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Abstract To assess the safety and efficacy of routine use

of ultrasound-guided puncture and the use of vascular

closure device (VCD) in patients undergoing endovascular

therapy (EVT) through femoral access. This was a single-

center, non-randomized clinical study that enrolled 513

patients undergoing EVT via femoral artery access in

which hemostasis was achieved using VCDs (406-patient

EXOSEAL arm and 107-patient PROGLIDE arm). All

cases were performed by routine use of ultrasound-guided

access. The primary endpoint was the achievement of

hemostasis without periprocedural and 30-day incidence of

major or minor access site-related complications. The pri-

mary endpoint was achieved in 91.6 % of the cases (470/

513) with a higher success rate in the EXOSEAL arm

(93.6). Major complications were observed in 5 patients

(0.9 %) in total cohort and 3 patients (0.7 %) treated with

EXOSEAL arm vs. 2 patients (1.8 %) with PROGLIDE

arm (p = 0.32). Combined treatment two VCDs with the

routine ultrasound guidance access for patients who

underwent the EVT procedure showed high efficacy and

safety outcomes.

Keywords Vascular closure devices � Ultrasound guided

access � Endovascular therapy � Peripheral artery disease

Introduction

Endovascular treatment therapy (EVT) has been increasing

due to an aging society and improved diagnosis of

peripheral vascular disease [1–3]. While manual com-

pression has historically been regarded as the ‘‘gold stan-

dard’’ for the achievement of vascular closure after femoral

artery puncture, it requires immobilization for up to 6–8 h

after the procedure and is often associated with patient

discomfort.

In recently, some studies shows that ultrasound guidance

access reduces access site-related complication of the

femoral artery puncture when compared to traditional

palpation and fluoroscopy guided puncture [4, 5]. Appro-

priate puncture location decrease bleeding complication

which has been associated with decrease morbidity, mor-

tality and health care cost. In addition, the use of novel

arterial closure devices after femoral artery access is

exceedingly common due to reduced time to hemostasis,

decreased patient discomfort, earlier mobilization, and

shortened hospital stays [6, 7]. Vascular closure devices

(VCDs) are commonly used after coronary, cerebrovascu-

lar, and peripheral arterial interventions [8], and various

types of VCDs are available for management of the access

site after these procedures [9–11].

In 2009, the ECLIPSE trial demonstrated the safety of

the EXOSEAL VCD and its greater effectiveness than

manual compression [12]. On the other hand, PROGLIDE

is a suture-mediated closure device that utilizes a single

monofilament polypropylene suture [13]. Otherwise,

exclusion criteria for these trials were severe calcification,

hemodialysis, and symptomatic leg ischemia in the target

vessel limb. VCDs were applied also in EVT. To the best

of our knowledge, no other study has evaluated the VCDs

and ultrasound guidance access specifically for EVT. The
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aim of this study was to assess safety and effectiveness of

the EXOSEAL and PROGLIDE VCDs in achieving

hemostasis after ultrasound guidance femoral artery access

EVT in daily clinical practice.

Methods

Study design and patients

This study was a single-center, non-randomized clinical

investigation. Between April 2013 and December 2014, we

enrolled 513 consecutive cases (571 procedures) scheduled

to undergo EVT for symptomatic peripheral arterial disease

with a 6Fr sheath via a common femoral artery puncture.

All cases were performed by routine use of ultrasound-

guided access. These included 376 males (73.5 %), and the

mean age (±standard deviation) was 71.9 ± 9.5 years.

Indications for EVT included aortoiliac occlusive disease

(AI) and superficial femoral artery (SFA) disease. Diag-

nostic procedures including below the knee arteries inter-

vention and intervention with less than 6Fr were excluded

for VCD use. Also, the femoral artery after a surgically

sutured groin was excluded. Symptoms were classified

based on the Rutherford category classifications [14], and

all patients were in categories 2–5. The study was con-

ducted by the Declaration of Helsinki, and all patients gave

their written informed consent before enrollment.

Study procedure and devices

Ultrasound guidance puncture

We need to realize the inferior border and upper border of the

femoral head by the fluoroscopy. After checking maximum

arterial pulse, duplex ultrasound-guided puncture were per-

formed. Theultrasound-guidedpuncturewas performed using

12 MHz linear transducer (NEMIO MS, Toshiba, Tochigi,

Japan). The transducer was covered with a sterile pouch

containing gel (Fig. 1a). The bifurcation ofCFA toSFA,DFA

and the location of venous were visualized by ultrasoundwith

short and long axis views (Fig. 1a i–iii). After identification of

planned puncture site, local skin anesthesia with 20 cc of

Lidocaine 2 %was infiltrated. Also, the needlewas punctured

using ultrasoundwith short axis view aiming for the top of the

anterior wall of the CFA avoiding calcification and

atherosclerotic plaque (Fig. 1b i–iii).

EVT and hemostasis procedure

An angiogram and EVT were performed in standard

fashion. Intra-arterial heparin (5000 IU) was administered

after 6 Fr sheath insertion. After EVT, hemostasis was

achieved using the VCDs by the manufacturers’ instruc-

tions. Two physicians experienced in the use of the two

VCDs participated in this study. The choice of the two

VCDs, EXOSEAL (Cordis, Bridgewater, NJ, USA) or

PROGLIDE (Abbott Vascular, Abbott Park, IL, USA), was

left to each physician’s discretion. We did not check the

routine activating clotting time and the reverse hep-

arinization. Three minutes of manual compression was

applied to the puncture site, and the patient was required to

remain in supine position in bed for 4 h in the EXOSEAL

arm of the study and 3 h in the PROGLIDE arm. After the

prescribed time, the operator confirmed the patient’s

hemostasis, after that the patients could be ambulatory.

Definitions of primary and secondary endpoints

The primary endpoint was successful hemostasis achieved

using the VCDs with no post-procedural access site com-

plications within 30 days. Unsuccessful hemostasis was

defined as persistent bleeding that required subsequent

manual compression until hemostasis. Also, patients

requiring more than 4 h supine bed rest in the EXOSEAL

or more than 3 h in the PROGLIDE group were considered

unsuccessful. Major access site-related complications were

defined as those requiring intervention or surgical correc-

tion, bleeding that required transfusion, a massive hema-

toma ([5 cm), pseudoaneurysm, vessel occlusion, or

arteriovenous fistula. Any other access site-related com-

plication was categorized as minor.

The secondary endpoint criteriawere as follows: (1) time to

ambulation (hr); (2) time todischarge (days) and (3) predictive

factors for unsuccessful hemostasis by multivariate analysis.

The clinically prespecified predictive factors used in this

analysis were: age C 75 years, hypertension, diabetes, obe-

sity, hemodialysis, dual antiplatelet therapy (DAPT), bilateral

approach, antegrade approach, severe calcification, and clo-

sely sited stenting which is a nitinol stent implanted within

5 cm of the puncture site. A severely calcified common

femoral artery was defined as obvious densities noted within

the apparent vascular wall in the angiogram [15].

Clinical follow-up

Clinical evaluations were made at the time of discharge and

30 days. These included confirmation of hemostasis by ultra-

sound and testing for the presence of infectionwith a serum test.

Statistical analysis

Statistical analysis was performed with the JMP statistical

software version 10.0 (SAS Institute, Cary, North Carolina,

USA). Results for categorical variables are presented as

frequencies (percentages) and results for continuous

234 M. Fujihara et al.

123



variables as the mean ± standard deviation. Where appro-

priate categorical variables were evaluated by Fisher’s exact

test and continuous variables were assessed by the t test.

When data before and after procedures were available,

paired t tests were applied to compare repeated measures for

continuous variables. Clinically prespecified potential pre-

dictive factors for unsuccessful hemostasis were entered into

the multivariate Cox proportional hazards model, with the

results presented as hazard ratios (HR)with 95 %confidence

intervals (CI). p values of\0.05were considered significant.

Results

Baseline demographics, clinical characteristics,

and procedural variables

The main characteristics of the included studies are

reported in Table 1. EXOSEAL was applied in 406 patients

and PROGLIDE in 107 patients. There were no significant

differences in patient characteristics and medications

between those arms. A total of 205 patients (39.9 %) had

severe calcification. 58 patients (11.3 %) required a bilat-

eral approach. There were 251 cases (49.7 %) of AI artery

disease and 301 cases (59.0 %) of SFA disease. In AI

lesions, the use of PROGLIDE was significantly higher and

in SFA lesions, EXOSEAL was more frequently employed.

Primary and secondary endpoints

The outcomes are summarized in Table 2. The primary

endpoint defined as successful hemostasis was achieved in

91.6 % (470/513) of patients. Comparison of the two study

arms showed EXOSEAL to have a higher rate of the pri-

mary endpoint (93.6 vs. 84.1 %, p = 0.003, Fig. 2). In the

total cohort, major access site-related complications were

observed in 5 patients (0.9 %). In the EXOSEAL arm,

there was one case of a massive hematoma requiring

Fig. 1 Method of ultrasound-guided access for CFA. Firstly echo

scanning covered with a sterile pouch containing gel was made from

upper CFA to proximal SFA (a). Either long axis (a i) and short axis

(a ii, iii) can be obtained. The bifurcation of CFA to SFA, DFA and

the location of venous were visualized ultrasound (a i–iii). Arterial

access was obtained with 18-G needle (b). The needle was inserted at

an angle of about 45� from the skin just below the level of the center

of the femoral head. In viewing short axis, try to aim the top of the

vessel (b i, ii). During flash back of blood (b iii), a gentle wire

insertion must be made
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transfusion. Moreover, two cases of pseudoaneurysm were

observed and successfully treated by compression. In the

PROGRIDE arm, one case resulted in CFA occlusion after

one knot of PROGLIDE, and surgical correction with an

artificial graft was required (Fig. 3). Differences between

the study arms did not reach statistical significance due to

Table 1 The clinical

characteristics, anatomical and

procedural characteristics

All EXOSEAL PROGLIDE p value

N = 513 N = 406 N = 107

Age (years) 71.9 ± 9.5 71.8 ± 9.5 72.6 ± 9.8 0.41

Male (%) 376 (73.3) 305 (75.1) 71 (66.4) 0.07

Hypertension (%) 436 (84.9) 345 (84.9) 91 (85.1) 0.98

Diabetes (%) 279 (54.4) 218 (53.7) 61 (57.0) 0.54

Dyslipidemia (%) 242 (47.2) 187 (46.1) 55 (51.4) 0.32

Smoking (%) 191 (37.2) 152 (37.4) 39 (36.5) 0.85

Obesity (%)a 91 (17.7) 68 (16.7) 23 (21.5) 0.29

CKD (%)b 349 (68.0) 284 (70.0) 65 (60.1) 0.07

Hemodialysis (%) 156 (30.4) 130 (32.0) 26 (24.3) 0.12

CLI (%) 126 (24.6) 98 (24.1) 28 (26.2) 0.7

DAPT (%) 413 (80.1) 331 (81.5) 82 (76.6) 0.26

DAPT ? warfarin or NOAC (%) 61 (11.9) 50 (12.3) 11 (10.3) 0.55

Bilateral retrograde approach (%) 58 (11.3) 41 (10.1) 17 (15.9) 0.1

Antegrade approach (%) 60 (11.6) 53 (13.1) 7 (6.5) 0.048*

Severe calcification (%)c 205 (39.9) 165 (40.6) 40 (37.4) 0.11

Stent implantation close to puncture site (%)d 106 (20.6) 82 (20.2) 24 (22.4) 0.61

AI Artery Intervention (%) 251 (48.9) 188 (46.3) 63 (58.9) 0.02*

SFA Intervention (%) 301 (59.0) 250 (61.6) 53 (49.3) 0.03*

CKD chronic kidney disease, CLI critical limb ischemia, DAPT dual antiplatelet therapy, NOAC novel oral

anticoagulant, AI aortiliac, SFA superficial femoral artery

* Statistically significant (p\ 0.05)
a BMI[ 25.0
b eGFR\ 60 ml/min
c Calcified lesion was defined as obvious densities noted within the apparent vascular wall in the

angiogram
d A closely sited stent was defined as a stent\5 cm from the puncture site

Table 2 Primary and secondary clinical endpoints

All EXOSEAL PROGLIDE p value

N = 508 N = 406 N = 107

Time to ambulation (h) 4.1 ± 1.1 4.2 ± 1.0 3.7 ± 1.3 \0.0001*

Time to discharge (days) 1.3 ± 1.6 1.1 ± 0.5 2.1 ± 3.4 \0.0001*

Major complication

All 5 (0.9) 3 (0.7) 2 (1.8) 0.32

Requiring intervention or surgical correction (%) 1 (0.1) 0 (0.00) 1 (0.93) –

Infection (%) 1 (0.1) 0 (0.00) 1 (0.93) –

Massive hematoma requiring transfusion (%) 1 (0.1) 1 (0.25) 0 (0.00) –

Pseudoaneurysm (%) 3 (0.6) 2 (0.49) 1 (0.93) –

Vessel occlusion (%) 1 (0.1) 0 (0.00) 1 (0.93) –

Minor complication

All 45 (8.7) 30 (7.4) 15 (14.0) 0.04*

Device failure 13 (2.5) 7 (1.7) 6 (5.6) 0.04*

Hematoma 12 (2.3) 8 (1.9) 4 (3.7) 0.31

Prolonged time to ambulation due to other reasons 20 (3.9) 15 (3.7) 5 (4.7) 0.64

* Statistically significant (p\ 0.05)
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the small number of major complications. Analysis of

minor complications defined as device failure, hematoma

and prolonged time to ambulation due to other reasons

showed in 45 cases (8.7 %). However, hemostasis for all

such patients could be achieved by subsequent manual

compression. Time to ambulation was 4.1 ± 1.1 h. Time to

discharge was 1.3 ± 1.6 days.

Table 3 compares the potential predictors of unsuc-

cessful hemostasis between the EXOSEAL and PRO-

GLIDE arms. With EXOSEAL, multivariate analysis

showed that severe calcification (HR, 12.9; 95 % CI -2.8

to -0.8; p = 0.002) and implantation of a stent close to the

puncture site (HR, 3.9; 95 % CI -2.0 to -0.1; p = 0.04)

were independent predictors of unsuccessful hemostasis.

With PROGLIDE, administration of DAPT was an inde-

pendent predictor (HR, 7.4; 95 % CI -5.8 to 0.7;

p = 0.03). The other elements included concomitant

hypertension, systolic blood pressure, aging, obesity and

also hemodialysis were not independent predictive factors.

Discussion

As EVT procedures increase both in number and spe-

cialties involved, the safety and efficacy of access site

hemostasis are important issues [16]. Complications at the

puncture site are reported to be the most common but

unavoidable risks in transluminal procedures. First, the key

is accurate femoral access. In recent years, some studies

showed the efficacy and safety of ultrasound guidance

access [4, 5]. Ultrasound guidance improves safety out-

comes of the common femoral artery puncture when

compared to palpation and fluoroscopy-guided puncture. In

our institution, routine ultrasound-guided access strategy

began in January 2013. After that, access site complication

was reduced in daily practice included diagnostic

catheterization, coronary intervention, and EVT.

By manual compression, major access site bleeding

occurred in 10–15 % of patients at the femoral access site

[6–8]. Compared with percutaneous coronary intervention

(PCI), for EVT procedures, there has been no prospective

study of the incidence of access site complications. Most

EVT procedures were for peripheral artery disease with

extensive atherosclerotic and/or calcification changes even

Fig. 2 Comparison of success rates (%) for the VCDs in achieving

the primary endpoint. The primary endpoint was defined as

hemostasis achieved without periprocedural or 30-day incidence of

major or minor access site-related complications

Fig. 3 A 55-year-old male 1 week after hemostasis with a PROGLIDE VCD following an iliac artery stent implant. The access site was severely

dissected and occluded (a), requiring surgical correction (b, c)
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at the puncture site [17]. The effectiveness and safety of

VCDs have already been demonstrated in numerous stud-

ies. However, most of these trials were for PCI and diag-

nostic procedures [8–13].

This study demonstrated that the rates of successfully

achieving hemostasis with the VCDs in patients with

peripheral artery disease after ultrasound-guided vascular

access. In this study, the periprocedural or 30-day inci-

dence of major or minor access site-related complications

was low for EVT patients (8.4 %). Most of the unsuc-

cessful cases in our study had minor complications. Major

complications were seen in only 0.9 % of patients. Despite

the enrollment of complex patients with complex or

chronic medical conditions, these results were acceptably

low compared to past data. Complexities included patients

who were elderly, diabetic, obese, on hemodialysis or

DAPT, or suffering from critical limb ischemia.

There are several types of VCDs whose safety and

efficacy has been demonstrated. EXOSEAL deploys a

completely absorbable plug and does not leave behind

foreign bodies [12]. The Mynx (AccessClosure, Inc.,

Mountain View, CA, USA) and VASCADE (Cardiva

Medical, Sunnyvale, CA, USA) devices follow the same

system [18, 19]. Other VCDs leave behind foreign bodies

such as sutures (e.g., PROGLIDE), an anchor (ANGIO-

SEAL, St. Jude Medical, St. Paul, Minnesota, USA)

[8, 9, 20], or a nitinol clip (STARCLOSE, Redwood City,

California, USA, and FemoSeal, St Jude Medical Systems,

Uppsala, Sweden) [11, 21].

We used EXOSEAL and PROGLIDE in this study.

These two VCDs were chosen because of the two physi-

cians’ familiarity and experience with the devices.

In this study, PROGLIDE showed a little-limited benefit

due to several drawbacks. First, PROGLIDE is a large

device in itself, approximately 8.5 Fr in size to seal a 6 Fr

sheath. One patient required surgical correction for severe

dissection after PLOGLIDE deployment. Second, PRO-

GLIDE requires skillful operation of complicated proce-

dures compared to EXOSEAL. In the PROGLIDE arm,

unsuccessful hemostasis caused by inaccurate suture was

found in 5.6 % of patients. Third, there is a risk of infec-

tion. Both VCDs carry potential risks, but a suture or plug

left in the vessel wall are more prone to infection. In one

PROGLIDE case, we experienced a severe infection with a

false aneurysm that required long-term use of antibiotics

and extended hospitalization. In the EXOSEAL arm, no

cases of infections were seen. The PROGLIDE system also

carries the risk of infection as it is necessary to leave

behind a monofilament polypropylene suture [22–24]. A

randomized controlled trial comparing percutaneous

endovascular aneurysm repair and open surgery showed

that the use of PROGLIDE carried a 2.0 % risk of infection

[13]. From our outcomes, the time to the discharge of the

PROGLIDE group is 1 day longer than that of the EXO-

SEAL group. The reason was some patients prolonged the

hospitalization days, in particular, patients needed surgical

repair. Accordingly, the average hospitalization days were

longer in PROGLIDE arm.

Each device has its merits and demerits. Success with

PROGLIDE means that complete hemostasis and early

ambulation are guaranteed. In the PROGLIDE arm, time to

ambulation was statistically shorter than in the EXOSEAL

arm. To select the most appropriate VCD, we performed

additional analysis on predictors of unsuccessful

hemostasis. This analysis revealed the weak points for

EXOSEAL are related to severe calcification at the punc-

ture site and implantation of the stent close to the puncture

site (e.g., hemostasis of a retrograde puncture after

implantation of a distal external iliac artery stent). The

EXOSEAL indicator wire may become caught on the stent,

Table 3 Predictive uni and

multivariate factors for

unsuccessful hemostasis,

comparing the EXSOSEAL and

PROGLIDE arms

Valuable EXOSEAL arm PROGLIDE arm

HR 95 % CI p value HR 95 % CI p value

Age C 75 years old 2.2 -0.2, 1.8 0.13 3.2 -2.4, 0.1 0.07

Hypertension (%) 0 -1.2, 1.4 0.78 2.1 -0.4, 2.5 0.14

Diabetes (%) 0.5 -0.6, 1.4 0.48 0.24 -1.0, 1.6 0.62

Obesity (%)a,* 0.6 -0.7, 2.1 0.44 2.54 -2.6, 0.3 0.11

Hemodialysis (%) 1.2 -0.4, 1.7 0.27 0.06 -1.4, 2.0 0.8

DAPT (%) 0.8 -0.7, 2.1 0.37 7.4 -5.8, 0.7 0.03*

Bilateral (%) 3 -2.1, 0.1 0.08 2.8 -3.0, 0.2 0.09

Antegrade (%) 0.1 -1.7, 1.1 0.77 0.9 -1.8, 5.1 0.31

Moderate to severe calcification (%) 12.9 -2.8, -0.8 0.002* 0.2 -2.0, 1.2 0.66

Closely sited stent (%) 3.9 -2.0, -0.1 0.04* 1.2 -1.9, 0.6 0.26

HR hazard ratio, CI confidence interval, DAPT dual antiplatelet therapy

* Statistically significant (p\ 0.05)
a BMI[ 25.0

238 M. Fujihara et al.

123



and/or severe calcification may cause this VCD system to

fail. The EXOSEAL device should be used with caution in

this situation. However, to select the appropriate VCD,

other clinical factors such as lesions or individual patient

conditions must also be considered. Actually, this study

showed the traditional risk factors included as age, obese,

hypertension were not the independent predictive factors.

Because of combined ultrasound-guided puncture with

accurate VCDs usage are safety and efficacy in these high

risk patients.

Study limitations

A major limitation of this study was the lack of random-

ization. The two study arms were hence not matched in

every aspect. Second, the manufacturers’ instructions gave

different times to ambulation for the two VCDs (4 h for

EXOSEAL and 3 h for PROGLIDE), thus influencing the

outcomes.

Conclusion

Combined treatment to VCDs with the routine ultrasound

guidance access for patients who underwent the EVT

procedure showed high efficacy and safety outcomes.

Comparison of two VCDs, EXOSEAL, and PROGLIDE,

clearly showed EXOSEAL to have a higher success rate.
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