
egorized according to the Borg Scale, with
minor pain defined as Borg <5 and major
pain as Borg 25 [11].

Device failure was defined as unsuc-
cessful deployment of the device, either
due to technical failure or operator de-
pendent with the consequence of manu-
al compression.

Acute coronary syndrome (ACS) was
defined as elevation of creatine kinase
(CK) >140 U/1 or elevation of troponin
I>0.5 ng/ml

Statistical analysis

A noninferiority test was applied for the
primary endpoint. The primary endpoint
was defined as a composite of bleed-
ing (requiring transfusion), hematoma
>5 cm, false aneurysm, and device failure.
To estimate the number of patients per
group based on a 1:1 randomization, we
tested whether the odds ratio was close to
1.00. Hypotheses are depicted in the odds
ratio model as follows:

HO: In(OR) 2§; H1:In(OR) <3.

Assuming an incidence of 5% for the
primary endpoint and a delta of 1.30, the
calculated number of patients was 154 pa-
tients in each group to achieve 80 % pow-
er. This margin was chosen on clinical
judgment and subject domain knowledge.
Categorical variables were compared us-
ing Pearson’s y” test or Fisher’s exact test,
when appropriate. All continuous vari-
ables are described as means + SD. Dif-
ferences between proportions and ¢ tests
were computed with SPSS version 21.0.

Results

A total of 328 patients were randomized,
after exclusion of nine patients after pe-
ripheral angiography — 161 patients to
treatment with Angio-Seal® and 158 to
treatment with Exo-Seal®. Of these sub-
jects, 101 patients (62.7 %) of the Angio-
Seal® group and 95 (60.1%) of the Exo-
Seal® group underwent diagnostic angi-
ography only. @ Table 1 shows the base-
line characteristics of all patients.

An intervention was performed for
treatment of ACS in 39 patients (24.2 %)
of the Angio-Seal® group and in 45 pa-
tients (28.5%) of the Exo-Seal® group.
There was no patient with ST-elevation
myocardial infarction included. Morpho-
logical and procedural characteristics are
depicted in @ Table 2.
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Abstract

Background. The use of extravascular fem-
oral closure devices in patients undergoing
coronary angiography/intervention has not
been sufficiently evaluated. We sought to de-
fine the impact of an extravascular polygly-
colic acid (PGA) plug for the closure of a fem-
oral access site in patients undergoing coro-
nary angiography and/or percutaneous coro-
nary intervention.

Methods. In this prospective, single-blind,
multicenter trial we randomly assigned 319
patients to vessel closure with Angio-Seal® or
Exo-Seal®. We hypothesized that the use of
an extravascular closure device is not inferior
to an anchor/plug-mediated device regard-
ing the occurrence of the composite prima-
ry endpoint: hematoma > 5 cm, significant
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groin bleeding (TIMI major bleed), false aneu-
rysm, and device failure.

Results. There was no significant difference
in patient baseline characteristics or pro-
cedural results. After 24 h the primary end-
point occurred in nine patients (5.6 %) in the
Angio-Seal® group and in 13 patients (8.2 %)
inthe Exo-Seal® group (p=0.38). Hematoma
>5 cm was noted in three patients (1.9 %) re-
ceiving Angio-Seal® vs. two patients (1.3 %)
receiving Exo-Seal® (p=0.99). In one pa-
tient (0.6 %) of the Exo-Seal® group, TIMI ma-
jor bleeding occurred, requiring transfusion
(p=0.49). There were four (2.5 %) false aneu-
rysms found in patients treated with Angio-
Seal® and two (1.3%) in patients treated with
Exo-Seal® (p=0.68). There was a trend for a
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Comparison of Exo-Seal® and Angio-Seal® for arterial puncture site closure.
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higher incidence of device failure in the Exo-
Seal® group (1.2 vs. 5.2%, p=0.06). At tele-
phone interview after 30 days, there was no
significant difference found regarding the
events readmission with surgery of puncture
site, infection, bleeding, hematoma, or pain.
Conclusion. In the present study, there were
no significant differences found regarding
the occurrence of hematoma >5 ¢cm, major
bleeding, false aneurysm, and device failure
between Angio-Seal® and Exo-Seal® 24 h af-
ter device implantation.

Keywords

Arterial puncture - Angio-Seal® - Exo-Seal® -
Percutaneous coronary intervention -
Coronary angiography

Zusammenfassung

Hintergrund. Die Verwendung extravasku-
larer Verschlusssysteme fiir die Femoralarte-
rie bei Patienten mit Koronarangiographie/
perkutaner Intervention wurde bisher nicht
ausreichend untersucht. Ziel der Autoren war,
den Einfluss eines extravaskuldren Polygly-
kolsaure (PGA) Anker basierten Verfahrens
auf den Verschluss des Zugangs in der Lei-
ste bei Patienten zu ermitteln, bei denen eine
Koronarangiographie und/oder eine perkuta-
ne Koronarintervention erfolgte.

Methoden. In der vorliegenden prospek-
tiven, einfach verblindeten Multizenterstu-
die wurden 319 Patienten randomisiert dem
GefaBverschluss mit Angio-Seal™ oder Exo-
Seal® zugeteilt. Die Hypothese der Autoren
bestand darin, dass der Einsatz eines extra-
vaskuldren Verschlusssystems einem System
auf PGA/Ankerbasis im Hinblick auf das Auf-
treten des kombinierten priméren Endpunkts
aus Hamatom >5 cm, erheblicher Blutung in
der Leistenregion (schwere Blutung nach Tl-

MI-Kriterien), Aneurysma spurium und ,devi-
ce"-Versagen nicht unterlegen sei.
Ergebnisse. Es fand sich kein signifikanter
Unterschied bei den Ausgangsmerkmalen
der Patienten oder den Ergebnissen der Pro-
zedur. Nach 24 h trat der primare Endpunkt
bei 9 Patienten (5,6 %) in der Angio-Seal -
und bei 13 Patienten (8,2 %) der Exo-Seal®-
Gruppe auf (p=0,38). Ein Hdimatom >5 cm
wurde bei 3 Patienten (1,9 %) unter Verwen-
dung von Angio-Seal” vs. 2 Patienten (1,3 %)
unter Verwendung von Exo-Seal® (p=0,99)
festgestellt. Bei einem Patienten (0,6 %) der
Exo-Seal®-Gruppe trat eine schwere Blu-
tung nach TIMI-Kriterien auf, die eine Trans-
fusion notwendig machte (p=0,49). Es wur-
den 4 (2,5 %) falsche Aneurysmen bei den
mit Angio-Seal” behandelten Patienten und
2 (1,3%) bei den mit Exo-Seal® behandelten
Patienten (p=0,68) diagnostiziert. Eine Ten-
denz zu einer hdheren Inzidenz von ,devi-
ce”-Versagen bestand in der Exo-Seal®-Gru-

Vergleich von Exo-Seal® und Angio-Seal® zum Verschluss einer arteriellen Punktionsstelle.
Randomisierte, einfach verblindete Multizenterstudie

ppe mit 1,2 vs. 5,2% (p=0,06). Bei einer tele-
fonischen Befragung nach 30 Tagen war kein
signifikanter Unterschied hinsichtlich der Er-
eignisse Wiederaufnahme mit chirurgischem
Eingriff an der Punktionsstelle, Infektion, Blu-
tung, Hdmatom oder Schmerzen festzustel-
len.

Schlussfolgerung. In der vorliegenden Stu-
die wurden keine signifikanten Unterschie-
de in Bezug auf das Auftreten eines Hama-
toms >5 cm, einer schweren Blutung, eines
falschen Aneurysmas und eines,,device”-Ver-
sagens zwischen Angio-Seal™ und Exo-Seal®
24 h nach Implantation des Systems festge-
stellt.

Schliisselworter

Arterienpunktion - Angio-Seal® -

Exo-Seal® - Perkutane Koronarintervention -
Koronarangiographie

Procedural results

In patients undergoing PCI, the procedur-
al success rate was 100 % in both groups.
Inspection immediately after interven-
tion (secondary endpoint) showed that:
hematoma >5 cm was detected in three

patients in each group (1.9% vs. 1.9 %;
p=0.98), no patient had major bleeding in
both groups, pain levels were significant-
ly higher in patients treated with Angio-
Seal® (@ Table 3). In two of 161 patients
(1.2%) who were treated with Angio-
Seal® and in eight of 158 patients (5.1 %)

who were treated with Exo-Seal®, the de-
vice could not be successfully deployed
and manual compression was performed
(p=0.06). In patients who had device fail-
ure, time to hemostasis was not signifi-
cantly different between the groups (288 s
vs. 234 5; p=0.61).
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Fig. 2 A Vascular closure devices. a Angio-Seal® (St. Jude Medical, St. Paul, Minn.). The device is made of three absorbable
components: a small anchor, collagen, and a suture. The anchor is placed in the artery via a sheath and then drawn against
the wall of the artery, while the suture allows the collagen to compact to create a seal over the entry point in the artery.

b Exo-Seal® (Cordis Corporation, Warren, N.J.). The device consists of a plug applier and an absorbable plug. The plug appli-
er positions and deploys the absorbable plug to the extravascular surface of the femoral artery access site. Hemostasis is
achieved by a visually guided deployment mechanism that delivers a bioabsorbable polyglycolic acid “plug” outside the fem-
oral artery. The plug is completely extravascular and is hydrolyzed into CO, and HO, within 3 months

Inspection after 24 h (including
primary endpoint)

After 24 h, three patients (1.9 %) in the
Angio-Seal® group and two patients
(1.3%) in the Exo-Seal group® experi-
enced hematoma >5 cm (8 Table 4). One
patient (0.6 %) in the Exo-Seal® group
had TIMI major bleeding, which required
transfusion. After 24 h, ultrasound of the
puncture site was performed on all pa-
tients. False aneurysms were detected in
four patients (2.5 %) treated with Angio-
Seal® and in two patients (1.3 %) treat-
ed with Exo-Seal®. Of the four false an-
eurysms found in patients treated with
Angio-Seal®, three were treated with
thrombin injection and one with manu-
al compression. Of the two patients with
false aneurysm in the Exo-Seal® group,
one was treated with thrombin injection
and one with manual compression. None
of the false aneurysms had to be treated
with surgery.

Nine patients (5.6 %) in the Angio-
Seal® group complained of severe pain
vs. four (2.5%) in the Exo-Seal® group
(Borg =5; (p=0.26). Arteriovenous fistu-
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la was detected via sonography in two pa-
tients of the Exo-Seal® group (1.3 %) vs.
none in the Angio-Seal® group.

Follow-up after 30 days

During telephone interview after
36.1+35.5 vs. 34.5+30.8 days (follow-up
rate, 92.6 %) patients were asked to report
the appearance of one or more of the fol-
lowing: surgical revision of the access site,
bleeding, new hematoma, infection, pain,
or any other problem with the puncture
site. One patient in the Exo-Seal® group
was readmitted for surgical revision of the
access site. No infection of the access site
was reported in both groups (8 Table 5).
Of note, 27 patients (19.4 %; Angio-Seal®)
vs. 32 (23.5%, Exo-Seal®; p=0.46) indi-
cated minor problems such as nervous
sensations or problems with hip move-
ment.

Discussion
The present study was conducted to

compare the efficacy of the extrafemoral
vascular closure device Exo-Seal® with

the well-validated plug-anchor system
Angio-Seal® for vessel closure after cor-
onary angiography and PCIL

The major finding of our study was
that the use of Exo-Seal® was not inferi-
or to treatment with Angio-Seal® with re-
gard to bleeding, hematoma, false aneu-
rysm, and device failure. The use of Exo-
Seal® was linked to a higher albeit not
significant rate of device failure, and with
significantly less pain as measured with
the Borg Scale [11].

The occurrence of vascular complica-
tions is an independent predictor of non-
fatal myocardial infarction or death with-
in 1 year after intervention, and has been
associated with a significant increase in
mortality [7, 12, 13]. Although early am-
bulation and even exercise is feasible [14],
nearly 20 years after their introduction, it
is not definitely clear whetherVCDs are
safer than manual compression, since the
results of the existing devices are inconsis-
tent. Some authors report lower compli-
cations rates [15-18], while others found
no differences between VCDs and manual
compression [19-24]. On the other hand,
unintended consequences, specific for



Table 1 Baseline characteristics of patients

Angio-Seal® Exo-Seal® p
N 161 158 -
Age (years) 68.5+11.4 684+123 0.93
Male sex 115 (71.4%) 98 (62.0%) 0.08
ACS 42(26.1%) 46 (29.1%) 0.37
Puncture same groin 107 (66.4 %) 108 (68.3 %) 0.29
Hx of PCI 89(55.3%) 88(55.7 %) 0.94
Angiography only 101 (62.7 %) 95 (60.1 %) 0.63
Cardiac risk factors
Diabetes 49 (30.4%) 40 (25.3%) 0.31
BMI 289+5.0 28.8+5.0 0.79
HTN 143 (88.8%) 141 (89.2 %) 0.90
HLP 93(57.8%) 105 (66.5%) 0.1
Family history 35(21.7%) 31(19.6%) 0.62
Smoking 33(20.5%) 40 (25.3%) 0.32
eGFR <60 ml/min/1.73 m? 33(20.5%) 23(14.6%) 0.16

ACS acute coronary syndrome, Hx history, PCI percutaneous coronary intervention, BMI body mass index, HTN
arterial hypertension, HLP hyperlipoproteinemia, GFR glomerular filtration rate

Table 2 Procedural data

Angio-Seal® Exo-Seal® p

N 161 158

PCl 60 (37.3%) 63 (39.9%) 0.63
LM 7 (4.3%) 2(1.3%) 0.10
LAD 40 (24.8%) 36 (22.8%) 0.67
LCX 20(12.4%) 23 (14.6%) 0.58
RCA 23(14.3%) 20(12.7 %) 0.67
CABG 1(0.6%) 2(1.3%) 0.55
Number of diseased vessels 14+13 1.6+13 0.77
Amount of contrast (ml) 105+45 110+55 0.34
GP lIb/llla blockade 0(0%) 1(0.6%) 0.77

LAD left anterior descending, LCX left circumflex artery, RCA right coronary artery, LM left main stem, CABG
coronary artery bypass graft, GP lib/llla glycoprotein lb/llla inhibitor

Table 3 Inspection immediately after closure

Angio-Seal® Exo-Seal® p
N 161 158
Hematoma >5cm 3(1.9%) 3(1.9%) 0.98
Bleeding (TIMI major bleed) 0(0%) 0(0%) -
Pain during vessel closure (Borg Scale) <0.001
0-2 117 (72.7 %) 133 (84.2%)
3-4 23 (14.3%) 3(1.9%)
5-7 21(13.0%) 22 (13.9%)
Device failure 2(1.2%) 8(5.1%) 0.06

TIMI thrombolysis in myocardial infarction

VCDs, such as infections and closure of
the accessed artery are reported [25-26].
The most recent meta-analyses still re-
main conflicting. Smilowitz and cowork-
ers found closure devices to be associat-
ed with significantly lower rates of vascu-
lar complications compared with prima-

ry hemostasis with manual compression
[27], while Byrne et al. found that the data
do not demonstrate consistent reductions
in access-site complications [4]. Bianca-
ri et al. reported equal or higher rates of
complications [28]. Nevertheless, VCDs
are widely and increasingly used in in-

terventional cardiology [29]. Since there
is no class effect for closure devices, new
devices need careful evaluation and com-
parison with existing devices.

Over the years, with decreasing sheath
sizes, complication rates have dropped
from 6 % to less than 1% in some stud-
ies. Depending on the definitions, which
vary widely, complications range between
0.9 and 10 %. Chevalier et al. observed a
complication rate of 5.9% in 306 high-
risk patients [30]. In a meta-analysis of
12,937 patients undergoing either manu-
al compression or vascular closure, Arora
et al. reported complication rates of 2.4 %
after PCI and vascular closure with dif-
ferent devices [15]. In the meta-analysis
of Smilowitz et al., the complication rate
was 0.87 % with a PCI rate of 34.8 % [27].
Opverall, complications are reported to be
between 0.5 and 1.8 % after angiography
and 0.6 and 9 % after PCI [15, 31].

The CLOSE-UP study comparing
FemoSeal® with manual compression
found a lower rate of large hematomas
using FemoSeal®. The primary endpoint
was the incidence of hematomas >5 cm,
which was reduced by an absolute 4.5 %,
from 6.7 to 2.2% [3].

Although not significantly different
in the two groups, complication rates in
our study were higher. Of note, more than
60 % of patients in both groups had more
than one intervention through the same
vessel, and more than 30 % of the patients
presented with elevated troponin levels, a
risk factor of adverse outcome regarding
the access site itself. Furthermore, no ul-
trasound of the accessed vessel was per-
formed prior to the intervention, so the
exclusion of patients according to the
aforementioned criteria was done on the
basis of the angiogram alone, which was
performed at the end of the procedure and
before the use of the VCD.

The high rate of device failure of 5.1%
in the Exo-Seal® group has to be high-
lighted. In the meta-analysis of Smilow-
itz et al., failure of device implantation
was reported to be in the range of 1.23%
[27]. Implantation failure in the Angio-
Seal® group was 1.2 %, being exactly in
the range of this analysis. This is a con-
cern, since vascular complication rates in
cases of device failure are reported to be
up to 10 %. In the present study, all cases of
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Table 4 Clinical outcomes and severe pain (Borg Scale > 5) after 24 h Based on our data, assuming extra-

Angio-Seal® Exo-Seal® p femoral devices to be as efficient as oth-
N 161 158 ers, there are some implications and po-
Hematoma >5 cm? 3(1.9%) 2(1.3%) 0.99 tential advantages of these devices that
Bleeding (TIMI major bleeding requiring 0(0.0%) 1(0.6%)° 049 have to be addressed: First it seems con-
transfusion) ceivable that there is a possible application
False aneurysm 4(2.5%) 2(1.3%) 0.68 opportunity for the use of these devices in
Device failure 2(1.2%) 8(5.1%) 0.06 patients with contraindications for con-
Composite primary endpoint¢ 9(5.6%) 13(8.2%) 0.38 ventional VCDs, since there is no contact
N 161 158 with the inner lumen of the diseased and/
Pain (Borg Scale>5) 9(5.6%) 4(2.5%) 0.26 or calcified vessel. Second, it seems likely,

that with improved operator experience
the rates of device failure will drop. Unad-
dressed issues are the use in patients who
are on oral anticoagulants and, as men-
tioned, in those patients with contraindi-
cations for conventional systems. Further

®Hematoma > 5 cm in addition to those assessed immediately after intervention

5One patient with hematoma > 5 cm after intervention had a bleeding event from the puncture site thatre-
quired transfusion

OR (95% CI):0.66 (0.27; 1.59)

Table 5 Clinical outcomes after 30 days

Angio-Seal® Exo-Seal® p studies are necessary to prove the indica-
N 139 136 tion of extravascular devices in these pa-
Readmission with surgery of puncture site 0(0.0%) 1(0.7%) 0.49 tients.
Infection 0(0.0%) 0(0.0%) -
Bleeding® 4(2.9%) 6(4.4%) 0.54 Limitations
Hematoma?® 22 (15.8%) 31(22.8%) 0.17
Pain? 14(10.1%) 9(6.6%) 0.38 The following limitations of the study
Other eventsb 27 (19.4%) 32 (23.5%) 046 need to be addressed. According to the

study protocol, patients with peripheral
vascular disease, calcifications, and inser-

?Bleeding, hematoma, and pain assessed and reported by the patients themselves at 30-day telephone call
bPatients were encouraged to report any event regarding the intervention within the past 30 days (patients

complained of paresthesia, reduced hip movement, induration of the puncture site, and discomfort)

device failure could be solved with manu-
al compression and no further complica-
tions were reported. Albeit not significant,
since operator experience with each of the
two devices was required, this remains a
concern for the use of Exo-Seal®.

With decreasing levels of local anesthe-
sia, depending on the complexity of the
intervention and therefore the length of
the procedure, increasing pain levels with
the use of closure devices are reported,
since in a minority of procedures the lo-
cal anesthesia is administered twice [32].
In a subgroup analysis of the CLOSE-UP
I Study, reported pain levels, being only
detected during the procedure, were sig-
nificantly higher in patients treated with
FemoSeal® compared with manual com-
pression. In our study, pain levels were sig-
nificantly lower with the use of the extra-
vascular closure device compared with the
anchor-plug system.

The existing evidence for the use of
Exo-Seal® is poor. Wong and cowork-
ers found a significantly shorter time
to hemostasis in 401 patients receiving
Exo-Seal® vs. manual compression [33].
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The complication rate (minor complica-
tions defined as rebleeding, hematoma
>6 cm, access site rebleeding) was 8.5 %.
Schmelter et al. demonstrated in 93 pa-
tients with an antegrade puncture that the
use of the Exo-Seal® system was safe [34].

In a recent analysis by Wiemer et al,,
the use of a 7-Fr Exo-Seal® system was as-
sociated with a shorter time to hemosta-
sis and time to ambulation as compared
with manual compression [35]. In a ret-
rospective analysis, Boschewitz and co-
workers reported the safety and effective-
ness of the Exo-Seal® system citing a very
low complication rate of 1.17 % [36].

The ISAR-CLOSURE trial, which was
presented recently at the Transcathe-
ter Cardiovascular Therapeutics (TCT)
meeting in 2014, compared outcomes
after arteriotomy closure with manual
compression, FemoSeal®, or Exo-Seal®.
After 30 days, the VCD group reported
access site complications in 6.9 % com-
pared with 7.9 % in the manual compres-
sion group, establishing the noninferior-
ity of VCD.

tion of the sheath in the origin of the pro-
funda femoral artery were excluded. Pe-
ripheral artery disease was ruled out on
the basis of the patient's history, available
charts, and the results of the physical ex-
amination. A Doppler ultrasound was
performed 24 h after the intervention and
not before. This information could have
had an impact on the results and are thus
a limitation. Secondly, we did not com-
pare Exo-Seal® with manual compres-
sion. Third, in order to provide compara-
ble conditions for all patients, it was de-
cided to keep a 4-h bedrest after implan-
tation of the device. This may not be sim-
ilar to real-world practice. Fourth, pa-
tients undergoing diagnostic angiogra-
phy and patients treated with PCI were
included in the study. Further, in all pa-
tients with diagnostic angiography, hep-
arin was administered at a dose of 3,000
IE. Although the rate of device failure was
higher in the Exo-Seal® group, we were
not able to identify predictors of device
failure in our study. A further limitation
is the small sample size, which was calcu-
lated only to prove the noninferiority cri-
teria of the primary endpoint.



Conclusion

Our results show that the extravascular
closure device Exo-Seal® is not inferior
to the well-validated anchor-plug device
Angio-Seal®. With a nonsignificant high-
er rate of device failures, the overall com-
plication rate of Exo-Seal® was similar to
that of Angio-Seal®. The role of extravas-
cular VCDs in the treatment of patients
with contraindications for a VCD has to
be further evaluated.
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