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Abstract

Aims: Limited data are available on the frequency and predictors of vascular closure device (VCD) fail-
ure with subsequent vascular complications. The aim of this study was to investigate the incidence, clinical
characteristics, and treatment options in patients with critical limb ischaemia (CLI) after use of a collagen
plug-based VCD.

Methods and results: A high-volume, single-centre prospectively maintained database was retrospec-
tively interrogated, and cases of collagen plug-based VCD-related CLI were identified between June 2006
and December 2013. CLI was defined as acute onset of rest pain after VCD application requiring endovas-
cular or surgical treatment. Among 13,595 coronary procedures, 43 patients (0.3%) were identified with an
Angio-Seal-related CLI. In a multivariable logistic regression analysis, peripheral artery disease and renal
insufficiency were identified as independent predictors for CLI after Angio-Seal application. Treatment was
performed in 27 patients (63%) by surgery and in 16 patients (37%) with endovascular angioplasty.

Conclusions: CLI after use of a collagen plug-based VCD is rare. Peripheral artery disease was identified
as an independent predictor of CLI. Interventional cardiologists should be aware of potentially high-risk
patients and complications after use of a VCD to provide prompt and adequate therapy.
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Introduction

The increasing number of endovascular procedures including
approximately seven million cardiac catheterisations per year
worldwide has resulted in the widespread use of arterial closure
devices!. The aim of developing vascular closure devices (VCDs)
was to achieve rapid haemostasis, a reduction in vascular compli-
cations, increasing patient comfort, a reduced time to ambulation,
and a cost minimisation as compared to manual compression®?.
Currently, one of the most commonly used vascular closure sys-
tems is the Angio-Seal™ (St. Jude Medical, St. Paul, MN, USA)
which achieves direct femoral arterial haemostasis by anchor-
ing a collagen plug to the anterior vascular wall through a sheath
delivery system*.

Complications related to the use of VCDs include haematoma,
bleeding, arteriovenous fistula, pseudoaneurysm, stenosis, throm-
bosis, embolisation, and infection. However, the most serious com-
plication after application of collagen plug-based VCDs is limb
ischaemia due to an intra-arterial deposition of collagen®. Femoral
artery stenosis and occlusions leading to severe limb ischaemia or
intermittent claudication following Angio-Seal deployment have
been described in case reports'*’. However, there are no system-
atic data about the exact incidence and predictors of critical limb
ischaemia (CLI) after Angio-Seal application. Moreover, the treat-
ment of choice of VCD-related CLI remains unknown (endovas-
cular or surgical management). The aim of the present study was
to evaluate the incidence, predictors, and treatment options of CLI
following Angio-Seal application.

Methods

PATIENTS

A high-volume, single-centre prospectively maintained database
was retrospectively interrogated, and collagen plug-based VCD
(Angio-Seal) related CLI was identified between June 2006 and
December 2013 at our institution. CLI was defined as acute onset
of rest pain together with clinical signs of a cold pallor and pulse-
less leg requiring endovascular or surgical treatment. Percutaneous
coronary catheterisation and/or intervention were performed
according to standard clinical practice. The application of the
VCD was performed according to the standard technique and the
manufacturer’s instructions®. However, femoral angiography was
recommended but not routinely performed in all patients before
application of the VCD.

Patients underwent immediate sheath control and were ambu-
lated after two to four hours of bed rest after the coronary angio-
gram/procedure. Before discharge, evaluation of the access site was
routinely performed and recorded for each patient. As a significant
portion of patients was discharged the same day after the coro-
nary angiogram and CLI may occur after the hospital discharge
(e.g., presentation/re-admission in other hospital), we performed an
additional telephone follow-up in 1,001 consecutive patients after
Angio-Seal application to ensure that no major complication was
missed (Figure 1). Follow-up was performed after a median of
18.5 months (IQR 13.8 to 20.8) after VCD application.
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13,595 patients with Angio-Seal
application

!

42 patients with in-hospital
critical limb ischaemia

!

1 patient with
critical limb ischaemia

!

43 patients with
critical limb ischaemia

1,001 patients with
systematic follow-up

Figure 1. Study flow chart.

VASCULAR INVESTIGATIONS

A clinical investigation of the puncture site was performed in
all patients. Further vascular examination (colour-coded duplex
sonography and/or arterial digital subtraction angiography) was
performed in case of suspected complications (loss of periph-
erally palpable pulse, occurrence of claudication, or acute rest
pain). Examination with duplex ultrasound imaging and angi-
ography was performed according to standard clinical practice
to evaluate the location and morphology of lesion and arterial
haemodynamics’.

STATISTICAL ANALYSIS

The collected data are reported in absolute and relative frequen-
cies. Data for continuous variables are presented as median with
25th and 75th percentiles and categorical variables as frequencies
and percentages. Differences between groups were assessed by
the chi-square test for categorical variables and the t-test for con-
tinuous data. Univariate and stepwise multivariate Cox regression
analyses were performed to identify predictors of major vascular
complications. A p-value of <0.05 was defined as statistically sig-
nificant. SPSS version 20.0 (IBM Corp., Armonk, NY, USA) was
used for statistical analyses.

Results

CLINICAL CHARACTERISTICS

Among 13,595 coronary procedures with Angio-Seal application,
43 patients (0.3%) developed CLI (Figure 1). In the consecutive
sample of 1,001 patients, one additional patient was identified as
having a CLI. This patient was discharged the same day after cor-
onary catheterisation from our tertiary care hospital and readmit-
ted in another hospital because of severe leg pain with subsequent
surgical treatment. The baseline characteristics of patients with
CLI and patients without CLI are presented in Tabhle 1. Patients
with CLI had a significantly lower body mass index, higher inci-
dence of peripheral artery disease, acute coronary syndrome, and
chronic renal failure. These patient factors were also identified
as predictors for the occurrence of CLI after Angio-Seal applica-
tion in a univariable logistic regression analysis. Using stepwise

€28-918:11°GT10¢ uonuaaduoiny



m
=
=
=
=
=
(1]
-
<
(1]
=
=
(=]
=
N
o
—
o1
—
=
o
—_
G
o
N
w

Table 1. Patient characteristics.

Variable

Total study n=13,595

No CLI n=13,552

CLI n=43

3 months, n (%)

Age, years 72 (64-77) 62 (51-71) 58 (50-71) 0.19
Age >80 years, n (%) 2,070/13,595 (16%) 1,995/13,595 (15%) 9/43 (21%) 0.36
Male sex, n (%) 9,123/13,595 (67%) 9,096/13,552 (67%) 27143 (63%) 0.53
Cardiovascular Current smoking 2,179/12,593 (17%) 2,170/12,581 (17%) 9/43 (21%) 0.59
[:5(‘2/5’“0“' Hypertension 12,580/13,482 (93%) | 12,539/13,441 (93%) 41/43 (95%) 0.64
Hypercholesterolaemia 8,779/13,482 (65%) 8,754/13,441 (65%) 25/43 (58%) 0.31
Diabetes mellitus 5,952/13,482 (43%) 5,834/13,441 (43%) 18/43 (42%) 0.83
Body mass index, kg/m? 28 (25-31) 28 (25-30) 26 (24-31) 0.02
Obesity, n (%) 4,990/13,482 (37%) 4,977/13,441 (37%) 13/43 (30%) 0.19
Atrial fibrillation, n (%) 3,792/13,482 (28%) 3,780/13,441 (28%) 12/43 (28%) 0.98
PAD, n (%) 1,209/13,482 (9%) 1,194/13,441 (9%) 15/43 (35%) <0.001
Intervention PAD, n (%) 554/13,482 (4%) 547/13,441 (4%) 7/43 (16%) <0.001
Renal insufficiency, n (%) 3,812/13,482 (28%) 3,791/13,441 (28%) 21/43 (49%) 0.002
Coronary artery disease, n (%) 10,611/13,595 (78%) 10,576/13,552 (78%) 35/43 (81%) 0.58
Acute coronary syndrome, n (%) 3,009/13,595 (22%) 2,993/13,552 (21%) 16/43 (37%) 0.03
Unstable angina 754/13,595 (6%) 750/13,552 (6%) 4/43 (9%)
Non-STEMI 1,364/13,595 (10%) 1,355/13,552 (9%) 9/43 (21%)
STEMI 891/13,595 (7%) 888/13,552 (7%) 3/43 (7%)
Radiation Radiation time, min 3.8 (1.5-7.2) 3.7 (1.5-7.3) 5.5 (2.2-7.1) 0.77
Radiation dose 4,103 (2,243-6,979) 4,119 (2,250-7,139) 4,306 (2,350-7,965) 0.09
Sheath size, n (%) 0.12
5 [Fir 3,337/13,595 (25%) 3,333/13,552 (23%) 4/43 (9%)
6 Fr 9,323/13,595 (69%) 9,289/13,552 (69%) 34/43 (80%)
>6 Fr 935/13,595 (7%) 930/13,552 (6%) 5/43 (12%)
Total no. Angio-Seal applications: n (%) 0.78
1 10,837/13,595 (80%) 10,804/13,552 (80%) 33/43 (77 %)
1,943/13,595 (14%) 1,936/13,552 (14%) 7/43 (16%)
546/13,595 (4%) 543/13,552 (4%) 3/43 (17%)
>3 269/13,595 (2%) 269/13,552 (2%) 0/43 (0%)
e et ffo=el] 2 pppllaeilions v ihlin 532/13,595 (4%) 527/13,552 (6%) 5/43 (12%) 0.17

Continuous data are presented as median and interquartile range. Obesity was defined as BMI >30 kg/m?. Renal insufficiency was defined as creatinine
clearance <90 ml/min. Creatinine clearance was calculated according to the Cockcroft-Gault formula. PAD was defined on the basis of the patient
history, available charts and the results of the physical exam. CLI: critical limb ischaemia; Non-STEMI: Non-ST-elevation myocardial infarction;

PAD: peripheral artery disease: STEMI: ST-elevation myocardial infarction

multiple logistic regression analysis, only peripheral artery disease

and renal insufficiency emerged as independent predictors of CLI

after VCD application (Table 2).

DIAGNOSTIC, TREATMENT AND CLINICAL OUTCOME
All patients with clinical suspicion of limb ischaemia underwent

colour-coded duplex sonography and angiography to confirm the

diagnosis of an arterial occlusion.

Table 3 shows the occlusion sites and treatment of patients with

CLI. In most patients the common femoral artery was occluded
(n=35, 81%) (Figure 2). The treatment choice (percutaneous
approach versus surgical approach) was left to the discretion of

the interventional angiologist. In 16 patients (37%) endovascular

Table 2. Predictors of critical limb ischaemia in univariable and
multivariable logistic regression analysis.

Variable

Body mass index

Stepwise multivariable

Hazard ratio (Cl)| p-value
0.92 (0.85-0.98) 0.018 -

PAD 6.58 (3.37-12.85)| <0.001

5.08 (2.54-10.17) | <0.001

Renal insufficiency

1.72 (1.13-2.64) | 0.012

2.38 (1.26-4.51)

0.023

Acute coronary syndrome | 1.31 (1.00-1.74)

0.05 =

Renal insufficiency was defined as creatinine clearance <90 ml/min. Creatinine clearance
was calculated according to the Cockcroft-Gault formula; PAD was diagnosed on the basis
of the patient history, available charts and the results of the physical exam. Cl: confidence
interval; PAD: peripheral artery disease
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Table 3. Vascular morphology and causes of vessel occlusion treatment was performed, whereas in 27 patients (63%) surgical
after Angio-Seal application. treatment was necessary. In the endovascular treatment group,
Total Surgery PTA 15 patients (94%) underwent balloon angioplasty, nine patients

Possible causes o . . . . o
n=43 n=27 n=16 (56%) stent implantation, eight patients (50%) thrombectomy
Superficial femoral artery occlusion | 5/43 (9%) | 1/27 (4%) | 4/16 (25%) and three patients local fibrinolysis (19%) (Figure 2, Figure 3).
Femoral bifurcation occlusion 2/43 (5%) 2/27 (%) _ All patients were successfully treated by endovascular or surgical

Common femoral artery occlusion | 35/43 (72%) | 23/27 (85%) | 12/16 (75%) intervention.
Extensive sclerotic lesions | 21/43 (49%) | 15/27 (56%) | 6/16 (38%) Six patients (14%) with VCD limb ischaemia died during their

Dissection 53 (12%) | 427 (15%) | 1716 6%) hospital stay. Of these, four patients were treated surgically and

Small vessel disease 1/43 (2%) 1/27 (4%) -
Distinctive vascular scarring 3/43 (7%) 3/27 (11%) -
Popliteal artery/below knee artery 1/43 (5%) 1/27 (4%) -

PTA: percutaneous transluminal angioplasty
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two patients by angioplasty. Most patients with fatal clinical out-

come (5/6, 83%) were >80 years and had a severely impaired left

ventricular ejection fraction <35% (5/6, 83%). The exact causes of

death and clinical characteristics of patients who died after VCD-

associated limb ischaemia are illustrated in Table 4.

Discussion

To the best of our knowledge, the current study is the first sys-
tematic investigation assessing the exact occurrence of CLI in
a large, unselected cohort of patients undergoing coronary cath-
eterisation with application of a collagen-based VCD. The main
findings are: 1) CLI after use of a collagen plug-based VCD is
rare; 2) peripheral artery disease and chronic renal failure were
identified as independent predictors of VCD-related CLI; 3) VCD-
related CLI can be solved by either endovascular or surgical treat-
ment. Consequently, interventional cardiologists should be aware
of potential high-risk patients and complications after use of
a VCD to provide prompt and adequate therapy.

INCIDENCE AND CLINICAL RELEVANCE OF VCD
COMPLICATIONS

Arterial access-related vascular complications are among the

most common adverse events after transfemoral angiography

Figure 2. The angiogram shows an occlusion of the right common and PCI, and are associated with severe in-hospital morbidities
femoral artery after Angio-Seal application, which was successfully and increased mortality rates. VCDs have emerged as an alter-
treated with thrombectomy and balloon angioplasty. native to conventional mechanical compression after diagnostic

Table 4. Characteristics of patients and causes of death after VCD-associated limb ischaemia.

Coronary artery Renal

Sex, age . CABG EF (%) PCI . . . Treatment Cause of death
disease insufficiency

Male, 86 yrs Yes Yes 28 Yes Yes No Yes Surgical Cardiogenic shock
3-vessel disease

Female, 91 yrs Yes No 30 Yes Yes Yes Yes Surgical Cardiogenic shock
3-vessel disease

Female, 84 yrs Yes No 36 No Yes No No Surgical Cardiogenic shock
3-vessel disease

Male, 90 yrs Yes No 40 Yes No Yes Yes Surgical Multiorgan failure
2-vessel disease

Male, 62 yrs Yes No 30 Yes No Yes No Angioplasty/ | Cardiogenic shock
1-vessel disease Stent

Male, 80 yrs Yes Yes 32 Yes Yes No Yes Angioplasty/ | Multiorgan failure
2-vessel disease Stent

Renal insufficiency was defined as creatinine clearance <90 ml/min. Creatinine clearance was calculated according to the Cockcroft-Gault formula. PAD
was diagnosed on the basis of the patient history, available charts and the results of the physical exam. ACS: acute coronary syndrome; CABG: coronary
artery bypass graft; EF: ejection fraction; PAD: peripheral artery disease; PCl: percutaneous coronary intervention
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Figure 3. Subtotal occlusion of the proximal arteria femoralis

superficialis caused by the Angio-Seal vascular closure device,
successfully treated with balloon angioplasty.

angiography and PCI. These devices potentially reduce the time to
haemostasis, facilitate patient mobilisation, decrease the length of
hospital stay, and improve patient satisfaction®. Despite the wide-
spread use of collagen plug-based VCDs (Angio-Seal) after car-
diac catheterisations, limited data are available on the frequency
and predictors of VCD-related vascular complications. Most pub-
lished studies are retrospective, include only a small number of
patients and have revealed inconclusive results*-'>. Four meta-
analyses, assessing the efficacy and safety of VCDs after diag-
nostic and interventional procedures'®", suggested that the use of
VCDs is associated with a significantly shorter time to haemosta-
sis and cost-minimisation benefits; however, a benefit with respect
to the prevention of vascular complications could not be demon-
strated. Instead, the use of VCDs was associated with a somewhat
increased risk of infection, lower limb ischaemia/arterial stenosis/
device entrapment in the artery, and need of vascular surgery for
arterial complications. Consequently, further studies are needed to
obtain more conclusive results, particularly in patients at high risk
of femoral puncture-related complications.

More recent registries with more contemporary VCDs have
shown a trend for reduction of vascular complications, although
the risk of vascular complications was variable. The results of
a recent large single-centre observational registry with, predomi-
nantly, use of the Angio-Seal VCD reported that the use of VCDs
was associated with a 53% reduction in the overall vascular com-
plication rate. The incidence of arterial occlusion in that study
was 0.06%. Other studies reported an even higher incidence of
acute limb ischaemia after Angio-Seal application of between
0.2% and 0.5%%2'. In line with these data, our largest study to
date with 13,595 VCD applications found a comparable rate of
CLI with 0.3%.

Femoral angiography is recommended by the manufacturer
to help in deciding whether to apply a VCD or not. However,
it is a matter of dispute whether femoral angiography should be

routinely performed before VCD application in all patients under-
going coronary catheterisation. Although our data indicate that the
occurrence of CLI after VCD without routinely performed fem-
oral angiography is rather low, we cannot rule out that several
cases with VCD-related CLI in our study could have been avoided
by routine utilisation of femoral angiography in all patients.
Therefore, at least in well-defined subsets (the elderly, patients
with low BMI, patients with a known history of PAD) femoral
angiography before applying a VCD should be mandatory.

Importantly, the sequelae of limb ischaemia after VCD applica-
tion are clinically relevant, because of the need for surgical ther-
apy in most cases. Patients with advanced age, left ventricular
dysfunction, or the presence of multiple coexisting conditions are
at high surgical risk. Indeed, 14% of our patients with detected
CLI died during their hospital stay.

RISK FACTORS FOR VCD-ASSOCIATED COMPLICATIONS

It is important to note that almost all randomised trials compar-
ing the Angio-Seal device with manual compression excluded
patients at high risk of puncture site complications, especially with
the presence of peripheral artery disease, obesity, small common
femoral artery, recent femoral artery puncture or inadequate arte-
rial puncture>®!82226, Thus, it has not been fully elucidated if the
presence of peripheral artery disease is a risk factor for the occur-
rence of major vascular complications after the use of Angio-Seal.
However, a recent small publication investigated the utilisation of
collagen-based VCD in 121 patients with severe peripheral artery
disease. There was a trend towards a higher prevalence of vascular
complications with higher stages of peripheral artery disease with-
out reaching statistical significance”’. In accordance with these
data, our study clearly demonstrates that the presence of periph-
eral artery disease is a significant and independent predictor of
CLI after Angio-Seal deployment. Potential mechanisms of VCD-
related CLI in patients with severe peripheral artery disease are:
1) placement of the anchor proximal to the puncture site in an arte-
riosclerotic plaque causing intravascular dislocation of the whole
system; 2) incorrect position of the anchor due to an arterioscle-
rotic plaque in the puncture site with subsequent intra-arterial dis-
location of collagen. Importantly, asymptomatic atherosclerosis of
the common femoral artery is not described as a contraindication
to Angio-Seal application.

Likewise, limited and conflicting data are available as to whether
obesity is a potential risk factor of major vascular complications
after VCD use®. In the present study, the BMI was significantly
lower in patients with CLI after VCD use. The exact reasons for
the increased risk in patients with low BMI remain unclear. A pos-
sible explanation is that such patients have naturally small arteries.
Occlusion of the femoral artery after Angio-Seal application has
been described in patients with small vessel diameter or disposi-
tion for vasospasm in previous studies®. Furthermore, in cachectic
patients, collagen may protrude from the skin, and manipulation,
pushing as well as tamping of the collagen, may result in intravas-
cular dislocation.



Another potential risk factor for limb ischaemia may be an
Angio-Seal reapplication via the same femoral artery within the
90 days required for resorption of the device materials'>. Our data
support the currently published data that the application of Angio-
Seal can produce a reaction in the arterial wall with hyperplasia of
the intima and proliferation of fibroblasts, despite the bioabsorb-
ability of the device material®’. Three of our patients (11%) with
Angio-Seal-related limb ischaemia had a distinct vascular scarring
after repetitive application of Angio-Seal.

TREATMENT OF CRITICAL LIMB ISCHAEMIA AFTER VCD
APPLICATION

Current knowledge of optimal treatment for major Angio-Seal-
related complications is limited. The decision between endo-
vascular and surgical management is affected by the severity of
symptoms and anatomical localisation of the occlusion. A specific
interventional technique for major VCD-specific complications
has not been established. Data on interventional therapy are lim-
ited to case reports and small series of follow-up®!-**. The inten-
tion of the interventional treatment is a complete extraction of the
entire occluding material using rotational thrombectomy and per-
cutaneous transluminal angioplasty with or without stent implan-
tation: this should be performed as quickly as possible to avoid
apposition of additional thrombotic material requiring more diffi-
cult extraction. Published data support that endovascular treatment
of Angio-Seal-related limb ischaemia is feasible and safe with
excellent immediate results and long-term outcome?!.

Likewise, successful surgical repair has been described in
small uncontrolled series!****. In our patient cohort, surgi-
cal therapy was performed if interventional therapy was not an
option, especially in longer total occlusions or major thrombus
formation. According to the mechanism of injury, removal of the
Angio-Seal material and thrombectomy with or without patch
angioplasty were performed. From our experience endovascular
treatment is safe and should be preferred. However, if the anat-
omy of the occlusion site and characteristics are not suitable for
interventional therapy, surgical removal of the Angio-Seal can be
safely performed.

Limitations

The results of this study should be considered in the context of the
following limitations. First, the study was conducted at a single
centre in a non-randomised retrospective fashion. Second, a single
type of VCD was used in this study to provide consistency in the
device group, and divergent results with other types of VCD can-
not be excluded. Third, our study has no control group, e.g., with
manual compression. Thus, we cannot entirely rule out that a size-
able number of complications were more due to patient factors
rather than caused by the VCD. Fourth, patients receiving diag-
nostic angiography as well as patients receiving PCI were included
in the study. We are aware that this is a heterogeneous group of
patients with different risk profiles, but we wanted to reflect eve-
ryday clinical practice in an all-comers population. Finally, we did

Critical limb ischaemia after vascular closure device

not perform a routine femoral angiogram before VCD insertion,
which may be important to understand which angiographic param-

eters can predict device success or failure.

Conclusions

The risk of CLI after use of a collagen plug-based VCD is low.
Peripheral artery disease and chronic renal failure are independ-
ent predictors of CLI, and interventional cardiologists should be
aware of this high-risk group.

Impact on daily practice

Critical limb ischaemia (CLI) after use of a collagen-based vas-
cular closure device (VCD) is rare. However, interventional car-
diologists should be aware of these potentially high-risk patients
including patients with peripheral artery disease. In patients
with VCD-related CLI, endovascular treatment is feasible and
safe and should be preferred. However, if the anatomy of the
occlusion site is not suitable for interventional therapy, surgical

removal of the VCD can also be safely performed.
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