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Femoral Vascular Closure Devices and 
Bleeding, Hemostasis, and Ambulation 
Following Percutaneous Coronary 
Intervention
Guillaume Marquis- Gravel , MD, MSc; Laurie- Anne Boivin- Proulx, MD, MSc; Zhen Huang, MS;  
Steven L. Zelenkofske, DO; A. Michael Lincoff, MD; Roxana Mehran , MD; P. Gabriel Steg , MD;  
Christoph Bode, MD; John H. Alexander , MD, MHS; Thomas J. Povsic , MD, PhD

BACKGROUND: The effectiveness of vascular closure devices (VCDs) to reduce bleeding after transfemoral percutaneous coro-
nary intervention remains unsettled.

METHODS AND RESULTS: Participants in the REGULATE- PCI (Effect of the REG1 anticoagulation system versus bivalirudin on 
outcomes after percutaneous coronary intervention) trial who underwent transfemoral percutaneous coronary intervention 
with VCD implantation were compared with those who underwent manual compression. The primary effectiveness end 
point was type 2, 3, or 5 Bleeding Academic Research Consortium access site bleeding at day 3. Univariate and multivariate 
analyses were adjusted by the inverse probability weighting method using propensity score. Time to hemostasis and time 
to ambulation were compared between groups. Of the 1580 patients who underwent transfemoral percutaneous coronary 
intervention, 1004 (63.5%) underwent VCD implantation and 576 (36.5%) had manual compression. The primary effectiveness 
end point occurred in 64 (6.4%) participants in the VCD group and in 38 (6.6%) participants in the manual compression group 
(inverse probability weighting– adjusted odds ratio, 1.02 [95% CI, 0.77– 1.36]; P=0.89). There were statistically significant 2- way 
interactions between VCD use and female sex, chronic kidney disease, and use of high- potency P2Y12 inhibition (ticagrelor or 
prasugrel) (P<0.05 for all) with less bleeding with VCD use in these high- risk subgroups. Median time to hemostasis and time 
to ambulation were shorter in the VCD versus the manual compression group (P<0.01 for both).

CONCLUSIONS: Following transfemoral percutaneous coronary intervention, VCD use is associated with a shorter time to he-
mostasis and time to ambulation but not less bleeding. Further study of patients with high- bleeding risk is required, including 
women, patients with chronic kidney disease, and those using high- potency P2Y12 inhibitors.

REGISTRATION: URL: https://clini caltr ials.gov/ct2/show/NCT01 848106; Unique identifier: NCT01848106.
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The radial artery access is increasingly the default site 
of vascular access used for coronary angiography 
and percutaneous coronary intervention (PCI) glob-

ally, but femoral artery remains the most commonly used 
approach in the United States.1,2 Although hemostasis 

following femoral sheath removal is traditionally obtained 
using manual compression of the common femoral arte-
riotomy site, vascular closure devices (VCDs) have been 
developed as an alternative strategy. These devices are 
currently recommended to achieve faster hemostasis 

Correspondence to: Thomas J. Povsic, MD, PhD, Duke Clinical Research Institute, 200 Morris St, Durham, NC 27701. Email: thomas.povsic@duke.edu

Presented in part at ACC.22: American College of Cardiology’s 71st Annual Scientific Session and Expo in Washington, DC, April 2 to 4, 2022, and published in 
abstract form (J Am Coll Cardiol. 2022;79:831 or https://doi.org/10.1016/S0735 - 1097[22]01822 - 8).

For Sources of Funding and Disclosures, see page 8.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

See Editorial by Thakker et al.

https://orcid.org/0000-0003-2965-1504
https://orcid.org/0000-0002-5546-262X
https://orcid.org/0000-0001-6896-2941
https://orcid.org/0000-0002-1444-2462
https://orcid.org/0000-0002-0573-6565
mailto:﻿
https://clinicaltrials.gov/ct2/show/NCT01848106
mailto:thomas.povsic@duke.edu
https://doi.org/10.1016/S0735-1097[22]01822-8
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2023;12:e025666. DOI: 10.1161/JAHA.122.025666 2

Marquis- Gravel et al Vascular Closure Devices Following PCI

and earlier ambulation (class IIa, level of evidence B) but 
not for decreasing vascular complications or bleeding 
following coronary angiography and/or PCI (class III, level 
of evidence B).3,4

Large contemporary randomized trials showed that 
VCDs decrease the risk of access site complications 
following coronary angiography, mostly driven by lower 
rates of hematoma ≥5 mm, but not of major bleed-
ing or of other non– bleeding- related complications.5,6 
However, these randomized trials excluded patients at 

higher risk of periprocedural bleeding because of the 
use of more potent anticoagulation and antiplatelet 
therapy. Current clinical practice is thus limited by the 
little contemporary evidence on the effectiveness and 
safety of VCDs in patients undergoing PCI. Evidence is 
also limited by the absence of data on populations at 
higher risk for vascular complications, such as women, 
patients with peripheral artery disease, and patients 
with chronic kidney disease (CKD), in whom the effect 
size of the use of VCD is expected to be higher than in 
all- comers undergoing coronary angiography. Indeed, 
patients at higher risk of complications have been iden-
tified as an area of focus by scientific societies for future 
studies assessing the safety and efficacy of VCDs.3,4

The objectives of this study are to compare the risk 
of bleeding, time to hemostasis, time to ambulation, 
and periprocedural complications with VCDs versus 
manual compression following transfemoral PCI, over-
all and specifically in high- risk subgroups.

METHODS
The data, methods used in the analysis, and materi-
als used to conduct the research will be available to 
any researcher for purposes of reproducing the results 
or replicating the procedure on reasonable request. 
REGULATE- PCI was a multicenter, international, open- 
label, randomized controlled trial conducted from 
September 2013 to June 2014 in 225 sites in Europe 
and North America, designed to evaluate REG1 (a 
combination of the factor IXa inhibitor pegnivacogin 
and its complementary controlling agent anivamersen) 
or bivalirudin for prevention of ischemic complications 
during PCI. The trial was stopped early after enrollment 
of 3232 patients because of severe allergic reactions 
reported in 10 patients randomized to REG1. The meth-
ods and results of the trial have been published previ-
ously.7 In brief, patients aged ≥18 years undergoing a 
PCI were randomized 1:1 to REG1 or bivalirudin. Key 
exclusion criteria were acute ST- segment– elevation 
myocardial infarction within 48 hours, clinical instability, 
contraindication to anticoagulation, and recent use of 
bivalirudin, fibrinolysis, or glycoprotein IIb/IIIa inhibitors. 
In the REG1 arm, pegnivacogin (1 mg/kg) was admin-
istered intravenously before PCI was performed, and 
the reversal agent anivamersen (0.5 mg/kg) was given 
at completion of PCI to achieve near complete reversal 
of factor IXa inhibition.8 A second bolus of anivamersen 
could be administered at the discretion of the operator 
as needed if bleeding occurred. In the bivalirudin group, 
patients received an intravenous bolus of 0.75 mg/kg, 
followed by an infusion at a rate of 1.75 mg/kg per hour, 
which was stopped on completion of PCI. Arterial ac-
cess site, choice of P2Y12 inhibitor, and use of VCD 
were left to the operator’s discretion but were prestip-
ulated before randomization. For the purpose of this 

CLINICAL PERSPECTIVE

What Is New?
• Contemporary evidence on the effectiveness 

and safety of femoral vascular closure devices 
(VCDs) in patients undergoing percutaneous 
coronary intervention is scarce, especially in sub-
groups at higher risk of vascular complications.

• In this secondary analysis of the REGULATE- 
PCI (Effect of the REG1 anticoagulation system 
versus bivalirudin on outcomes after percutane-
ous coronary intervention) trial including 1580 
patients, access site bleeding at day 3 after 
percutaneous coronary intervention was similar 
in patients with and without VCD use after multi-
variable adjustment, but time to hemostasis and 
to ambulation was shorter.

• VCDs were, however, associated with a signifi-
cant reduction in access site bleeding at day 3 
in the following high- risk subgroups: female pa-
tients, patients with chronic kidney disease, and 
patients using ticagrelor or prasugrel.

What Are the Clinical Implications?
• This study does not support the use of VCD to 

reduce bleeding in all- comer patients undergo-
ing percutaneous coronary intervention from a 
transfemoral approach.

• The study supports the recommendation that 
VCDs can be used to reduce time to hemosta-
sis and time to ambulation.

• The observation that female patients, patients 
with chronic kidney disease, and patients using 
ticagrelor or prasugrel may benefit from VCDs is 
hypothesis generating and calls for future rand-
omized trials targeting these high- risk populations.

Nonstandard Abbreviations and Acronyms

BARC Bleeding Academic Research 
Consortium

VCD vascular closure device
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post hoc analysis, patients enrolled in the REGULATE- 
PCI trial who underwent PCI through a femoral access 
were included. Participants were divided into 2 groups 
according to whether they underwent closure with 
VCD (VCD group) or not (manual compression group). 
All patients provided informed consent to participate 
in the REGULATE- PCI trial, and the appropriate na-
tional and institutional regulatory and ethical boards 
approved the protocol.

Outcomes
The primary effectiveness end point of this analy-
sis is type 2, 3, or 5 Bleeding Academic Research 
Consortium (BARC) access site bleeding at day 3.9 
Type 2 BARC bleeding is defined as any overt, ac-
tionable sign of hemorrhage (eg, more bleeding than 
would be expected for a clinical circumstance, includ-
ing bleeding found by imaging alone) that does not fit 
the criteria for type 3, 4, or 5 but does meet at least 1 of 
the following criteria: (1) requiring nonsurgical, medical 
intervention by a health care professional, (2) leading to 
hospitalization or increased level of care, or (3) prompt-
ing evaluation. Type 3a BARC bleeding is defined as 
overt bleeding plus hemoglobin decrease of 3 to 5 g/
dL (provided hemoglobin decrease is related to bleed), 
or any transfusion with overt bleeding. Type 3b BARC 
bleeding is defined as overt bleeding plus hemoglobin 
decrease of 5 g/dL (provided hemoglobin decrease is 
related to bleed), cardiac tamponade, bleeding requir-
ing surgical intervention for control (excluding dental/
nasal/skin/hemorrhoid), or bleeding requiring intrave-
nous vasoactive agents. Type 3c BARC bleeding is 
defined as intracranial hemorrhage (does not include 
microbleeds or hemorrhagic transformation, does in-
clude intraspinal), subcategories confirmed by autopsy, 
imaging, or lumbar puncture, or intraocular bleed com-
promising vision. Type 5 BARC bleeding is fatal bleed-
ing (type 5a: probable fatal bleeding, no autopsy or 
imaging confirmation but clinically suspicious; type 5b: 
definite fatal bleeding, overt bleeding, or autopsy or im-
aging confirmation). Prespecified secondary effective-
ness end points include type 2, 3, or 5 non– coronary 
artery bypass graft– related access or nonaccess site 
bleeding, BARC type 2 access, and/or nonaccess site 
bleeding, BARC type 3 or 5 access and/or nonaccess 
site bleeding at day 3; the same bleeding end points 
at 30 days; time to hemostasis (defined as time of he-
mostasis minus time of end of procedure); and time to 
ambulation (defined as time of ambulation to time of 
end of procedure). Type 3 and 5 BARC bleeding events 
were reviewed by an adjudication committee. All other 
end points were investigator reported. Prespecified 
safety end points include investigator- reported pseu-
doaneurysm, access site pain, and iliac and femoral 
perforation.

Statistical Analysis
The statistical analysis plan was prespecified before the 
analyses were conducted but after the data were col-
lected. Continuous data are expressed as median with 
interquartile range (IQR), and nominal/ordinal data are 
expressed as count with percentages. Comparisons 
of categorical baseline characteristics of the VCD and 
manual compression groups were made using a Fisher 
exact test or a χ2 test. For continuous variables, the 
means were compared using a t- test when the data 
in each group were approximately normally distributed 
with the homogeneous variances. When these criteria 
were not met, the nonparametric Wilcoxon rank- sum 
test was performed.

Closure devices were used by physician choice 
and were not randomized. To address potential con-
founding attributable to imbalance in patient baseline 
characteristics between VCD and manual compres-
sion groups, all analyses comparing these 2 groups 
were adjusted by the inverse probability weighting 
(IPW) method using propensity score.10 The propensity 
of getting VCD was estimated through a multivariable 
logistic model. The following covariates were recom-
mended by the clinicians based on clinical relevance 
and study design characteristics: age; sex; region; 
body mass index; prior myocardial infarction; prior 
PCI; prior peripheral vascular disease; renal insuffi-
ciency (creatinine clearance <60 mL/min); clopidogrel, 
heparin, prasugrel, or ticagrelor use within 48 hours 
before randomization; size of the index PCI sheath; and 
indication for index PCI. Covariates were included in 
the model in their original form, and there were no in-
teraction terms. Standardized weights were generated 
on the basis of the propensity scores. Standard mean 
differences between VCD and manual compression 
groups were calculated for each covariate. Compared 
with the original observations, the standardized mean 
differences were significantly reduced in the weighted 
observations; the largest of these differences had an 
85% reduction and was 0.041 in absolute value (prior 
peripheral vascular disease), which was far less than 
the recommended upper limit of 0.25.11

Associations between VCD use and bleeding out-
comes are assessed through univariate and multi-
variable analyses. Unadjusted and adjusted odds 
ratio (ORs) with 95% CIs and P values were reported. 
Covariates included in the multivariable model were 
randomized treatment, female sex, acute coronary 
syndrome as indication for index PCI (unstable angina 
or myocardial infarction during the previous 7 days), 
peripheral vascular disease, CKD, chronic liver dis-
ease, use of glycoprotein IIb/IIIa inhibitors, sheath size, 
use of heparin within 48 hours of randomization, and 
use of ticagrelor or prasugrel (versus clopidogrel). Two- 
way interactions between VCD use and the following 
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high- risk subgroups for the primary end point were 
evaluated in a prespecified manner: sex, peripheral 
vascular disease, CKD, sheath size (6F versus bigger), 
and use of ticagrelor or prasugrel (versus clopidogrel) 
within 48 hours before randomization.

Time to hemostasis and time to ambulation were 
compared between VCD use and randomized treat-
ment. The log- rank tests were performed. P<0.05 was 
considered significant through the analyses. Results 
were not adjusted for multiple comparisons.

RESULTS
Of the 3232 REGULATE- PCI trial participants, 1580 
underwent PCI with femoral access, of whom 1004 
(63.5%) underwent VCD implantation, and 576 (36.5%) 
underwent manual compression. In both groups, 
51% of participants were randomized to REG1, and 
49% were randomized to bivalirudin. Patients in the 
VCD group were more likely to have a history of PCI 
(60.2% versus 54.7%; P=0.034) and of peripheral ar-
tery disease (21.7% versus 11.3%; P<0.01) (Table 1). A 
non– acute coronary syndrome presentation was more 
frequent in the VCD group (P<0.01). Larger sheath 
sizes were used in the VCD group, with 13.9% using a 
sheath >6F compared with 11.6% in the manual com-
pression group (P<0.01). The proportion of participants 
from North America was higher among patients who 
used a VCD (87.9%) versus no VCD (78.1%) (P<0.01).

BARC type 2, 3, or 5 access site bleeding through 
day 3 occurred in 64 (6.4%) participants in the VCD 
group and in 38 (6.6%) participants in the manual 
compression group (IPW- adjusted OR, 1.02 [95% CI, 
0.77– 1.36]; P=0.89) (Table 2). There was no difference 
between both groups for all secondary bleeding end 
points (P>0.05 for all). There was no BARC type 3 or 5 
access site bleeding at day 3 and at day 30. On multi-
variate analysis, there was no difference between VCD 
and manual compression for the primary end point (ad-
justed OR, 1.04 [95% CI, 0.78– 1.39]; P=0.79) (Table 3).

In a prespecified analysis of patients at high risk 
of bleeding, female patients, patients with CKD, and 
patients who received ticagrelor or prasugrel, but not 
other subgroups, exhibited lower rates of bleeding with 
VCD use compared with manual compression (P for 
interaction <0.05 for all) (Figure).

Median (25th– 75th percentile) time to hemostasis 
was 2 (IQR, 0– 7) minutes in the VCD group, and 20 
(IQR, 10.0– 31.0) minutes in the manual compression 
group (P<0.01). Median time to ambulation was 6 hours 
in the VCD group (IQR, 4.2– 8.5 hours), and 7 hours 
(IQR, 5.1– 14.0 hours) in the manual compression group 
(P<0.01). In both the randomized groups (REG1 and 
bivalirudin), time to hemostasis and time to ambulation 
were shorter with VCD versus manual compression 
(P<0.01) (Table 4).

Table 1. Baseline and Procedural Characteristics

Characteristic

Vascular 
closure device 
(N=1004)

Manual 
compression 
(N=576) P value

Baseline characteristics

Age, y 67 (58– 74) 67 (58– 74) 0.67

Male sex 706 (70.3) 432 (75.0) 0.05

Race 0.31

White 959 (95.9) 542 (94.4)

Black 27 (2.7) 23 (4.0)

American Indian or 
Alaska Native

3 (0.3) 1 (0.2)

Asian 6 (0.6) 6 (1.0)

Native Hawaiian or 
other Pacific Islander

5 (0.5) 1 (0.2)

Multiracial 0 (0.0) 1 (0.2)

Region <0.01

North America 883 (87.9) 450 (78.1)

East European Union 44 (4.4) 80 (13.9)

West European Union 77 (7.7) 46 (8.0)

Weight, kg/m2 86.0 (75.2– 98.3) 87.0 
(75.0– 100.0)

0.52

Body mass index, kg/m2 29.2 (25.8– 32.9) 28.7 (25.6– 32.9) 0.55

Diabetes 371 (37.0) 220 (38.2) 0.62

Renal insufficiency (CrCl 
<60 mL/min)

143 (14.2) 77 (13.4) 0.63

Prior MI 365 (36.4) 237 (41.1) 0.06

PCI 604 (60.2) 315 (54.7) 0.03

Prior CABG 253 (25.2) 155 (26.9) 0.46

Peripheral artery disease 218 (21.7) 65 (11.3) <0.01

Prior stroke 43 (4.3) 24 (4.2) 0.91

Left ventricular ejection 
fraction

0.35

Normal (>55%) 571 (60.4) 302 (56.9)

Mild dysfunction 
(40%– 55%)

272 (28.8) 176 (33.1)

Moderate dysfunction 
(25%– 39%)

85 (9.0) 45 (8.5)

Severe dysfunction 
(<25%)

18 (1.9) 8 (1.5)

Smoking status 0.36

Current smoker 196 (19.5) 118 (20.5)

Former smoker 434 (43.2) 228 (39.6)

Never smoked 374 (37.3) 230 (39.9)

Medications 48 h before randomization

Glycoprotein IIb/IIIa 
inhibitors

0 (0.0) 1 (0.2) 0.37

Clopidogrel 580 (57.8) 297 (51.6) 0.02

Ticagrelor 77 (7.7) 49 (8.5) 0.55

Prasugrel 99 (9.9) 55 (9.5) 0.84

Index PCI sheath size <0.01

5F 10 (1.0) 31 (5.4)

6F 854 (85.1) 478 (83.0)

 (Continued)
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The risk of pseudoaneurysm was lower with VCD 
than manual compression (3 [0.3%] versus 7 [1.2%], 
respectively; IPW- adjusted OR, 0.35 [95% CI, 0.17– 
0.70]). Patients in the VCD group experienced access 
site pain more frequently (36 [3.6%] versus 11 [1.9%], 
respectively; IPW- adjusted OR, 1.63 [95% CI, 1.20– 
2.22]). One case of iliac/femoral perforation was re-
ported in a patient who used a VCD (<0.1%).

DISCUSSION
This analysis of the REGULATE- PCI trial represents 
one of the largest comparisons of VCD versus man-
ual compression in patients undergoing PCI through 

femoral access, with bleeding end points adjudicated 
by a blinded committee using standardized BARC def-
initions. The main finding is that there was no statistical 
evidence that VCD was associated with fewer bleeding 
complications in this population, whereas VCDs were 
associated with shorter time to hemostasis and time 
to ambulation. These observations support the cur-
rent recommendations that VCDs be used to decrease 
the latter, but not with the intent of reducing bleeding 
risk.3,4 Although the present analysis studied the role 
of VCDs in a PCI population at higher risk of access 
site bleeding compared with the available previous 
randomized trials, in which only patients scheduled for 
a diagnostic angiogram were included, there was no 
major (BARC 3– 5) access site bleeding event in our 
cohort. Consequently, the risk of bleeding events may 
have been too low in the REGULATE- PCI population 
to capture a significant treatment effect of VCD com-
pared with manual compression.

Current evidence guiding the clinical use of VCD is 
composed of studies predominantly enrolling low-  or 
medium- risk patients. However, exploratory subgroup 
analyses in our study suggest that VCD may be as-
sociated with improved bleeding outcomes in some 
higher- risk subgroups. Female patients, patients with 
CKD, and patients who received ticagrelor or pras-
ugrel appeared more likely to benefit from a VCD to 
reduce the risk of access site bleeding. Although it 
remains premature to establish a causal relationship 
between VCD use and bleeding end point reduction in 
these subgroups, this novel finding is hypothesis gen-
erating and calls for future randomized trials targeting 
these patients given the prognostic impact of post- PCI 

Characteristic

Vascular 
closure device 
(N=1004)

Manual 
compression 
(N=576) P value

7F 122 (12.2) 60 (10.4)

8F 17 (1.7) 7 (1.2)

Indication for index PCI <0.01

MI within 7 d 115 (11.5) 75 (13.0)

MI >7 d 31 (3.1) 25 (4.3)

Unstable angina 244 (24.3) 210 (36.5)

Stable angina 547 (54.5) 215 (37.3)

Asymptomatic 
ischemia

67 (6.7) 51 (8.9)

Continuous variables are presented as median (interquartile range). Other 
data are given as number (percentage). CABG indicates coronary artery 
bypass graft; CrCl, creatinine clearance; MI, myocardial infarction; and PCI, 
percutaneous coronary intervention.

Table 1. Continued

Table 2. IPW Analyses of Bleeding End Points at Day 3 and Day 30

Variable
Vascular closure device 
(N=1004)*

Manual compression 
(N=576)* OR (95% CI)† P value

Day 3

BARC 2, 3, or 5 access site bleeding 
(primary end point)

64 (6.4) 38 (6.6) 1.02 (0.77– 1.36) 0.89

BARC 3 or 5 access site bleeding 0 (0) 0 (0) NA NA

BARC 2 access site bleeding 64 (6.4) 38 (6.6) 1.02 (0.77– 1.36) 0.89

BARC 2, 3, or 5 bleeding 74 (7.4) 42 (7.3) 1.07 (0.81– 1.40) 0.64

BARC 3 or 5 bleeding 3 (0.3) 2 (0.3) 0.82 (0.23– 2.90) 0.76

BARC 2 bleeding 71 (7.1) 40 (6.9) 1.08 (0.82– 1.42) 0.59

Day 30

BARC 2, 3, or 5 access site bleeding 66 (6.6) 41 (7.1) 0.98 (0.74– 1.20) 0.87

BARC 3 or 5 access site bleeding 0 (0) 0 (0) NA NA

BARC 2 access site bleeding 66 (6.6) 41 (7.1) 0.98 (0.74– 1.20) 0.87

BARC 2, 3, or 5 bleeding 82 (8.2) 50 (8.7) 1.00 (0.77– 1.29) 0.98

BARC 3 or 5 bleeding 4 (0.4) 6 (1.0) 0.41 (0.16– 1.08) 0.06

BARC 2 bleeding 78 (7.8) 44 (7.6) 1.07 (0.82– 1.40) 0.61

BARC indicates Bleeding Academic Research Consortium; IPW, inverse probability weighting; NA, not applicable; and OR, odds ratio.
*Data are given as number (percentage).
†Weighted by the inverse probability of getting vascular closure device or manual compression.
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bleeding. Indeed, previous randomized trials may have 
not captured the benefits of VCDs because the magni-
tude of the treatment effect was too low in populations 
who were not at risk of bleeding.

The 2 largest clinical trials designed to evaluate 
the efficacy of VCDs, the ISAR- CLOSURE (instru-
mental sealing of arterial puncture site closure device 
versus manual compression trial)  and CLOSE- UP 
(comparison of the femoseal arterial closure device 
to manual compression after coronary angiography) 
trials, which evaluated the Exoseal and the FemoSeal 
devices, respectively, showed that VCDs were non-
inferior to manual compression in terms of vascular 
access site complications and reduced the rate of 
femoral hematomas in patients undergoing coronary 
angiography.5,6 In addition, an instrumental variable 
analysis of the CathPCI Registry, including 2 056 585 
PCIs, suggested that VCDs were associated with a 
small magnitude but statistically significant reduc-
tion in access site complications (absolute 0.36% 
reduction) and in bleeding (absolute 0.73% reduc-
tion).1 However, end points were not adjudicated by 
an independent committee in the latter observational 
study. In a secondary analysis of the HORIZONS- AMI 
(harmonizing outcomes with revascularization and 
stents in acute myocardial infarction) trial, includ-
ing 642 patients with primary PCI who underwent 
hemostasis with the use of a VCD compared with 
642 matched control patients, VCD use was asso-
ciated with a significant reduction in the rate of non– 
coronary artery bypass graft– related major bleeding 
(5.0% versus 8.1%; hazard ratio, 0.61 [95% CI, 0.39– 
0.94]; P=0.02).12 A holistic interpretation of the previ-
ous literature is, however, limited by the fact that end 
point definitions were not standardized across stud-
ies and that populations were heterogeneous. The 

use of clinically relevant, standardized, and validated 
outcomes, such as BARC bleeding types, which 
were used in our study, should be favored in future 
VCD trials.

Our finding that VCD is associated with reduced 
time to hemostasis and time to ambulation in the PCI 
population, independently of randomized treatment 
assignation, is consistent with previous randomized 
trials conducted in patients undergoing diagnostic pro-
cedures alone. A subanalysis of the ISAR- CLOSURE 
trial showed a similar reduction in time to hemostasis 
with VCD use.13 A meta- analysis of 14 401 patients 
randomized to VCD or to manual compression after 
diagnostic or interventional procedures also demon-
strated that VCD was associated with shorter time to 
hemostasis, ambulation, and discharge,14 which led to 
a 13% reduction in overall costs.14 Future guidelines 
focusing on post- PCI length of stay should consider 
suggesting the use of VCDs in routine clinical care to 
facilitate same- day discharge.15

In the REGULATE- PCI trial, nonbleeding access 
site complications, such as pseudoaneurysms, were 
rare in both study groups. These findings are in line 
with the ISAR- CLOSURE and the CLOSE- UP trials, re-
vealing low and similar rates of access site complica-
tions between VCDs and manual complication.5,6 The 
increased rate of access site pain in the VCD group 
observed in our study is clinically relevant for our pa-
tients, but the intensity and duration of the pain were 
not recorded. In the CLOSE- UP trial, closure of femoral 
access with VCD was associated with more pain and 
discomfort immediately during the closure procedure, 
but no difference in pain and discomfort was found 
between groups at follow- up.16 Pain and discomfort 
are investigator reported in the current literature, and 
their degree and duration are rarely available. Future 

Table 3. Multivariable Analysis of BARC Type 2, 3, or 5 Access Site Bleeding at Day 3

Variable OR (95% CI)* P value

VCD vs manual compression 1.04 (0.78– 1.39) 0.79

Randomized treatment REG1 (vs bivalirudin) 0.98 (0.82– 1.17) 0.82

Age (per 1- y increase) 1.04 (1.02– 1.05) <0.01

Male sex (vs female sex) 0.67 (0.49– 0.91) 0.01

ACS within 7 d before randomization 1.04 (0.76– 1.43) 0.79

Peripheral vascular disease 0.41 (0.25– 0.69) <0.01

Renal insufficiency (creatinine clearance <60 mL/min) 1.09 (0.71– 1.66) 0.70

Chronic liver disease 2.44 (1.02– 5.85) 0.05

Medication 48 h before randomization

Use of heparin (vs bivalirudin) 2.04 (1.42– 2.92) <0.01

Use of ticagrelor or prasugrel (vs clopidogrel) 1.64 (1.17– 2.31) <0.01

Index PCI sheath size

7F vs 5F or 6F 1.77 (1.19– 2.62) <0.01

ACS indicates acute coronary syndrome; BARC, Bleeding Academic Research Consortium; OR, odds ratio; PCI, percutaneous coronary intervention; REG1, 
a combination of the factor IXa inhibitor pegnivacogin and its complementary controlling agent anivamersen; and VCD, vascular closure device.

*Weighted by the inverse probability of getting VCD or manual compression.
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trials should aim to examin systematically examine the 
impact of VCDs on access site pain using standard-
ized and validated tools to better evaluate the impact 
of pain and discomfort after femoral PCI in a patient- 
oriented perspective.

Limitations
Assignment to VCD or to manual compression was not 
randomized, and associations might be confounded 
by unmeasured variables that biased the choice of 
hemostasis strategy (including the operator’s experi-
ence and familiarity with the devices as well as their 
local availability), despite the use of IPW and of multi-
variable adjustment. No adjudicated major access site 
bleeding was reported in our study, suggesting that 
despite the antithrombotic treatment administered 
during PCI (anticoagulants and antiplatelet agents), the 

study population may not have reflected a truly high- 
risk population, and the potential of VCDs to reduce 
bleeding risk may have been underestimated. Finally, 
different types of VCDs were not analyzed separately, 
because the device type was not reported by the in-
vestigators, and whether our results apply to patients 
treated with other anticoagulants, such as heparin, 
during the PCI is unknown.

CONCLUSIONS
Compared with manual compression, femoral VCDs 
are not associated with a reduction of access or non-
access site bleeding following PCI but are safe and are 
associated with a significant reduction in time to hemo-
stasis and time to ambulation. Alternative risk mitiga-
tion techniques may better prevent bleeding in patients 

Figure. Prespecified analysis of subgroups at high risk of bleeding for BARC 2, 3, or 5 access site bleeding at day 3.
No BARC 3 or 5 access site bleeding at day 3 was reported in the trial. BARC indicates Bleeding Academic Research 
Consortium; and VCD, vascular closure device.

Table 4. Time to Hemostasis and Time to Ambulation According to Closure Device Group and Randomized Treatment 
Group

REG1 Bivalirudin

Variable VCD (N=510) Manual compression (N=489) VCD (N=293) Manual compression (N=280) P value*

Time to hemostasis, min 1 (0.0– 7.0) 19 (10.0– 30.0) 2 (0.0– 9.0) 20 (13.0– 32.0) <0.01

Time to ambulation, h 5 (4.0– 8.0) 7 (5.0– 13.0) 6 (4.0– 9.0) 7 (5.0– 15.0) <0.01

Data are presented as median (interquartile range). REG1 indicates a combination of the factor IXa inhibitor pegnivacogin and its complementary controlling 
agent anivamersen; and VCD, vascular closure device.

*Jonckheere- Terpstra test weighted by the inverse probability of getting VCD or manual compression.
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undergoing PCI. Exploratory analysis suggested po-
tential benefits of VCD in prespecified subgroups at 
particularly high risk for bleeding, including female pa-
tients, patients with CKD, and patients who were pre-
treated with ticagrelor or prasugrel. Randomized trials 
in populations enriched with these high- bleeding risk 
subgroups might further explore the impact of VCDs 
on patient- oriented end points, standardized clinical 
end points, and health care costs.
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