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Objective: Vascular access site complications (ASCs) are an ongoing hazard of percu-
taneous interventions (PI). We analyzed incidence, indication, and results of operative
repair of access site complications leading to acute limb ischemia (ALI) or new-onset
severe claudication (CI) in our institution during an 8-year period. Methods: Retrospec-
tive analysis: demographic parameters, details of coronary or vascular intervention,
use of a vascular closure device (VCD), clinical presentation, diagnosis and therapy.
Endpoints: perioperative outcome (death, limb loss, and need for re-operation/
intervention) and length of hospital stay. For comparison of annual operation rates,
patients were grouped by the years 2001 to 2004 (no use of VCD) and 2005 to 2008
(selective use of a VCD; in all cases: Angio-Seal), and Chi-Square-test was applied.
Results: Fifty-one patients (19 female; median age: 64.5 years) underwent repair of
arterial ASCs causing ALI (n 5 32) or new-onset severe CI (n 5 19) after 58,453 cathe-
ter interventions (overall rate: 0.087%; ALI: 0.055%; CI: 0.032%). Corresponding with
more widespread VCD use, the annual number of ALI and new onset CI increased
significantly (P < 0.001). Perioperative outcome: 30 day mortality was 4%. No limb loss
occurred. Re-operations were indicated in 10 patients (20%) for: hematoma (n 5 5),
local infection (n 5 3), revision of fasciotomy (n 5 1), and repeated thrombectomy
(n 5 1). Median length of postoperative hospital stay: 7 days (range: 1–28).
Conclusion: ALI and new-onset severe CI due to access site complications after PI are
rare, however, they are potentially threatening life and limb. The use of VCDs results in
an overall increase of ischemic complications. VC 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Local management of vascular access sites after per-
cutaneous interventions (PI) is an important aspect of
vascular surgery as well as interventional cardiology
and radiology. Iatrogenous arterial lesions at the punc-

ture site are an ongoing hazard of percutaneous vascu-
lar catheterizations. Complications at the puncture site
can arise either from vascular access or from vascular
closure. Complications include vessel laceration or
acute thrombotic occlusion, creation of an arterial ste-
nosis and/or occlusion, as well as formation of a
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pseudoaneurysm, hemorrhages with local or retroperi-
toneal haematoma, arteriovenous fistula, neural dam-
age, or local infection [1–5].

Acute limb ischemia (ALI) or new-onset claudication
(CI) after PIs as a result of complicated vascular access
and/or closure are infrequent conditions [6–9]. However,
recently ALI and/or CI were increasingly reported after
use of different vascular closure devices (VCD), such as
Angio-Seal (St. Jude Medical, St. Paul, MN) [6–14],
Starclose (Abbott Vascular Devices, Redwood City, CA)
[15–18], Perclose (Abbott Vascular Devices, Redwood
City, CA) [19,20], and earlier with the Duett device
(Vascular Solutions, Minneapolis, MN) [21]. Up to date,
only case reports and series including small numbers of
patients are published: numbers of patients involved,
associated VCD, and resulting treatment are summarized
in Table I. To evaluate our own experience, we retro-
spectively analyzed incidence, indication, and results of
operative arterial repair in patients that presented with
ALI and new-onset disabling CI after percutaneous
coronary, peripheral and cerebral interventions in our
institution, a high-volume university hospital.

PATIENTS AND METHODS

Patients who had undergone surgical repair of
arterial access site complications after transfemoral or
transbrachial catheter interventions between 2001 and
2008 in our institution were identified by searching our
institutional diagnosis registry. Patients were included
for further analysis, if they presented with circum-
scribed arterial lesions at the arterial puncture site lead-
ing to ipsilateral leg ischemia or new-onset disabling
claudication starting after catheter intervention. Patients
were excluded, if symptoms were caused by remote
arterial complications (e.g., peripheral embolization,
distant dissection, or occlusion).

In a retrospective data analysis, which did not ne-
cessitate approval by our ethics commission, the med-
ical records of all individuals were reviewed. Data
collection included demographic parameters, details
of coronary, vascular, or cerebrovascular intervention,
such as the use of an arterial closure system, and,
clinical presentation, diagnosis, and therapy of the
access site complication. Early and long-term out-
come were evaluated, and included perioperative com-
plications (death, limb loss, need for re-operation or
re-intervention, and need for transfusion) and length
of hospital stay.

Annual operation rates in years with and without
VCD were compared. Patients were grouped by the
years 2001 to 2004 (no use of VCD) and 2005 to 2008
(selective use of Angio-Seal), and Chi-Square-test was
applied.

RESULTS

A total of 51 patients (19 female; median age: 64.5
years, range: 41.2–85.7) underwent repair of arterial
access site complications causing either ALI (n ¼ 32)
or new-onset severe CI (n ¼ 19) after PI in our institu-
tion between 2001 and 2008. In this cohort, 26 patients
(51%) had pre-existing PAD (either Fontaine Stage �2
or previous arterial repair). During the observation
period, a total of 58,453 catheter interventions were
performed percutaneously, including 26,438 coronary
procedures. Thus, the overall rate of ALI and new-
onset CI requiring surgery after PI was 0.087% (ALI:
0.055%; new-onset CI undergoing surgery: 0.032%).
The annual number of PIs and operations are shown in
Table II: annual rates varied between 0% (2001) and
0.209% (2005).

Complications occurred after percutaneous coronary
(n ¼ 40; 78%), peripheral arterial (n ¼ 8; 16%), or

TABLE I. Current Publications on Limb Ischemia and New-Onset Claudication After Percutaneous Interventions

Author PY VCD Therapy

Ponton [6] 2009 n ¼ 7 Angioseal LI and CI Surgery

Van der Steeg [10] 2009 n ¼ 4 Angioseal LI Surgery

Kadner [7] 2008 n ¼ 7 Angioseal LI and CI Surgery

Mattens [11] 2008 n ¼ 4 Angioseal CI Surgery

Klein [22] 2007 n ¼ 4 Perclose LI Endovascular

Castelli [12] 2006 n ¼ 4 Angioseal CI Surgery

Dregelid [13] 2006 n ¼ 4 Angioseal LI Surgery

Jang [19] 2006 n ¼ 9 Perclose CI Surgery (n ¼ 6);

Endovascular (n ¼ 3)

Wille [8] 2006 n ¼ 5 Angioseal LI Surgery

Thalhammer [9] 2004 n ¼ 14 Angioseal LI Surgery

Eidt [14] 1999 n ¼ 5 Angioseal LI and CI Surgery

Single case reports and case series with less than four patients were not included.

CI ¼ claudication; LI ¼ limb ischemia; PY ¼ publication year; VCD ¼ vascular closure device.
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cerebral (n ¼ 3; 6%) interventions. Whereas all periph-
eral and cerebral interventions complicated by limb
ischemia were performed as therapeutic procedures,
only 14 (out of 40; 35%) of the coronary angiograms
were combined with intervention, and 26 (65%) were
purely diagnostic. Apart from four antegrade arterial
punctures in patients with peripheral arterial disease,
all other catheter interventions were performed as ret-
rograde procedures. Arterial access site was the groin
in 48 patients and the brachial artery in three. Arterial
lesions were located in the iliac (n ¼ 10), common
femoral (n ¼ 38), superficial femoral (n ¼ 6), or
brachial (n ¼ 3) artery. A group of six patients had
lesions in more than one segment.

For closure of the arterial puncture site, a vascular
closure system (in all cases: Angio-Seal) was used in
38 (75%) of the individuals. Out of the remaining 13
patients that had ALI or new onset CI requiring
surgery without previous application of an Angio-Seal
device, nine had undergone coronary, three had periph-
eral and one cerebral intervention. The annual number
of VCD- and non-VCD-related complications are
shown in Table III. Corresponding with more wide-
spread use of the Angio-Seal device, which started in
2004 in our institution, the annual number of ALI or
new onset CI requiring surgery increased significantly
until 2006, and decreased thereafter; however, numbers
in 2007 and 2008 were still higher than in years with-
out VCDs.

Arterial repair was performed in general (n ¼ 47),
local (n ¼ 3), or epidural (n ¼ 1) anesthesia. Median
time to repair was 2 days (range: 0–28) in the group
presenting with ischemia, and 3 days (0–277) in the
group suffering from severe new onset claudication.
Arterial procedures: thrombendarterectomy plus patch
angioplasty (n ¼ 38; 75%), interposition graft (n ¼ 3;
6%), or thrombectomy (n ¼ 10; 19%), which was com-
bined with intra-arterial thrombolytic therapy in two
patients. In two patients, fasciotomy was performed
simultaneously.

Perioperative Outcome (Within 30 Days
After Surgery)

A 30-day mortality was 4%; a 64-year-old man died
from myocardial infarction 7 days after therapeutic cor-
onary intervention and repair of a femoral artery occlu-
sion leading to ALI (Rutherford Stage III). An 80-year-
old woman died from bowel ischemia and sepsis 20
days after femoral artery repair after diagnostic coro-
nary intervention and cardiopulmonary resuscitation.
No limb loss occurred. Re-operations were indicated in
10 individuals (19%) due to hematoma (n ¼ 5), local
infection (n ¼ 3), revision of fasciotomy (n ¼ 1), or
repeated thrombectomy (n ¼ 1). A 78-year-old man
developed severe wound infections after re-operation
for bleeding, which consecutively led to wound revi-
sion and repair using muscle flap coverage. Periopera-
tively, 11 patients (22%) required substitution of
erythrocyte concentrates. Median length of hospital
stay was 7 days (range: 1–28).

Long-Term Outcome

After a median period of 2.2 years (range: 0.3–5.6)
a total of 34 patients (of 49 surviving individuals;
69%) were followed: Meanwhile another four patients
were deceased, all of them unrelated to the previous ar-
terial access site complication. Long-term outcome in a
total of 30 individuals was analyzed: Two patients (of
30: 7%) had undergone ipsilateral above knee leg
amputation: after femoral artery patch angioplasty, a
62-year-old man underwent leg amputation 7 months
later, and an 85-year-old immobilized woman after 17
months. Both patients had pre-existing PAD (defined
as: either Fontaine stage II or higher, or previous arte-
rial repair) and incurable leg ulcerations. Seven
patients (of 30: 18%) had undergone ipsilateral vascu-
lar procedures including five open operations and two
catheter-based procedures. Five of them had pre-exist-
ing peripheral arterial disease. At the time of follow-

TABLE II. Annual Number of Percutaneous Interventions
(PI Total) and Local Access Site Complications Leading to
Limb Ischemia or New-Onset Claudication Requiring Surgery

PI total (n) LI and CI (n) LI and CI (%) LI (n) CI (n)

2001 6,482 0 0 0 0

2002 6,836 2 0.029 1 1

2003 7,132 2 0.028 2 0

2004 7,834 4 0.051 3 1

2005 7,651 16 0.209 10 6

2006 7,484 14 0.187 7 7

2007 7,380 8 0.108 6 2

2008 7,654 5 0.065 3 2

Total 58,453 51 0.087 32 19

LI ¼ Limb ischemia; CI ¼ new-onset severe claudication.

TABLE III. Annual Number of Local Access Site Complications
Leading to Limb Ischemia or New-Onset Claudication
Requiring Surgery in Patients With and Without Access
Site Closure Using the Angioseal Device

PI total

(n)
LI and

CI (n)
Angioseal

[n (%)]

No angioseal

[n (%)]

2001 6,482 0 0 0

2002 6,836 2 0 2 (100%)

2003 7,132 2 0 2 (100%)

2004 7,834 4 3 (75%) 1 (25%)

2005 7,651 16 12 (75%) 4 (25%)

2006 7,484 14 13 (93%) 1 (7%)

2007 7,380 8 7 (87,5%) 1 (12,5%)

2008 7,654 5 3 (60%) 2 (40%)

Total 58,453 51 38 (75%) 13 (25%)
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up, 14 patients (of 28: 50%) presented with asymptom-
atic PAD, and another 14 were classified as Fontaine
Stage II.

DISCUSSION

Acute limb ischemia (ALI) and new-onset severe
claudication (CI) after percutaneous coronary and vas-
cular interventions (PI) are infrequent complications;
however, they are potentially threatening life and limb.
Up to now, calculations on the overall incidence of
ALI or CI after PI are limited by relatively small num-
bers in published series of patients. In Table I, recent
publications are summarized: For ALI and CI, previ-
ously reported complication rates range between 0.1
and 0.8%, or even higher. Ponton et al. [6] described
seven patients requiring surgical intervention for ALI
or CI after the use of an Angio-Seal device in a series
of 910 cardiac catheterizations (0.8%). Kadner et al.
[7] operated on seven patients with complications fol-
lowing Angio-Seal deployment in 1,600 cases (0.4%).
In another large cohort of more than 6,500 procedures,
five patients presented with ALI that led to surgery
(0.1%) [8]. Thalhammer et al. [9] identified 14 patients
with ALI after 7,376 procedures (0.2%), representing
the largest series published. To our knowledge, our
series which includes 51 individuals that underwent
surgical repair of access site complications leading to
ALI or new-onset life-style limiting CI is the largest
series evaluated so far.

In our centre, the overall rate of ALI and CI was
only 0.087%: whereas 0.055% of the patients devel-
oped ALI, 0.032% had CI. When compared to previous
reports, the complication rate in our series was lower.
However, as we analyzed more than 58,000 PIs, the
total number of 51 patients was remarkable. Notewor-
thy, the rate of patients with post-procedural CI is
certainly underestimated in our analysis: we only indi-
cated surgical repair of access site complications in
individuals with severe disabling CI, whereas patients
that suffered from mild or moderate CI were treated
conservatively and not included in our evaluation.

In our cohort, most complications were associated
with the use of the VCD Angio-Seal (n ¼ 38; 0.065%
of 58,453), which was the only VCD used, and 13
individuals (0.022% of 58,453) had ALI or CI unre-
lated to VCD deployment. For comparison, ALI or CI
due to acute arterial occlusions after compression tech-
niques have been found in less than 0.2% by others
[8,23,24]. Noteworthy, in contrast to literature, the rate
of 0.022% described in our series does not reflect the
complication rate after compression technique, but the
percentage of the overall population undergoing PI.
This is caused by the fact that, retrospectively, we

were unable to determine the exact number of patients
(out of 58,453) who had compression or VCDs
after PI.

VCDs have been extensively evaluated for safety
and efficacy. VCDs aim to achieve prompt hemostasis,
allowing earlier patient mobilization compared to man-
ual compression [3,25–32]. However, the real benefits
of using VCDs are still controversial as large meta-
analyses failed to demonstrate their superiority over
mechanical compression [33,34]. Up to now, no pro-
spective randomized trials showed a reduction in
access site complications and less resource utilization
comparing standard compression therapy and VCDs.
Furthermore, specific VCD-related complications, such
as infection or limb ischemia occur.

As a consequence, high risk groups for developing
ischemic complications after deployment of VCDs
were identified. It was recommended that the Angio-
Seal device should not be used in case of arterial punc-
ture site above the inguinal ligament or below the fem-
oral bifurcation. Moreover, VCDs were contraindicated
in patients with severe arteriosclerosis and calcifica-
tions, small (<5 mm) arteries, or luminal compromise
of 40% or more within 5 mm of the puncture site
[7,25,35]. When adhering recommendations, Mackrell
et al. [36] reported no increased complication rates
using the Perclose device in patients with chronic
lower extremity ischemia. In Mackrell’s study, patients
did not receive a VCD in the presence of a bypass
graft in the groin, severe groin scaring, severe calcifi-
cation, or if the puncture site was close to the femoral
bifurcation. Wille et al. [8] minimized complication
rates by evaluating arterial calibre and extent of calcifi-
cation with preprocedural duplex scanning. Interest-
ingly, a femoral angiogram prior to deployment of a
VCD did not reduce access site complications in
patients undergoing cardiac catheterization [37]. Small
arterial diameters as risk factors for vascular access
site complications were considered as problem in
females. Odds ratios for developing severe complica-
tions secondary to the use of VCDs were two to eight
times higher in women than in men [2,8,13,38–41]. In
our series, in the era of VCDs, a decline of the number
and rates of complications causing ALI or CI occurred
over time until 2008 (leading to rates still higher than
in the era with compression alone). This decline may
be caused by increased awareness of above mentioned
high risk groups and anatomical contraindications for
VCD use, however, no data on indications for VCD
use were available in our cohort for analysis to confirm
that the decline was exclusively caused by the learning
curve.

ALI or severe CI do not only occur in the first days
after VCD placement, but also in the following
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months. CI was more frequently reported as late VCD
associated sequel than ALI [42]. For detection of late
VCD associated complications, in order to enable a
possible link to ischemic events, registration of VCD
use in the procedural reports is mandatory [13].

Management of acute ALI or new-onset severe CI
after PI should be started with documentation of arte-
rial closure by either duplex ultrasound or angiography.
In contrast to previous reports [19,43,44], we do not
recommend interventional procedures aimed at cathe-
ter-directed revascularization of femoral artery lacera-
tions and occlusions after PI, especially when the
common femoral artery and the femoral bifurcation is
involved. In our opinion, patients with vascular access
site complications leading to ALI or severe CI should
undergo operative repair. However, in contrast to sur-
gery for treatment of pseudoaneurysms after PI, arterial
reconstruction of iatrogenously created stenoses or
occlusions is more challenging and involves different
techniques of femoral artery repair, such as thromben-
darterectomy plus patch angioplasty and graft interposi-
tions [6–9,11–14,20,45]. When surgical techniques are
applied, outcome is favorable and re-operations/inter-
ventions are almost exclusively restricted to patients
with co-existing PAD, as was shown in our series.

Several limitations have to be considered when our
data are analyzed; our data were retrospectively col-
lected. Only patients that underwent surgery were
analyzed, and patients treated conservatively were not
included. Therefore, as mentioned above, the rate of
new-onset CI was certainly underestimated in our
cohort. In addition, long-term follow-up was incomplete.

In conclusion, radiologists and cardiologists as well
as vascular surgeons have to be aware of limb ische-
mia and new-onset claudication after percutaneous
procedures, even though this is a rare complication.
Prevention of access site complications is essential.
The use of vascular closure devices, such as Angio-
Seal in our series, results in an overall increase of
acute and chronic ischemic complications. When they
occur, they are frequently requiring more challenging
corrections than surgery for pseudoaneurysms. To ena-
ble a possible link to eventual later ischemic events,
the use of VCD should be registered in the procedural
reports.
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