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ARTICLE INFO ABSTRACT

Background: To describe and evaluate the intentional combination of Angio-Seal (AS) and Perclose ProGlide (PP)
in achieving haemostasis in patients undergoing transfemoral transcatheter aortic valve replacement (TAVR).
Methods: This study cohort was divided into two groups: dual PP versus one AS with one PP (AS + PP) used for
common femoral artery haemostasis. The baseline, procedural characteristics and all outcomes (defined accord-
ing toVARC-2 criteria) were prospectively collected and retrospectively compared.
Results: Overall, a total of 151 consecutive patients (68 men; 80.9 4 7.3 years old) were evaluated. Of these, 51
Vascular closure patients (33.8%) underwent TAVR using the dual PP, and 100 (66.2%) using one AS with one PP. There were no
Vascular complication significant differences in the baseline characteristics of both patient groups, except higher incidence of chronic
TAVR pulmonary disease in dual PP group (21.6% vs 7%, P = 0.009). Patients in AS + PP group had lower rate of arterial
stricture (21.6% vs 8%, P = 0.017), arterial dissection (13.7% vs 4.0%), requiring endovascular intervention for
puncture site issues (21.6% vs 9.0%, P = 0.031). Less procedural time (139.8 4 36.9vs97.9 4+ 31.4 min, P <
0.001) & contrast medium consumption (223.9 + 88.3vs174.1 4+ 49.7 ml, P < 0.001) were also observed in AS
+PP group. There were no statistically significant differences between 2 groups in regards of closure device fail-
ure, major and minor vascular complications, nor major and minor bleeding.
Conclusions: Intentional combination of one PP and one AS for femoral access haemostasis in patients undergoing
TAVR is feasible and safe, with low risk of vascular and bleeding complications.

© 2019 Elsevier B.V. All rights reserved.

Article history:

Received 18 February 2019

Received in revised form 29 April 2019
Accepted 21 May 2019

Available online 23 May 2019

Keywords:

1. Introduction

The development of fully percutaneous transfemoral transcatheter
aortic valve replacement (TF-TAVR) requires the use of vascular closure
devices allowing effective haemostasis after large-bore arteriotomy.
Vascular complications in femoral access site are associated with
prolonged hospitalization and higher morbidity/mortality after TAVR
[1-4]. Use of suture-mediated closure devices, such as 1 Prostar XL or
2 Perclose ProGlide (PP) (both Abbott Vascular Inc., Santa Clara, Ca,
USA), are routine for this purpose [5,6] and the results on vascular com-
plications and outcome after TF-TAVR had been reported [7,8]. How-
ever, excessive suturing may increase the risk of femoral artery
stenosis, especially in patients with small vessel size and/or mild
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stenosis. Collagen-based Angio-Seal (AS) (St. Jude Medical, St. Paul,
MN, USA) had been used as an adjunctive bail-out, when routine dual
PP failed to achieve complete haemostasis after TF-TAVR [9]. Intentional
combination of one AS and one PP to seal 9 Fr arteriotomy wound has
been described before [10]. The objective of the present study was to de-
scribe this new hybrid vascular closure technique to achieve
haemostasis in patients undergoing TF-TAVR, and evaluate its proce-
dural and clinical outcomes.

2. Methods
2.1. Patient population and data collection

Patients treated before October 2013 were not included to eliminate the learning
curve impact. A total of 159 consecutive patients undergoing TAVR in National Taiwan
University Hospital from October 2013 to March 2018 were analysed retrospectively. Of
these, 8 patients were excluded from analysis: 1 trans-aortic approach, 1 trans-apical ap-
proach, 3 trans-femoral approach with surgical cut-down, 1 trans-femoral approach with
internal endoconduit method [11], and 2 conversion to emergent open surgery. Dual PP
was used in all patients from October 2013 to August 2015. Since August 2015, we
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gradually switched to intentional combination of one AS with one PP as routine practice.
Therefore, among the 151 patients analysed, two PP devices (dual PP group) were used
in 51 (33.8%) to achieve haemostasis after TF-TAVR, and intentional combination of one
AS and one PP device (AS+ PP group) were used in 100 (66.2%). All data were collected
prospectively.

2.2. Vascular access and evaluation

Before TAVR, peripheral access evaluation and measurement was accomplished with
pre-procedural multi-detector computed tomography (MDCT). During the procedure,
cross-over angiography was routinely performed for access vessel evaluation and arterial
puncture guidance. Vessel tortuosity and calcification were evaluated as previously de-
scribed (2). The tortuosity score was defined as follows: 0 = no tortuosity; 1 = mild tor-
tuosity (30° to 60°); 2 = moderate tortuosity (60° to 90°); and 3 = marked tortuosity
(>90°). The calcification score was evaluated under fluoroscopy before contrast injection
or by MDCT, and defined as follows: 0 = no calcification; 1 = mild calcification; 2 = mod-
erate calcification; and 3 = marked calcification.

One PP was deployed after puncture with the suture knot secured. In dual PP cases,
the second PP was deployed at about 45° rotation to the first one. Unfractionated heparin
was administered after large sheath insertion to achieve activated clotting time (ACT) of
250-300 s throughout the procedure. After large sheath removal at the end of the proce-
dure, the access site was evaluated, both externally and through selective cross-over an-
giogram, for any vascular complications such as leakage, dissection, stricture/narrowing,
or occlusion. Standardized protamine reversal was done according to final ACT.

2.3. Description of techniques AS + PP for hemostatsis

The actual execution sequence of AS+ PP for femoral access haemostasis is illustrated
in Fig. 1. One PP is deployed in the conventional manner [6] before procedure (Fig. 1A).
After the conclusion of the TAVR, the large-bore TAVR delivery sheath is removed. The
PP suture is then tightened around an 8 Fr sheath, inserted over the guidewire (Fig. 1B).
If significant oozing noted at this stage, another bail-out PP still could be deployed after re-
moving 8 Fr sheath, although none of case needed adjunctive PP device in our practice.
Once confirming no excessive oozing around it, the 8 Fr sheath was then removed and re-
placed with an 8 Fr AS device. The AS device was then deployed in the conventional man-
ner [12] (Fig. 1C), to seal the remaining arteriotomy space after the first PP suture. Finally
the PP knot is locked and cut, to complete the hemostatic procedure (Fig. 1D &1E).

2.4. Definition and management of complications

Arterial stricture was defined as >50% diameter stenosis at the access site immediately
after conclusion of closure procedures. Balloon angioplasty will be performed if pressure
gradient across the stricture was higher than 20 mm Hg. Flow-limiting iliofemoral dissec-
tions were treated with balloon angioplasty or, if necessary, self-expanding stents.
lliofemoral perforation/extravasation after conclusion of closure procedures will first be

managed with 15-20 min manual compression, with or without cross-over internal bal-
loon tamponade. If failed, further treatment with covered stents or open surgical repair
will be done accordingly. Closure-device failure was defined as insufficient or absence of
haemostasis at the arteriotomy site requiring alternative treatment (other than manual
compression or adjunctive endovascular ballooning) during the index procedure. Vascular
complications and bleeding were defined using the Valvular Academic Research
Consortium-2 (VARC-2) consensus criteria [13].

2.5. Statistical analysis

Continuous variables are expressed as mean + standard deviation. Categorical data
are expressed as numbers and percentages. The Student's t-test or Mann-Whitney U test
was used to compare continuous variables. Categorical data were compared with the
Pearson's chi-square test or Fisher exact test. Normality of distribution was tested by
means of the Kolmogorov-Smirnov test. Statistical significance was defined as p < 0.05.

3. Results
3.1. Study population

The baseline characteristics of 151 patients are summarized in
Table 1. More chronic pulmonary disease was seen in dual PP group
(21.6% vs. 7.0%, p = 0.009), but others were similar between 2 groups.
No difference in left ventricular ejection fraction (67.4 4+ 11.7% vs65.1
+ 13.1%, P = 0.288), aortic valve area (0.71 £ 0.19 cm? vs 0.75 &
0.18 cm? P = 0.144), maximal femoral artery diameter (7.3 =+
1.1 mmvs 7.6 £+ 1.2 mm, P = 0.202), and minimal femoral artery diam-
eter (6.8 +£ 1.2 mmvs 7.3 £+ 1.2 mm, P = 0.173) was seen between 2
groups.

3.2. Procedural variables and clinical outcomes

The procedural variables and complications in both groups are pre-
sented in Table 2. The dual PP group showed a significantly higher inci-
dence of arterial stricture (21.6% vs 8.0%, P = 0.017), arterial dissection
(13.7% vs 4.0%, P = 0.030), and need of endovascular intervention
(21.6%vs 9.0%, P = 0.031) at access site. There was no statistically signif-
icant difference between the groups in the in-hospital VARC-2 major
vascular complications (2.0% vs. 2.0%, p = 0.987), minor vascular

Fig. 1. Illustration of combining one Angio-Seal (AS) with one PercloseProglide (PP) for femoral access haemostasis.(A) One PP pre-suture is placed. (B) PP suture is tightened around an 8
Fr sheath after removing 18 Fr sheath. (C) AS deployed after removing 8 Fr sheath. (D) PP suture knot is locked. (E) Complete haemostasis.
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complications (15.6% vs. 10.0%, p = 0.308), major bleeding (2.0% vs.
1.0%, p = 0.625), minor bleeding (7.8% vs. 7.0%, p = 0.850), nor closure
device failure (2.0% vs 3.0%, P = 0.707). However, the procedure time
was longer (139.8 £ 36.9 min vs 97.9 + 31.4 min, P< 0.0001) and con-
trast medium consumption was more (223.9 4 88.3 ml vs 174.1 +
49.7 ml, P < 0.0001) in the dual PP group, while fluoroscopy time was
similar (24.5 4 12.2 min vs 24.3 4+ 9.2 min, P = 0.949) between 2
groups.

4. Discussion

This retrospective study showed that the rates of arterial injury and
need of endovascular intervention were lower in AS + PP group, com-
pared to those in dual PP group. There was no significant difference be-
tween two groups in regard of closure device failure, vascular and
bleeding complications using the VARC II criteria. The results demon-
strated that intentional combination of one AS and one PP to achieve
haemostasis after patients receiving TF-TAVR is feasible, safe, and effica-
cious. To our best knowledge, the intentional utilization of this hybrid
technique for vascular access closure following TF-TAVR has not been
previously described in the literature.

In previous literature, the failure rates of Prostar and dual PP devices
have been reported at 4-19%, with sheath sizes ranging from 18 to 24Fr
[1,7,8,14,15]. The rationale of the present hybrid technique is to first
shrink the large-bore puncture hole to 8Fr in diameter by the PP suture,
and then utilize the re-absorbable collagen plug and the footplate (com-
posed of ploylactide and polyglycolide polymer) of AS device to achieve
complete haemostasis. There have been reports of off-label use of the AS
device to close 9~12Fr arteriotomy after balloon aortic valvuloplasty and
endovascular aneurysm repair procedures [16,17]. We believe the 8Fr
hole, shrunken from 18 to 20Fr by the PP, will be sealed tight by 8Fr
AS safely and efficently. This is demonstrated well by the similarly low
device failure rate in the AS+PP group, compared to that of the standard
dual PP groups.

Theoretically, our hybrid technique leaves less cinching and strain
on the arterial wall at the end of the procedure, as only 1 suture is ap-
plied. The resulting advantage is reduction of immediate local kinking/
stricture, which was clearly demonstrated by our cohort. Kodama et al
[18] compared single versus double PP for vascular closure following

Table 1
Baseline characteristics.
Dual PP AS + PP P-value
(N=51) (N =100)
Age (year) 81.8 £ 6.1 80.6 + 7.7 0.367
Male 28 (54.9%) 39 (39.0%) 0.053
Body mass index 230+ 39 243 +£54 0.155
Diabetes Mellitus 17(33.3%) 43 (43.0%) 0.455
Hypertension 31 (60.8%) 65 (65.0%) 0.611
Hyperlipidemia 15 (29.4%) 0 (30.0%) 0.940
Atrial fibrillation 9 (17.6%) 7 (17.0%) 0.921
Coronary artery disease 24 (47.1%) 7 (37.0%) 0234
Peripheral vascular disease 9(17.6%) 4 (14.0%) 0.555
Chronic kidney disease 15 (29.4%) 1(31.0%) 0.841
Chronic pulmonary disease 11 (21.6%) 7 (7.0%) 0.009
LVEF (%) 674 +£11.7 65.1+£13.1 0.288
Ao max PG (mm Hg) 77.9 + 28.1 72.8 £26.5 0228
Ao mean PG (mm Hg) 448 £ 165 421 +£186 0.390
Aortic valve area (cm?) 0.714+£0.19 0.754+£0.18 0.144
Hemoglobin (g/dl) 11.7+£19 119+ 0.9 0.457
Platelet count (k/ul) 216.0 +86.7 201.1 +£74.0 0.273
Maximal femoral artery diameter (mm)* 7.3 + 1.1 76+ 1.2 0.202
Minimal femoral artery diameter (mm)* 6.8 + 1.2 71+12 0.173
Femoral artery calcification score 051+073 0594079 0.547
Femoral artery tortuosity score 031+£070 035+077 0.779

Mean + SD are shown.
LVEF, left ventricular ejection fraction; Ao max PG, aortic valve maximal pressure gradient;
Ao mean PG, aortic valve mean pressure gradient; all measured by echocardiography.

* Measured by multi-detector computed tomography.

Table 2
Procedural and clinical outcomes.
Dual PP AS + PP P-value
(N=51) (N =100)
Arterial stricture 11 (21.6%) 8(8.0%) 0.017
Arterial dissection at access site 7(13.7%) 4(4.0%) 0.030
Pseudoaneurysm 0(0%) 1(1.0%) 0.474
Endovascular intervention at access site  11(21.6%) 9(9.0%) 0.031
Stent implantation 3(5.9%) 2(2.0%) 0.207
Balloon angioplasty 7(13.7%) 7(7.0%) 0.178
Balloon tamponade for haemostasis 5(9.8%) 4(4.0%) 0.154
Unplanned surgical intervention 1(2.0%) 1(1.0%) 0.625
Closure device failure 1(2.0%) 3(3.0%) 0.707
Major vascular complications 1(2.0%) 2(2.0%) 0.987
Minor vascular complications 8(15.6%) 10(10.0%) 0.308
Major bleeding complications 1(2.0%) 1(1.0%) 0.625
Minor bleeding complications 4(7.8%) 7 (7.0%) 0.850
Procedural variables
Procedure time (min) 1398 £ 369 979+ 314 <0.001
Fluoroscopy time (min) 245+ 12.2 243 +9.2 0.949
Contrast medium volume (ml) 2239 £ 883 1741 449.7 <0.001

PP: Perclose ProGlide.
AS: Angio-Seal.

TF-TAVR in a multi-center registry. The rates of vascular and bleeding
complications were similar between the 2 groups, and there was no sig-
nificant difference in respect of vascular stenosis. Shoeib et al. [19] re-
ported the comparison between pre-procedural and post-procedural
femoral angiography obtained during TAVR practice. In a total 124 pa-
tients, ProStar (13.5%) and dual PP devices (82.2%) were used as the
main hemostatic techniques. The authors found significant shrinkage
in common femoral artery after TAVR, with significant reduction in min-
imal lumen diameter (5.6 mm after TAVR vs. 6.8 mm before, P < 0.001)
and increase of percentage diameter stenosis (30.3% after vs. 17.0%,P <
0.001). Past history of peripheral arterial disease and smaller pre-
TAVR common femoral artery diameter were identified as the main pre-
dictors for shrinkage. This phenomenon could also be observed in pa-
tients without vascular complication (85.5%). It is difficult to ascertain
the actual clinical consequence of this subclinical stenosis in a longer
follow-up, but they did report one case with late development of symp-
tomatic femoral artery stenosis requiring further endovascular inter-
vention after an early, uncomplicated course. We also have a similar
case receiving dual PP haemostasis in the current series. A well-
designed study would be mandatory to evaluate the long-term hemo-
dynamic and clinical impact of femoral artery stenosis caused by differ-
ent vascular closure techniques in TF-TAVR patients.

Kiramijyan et al. [9] reported using AS as an adjunctive device to
augment wound closure, when the routine dual PP fails to achieve com-
plete haemostasis after TF-TAVR. In 387 consecutive patients, 208 (55%)
needed adjunctive use of AS to stop residual oozing or bleeding after
dual PP deployment. Most adjunctive AS achieved immediate complete
haemostasis, reduced the time to arousal of the patient, and reduced
cathlab turnaround time. However, we have to raise one major concern
on this adjunctive practice. Double suturing is known to reduce the min-
imal vessel diameter by 1 mm on average [19], and AS device is contra-
indicated in vessels with diameter <5 mm or luminal compromise of
>40% within 5 mm of the puncture site [12]. Therefore, the adjunctive
use of AS after dual PP, proposed by Kiramijian et al., may in fact increase
the risk of acute or subacute arterial occlusion, especially in femoral ar-
teries with lumen diameter around 6 mm. Our strategy is different, as
AS is used intentionally rather than as a bailout, and only 1 PP is de-
ployed. The advantage of our hybrid technique is less cost, less proce-
dure steps and hence shorter procedure time, and most importantly
less cinching and potential damage to the femoral artery.

Several study limitations should be addressed. The current study
was a single center experience with relatively small sample size, and
was retrospective and not randomized. Multiple confounding factors
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may exist, including different skill level and time sequence, and use of
new generation devices of lower delivery profile in AS+PP group. The
generalizability of this hybrid technique and its clinical benefit needs
to be confirmed by further large prospective randomized trial, which
is ongoing in our institution. Otherwise, a novel collagen plug-based
vascular closure device, the MANTA™ (Essential Medical Inc., Malvern,
Pennsylvania), has already been used to achieve haemostasis following
TF-TAVR [20,21]. The study comparing this hybrid technique with
MANTA device is also warranted.

5. Conclusion

The hybrid technique of intentional combination of one AS and one
PP device is feasible and safe for percutaneous femoral closure in pa-
tients undergoing TF-TAVR, with low rate of vascular and bleeding com-
plications and less vascular injury. It would be an optimal choice of
hemostatic procedure for large-bore arterial access closure, especially
in patients with relatively small vessel size.
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