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Abstract

Arterial percutaneous closure devices (APCD) could lead to severe vascular complications, like acute lower limb ischemia. The aim of this
study was to evaluate retrospectively our personal series of acute lower limb ischemia following the use of APCD. From January 2004 to
June 2009 the Angio-Seal percutaneous closure devices was deployed in 198 patients. Eight (4%) acute lower limb ischemia required urgent
surgical repair. The device was removed in all cases. A thromboembolectomy was performed in five patients (62.5%) and in three (37.5%)
an endarterectomy with patch closure was carried out (two saphenous vein and one Dacron). Limb salvage rate was 87.5%. We compared
Angio-Seal complications group (A) with the 190 patients in which the Angio-Seal was successfully used without complications (group B) by
means of Student’s t-test. At 36-month follow-up with color-coded duplex ultrasounds, no chronic limb ischemia or other complications
requiring surgical repair occurred. Diabetes, obesity, severe femoral atherosclerotic involvement, use of sheath size )7 Fr and time-
consuming procedures were significant risk factors for ischemic APCD complications. Despite vascular injuries being uncommon after APCD
deployment, generally a complex surgical repair is necessary. A more careful patient selection would be advisable.
� 2011 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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1. Introduction

Femoral artery access site complications following angio-
graphic procedures range from 1% to 5% w1, 2x. Different
types of arterial percutaneous closure devices (APCD) were
developed in order to reduce these complications, but
despite their safety, an overall complication rate of 2% has
been reported w3x. The aim of our study is to present a
personal series of acute lower limb ischemia following the
employment of APCD and to review the literature.

2. Materials and methods

This is a retrospective study that analyzes our series of
patients with acute lower limb ischemia requiring urgent
surgical repair following Angio-Seal (St. Jude Medical, St.
Paul, MN, USA) use from January 2004 to December 2009.
During this period, we performed 723 vascular peripheral
procedures. In 198 patients (27.3%), diagnostic in 60 cases
and therapeutic in 138, an Angio-Seal APCD was used. The
Angio-Seal deployment indications were the following:
sheath size of 7 Fr, severe obesity, prolonged anticoagula-
tion or thrombolysis. A skilled endovascular intervention-
alist performed the procedure in all cases. We observed
eight ischemic access complications that required urgent

*Corresponding author. Tel.: q39 347 2446944; fax: q39 0766 591464.
E-mail address: gmarcroma@alice.it (G. Marcucci).

surgical repair (4%). No chronic-like limb ischemia, bleed-
ing, pseudoaneurysms or primary infective endarteritis
were observed. Patients’ medical data were collected to
achieve demographic information (diabetes, obesity, chron-
ic renal failure) and reported in Table 1.

In all complicated cases an urgent preoperative angio-
graphy was carried out showing an occlusion of the common
femoral artery (CFA) in five patients (Fig. 1), severe
superficial femoral artery (SFA) stenosis in two, and one
popliteal occlusion. All operations were carried out under
local anesthesia and the surgical repair and outcomes were
reported in Table 2. In three cases of CFA occlusion and in
the patient with popliteal artery occlusion a sudden acute
ischemia developed and the diagnosis was immediately
performed at the end of the same procedure. In the last
two cases in which a CFA occlusion occurred and in two
patients with severe stenosis of SFA the clinical onset
appeared two to three hours later. However, a prompt
diagnosis and treatment was performed in all cases.

We compared the role of the demographic data and co-
morbidities between these eight patients in which the
Angio-Seal led to ischemic complications (group A) with
the cohort of 190 patients in which the Angio-Seal was
successfully used (group B) by means of Student’s t-test to
determine whether there are predictive factors of
increased risk of complications. All analyses have been
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Table 1. Demographic data and co-morbidities

Mean age (years) 69 (57–84)
Male 3 (37.5%)
Time to surgery (median hours) 2 h
Median length of hospitalization 6 days
Diabetes 6y8 (75%)
Obesity 6y8 (75%)
Hypertension 7y8 (87.5%)
Ischemic heart diseases 5y8 (62.5%)
Chronic renal failure 1y8 (12.5%)
Peripheral arterial diseases 6y8 (75%)

Fig. 1. Angiography shows an occlusion of the common femoral artery.

Table 2. Surgical data and outcomes

Age Sex Co-morbidities Procedure Sheath Complications Vessel Intervention Outcome Follow-up
(years)

74 F DM, IHD, Diagnostic 5 Fr Thrombosis PA Thrombectomy Limb loss 1
hypertension

67 F DM, IHD, Therapeutic 7 Fr Thrombosis CFA Thrombectomy Good 1
hypertension

82 M DM, Therapeutic 7 Fr Dissection CFAqSFA TEAqASV patch Good 2
hypertension

76 F DM, IHD, Therapeutic 8 Fr Dissection CFA TEAqDacron Good 2
hypertension patch redo ASV

patchqsartorius
muscle flap

74 M CRF Diagnostic 5 Fr Dissection CFA Thrombectomy Good 2
57 F DM, IHD, Therapeutic 8 Fr Thrombosis CFA Thrombectomy Good 2

hypertension
84 M DM, IHD, Therapeutic 8 Fr Dissection CFAqSFA TEAqASV patch Good 3

hypertension
72 F Hypertension Diagnostic 5 Fr Dissection CFA Thrombectomy Good 3

DM, diabetes mellitus; IHD, ischemic heart disease; CRF, chronic renal failure; CFA, common femoral artery; SFA, superficial femoral artery; PA, popliteal
artery; TEA, thrombo-endarterectomy; ASV, autologous saphenous vein.

developed by software SPSS (13.0 version, SPSS Inc, Chi-
cago, IL, USA). A P-0.05 was considered significant (Table
3).

3. Results

Diabetes, obesity and severe ischemic heart disease (IHD),
which are generally an expression of poly-systemic vessels
involvement were found to be a statistical risk factor
associated with ischemic APCD complications. Use of sheath
size )7 Fr for therapeutic and time-consuming procedures

were significant risk factors for ischemic APCD complica-
tions. No patient required a decompression fasciotomy.

A postoperative acute bleeding due to infective endarte-
ritis occurred in a patient who received a Dacron patch
angioplasty on the third postoperative day. A prompt repair
using a saphenous vein patch with a sartorius muscle flap
closure was performed. In one case a critical ischemia
developed after thrombectomy. A thrombolysis with poplit-
eal stenting and subintimal recanalization of the posterior
tibial artery was unsuccessfully performed. A leg amputa-
tion was necessary.

No patients were lost at follow-up. One patient died after
one year from a myocardial infarction. In no case did a
late chronic ischemia occur at follow-up (12–36 months).
The limb salvage rate was 87.5%. No late reoperations were
needed.

Follow-up was carried out for a mean period of 36 months.
A color-coded duplex ultrasound (US) was performed at
one, three, six and 12 months and then annually and each
showed a complete patency to the arterial closure device
application with no hyperplasic reaction of the arterial
wall.

4. Discussion

Despite recent meta-analysis failing to show the superi-
ority of APCD over manual compression, their use in inter-
ventional and cardiology practice is now widely accepted,
with an increase in related complications w4, 5x that gen-
erally require difficult and non-standardized surgical
repairs w6x.

In this study we reported only cases of lower limb acute
ischemia following Angio-Seal closure device deployment
by skilled endovascular interventionalists. Angio-Seal is
actually one of the most frequently employed APCD and
the device consists of three parts: a flat anchor of
2=10 mm size of polyglactic and polyglycolic acid, a col-
lagen plug and a connection system of polyglycolic acid.
The anchor is introduced into the arterial lumen through a
catheter, and the collagen plug is positioned on the sub-
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Table 3. Statistical analysis

Parameter Angio-Seal (group A) Control group B Total P-value
(eight patients) (190 patients)

Hypertension 7 (87.5%) 165 (86.8%) 172 0.30
Peripheral arterial diseases 6 (75%) 140 (73.6%) 146 0.30
Diabetes 6 (75%) 75 (34.9%) 81 -0.05
Obesity 6 (75%) 31 (16.3%) 37 -0.05
Therapeutic procedures )7 Fr 5 (62.5%) 65 (36.8%) 70 -0.05
Ischemic heart disease 5 (62.5%) 72 (37.8%) 77 -0.05
Chronic renal failure 1 (12.5%) 22 (8.4%) 23 0.84
Thrombolysis – 39 (15.7%) 39 N.S.
Time procedures )two hours 5 (62.5%) 65 (23.6%) 70 -0.05

adventitial surface. Thus, the collagen plug is pushed
against the arterial wall to guarantee the hemostasis.

About the management there is no consensus regarding
the better surgical approach to treat lower limb APCD-
related ischemia and the management of the complica-
tions. Many authors suggest performing a systemic
longitudinal arteriotomy, thrombectomy, endarterectomy
with synthetic patch angioplasty or, in cases of wide intimal
damage, a polytetrafluoroethylene (PFTE) graft interposi-
tion to restore femoral artery patency w7, 8x. This policy is
based on the need to treat the intimal layer damage in
patients with severe and diffuse calcified involvement of
femoral vessels. In our opinion, and in accordance with
some authors, we do not share this approach because we
believe that APCD should always be considered a high-risk
procedure for infection. Preferentially the use of synthetic
materials should be avoided and complex reconstructions
should be performed only when strictly necessary. In the
experience of Geary et al. w9x and Pipkin et al. w10x several
species of Staphylococcus were cultured from wounds or
blood. Moreover, Sprouse et al. w11x reported some cases
of autologous saphenous vein (ASV) patch infection treated
by transobturator bypass or hip disarticulation, both pro-
cedures were carried out with high mortality rates. In one
of our patients, a postoperative bleeding due to endarte-
ritis occurred, and a saphenous patch with sartorius muscle
transposition was successfully performed. The wound cul-
ture was positive for methicillin-resistant Staphylococcus
aureus (MRSA) infection.

We believe that a longitudinal arteriotomy may not always
be the better approach to arterial lesion, but should be
reserved for selected cases when a diffuse atherosclerotic
involvement is present or when, after transverse incision,
a diffuse intimal layer injury is detected. The APCD-related
thrombosis seems to be due to two mechanisms w12x. The
first, which was present in five of our patients, was
represented by thrombosis or distal embolization origina-
ting around the polymer bar in a stenotic length of artery
without arterial wall lesion. In these cases we carried out
a routine approach by means of transverse arteriotomy at
the level of the Angio-Seal introduction site that led to an
easy anchorage system removal and embolectomy, permit-
ting a really safe exploration of the lateral and posterior
intimal layer. In the case of the posterior intimal defect, a
limited resection of the flap and Kunlin sutures were
performed easily. This approach was used in order to avoid
the use of a prosthetic patch for arterial reconstruction
generally required after longitudinal arteriotomy. In no

cases the calcified involvement of femoral artery, which
was constantly present, allow a proper exploration of the
vessels without the need to convert the transverse arteri-
otomy in longitudinal arteriotomy.

In the second mechanism, present in three of our patients,
there was a thrombosis due to anchorage of the device
attachment on the lateral or posterior wall with severe
intimal layer diffuse injury. In these cases we carried out
a longitudinal arteriotomy only after the documentation of
extensive intimal injury which was impossible to manage
through the transverse arteriotomy. After endarterectomy,
an ASV patch should be used to decrease the possibility of
infection, as demonstrated by Gonze et al. w13x.

The learning curve, the device malfunctioning or inadver-
tent release in the SFA were advocated to play an important
role in the development of complications, although in our
personal experience the interventionalists were very
experienced.

Despite a prospective randomized study trial comparing
different commercially-available APCDs that do not support
the presence of severe calcified plaque in the femoral
artery as a contraindication, we suggest caution when using
these devices in cases of severe atherosclerotic involve-
ment of femoral vessels in accordance with Michalis et al.
w14x. Indeed, although our study is a case series, with
possible bias due to a lack of randomization and significa-
tive differences between the two groups in terms of number
of patients, diabetes, obesity and IHD, pathological condi-
tions associated with presence of severe atherosclerotic
involvement of the femoral artery and, in our experience,
they seem statistically related to a significative risk of
developing ischemic access site complications. Our inci-
dence of ischemic complications of 4%, are double of those
reported from large scale studies, further evidence that a
severe involvement of femoral artery due to atherosclerosis
may predispose patients to these complications more easily.
Use of large sheath size for therapeutic interventions and
time-consuming procedures are also a statistical parameter
responsible for a high-risk of complications. A systematic
use of pre- and postoperative color-coded duplex US of the
femoral access to identify those patients at risk for ische-
mic complication may be mandatory. Indeed, careful clini-
cal monitoring of the inguinal access and the viability and
perfusion of the lower limb by means of clinical examina-
tion and routine duplex US after the procedure and during
the postoperative period are to recommended especially
for those patients in which the severe comorbidities can
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lead to severe femoral artery atherosclerotic involvement
and to predispose the patient to ischemic complications.

5. Conclusions

APCDs are advantageous and reliable systems but a more
varied selection of patients should be advocated. The
management of the complications following the use of
these systems is often difficult because of the frequent
presence of severe atherosclerotic lesions and the high-risk
of infections. Ischemia still seems the most frequent
APCD-related complication requiring complex reparative
operations.
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