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Abstract
Aims: We assessed feasibility, efficacy and safety of a suture-mediated closure device, Perclose Proglide® 
(Abbott Vascular Devices, Santa Clara, CA, USA), for closure of the femoral vein access after percutaneous 
MitraClip® (Abbott Vascular Devices) implantation.

Methods and results: Venous access of 80 consecutive patients undergoing percutaneous mitral valve 
repair using the MitraClip device was managed either by manual compression, “figure eight” suture and 
compression bandage for 12 hours, or by applying the Proglide device for haemostasis after the procedure 
(40 patients each group). Patients with Proglide closure showed complete immediate haemostasis in 92.5% 
(37/40) and were immobilised with a compression bandage for only four hours. In the Proglide group, one 
arteriovenous fistula was observed and had to be treated by vascular surgery. The overall duration of stay on 
an intensive care unit was significantly reduced in the Proglide group (59.4±48.9 hours vs. 84.6±59.5 hours, 
p<0.005).

Conclusions: Using a suture-mediated closure device for the femoral vein after percutaneous MitraClip 
implantation is feasible and safe. This allows earlier patient mobilisation and may reduce post-interventional 
duration of stay on an intensive care unit.
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Abbreviations
ACD arteriotomy closure devices
ACT activated clotting time
ASA acetylsalicylic acid
AV atrioventricular
BMI body mass index
CRP C-reactive protein
EF ejection fraction
Fr French
Hb haemoglobin
Hct haematocrit
ICU intensive care unit
INR international normalised ratio
MR mitral regurgitation
MV mitral valve
PMVR percutaneous mitral valve repair
RBC red blood cell concentrate
STS Society of Thoracic Surgeons
TAVI transcatheter aortic valve implantation
TEE transoesophageal echocardiography

Introduction
Percutaneous edge-to-edge repair of mitral valves in patients with 
severe mitral regurgitation and high surgical risk has evolved as 
a suitable alternative to high-risk surgery. Currently, the most 
widely used device for percutaneous mitral valve repair (PMVR) is 
the MitraClip® system (Abbott Vascular Devices, Santa Clara, CA, 
USA)1-7. PMVR using the MitraClip device requires a large calibre 
sheath (24 Fr) introduced into the femoral vein. Haemostasis is usu-
ally achieved by manual compression which may be facilitated by 
a cutaneous figure-of-eight stitch8,9 followed by prolonged applica-
tion of a compression bandage (usually ≥12 hours). This contrib-
utes significantly to patient discomfort and may trigger additional 
complications by immobilisation.

To date, no closure system has been certified for venous access 
sites. Arteriotomy closure devices (ACD)10 have been investigated 
extensively to reduce the risk of vascular complications following 
diagnostic coronary angiograms11,12, percutaneous coronary inter-
vention procedures13-16, percutaneous aortic balloon valvuloplasty9,17, 
transcatheter aortic valve implantation (TAVI)18, endovascular aortic 
aneurysm repair19 and interventional radiological procedures20. The 
off-label application of these devices in procedures requiring large 
venous sheaths (e.g., atrial septal defect closure, patent foramen ovale 
closure, left atrial appendage device closure, percutaneous pulmonary 
valve implantation, patent ductus arteriosus closure, mitral valvulo-
plasty) has been described previously, but data are still limited21-26.

According to the manufacturer’s manual, the Perclose Proglide® 
device (Abbott Vascular Devices) is currently only certified for use 
in 5-21 Fr access sites (until April 2013 only 5-8 Fr) of the com-
mon femoral artery. For sheath sizes greater than 8 Fr, at least two 
devices and the preclosure technique24 are required.

In this study we investigated the feasibility, efficacy and safety 
of the Perclose Proglide device for the management of femoral 

vein access after percutaneous MitraClip implantation using the 
preclosure technique.

Methods
Between September 2009 and March 2013, 137 patients were 
treated with a MitraClip device at our institution. Of these patients, 
80 who underwent MitraClip implantation between September 
2011 and March 2013 were clearly outside the initial learning 
curve. In this group, 40 consecutive patients received femoral 
access-site closure by manual compression, “figure eight” suture 
and prolonged compression bandage for 12 hours. In the next 
40 consecutive patients, haemostasis was tried by applying the 
Proglide device using the preclosure technique according to the 
manufacturer’s instructions for arterial access-site closure. In brief, 
after puncture of the femoral vein, a 7 Fr dilator was introduced 
over the wire, followed by the Proglide device. In contrast to an 
arterial access, intraluminal positioning of the Proglide device was 
confirmed by slow blood flow out of the side port (Figure 1). After 
positioning the suture using the preclosure technique, the Proglide 
device was removed and the vein was further predilated for guide 
insertion. All operators were familiar with the use of the Proglide 
device from numerous previous arterial applications. Following 
access-site closure, a light compression bandage was used for only 
four hours. Patient mobilisation was started as early as possible 
after removing the compression bandage. Figure 2 shows the dif-
ferent closure concepts on a model.

Major vascular complications were defined as surgical repair 
of vascular injury, ultrasound-guided compression, groin-related 
transfusion or groin-related infection.

MitraClip implantation was performed under general anaesthesia 
and TEE control as published previously4,5. All patients received 
periprocedural heparin with a target ACT of 250-300 sec and pro-
phylactic antibiotic therapy for three days after PMVR. Heparin 
was not routinely antagonised after the procedure.

All patients were transferred to our intensive care unit after the 
procedure (for at least 24 hrs). Patient mobilisation was started as 
early as possible. All patients were started on anticoagulation the 
day after the procedure.

The puncture site of all patients was examined clinically and by 
using colour-coded duplex sonography one day after the intervention.

All patients were informed about specific risks and alternatives 
and gave informed written consent to the procedure and pre- and 
post-interventional monitoring (data collection). The study protocol 
was in accordance with the local ethics committee.

Statistical analysis
Continuous variables were compared between groups using the 
Student’s t-test with mean±1 standard deviation reported. For 
non-continuous variables a Mann-Whitney U test was performed. 
Fisher’s exact test was applied to compare categorical variables 
with frequency and percent reported. For all tests, probability 
values of p<0.05 were considered statistically significant. For 
statistical analysis, GraphPad Prism® (GraphPad Software, Inc., 
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La Jolla, CA, USA) as well as MedCalc (MedCalc Software, 
Ostend, Belgium) software was used.

Results
The predicted 30-day surgical perioperative mortality rate (STS score) 
in the two groups was similar (Proglide group 8.4±8.7% vs. manual 
compression group 7.8±5.1%; p=0.64). The EuroSCORE II did not 
show any significant differences either (Proglide group 9.1±10.1% 
vs. manual compression group 11.0±10.2%; p=0.40). There were no 
significant differences concerning baseline characteristics between 
the two groups. In particular, parameters possibly affecting access-
site closure efficacy did not differ significantly between the Proglide 
group and the manual compression group (BMI 27.0±5.0 kg/m2 vs. 
25.6±4.5 kg/m2, p=0.07; ACT prior to sheath removal 285±58 sec vs. 
277±57 sec, p=0.64; central venous pressure prior to sheath removal 
16.4±3.1 mmHg vs. 15.2±3.8 mmHg, p=0.33; INR 1.10±0.11 vs. 
1.12±0.13, p=0.31; ASA 18/40 [45%] vs. 16/40 [40%], p=0.82; other 
platelet inhibitors 10/40 [25%] vs. 7/40 [18%], p=0.59; dual platelet 
inhibition 9/40 [23%] vs. 7/40 [18%], p=0.78; prior groin operation 
4/40 [10%] vs. 2/40 [5%], p=0.68; chronic dialysis 4/40 [10%] vs. 2/40 
[5%], p=0.68; current cortisone treatment 1/40 [2.5%] vs. 1/40 [2.5%], 
p=1.00). Only thrombocyte count showed a significant but clinically 

irrelevant difference between the Proglide group (230±79/nl) and the 
manual compression group (199±87/nl; p<0.05). A detailed overview 
of patients’ demographic characteristics is shown in Table 1.

In 37/40 patients (92.5%) receiving venous access-site clo-
sure with the Proglide device, immediate haemostasis (within 
≤2 minutes) was achieved. In one case the closure device failed 
to deploy appropriately due to the operator’s inability to advance 
the knot to the venous surface as a result of the patient’s obe-
sity (BMI 40 kg/m2). In another case the suture was accidentally 
cut. In these patients manual compression and “figure eight” 
suture were applied for access-site closure followed by a com-
pression bandage for 12 hours. Deployment failure did not result 
in access-site complications. The only major vascular complica-
tion in the whole study was an AV fistula in one patient of the 
Proglide group, requiring surgical repair. It is unlikely that the 
AV fistula was a result of the Proglide placement.

In the manual compression group, immediate haemostasis 
was not evaluated, since even a complete closure of the puncture 
site with the “figure eight” suture would not rule out subcutane-
ous bleeding. In 4/40 patients (10%) of the manual compression 
group, protamine was used to antagonise heparin due to exces-
sive ACT prolongation prior to sheath removal or TEE-associated 

Figure 1. Closure of femoral vein access site with the Perclose Proglide® device applying the preclosure technique in the course of 
percutaneous edge-to-edge mitral valve repair. Following puncture of the femoral vein, a 7 Fr dilator is introduced over the wire. The Perclose 
Proglide device is inserted and the wire removed. Intraluminal positioning is confirmed by slow blood flow out of the side port. Preloaded 
sutures are safeguarded with a haemostat while a 24 Fr sheath for MitraClip delivery is inserted into the femoral vein. After sheath removal, 
the preformed surgical knot is slid down to the venous wall with a knot pusher for haemostasis and the suture is cut above the knot.
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oropharyngeal bleeding. In contrast, only 1/40 patients (2.5%) of 
the Proglide group received protamine treatment (p=0.36).

During hospitalisation one patient of each group experienced 
bleeding at the access site (1/40; 2.5%) requiring additional man-
ual compression (evening after the procedure) without the need of 
blood transfusion.

Groin haematomas ≥6 cm occurred in one patient of each group 
(1/40; 2.5%). Groin haematomas >2 cm and <6 cm occurred in one 
patient of the Proglide group (1/40; 2.5%) and in three patients 
of the manual compression group (3/40; 7.5%; p=0.62). None of 
the affected patients in either group required a new compression 

Table 1. Patients’ baseline and procedural characteristics. 

Perclose 
Proglide® 
 (n=40)

Manual 
compression 

(n=40)
p-value

Sex (male) 20/40; 50% 28/40; 70% 0.11

Age (years; mean) 69.8±15.6 72.3±11.1 0.73

BMI (kg/m2) 27.0±5.0 25.6±4.5 0.07

Ejection fraction (%) 33±14 30±13 0.48

Systolic pulmonary artery pressure (mmHg) 53.9±12.2 48.8±12.3 0.06

Society of Thoracic Surgeons score (%) 8.4±8.7 7.8±5.1 0.64

EuroSCORE II (%) 9.1±10.1 11.0±10.2 0.40

NYHA stage (mean) 3.3±0.5 3.1±0.6 0.58

Significant coronary artery disease (n; %) 22/40; 55% 26/40; 65% 0.49

Implantable cardioverter defibrillator (ICD) (n; %) 13/40; 33% 18/40; 45% 0.36

Cardiac resynchronisation system (CRT) (n; %) 5/40; 13% 7/40; 18% 0.76

Prior cardiothoracic surgery (n; %) 11/40; 28% 14/40; 35% 0.63

Atrial fibrillation (n; %) 26/40; 65% 30/40; 75% 0.46

Prior stroke (n; %) 3/40; 8% 7/40; 18% 0.31

PAD (n; %) 5/40; 13% 3/40; 8% 0.71

Arterial hypertension (n; %) 32/40; 80% 27/40; 68% 0.31

Diabetes mellitus (n; %) 15/40; 38% 12/40; 30% 0.64

Diabetes mellitus on insulin (n; %) 6/40; 15% 4/40; 10% 0.74

Severe sleep apnoea syndrome (n; %) 2/40; 5% 2/40; 5% 1.00

Pulmonary disease (n; %) 10/40; 25% 9/40; 23% 1.00

Increased retention values (>1.3 mg/dl) (n; %) 13/40; 33% 13/40; 33% 1.00

GFR (ml/min) 62.4±23.0 63.2±22.5 0.85

Chronic dialysis (n; %) 4/40; 10% 2/40; 5% 0.68

INR 1.10±0.11 1.12±0.13 0.31

Thrombocytes ( /nl) 230±79 199±87 <0.05

ASA (n; %) 18/40; 45% 16/40; 40% 0.82

Other platelet inhibitor (n; %) 10/40; 25% 7/40; 18% 0.59

Dual platelet inhibition (n; %) 9/40; 23% 7/40; 18% 0.78

ACT prior to sheath removal (sec) 285±58 277±57 0.64

CVP prior to sheath removal (mmHg) 16.4±3.1 15.2±3.8 0.33

Cortisone (n; %) 1/40; 2.5% 1/40; 2.5% 1.00

Prior ipsilateral groin operation (n; %) 4/40; 10% 2/40; 5% 0.68

ACT: activated clotting time; ASA: acetylsalicylic acid; BMI: body mass index; CVP: central 
venous pressure; GFR: glomerular filtration rate; INR: international normalised ratio; 
NYHA: New York Heart Association; PAD; peripheral arterial disease

bandage, prolonged hospital stay or transfusion. On follow-up 
examination all groin haematomas had regressed completely.

Pseudoaneurysm formation, venous stenosis, thrombosis, retrop-
eritoneal bleeding or access-site infection was not detected in any of 
the patients of either group. Furthermore, there was no statistically 
significant difference of postinterventional increase of inflammation 
markers among patients treated with the Proglide device and tradi-
tional access-site closure (Proglide group: CRP before intervention: 
13.6±22.9 mg/l, CRP two days after intervention: 28.2±31.3 mg/l, 
CRP max: 51.3±58.7 mg/l, leucocytes before intervention: 7.8±2.5/nl, 
leucocytes one day after intervention: 8.5±2.6/nl, leucocytes max: 
10.9±5.2/nl; manual compression group: CRP before intervention: 
7.2±9.7 mg/l [p=0.13], CRP two days after intervention: 27.7±21.3 
mg/l [p=0.32], CRP max: 49.3±53.4 mg/l [p=0.92], leucocytes before 
intervention: 7.7±2.1/nl [p=0.87], leucocytes two days after interven-
tion: 8.5±3.1/nl [p=0.80], leucocytes max: 10.9±4.8/nl [p=0.85]).

There was no statistically significant difference in haemoglobin 
(Hb) level drop four hours and one day after the procedure between 
the two groups (Proglide group: preprocedure Hb: 11.6±1.9 mg/dl 
[Hct=36%], Hb after four hours: 11.1±1.7 mg/dl [Hct=34%], Hb 
after one day: 10.9±1.7 mg/dl [Hct=33%]; manual compression 
group: preprocedure Hb: 12.1±1.4 mg/dl [Hct=36%], Hb after four 
hours: 11.9±1.5 mg/dl [Hct=36%], Hb after one day: 11.2±1.4 mg/
dl [Hct=34%)]; p=0.08 [δ Hb four hours], p=0.87 [δ Hb one day], 
p=0.08 [δ Hct four hours], p=0.76 [δ Hct one day]).

Red blood cell concentrate (RBC) transfusion due to access-site 
complications was required in one of the patients of the Proglide 
group (n=2 RBCs in the course of vascular surgery for the AV fis-
tula) and in none of the patients of the manual compression group 
(p=1.00). In total, five patients from each group (5/40; 12.5%) 
received RBC transfusion within patients’ hospital stay, mainly 
due to reasons not related to access-site complications: Mallory-
Weiss bleeding (n=1), oropharyngeal bleeding most likely due to 
intubation or TEE (n=3), perioperative bleeding during mitral valve 
replacement (n=3), pre-existing anaemia (Hb <8.0 mg/dl; n=2), AV 
fistula (as described above, n=1). Overall, in the Proglide group 11 
RBC units were applied, whereas 10 RBC units were administered 
in the manual compression group. An overview of all observed 
complications is provided in Table 2.

In the Proglide group patient mobilisation could be started as 
early as four hours after PMVR, resulting in significantly shorter 
ICU length of stay compared to the manual compression group 
(59.4±48.9 hours vs. 84.6±59.5 hours; p<0.005). Physicians and 
nurses working on ICU were unaware of this study and based their 
decisions for transfer to a normal ward independently.

Discussion
In the course of cardiac catheterisation procedures groin compli-
cations remain the most common cause of morbidity27. Although 
there has been a reduction in adverse events with the use of increas-
ingly smaller arterial sheaths28 and the more common use of arteri-
otomy closure devices (ACD)29,30, groin complications still occur in 
approximately 1% of cases.



1350

EuroIntervention 2
0

1
5

;1
0

:1346-1353

The American Heart Association currently recommends the use 
of arteriotomy closure devices (ACD) after invasive cardiovascular 
procedures performed via the femoral artery to achieve faster hae-
mostasis and allow earlier patient mobilisation31.

Suture-mediated ACDs have already become the main tool for 
arterial access closure after procedures that require sheath sizes up 
to 24 Fr32,33.

Recently, there has been an increase in the use of larger-sized 
venous sheaths, especially promoted by the introduction of PMVR 
using the MitraClip device, but also due to increasing numbers of 
percutaneous pulmonary valve implantation, atrial septal defect, 
patent foramen ovale and left atrial appendage closure. Even 
though the risk of vascular complications is inherently low with 
venous access compared to arterial access, using sheaths of these 
dimensions affects complication rates and early mobilisation. To 
date, only very few studies reporting on venous applications of 
ACDs have been published21-26. In the majority of these publica-
tions the Perclose device has been investigated. Only one of these 
reports the use of sheath sizes >14 Fr (22 Fr [n=15] and 24 Fr [n=1] 
for percutaneous pulmonary valve implantation)21.

Shaw et al were first to describe the use of a suture-mediated clo-
sure device (6 Fr Perclose Closer®, and 8 Fr Prostar® XL; both Abbott 
Vascular Devices) in patients who had venous access as part of their 
procedure23. A total of 42 patients were studied. In the majority, 7 Fr 
sheaths (up to 14 Fr) were used. Furthermore, Mylonas et al reported 
the use of the 6 Fr Perclose device for venous access-site closure 
(14 Fr) in a series of 45 patients undergoing antegrade aortic valvulo-
plasty24. No relevant complications occurred in this study.

Figure 2. Models of different venous access site closure concepts. A) Model of Proglide closure on vein level. 1. The Proglide system has been 
prepared prior to the intervention in the preclosure technique. 2. At the end of the intervention, the sheath is removed and the rail suture limb 
is pulled simultaneously, thus advancing the knot. 3. The knot is further advanced on vein level with the knot pusher, followed by final locking 
of the knot. 4. At the end, the suture is cut with the knot pusher and the secured knot remains in the vessel wall. B) Model of “figure 8” suture 
on skin level. 1. & 2. While the sheath is still in the vein, a subcutaneous “figure 8” suture is prepared. 3. The sheath is removed and a knot is 
advanced to the skin simultaneously. 4. The knot is further tightened, in order to compress the skin superficially above the punctured vein.

Table 2. Periprocedural and post-procedural complications.

Perclose 
Proglide® 

Manual 
compression 

p-value

Treated patients (per event) n=40 n=40

Deployment failure 2/40; 5.0% NA NA

Device failure 1/40; 2.5%

Surgical repair* 1/40; 2.5% 0/40; 0.0% 1.00

US guided compression* 0/40; 0.0% 0/40; 0.0% 1.00 

Haematoma ≥6 cm 1/40; 2.5% 1/40; 2.5% 1.00

Haematoma >2 cm and <6 cm 1/40; 2.5% 3/40; 7.5% 0.62

Retroperitoneal bleed 0/40; 0.0% 0/40; 0.0% 1.00

Re-bleeding access site 1/40; 2.5% 1/40; 2.5% 1.00

Transfusion 5/40; 12.5% 5/40; 12.5% 1.00

Red blood cell concentrate (number of) 11 10

Transfusion due to groin complication* 1/40; 2.5% 0/40; 0.0% 1.00

AV fistula 1/40; 2.5% 0/40; 0.0% 1.00

Pseudoaneurysm 0/40; 0.0% 0/40; 0.0% 1.00

Infection* 0/40; 0.0% 0/40; 0.0% 1.00

Vascular narrowing 0/40; 0.0% 0/40; 0.0% 1.00

Thrombosis 0/40; 0.0% 0/40; 0.0% 1.00

Incidence of complications (per patient)

Any complication¶ 6/40; 15.0% 9/40; 22.5% 0.57

Major complication¶ 1/40; 2.5% 0/40; 0.0% 1.00

No major complication 39/40; 97.5% 40/40; 100.0% 1.00

*major complication. ¶per patient; some patients may have experienced more than one 
complication. AV: atrioventricular
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Moreover, Ozawa et al demonstrated feasibility of venous 
access-site closure using the Perclose device in 14 of 20 children 
(70% success rate) undergoing percutaneous catheter interven-
tions25. Time to haemostasis was significantly shortened compared 
to a control group. Larger study cohorts have been investigated 
by Mahadevan et al (146 patients with 205 femoral venous access 
sites) and by Hamid et al (243 patients with 310 venous access-site 
closures) more recently21,22. Complete haemostasis was achieved 
in 99% and 98%, respectively. In the study of Mahadevan et al, 
sheath sizes ranged from 7 to 14 Fr. In three cases a device failure 
occurred. Furthermore, in two patients major complications were 
observed. In the study of Hamid et al, mean venous access-site 
sheath diameter was 11.5 (±3) Fr (up to 24 Fr in one patient). In 
eight access sites the device failed to deploy. No major complica-
tions occurred.

In our study, we assessed feasibility, efficacy and safety of the 
Perclose Proglide device for the management of 24 Fr femoral vein 
access after percutaneous MitraClip implantation. As described before 
in arterial applications, handling of the closure device was very sim-
ple, providing appropriate vessel preclosure within a few minutes.

Thus, in 92.5% (37/40) of the patients, successful femoral vein 
access-site closure was achieved by applying the Proglide device. 
The three deployment failures, resulting from the patient’s obesity 
or accidental suture cut, were not followed by any access-site com-
plications. Comparable device deployment difficulties have been 
described before21 and obesity has been associated with an increase 
in arterial access-site-related complications in various studies32,34-36.

Immediate haemostasis was achieved in all 37 patients with suc-
cessful deployment of the Proglide device. This is comparable to suc-
cess rates reported in other studies using suture-mediated devices for 
femoral vein access closure; however, sheath sizes investigated in 
these trials were significantly smaller as described above21-24,26.

There was no significant difference in overall incidence of 
complications among patients treated with the Proglide device 
and manual compression, respectively. Among patients receiv-
ing device-mediated access-site closure, one major complication 
occurred: an 80-year-old male experienced AV fistula formation 
requiring surgical repair and perioperative red blood cell concen-
trate transfusion. However, preprocedural Hb level was already low 
(8.6 g/dl) and PMVR was performed as a bail-out strategy in this 
critically ill patient37 (STS score 48.90%; EuroSCORE II 38.75%) 
suffering from ischaemic cardiomyopathy with severely decreased 
left ventricular function (EF 30%) and terminal renal failure with 
chronic dialysis. Furthermore, this patient had experienced prior 
ipsilateral groin operation one month before PMVR for an inguinal 
hernia repair. It is unlikely that AV fistula formation was related to 
the use of the Proglide device.

While a systematic follow-up of all patients was not possible, 60% 
of all treated patients have been seen during a six-month follow-up 
visit, which always includes assessment of further vascular compli-
cations (such as deep vein thrombosis) or complaints (such as pain-
ful groins). None of the patients has ever reported problems after the 
interventional hospitalisation, independent of the closure technique.

In patients receiving access-site closure with the Proglide device, 
mobilisation could already be started four hours after PMVR, 
resulting in a significantly reduced time to transfer to a regular 
ward. This may contribute to fewer midterm complications, faster 
recovery and more economic use of resources.

Limitations
This study is limited by the lack of a randomised design. Thus, 
in particular, a further advance in the operator learning curve and 
experience of the ICU staff may have affected the results. We tried 
to minimise this effect by starting this analysis after the first 57 
cases. Also, the ICU staff were able to decide independently about 
mobilisation and were not aware of the study. The operators had 
previous experience with both arterial and venous Proglide closures 
(about 50 arterial closures for medium and large arterial sheaths up 
to 20 Fr and about 15 venous closures in patients with mitral inter-
ventions). Thus, a device-related learning curve was minimised.

The lack of a randomised design particularly limits the compari-
son of the significantly different duration of intensive care unit time. 
For a more thorough and valid analysis of benefits of the suture-
based closure device, a future randomised trial will be needed. This 
proof of principle study may justify a larger randomised trial.

Conclusion
Off-label preclosure of large calibre venous access sites (24 Fr) 
with the Perclose Proglide device in MitraClip procedures allows 
rapid and safe haemostasis, thereby improving patient comfort, 
allowing early mobilisation and reducing patients’ duration of post-
intervention stay on an ICU.

Impact on daily practice
Haemostasis of large calibre venous access sites (up to 24 Fr, 
e.g., in the course of percutaneous mitral valve repair employing 
the MitraClip device) is usually achieved by manual compression 
that may be facilitated by a cutaneous figure-of-eight stitch fol-
lowed by prolonged application of a compression bandage. This 
contributes significantly to patient discomfort and may trigger 
additional complications by immobilisation. The off-label appli-
cation of a suture-mediated closure device (Perclose Proglide®) 
for access-site closure in procedures requiring large venous 
sheaths allows rapid and safe haemostasis, thereby improv-
ing patient comfort, allowing early mobilisation and reducing 
patients’ duration of stay on an ICU postinterventionally.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Feldman T, Wasserman HS, Herrmann HC, Gray W, 
Block PC, Whitlow P, St Goar F, Rodriguez L, Silvestry F, 
Schwartz A, Sanborn TA, Condado JA, Foster E. Percutaneous 
mitral valve repair using the edge-to-edge technique: six-month 



1352

EuroIntervention 2
0

1
5

;1
0

:1346-1353

results of the EVEREST Phase I Clinical Trial. J Am Coll Cardiol. 
2005;46:2134-40.
 2. Feldman T, Kar S, Rinaldi M, Fail P, Hermiller J, Smalling R, 
Whitlow PL, Gray W, Low R, Herrmann HC, Lim S, Foster E, 
Glower D; EVEREST Investigators. Percutaneous mitral repair 
with the MitraClip system: safety and midterm durability in the ini-
tial EVEREST (Endovascular Valve Edge-to-Edge REpair Study) 
cohort. J Am Coll Cardiol. 2009;54:686-94.
 3. Siegel RJ, Biner S, Rafique AM, Rinaldi M, Lim S, Fail P, 
Hermiller J, Smalling R, Whitlow PL, Herrmann HC, Foster E, 
Feldman T, Glower D, Kar S; EVEREST Investigators. The acute 
hemodynamic effects of MitraClip therapy. J Am Coll Cardiol. 
2011;57:1658-65.
 4. Pleger ST, Mereles D, Schulz-Schonhagen M, Krumsdorf U, 
Chorianopoulos E, Rottbauer W, Katus HA, Bekeredjian R. Acute 
safety and 30-day outcome after percutaneous edge-to-edge repair 
of mitral regurgitation in very high-risk patients. Am J Cardiol. 
2011;108:1478-82.
 5. Pleger ST, Schulz-Schonhagen M, Geis N, Mereles D, 
Chorianopoulos E, Antaredja M, Lewening M, Katus HA, Bekeredjian R. 
One year clinical efficacy and reverse cardiac remodelling in patients 
with severe mitral regurgitation and reduced ejection fraction after 
MitraClip implantation. Eur J Heart Fail. 2013;15:919-27.
 6. Grasso C, Capodanno D, Scandura S, Cannata S, Imme S, 
Mangiafico S, Pistritto A, Ministeri M, Barbanti M, Caggegi A, 
Chiaranda M, Dipasqua F, Giaquinta S, Occhipinti M, Ussia G, 
Tamburino C. One- and twelve-month safety and efficacy outcomes 
of patients undergoing edge-to-edge percutaneous mitral valve 
repair (from the GRASP Registry). Am J Cardiol. 2013;111:1482-7.
 7. Feldman T, Foster E, Glower DD, Kar S, Rinaldi MJ, Fail PS, 
Smalling RW, Siegel R, Rose GA, Engeron E, Loghin C, Trento A, 
Skipper ER, Fudge T, Letsou GV, Massaro JM, Mauri L; EVEREST 
II Investigators. Percutaneous repair or surgery for mitral regurgita-
tion. N Engl J Med. 2011;364:1395-406.
 8. Cilingiroglu M, Salinger M, Zhao D, Feldman T. Technique 
of temporary subcutaneous “Figure-of-Eight” sutures to achieve 
hemostasis after removal of large-caliber femoral venous sheaths. 
Catheter Cardiovasc Interv. 2011;78:155-60.
 9. Bagai J, Zhao D. Subcutaneous “Figure-of-Eight” Stitch to 
Achieve Hemostasis After Removal of Large-Caliber Femoral Venous 
Sheaths. Cardiac Interventions Today. 2008;July/August: 22-3.
 10. Dauerman HL, Applegate RJ, Cohen DJ. Vascular closure 
devices: the second decade. J Am Coll Cardiol. 2007;50:1617-26.
 11. Gerckens U, Cattelaens N, Lampe EG, Grube E. Management 
of arterial puncture site after catheterization procedures: evaluating 
a suture-mediated closure device. Am J Cardiol. 1999;83:1658-63.
 12. Baim DS, Knopf WD, Hinohara T, Schwarten DE, Schatz RA, 
Pinkerton CA, Cutlip DE, Fitzpatrick M, Ho KK, Kuntz RE. 
Suture-mediated closure of the femoral access site after cardiac 
catheterization: results of the suture to ambulate aNd discharge 
(STAND I and STAND II) trials. Am J Cardiol. 2000;85:864-9.
 13. Lee SW, Ho HH, Kong SL, Lam YM, Siu CW, Miu KM, 
Lam L, Chan HW. Long term clinical outcomes after deployment of 

femoral vascular closure devices in coronary angiography and per-
cutaneous coronary intervention. Catheter Cardiovasc Interv. 
2010;75:345-8.
 14. Prada-Delgado O, Estevez-Loureiro R, Calvino-Santos R, 
Barge-Caballero E, Salgado-Fernandez J, Pinon-Esteban P, 
Vazquez-Rodriguez JM, Aldama-Lopez G, Flores-Rios X, Soler-
Martin MR, Vazquez-Gonzalez N, Castro-Beiras A. Safety and 
efficacy of femoral vascular closure devices in patients undergo-
ing primary percutaneous coronary intervention for ST-elevation 
myocardial infarction. Am Heart J. 2011;161:1207-13.
 15. Resnic FS, Blake GJ, Ohno-Machado L, Selwyn AP, 
Popma JJ, Rogers C. Vascular closure devices and the risk of vascu-
lar complications after percutaneous coronary intervention in 
patients receiving glycoprotein IIb-IIIa inhibitors. Am J Cardiol. 
2001;88:493-6.
 16. Theodos G, Raymond C, Becker MC, Thornton J, Ellis SG, 
Bhatt DL, Raymond RE. Arteriotomy closure device safety after per-
cutaneous coronary intervention in the direct thrombin inhibitor era: 
a comparative study. Catheter Cardiovasc Interv. 2013;81:294-300.
 17. Solomon LW, Fusman B, Jolly N, Kim A, Feldman T. 
Percutaneous suture closure for management of large French size 
arterial puncture in aortic valvuloplasty. J Invasive Cardiol. 
2001;13:592-6.
 18. Kara K, Al-Rashid F, Patsalis PC, Erbel R, Kahlert P. A prac-
tical overview of the technique, devices, and outcomes of suture-
mediated access site closure after transfemoral TAVR. Cardiac 
Interventions Today. 2013:March/April:51-60.
 19. Malkawi AH, Hinchliffe RJ, Holt PJ, Loftus IM, Thompson MM. 
Percutaneous access for endovascular aneurysm repair: a systematic 
review. Eur J Vasc Endovasc Surg. 2010;39:676-82.
 20. Das R, Ahmed K, Athanasiou T, Morgan RA, Belli AM. Arterial 
closure devices versus manual compression for femoral haemostasis in 
interventional radiological procedures: a systematic review and meta-
analysis. Cardiovasc Intervent Radiol. 2011;34:723-38.
 21. Hamid T, Rajagopal R, Pius C, Clarke B, Mahadevan VS. 
Preclosure of large-sized venous access sites in adults undergoing 
transcatheter structural interventions. Catheter Cardiovasc Interv. 
2013;81:586-90.
 22. Mahadevan VS, Jimeno S, Benson LN, McLaughlin PR, 
Horlick EM. Pre-closure of femoral venous access sites used for 
large-sized sheath insertion with the Perclose device in adults 
undergoing cardiac intervention. Heart. 2008;94:571-2.
 23. Shaw JA, Dewire E, Nugent A, Eisenhauer AC. Use of suture-
mediated vascular closure devices for the management of femoral 
vein access after transcatheter procedures. Catheter Cardiovasc 
Interv. 2004;63:439-43.
 24. Mylonas I, Sakata Y, Salinger M, Sanborn TA, Feldman T. 
The use of percutaneous suture-mediated closure for the manage-
ment of 14 French femoral venous access. J Invasive Cardiol. 
2006;18:299-302.
 25. Ozawa A, Chaturvedi R, Lee KJ, Benson L. Femoral vein 
hemostasis in children using a suture-mediated closure device. 
J Interv Cardiol. 2007;20:164-7.



1353

Feasibility of a suture-mediated closure device for femoral vein access   
EuroIntervention 2

0
1

5
;1

0
:1346-1353

 26. Coto HA. Closure of the femoral vein puncture site after tran-
scatheter procedures using Angio-Seal. Catheter Cardiovasc Interv. 
2002;55:16-9.
 27. Wiley JM, White CJ, Uretsky BF. Noncoronary complica-
tions of coronary intervention. Catheter Cardiovasc Interv. 2002; 
57:257-65.
 28. Metz D, Meyer P, Touati C, Coste P, Petiteau PY, Durand P, 
Faivre R, Lefevre T, Elaerts J. Comparison of 6F with 7F and 8F guid-
ing catheters for elective coronary angioplasty: results of a prospective, 
multicenter, randomized trial. Am Heart J. 1997;134:131-7.
 29. Vaitkus PT. A meta-analysis of percutaneous vascular closure 
devices after diagnostic catheterization and percutaneous coronary 
intervention. J Invasive Cardiol. 2004;16:243-6.
 30. Koreny M, Riedmuller E, Nikfardjam M, Siostrzonek P, 
Mullner M. Arterial puncture closing devices compared with stand-
ard manual compression after cardiac catheterization: systematic 
review and meta-analysis. JAMA. 2004;291:350-7.
 31. Patel MR, Jneid H, Derdeyn CP, Klein LW, Levine GN, 
Lookstein RA, White CJ, Yeghiazarians Y, Rosenfield K; American 
Heart Association Diagnostic and Interventional Cardiac 
Catheterization Committee of the Council on Clinical Cardiology, 
Council on Cardiovascular Radiology and Intervention, Council on 
Peripheral Vascular Disease, Council on Cardiovascular Surgery 
and Anesthesia, and Stroke Council. Arteriotomy closure devices 

for cardiovascular procedures: a scientific statement from the 
American Heart Association. Circulation. 2010;122:1882-93.
 32. Lee WA, Brown MP, Nelson PR, Huber TS. Total percutane-
ous access for endovascular aortic aneurysm repair (“Preclose” 
technique). J Vasc Surg. 2007;45:1095-101.
 33. Watelet J, Gallot JC, Thomas P, Douvrin F, Plissonnier D. 
Percutaneous repair of aortic aneurysms: a prospective study of 
suture-mediated closure devices. Eur J Vasc Endovasc Surg. 2006; 
32:261-5.
 34. Torsello GB, Kasprzak B, Klenk E, Tessarek J, Osada N, 
Torsello GF. Endovascular suture versus cutdown for endovascular 
aneurysm repair: a prospective randomized pilot study. J Vasc Surg. 
2003;38:78-82.
 35. Howell M, Villareal R, Krajcer Z. Percutaneous access and 
closure of femoral artery access sites associated with endoluminal 
repair of abdominal aortic aneurysms. J Endovasc Ther. 2001;  
8:68-74.
 36. Starnes BW, Andersen CA, Ronsivalle JA, Stockmaster NR, 
Mullenix PS, Statler JD. Totally percutaneous aortic aneurysm 
repair: experience and prudence. J Vasc Surg. 2006;43:270-6.
 37. Pleger ST, Chorianopoulos E, Krumsdorf U, Katus HA, 
Bekeredjian R. Percutaneous edge-to-edge repair of mitral regurgi-
tation as a bail-out strategy in critically ill patients. J Invasive 
Cardiol. 2013;25:69-72.


