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Abstract

Objectives: This study sought to investigate the clinical outcomes of patients with

and without peripheral artery disease (PAD) in the BRAVO-3 trial with respect to

the effect of bivalirudin versus unfractionated heparin (UFH).

Background: PAD is found frequently in patients undergoing transcatheter aortic

valve replacement (TAVR) and is reported to confer an increased risk of adverse

events. It is unknown whether patients with and without PAD may demonstrate a

differential response to bivalirudin versus UFH.

Methods: BRAVO-3 was a randomized multicenter trial comparing transfemoral

TAVR with bivalirudin versus UFH (31 centers, n = 802). Major adverse cardiovas-

cular events (MACE) were a composite of 30-day death, myocardial infarction, or

cerebrovascular accidents (CVA). Net adverse cardiovascular events (NACE) were a

composite of major bleeding or MACE.

Results: The total cohort included 119 patients with PAD. Vascular complications

occurred significantly more frequently in patients with PAD both in-hospital (25.2

vs. 16.7%; OR 1.68) and at 30 days (29.4 vs. 17.3%; OR 1.99). No significant differ-

ences were observed regarding mortality, NACE, MACE, major bleeding or CVA

with bivalirudin versus UFH among patients with or without PAD. In patients with

PAD, bivalirudin was associated with an increased risk of minor vascular complica-

tions at 30 days.

Conclusions: Patients with PAD undergoing transfemoral TAVR did not exhibit an

increased risk of any major adverse events, according to the procedural anticoagu-

lant randomization. However, patients treated with Bivalirudin had significantly

higher rates of minor vascular complications.
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1 | INTRODUCTION

Aortic stenosis (AS) is the most prevalent heart valve disease and its inci-

dence is expected to further increase with the growing life expectancy in

the western world.1,2 While surgical aortic valve replacement (SAVR)

was the only treatment option available for decades, transcatheter aortic

valve replacement (TAVR) is a rapidly emerging treatment option in

patients with severe AS at high,3 intermediate4 or low risk.5,6 The inser-

tion of large-size arterial sheaths during TAVR carries the risk of severe

procedure-related vascular complications and identifying patients at risk

or mitigating strategies remains an important area of research.7

This can be especially relevant in patients with peripheral arterial

disease (PAD), who form an important subset of the AS population at

significant operative risk including risk of vascular injury and

bleeding.8–10 The use of unfractionated heparin (UFH) has been the

standard anticoagulant,11 having the potential benefit of being revers-

ible with protamine in case of severe bleeding or major vascular injury.

Bivalirudin, a nonreversible, short acting, direct thrombin inhibitor, has

been demonstrated to provide adequate anticoagulation while reducing

access and nonaccess hemorrhagic complications when compared to

UFH in patients undergoing percutaneous coronary interventions

(PCI).12,13 The BRAVO-3 (Effect of Bivalirudin on Aortic Valve Interven-

tion Outcomes-3) trial14 was able to demonstrate noninferiority of

bivalirudin compared with UFH in TAVR procedures. The aim of the

present study was to investigate the impact of the presence of PAD on

clinical outcomes in the BRAVO-3 trial.

2 | METHODS

As previously detailed, the BRAVO-3 trial was a multicenter ran-

domized controlled trial comparing bivalirudin with UFH in high-risk

patients undergoing TAVR, across 31 sites in Europe and North

America.14 The study was approved by the ethics committee at

each site. All clinical endpoint events were adjudicated by an inde-

pendent, centralized clinical events committee. The current study

was a prespecified subgroup analysis according to the presence

of PAD.
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2.1 | Patient population

Patients with severe aortic stenosis who were ≥ 18 years of age, at

high surgical risk defined as a European System for Cardiac

F IGURE 1 Study flow

TABLE 2 Procedural characteristics

No PAD

682 (85%)

PAD

119 (15%) p-value

Procedural success 664 (97.4%) 116 (97.5%) .94

Balloon-expanding valve 427 (64.1%) 73 (63.5%) .90

Duration of procedure

(min) median (IQR)

24 (17–34) 26 (18–36) .33a

Sheath size of valve system

<18 215 (32.3%) 40 (34.5%) .86

18 363 (54.5%) 60 (51.7%)

>18 88 (13.2%) 16 (13.79)

Valve type

Balloon expandable 472 (62.6%) 73 (61.3%) .65

Self-expanding 198 (29.0%) 33 (27.7%)

Other valve 57 (8.4%) 13 (10.9%)

Valve size

ES 23 mm 125 (18.7%) 25 (21.7%) .38

ES 26 mm 178 (26.7%) 22 (19.1%)

ES 29 mm 79 (11.8%) 16 (13.9%)

MCV 26 mm 61 (9.1%) 8 (7.0%)

MCV 29 mm 76 (11.4%) 12 (10.4%)

MCV 31 mm 41 (6.1%) 12 (10.4%)

Other 108 (16.2%) 20 (17.4%)

Valvuloplasty performed 554 (80.2%) 93 (79.5%) .85

Additional TAVR device used 28 (4.1%) 0 (0.0%) .025

Embolic protection device used 7 (1.0%) 3 (2.6%) .17

Successful deployment of

access site closure

620 (92.1%) 105 (91.3%) .43

Post-dilation 170 (25.1%) 29 (24.8%) .95

Temporary pacemaker 649 (97.5%) 108 (93.9%) .043

Prior loading with clopidogrel 254 (37.4%) 39 (33.01%) .71

Post-procedure anti-thrombotic therapy

No PAD
682 (85%)

PAD
119 (15%) p-value

Aspirin 587 (86.5%) 104 (88.1%) .62

P2Y12 inhibitor 182 (26.8%) 21 (17.8%) .038

ASA and P2Y12

inhibitor

438 (64.4%) 87 (73.1%) .064

Oral anticoagulant

Coumadin 121 (17.7%) 20 (16.8%) .81

Dabigatran 9 (1.3%) 2 (1.7%) .76

Rivaroxaban 20 (2.9%) 4 (3.4%) .80

Abbreviations: DM, diabetes mellitus; NDM, no diabetes mellitus; SD,

standard deviation; TAVR, transcatheter aortic valve replacement.
aMedian test.

TABLE 1 Baseline patient characteristics

No PAD 682
(85%)

PAD 119
(15%) p-value

Age, (years) mean ± SD 82.4 ± 6.2 81.9 ± 6.1 .45

Women 338 (49.6%) 53(44.5%) .31

Weight 73.9 ± 16.5 75.0 ± 17.5 .51

Logistic EuroSCORE (%)

mean ± SD

17.0 ± 10.1 17.3 ± 10.9 .72

CKD

No CKD 305 (44.7%) 59 (49.6%)

GFR 30–59 ml/min 343 (50.3%) 54 (45.4%) .60

GFR <30 ml/min 34 (5.0%) 6 (5.0%)

Diabetes 188 (27.6%) 50 (42.0%) .001

Prior CVA/TIA 67 (9.9%) 16 (13.5%) .24

COPD 127 (18.6%) 28 (23.5%) .82

CAD 328 (48.1%) 76 (64.4%) .001

Prior MI 97 (14.4%) 19 (16.1%) .62

Prior AF 399 (58.5%) 71 (59.7%) .81

Prior VT 17 (2.6%) 3 (2.7%) .95

Previous CABG 99 (14.5%) 17 (14.3%) .95

Previous BAV 52 (7.6%) 8 (6.7%) .73

LVEF

≤35% 89 (13.1%) 15 (12.6%)

35–49% 110 (16.2%) 13 (10.9%) .31

≥50% 480 (70.7%) 91 (76.5%)

Abbreviations: AF, atrial fibrillation; BAV, balloon aortic valvuloplasty;

CABG, coronary artery bypass grafting; CAD, coronary artery disease;

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary

disease; CVA, cerebrovascular accident; DM,diabetes mellitus;

EuroSCORE, European System for Cardiac Operative Risk Evaluation

score; LVEF, left ventricular ejection fraction; MI, myocardial infarction;

N/A, not available; NDM, no diabetes mellitus; PAD, peripheral arterial

disease; SD, standard deviation; TAVR, transcatheter aortic valve

replacement; TIA, transient ischemic attack; VT, ventricular tachycardia.
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Operative Risk Evaluation score (EuroSCORE) of ≥18, or deemed

inoperable by the heart team, and scheduled for TAVR via trans-

femoral approach were eligible for enrollment. The key exclusions

were planned surgical cut down for access; iliofemoral artery minimal

luminal diameter < 6.5 mm; presence of a previous mechanical or

mitral bioprosthetic valve; left ventricular ejection fraction <15%;

severe aortic or mitral regurgitation; concomitant percutaneous cor-

onary intervention; recent bleeding or neurological event; and dialy-

sis dependence.

2.2 | Study medications

Bivalirudin was administered as an initial bolus of 0.75 mg/kg,

followed by a continuous infusion at a rate of 1.75 mg kg−1 hr−1 in

patients with an estimated glomerular filtration rate (eGFR) ≥60 ml/

min that was stopped after successful valve implantation. Patients

with eGFR < 60 ml/min had an adjusted lower infusion rate. Hepa-

rin administration was recommended to be titrated to a target acti-

vated clotting time of >250 s; the decision for reversal with

protamine and its dosage in the end of the procedure were at the

treating team's discretion. Patients underwent TAVR according to

the standard practices at each site, including the use of prep-

rocedural medications and the selection of a commercially available

valve system. After TAVR, all patients were recommended to

receive oral therapy with low dose aspirin 75–100 mg/day and

clopidogrel 75 mg/day for a period defined by local practice.

2.3 | Study endpoints and definitions

The BRAVO-3 trial endpoints have been previously described in

detail. For the present analysis we assessed the occurrence of major

bleeding defined as BARC ≥3b, the composite of major adverse car-

diovascular events (MACE: all-cause mortality, myocardial infarction

[MI], or stroke) and net adverse events (NACE: either MACE or major

bleeding).

All the endpoints were assessed at 48 hr or hospital discharge,

whichever occurred first, and at 30 days.

2.4 | Statistical analysis

Patients were grouped by the presence or absence of PAD. Categori-

cal variables were reported as frequencies and percentages and tested

using the chi-square test. Continuous variables were reported as

mean ± SD and tested using Student's t test. Tabulated event rates

were tested using the chi-square test. Using Cox-regression propor-

tional hazards model, adjusted hazard ratios for outcomes in patients

with versus without PAD were generated accounting for the following

TABLE 3 Baseline characteristics in patients with and without PAD by anticoagulant type

No PAD 682 (85%) PAD 119 (15%)

Bivalirudin 344 (50.4%) UFH 338 (49.6%) Bivalirudin 60 (50.4%) UFH 59 (49.6%)

Age, (years) mean ± SD 82.4 ± 6.6 82.4 ± 6.6 81.6 ± 6.2 82.2 ± 6.0

Female 170 (49.4) 168 (49.7) 25 (41.6) 28 (47.5)

Weight 74.2 ± 17.2 73.7 ± 15.7 76.2 ± 17.1 73.8 ± 17.9

Logistic EuroSCORE (%) mean ± SD 16.4 ± 10.3 16.2 ± 9.7 21.4 ± 12.0 21.1 ± 10.5

CKD

No CKD 153 (44.5) 152 (45.0) 28 (46.7) 31 (52.5)

GFR 30–59 ml/min 176 (51.2) 167 (49.4) 29 (48.3) 25 (42.4)

GFR <30 ml/min 15 (4.4) 19 (5.6) 3 (5.0) 3 (5.1)

Diabetes 99 (28.8) 89 (26.3) 26 (43.3) 24 (40.7)

Prior CVA/TIA 38 (11.1) 29 (8.6) 7 (11.7) 9 (15.3)

COPD 53 (15.4) 74 (21.9) 15 (25.0) 13 (22.0)

CAD 174 (50.6) 154 (45.6) 35 (58.3) 41 (70.7)

Prior MI 50 (14.7) 47 (14.1) 13 (22.0) 6 (10.2)

Prior AF 149 (43.3) 134 (39.6) 28 (46.7) 20 (33.9)

Prior VT 10 (3.0) 7 (2.2) 1 (1.8) 2 (3.6)

Previous CABG 50 (14.5) 49 (14.5) 11 (18.3) 6 (10.2)

Previous BAV 26 (7.6) 26 (7.7) 3 (5.0) 5 (8.5)

LVEF

≤35% 39 (11.4) 50 (14.9) 8 (13.3) 7 (11.9)

35–49% 60 (17.5) 50 (14.9) 8 (13.3) 5 (8.5)

≥50% 244 (71.1) 236 (70.2) 44 (73.3) 47 (80.0)
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TABLE 4 In-hospital and 30-day clinical outcomes

OUTCOMES No PAD 682 (85%) PAD 119(15%) Odds ratio (95% CI) p-value Adjusteda odds ratio (95% CI) p-value

Death

In-hospital 3 (2.5) 1.58 (0.43–5.7) .49 1.79 (0.44–7.3) .42

30-days 5 (4.2) 0.86 (0.33–2.26) .76 1.08 (0.39–3.02) .89

NACE

In-hospital 70 (10.3) 15 (12.6) 1.26 (0.70–2.29) .45 1.39 (0.75–2.59) .30

30-days 102 (15.0) 18 (15.1) 1.01 (0.59–1.75) .96 1.16 (0.66–2.04) .61

CVA

In-hospital 13 (1.9) 2 (1.7) 0.88 (0.20–3.95) .87 1.38 (0.27–6.89) .70

30-days 20 (2.9) 4 (3.4) 1.15 (0.39–3.43) .80 1.48 (0.46–4.75) .50

AKI

In-hospital 50 (7.3) 16 (13.5) 1.96 (1.08–3.58) .028 1.60 (0.84–3.04) .149

30-days 110 (16.1) 22 (18.5) 1.18 (0.71–1.96) .52 1.04 (0.61–1.76) .90

VASC COMP

In-hospital 114 (16.7) 30 (25.2) 1.68 (1.06–2.66) .027 1.80 (1.10–2.93) .018

30-days 118 (17.3) 35 (29.4) 1.99 (1.28–3.10) .002 2.15 (1.34–3.44) .001

MAJOR VASC

In-hospital 57 (8.4) 14 (11.8) 1.46 (0.79–2.72) .23 1.80 (0.83–3.48) .080

30-days 60 (8.8) 15 (12.6) 1.50 (0.82–2.73) .19 1.87 (0.98–3.55) .056

MINOR VASC

In-hospital 57 (8.4) 16 (13.5) 1.70 (0.94–3.08) .078 1.54 (0.83–2.88) .1.73

30-days 60 (8.8) 20 (16.8) 2.09 (1.21–3.63) .008 1.89 (1.06–3.37) .030

BARC

In-hospital 51 (7.5) 12 (10.1) 1.39 (0.72–2.69) .33 1.48 (0.74–2.97) .27

30-days 63 (9.2) 13 (10.9) 1.20 (0.64–2.27) .56 1.37 (0.70–2.64) .36

Abbreviations: AKI, acute kidney injury; BARC, bleeding academic research consortium criteria; C-death, cardiovascular death; CVA, cerebrovascular

accident; DM, diabetes mellitus; LIFE BLEED, life threatening bleeding (VARC-2 criteria); MAJOR VASC, major vascular complications (VARC -2 criteria);

MI, myocardial infarction; MINOR VASC, minor vascular complications (VARC-2 criteria); NACE, net adverse cardiovascular events; NDM, no diabetes

mellitus; VASC COMP, all vascular complications (VARC-2 criteria).
aAdjusted for: age, sex, weight, diabetes mellitus, coronary artery disease (CAD), CKD, COPD, LVEF, Sheath size of valve system, and country.

F IGURE 2 Incidence of 30-day clinical
outcomes and adjusted risk associated with
PAD compared with no-PAD
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variables: age, sex, weight, diabetes mellitus, coronary artery disease

(CAD), chronic kidney disease (CKD), chronic obstructive pulmonary

disease (COPD), left ventricular ejection fraction (LVEF), Sheath size

of valve system, and country. Comparisons were performed for

bivalirudin versus UFH among men and women, with interaction test-

ing for the effect of treatment and sex. p-values < .05 were consid-

ered statistically significant. All analyses were performed using Stata

version 15.0 (StatCorp, College Station, Texas).

3 | RESULTS

The patient population included 15% (n = 119) patients with PAD and

85% (n = 682) without PAD (Figure 1). Table 1 shows the baseline char-

acteristics between PAD and no-PAD groups. Patients with PAD had

higher prevalence of diabetes mellitus (42 vs. 27%, p = .001) and coro-

nary arterial disease (CAD) (64 vs. 48%, p = .001) but similar EuroSCORE

I (17.3 vs. 17.0%, p = .72) compared with patients without PAD.

During the procedure, PAD patients were less likely to be treated

with an additional TAVR device (0 vs. 4%, p = .025) (Table 2); but

there were no other significant differences between the groups.

Among PAD and non-PAD patients, there were no significant baseline

differences between bivalirudin and UFH treated patients (Table 3).

The in-hospital and 30-day clinical outcomes are presented in

Table 4, and Figures 2 and 3. No significant differences were observed

in the in-hospital or 30-day occurrences of death, NACE, MACE, CVA

or bleeding events between the groups.

Vascular complications occurred significantly more frequently in

patients with PAD both in-hospital (25.2 vs. 16.7%; OR 1.68, 95% CI

1.06–2.66, p = .027) and at 30 days (29.4 vs. 17.3%; OR 1.99, 95% CI

1.28–3.10, p = .002). This was also sustained after adjustment, both

in-hospital (OR 1.80, 95% CI 1.10–2.93, p = .018) and at 30 days

(OR 1.80, 95% CI 1.10–2.93, p = .018). While no significant differ-

ences were observed in the occurrence of major vascular complica-

tions, the 30-day rate of minor vascular complications was higher in

patients with PAD (16.8 vs. 8.8%; OR 2.09, 95% CI 1.21–3.63,

p = .008), which also held true after adjustment (OR 1.89, 95% CI

1.06–3.37, p = .030). A higher rate of acute kidney injury (AKI) was

observed in patients with PAD in the unadjusted analysis (13.5

vs. 7.3%; OR 1.96, 95% CI 1.08–3.58, p = .028) but was attenuated

after adjustment (OR 1.60, 95% CI 0.84–3.04, p = .149).

When outcomes were examined for the effect of anticoagulant

randomization (Table 5), vascular complications occurred less fre-

quently in patients with PAD treated with UFH compared to

bivalirudin (20.3 vs. 38.3%, p = .031). However, this effect did not

reach significance after testing for interaction with patients without

PAD (p-interaction = .18). The risk of minor vascular complications

was significantly attenuated in PAD patients treated with UFH both

in-hospital (3.4 vs. 23.3%, p = .001) and at 30 days (5.1 vs. 28.3%,

p = .001). No such differences between UFH and bivalirudin were

observed in patients without PAD; hence, significant interactions

were noted (p-interaction = .035 and .027, respectively).

F IGURE 3 Adjusted risk associated with PAD compared with
no-PAD

TABLE 5 30-day clinical outcomes in patients with and without PAD by anticoagulant type

OUTCOMES

No PAD 682 (85%) PAD 119(15%)
p-value for

interactionBivalirudin 344 (50.4%) UFH 338 (49.6%) p-value Bivalirudin 60 (50.4%) UFH 59 (49.6%) p-value

Death 14 (4.1%) 19 (5.6%) .35 4 (6.7%) 1 (1.7%) .18 .14

NACE 47 (13.7%) 55 (16.3%) .34 8 (13.3%) 10 (17.0%) .58 .89

CVA 11 (3.2%) 9 (2.7%) .68 2 (3.3%) 2 (3.4%) .99 .85

AKI 61 (17.7%) 49 (14.5%) .25 15 (25.0%) 7 (11.9%) .07 .22

VASC COMP 66 (19.2%) 52 (15.4%) .19 23 (38.3%) 12 (20.3%) .031 .181

MAJOR VASC 31 (9.0%) 29 (8.6%) .84 6 (10.0%) 9 (15.3%) .39 .39

MINOR VASC 36 (10.5%) 24 (7.1%) .12 17 (28.3%) 3 (5.1%) .001 .027

BARC 30 (8.7%) 33 (9.8%) .64 4 (6.7%) 9 (15.3%) .133 .24
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There were no differences in mortality, NACE, MACE, or CVA

with bivalirudin versus UFH among patients with or without PAD.

With respect to bleeding, there were numerically more major

in-hospital bleeding events (BARC ≥3b) in PAD patients on UFH

versus bivalirudin (5.7 vs. 1.9%), but this was not statistically signifi-

cant (p = .063).

At discharge post TAVR, P2Y12 inhibitors were prescribed less

often in PAD patients (18 vs. 27%, p = .038) compared with no-PAD

TABLE 6 Procedural characteristics in patients with and without PAD by anticoagulant type

No PAD 682 (85%) PAD 119 (15%)

Bivalirudin 344 (50.4%) UFH 338 (49.6%) Bivalirudin 60 (50.4%) UFH 59 (49.6%)

Anesthesia type

General 136 (40.1) 134 (40.1) 17 (29.3) 22 (37.9)

Local 189 (55.8) 183 (54.8) 39 (67.2) 33 (56.9)

Other 14 (4.1) 17 (5.1) 2 (3.5) 3 (5.2)

Procedural success 309 (91.2) 311 (93.1) 50 (87.7) 55 (94.8)

Balloon-Expanding valve 212 (61.6) 215 (63.6) 39 (65.0) 34 (57.6)

Duration of procedure (min) median (IQR) 24 (16–35) 25 (17–34) 28 (17–38) 25 (18–35)

Sheath size of valve system

<18 107 (31.9) 108 (32.6) 21 (36.2) 19 (23.8)

18 187 (55.8) 176 (53.2) 29 (50.0) 31 (53.5)

>18 41 (12.2) 47 (14.2) 8 (13.8) 8 (13.8)

Valve type

Balloon expandable 212 (61.3) 215 (63.6) 39 (65.0) 34 (57.6)

Self-expanding 99 (28.8) 99 (29.3) 16 (26.7) 17 (28.8)

Other valve 33 (5.6) 24 (7.1) 5 (8.3) 8 (13.6)

Valve size

ES 23 mm 65 (19.3) 60 (18.1) 15 (26.3) 10 (17.2)

ES 26 mm 91 (27.0) 87 (26.3) 12 (21.1) 10 (17.2)

ES 29 mm 35 (10.4) 44 (13.3) 6 (10.5) 10 (17.2)

MCV 26 mm 30 (8.9) 31 (9.4) 3 (5.3) 5 (8.6)

MCV 29 mm 39 (11.6) 37 (11.2) 6 (10.5) 6 (10.3)

MCV 31 mm 23 (6.8) 18 (5.4) 6 (10.5) 6 (10.3)

Other 54 (16.0) 54 (16.3) 9 (15.8) 11 (19.0)

Valvuloplasty performed 275 (80.4) 269 (80.1) 50 (84.8) 43 (74.1)

Additional TAVR device used 16 (4.8) 12 (3.6) 0 (0.0) 0 (0.0)

Embolic protection device used 5 (1.5) 2 (0.6) 2 (3.5) 1 (1.7)

Successful deployment of access site closure 309 (91.2) 311 (93.1) 50 (87.7) 55 (94.8)

Post-dilation 97 (28.4) 73 (21.7) 15 (24.4) 14 (24.1)

Temporary pacemaker 323 (96.7) 326 (98.2) 54 (93.1) 54 (94.7)

Prior loading with clopidogrel 131 (38.2) 123 (36.5) 21 (35.6) 18 (30.5)

Post-procedure anti-thrombotic therapy in patients with and without PAD by anticoagulant type

No PAD 682 (85%) PAD 119 (15%)

Bivalirudin 344 (50.4%) UFH 338 (49.6%) Bivalirudin 60 (50.4%) UFH 59 (49.6%)

Aspirin 293 (85.7) 294 (12.8) 50 (84.8) 54 (91.5)

P2Y12 inhibitor 248 (72.5) 249 (73.9) 51 (86.4) 46 (78.0)

ASA and P2Y12 inhibitor 219 (63.7) 220 (65.1) 45 (75.0) 42 (71.2)

Oral anticoagulant

Coumadin 62 (18.0) 59 (17.5) 12 (20.0) 8 (13.6)

Dabigatran 2 (0.6) 7 (2.1) 2 (3.3) 0 (0.0)

Rivaroxaban 8 (2.3) 12 (3.6) 3 (5.0) 1 (1.7)
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patients (Table 6). DAPT was prescribed in 73 vs. 64% (p = .064) of

PAD versus no-PAD patients. No significant differences were

observed in the use of oral anticoagulants.

4 | DISCUSSION

In patients undergoing transfemoral TAVR in the randomized BRAVO-

3 trial of UFH versus bivalirudin, we observed the following:

1. The rates of mortality, NACE, MACE, CVA, or bleeding events did

not differ significantly between patients with and without PAD:

While in the general population, PAD has been observed to be

associated with increased cardiovascular mortality and stroke

risk,15,16 the mortality rates of patients with and without PAD did

not differ significantly in the present analysis, thus contrasting

recently reported data from the Society of Thoracic Surgeons/

Transcatheter Valve Therapy Registry, reporting excess mortality

in patients with PAD undergoing transfemoral TAVR.17 While

these findings might be explained in part by the limited sample

size and the possible inclusion of patients with lesser-degree

PAD, they might also be reflective of steady advances in TAVR

technology as well as the learning curves due to increased proce-

dure volumes of operating physicians. Possibly due to the same

reasons, counterintuitively, stroke rates did not differ between

the two groups in the present analysis. Since PAD and AS share

common comorbidities such as diabetes mellitus, hyperlipidemia,

smoking, and chronic renal insufficiency,18,19 they frequently

exist concomitantly. While previous studies have reported a sub-

stantial prevalence of PAD in patients undergoing TAVR, ranging

from 27% in the PARTNER B trial20 to 41% in the CoreValve US

study,21 this rate was lower in the BRAVO-3 trial (15%). This

might be explained by the fact that only patients undergoing

transfemoral TAVR were included and patients in whom a surgical

cutdown was planned were excluded from the trial. In the recent

low-risk TAVR trials, the rate of PAD was even lower with 8 and

7.1% in patients undergoing TAVR with self-expanding and

balloon-expandable valves, respectively.5,6

2. PAD patients had higher vascular complications and borderline

high AKI compared to patients without PAD: As might be

expected, the rate of vascular injury in patients with diseased

vessels was higher than in patients with unaffected peripheral

vasculature. Accordingly, smaller luminal diameters, extensive

calcification, and tortuosity of the iliofemoral arteries have been

found to be associated with a higher incidence of arterial injury

the setting of a transfemoral approach.22,23 Postprocedural AKI

can have a significant impact on survival, even when only subtle

decreases in GFR are present.24,25 The association between

PAD and AKI might be explained by the possible athero-

embolization of cholesterol debris to the renal vasculature dur-

ing cannulation26 as well as the fact that preexisting chronic

kidney disease is a major risk factor for the developement of

PAD,27 which in turn might beget worsening renal failure

through ischemia, in particular when the renal vasculature is

involved.28

3. In PAD patients undergoing TAVR, the use of bivalirudin led to a

higher rate of (minor) vascular complications: While thrombin

inhibition was assumed to more effectively suppress the highly

thrombogenic processes initiated by the exposure of tissue fac-

tor to the circulation during TAVR and thus explain the absence

of early myocardial infarctions in patients treated with

bivalirudin in the BRAVO-3 trial, vascular complications, includ-

ing peripheral embolization, occurred more frequently in the pre-

sent subanalysis of patients with PAD treated with bivalirudin

compared to UFH. At the same time, numerically lower major

bleeding rates (≥3b BARC) were noted with bivalirudin, albeit

not statistically significant, possibly owing to the limited sample

size and power to detect a difference in our subgroup of interest,

particularly given the lower risk for bleeding events with smaller

caliber contemporary devices as well as high rate of successful

closure device deployment. The present findings emphasize the

dilemma of counterbalancing anticoagulation benefits in the pre-

vention of ischemic events with bleeding risks in patients under-

going TAVR. In particular, since the dosage experience of

coronary interventions was largely utilized in the BRAVO-3 trial,

TAVR-specific dose regimens might be warranted in order to

achieve optimal anticoagulation with minimal bleeding risk. Fur-

thermore, the UFH activity reversal with protamine was not

tracked or examined in any in the present study; a quite variable

practice of complete, partial or nonreversal was followed by the

different operators.

5 | STUDY LIMITATIONS

This is a retrospective sub-analysis of the BRAVO-3 trial and

therefore has intrinsic limitations of nonrandomized comparisons

such as allocation bias, different distribution of clinical risk factors

and the possibility of confounding variables. Secondly, BRAVO-3

was a trial comparing anticoagulation therapy in TAVR procedures

and as such, was not powered to evaluate outcomes according to

the presence of PAD. The relatively small sample size might as

well be viewed as a limitation, however, to the best of our knowl-

edge, BRAVO-3 is the only, and thus the largest trial to address

this particular problem. Results are not generalizable to other

TAVR studies that utilized both transfemoral and nontransfemoral

approaches. The use of protamine was not recorded and may have

had an impact on bleeding outcomes in heparin treated patients.

Data on frailty status at baseline and change in New York Heart

Association class at 30 days were not available to analyze for dif-

ferences by the presence of PAD and potential associations with

outcomes.
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6 | CONCLUSION

In this analysis of the BRAVO-3 trial, patients with PAD undergo-

ing contemporary transfemoral TAVR did not exhibit an increased

risk of any major adverse events, according to the procedural anti-

coagulant randomization. However, patients treated with

Bivalirudin had significantly higher rates of minor vascular

complications.
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