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Abstract
Background: The Academic Research Consortium — High Bleeding Risk (ARC-HBR) initiative defined
conditions associated with percutaneous coronary intervention (PCI)-related bleeding.

KEYWORDS

¢ bleeding

«TAVR Aims: We sought to further explore these HBR conditions in the setting of transcatheter aortic valve

replacement (TAVR).

Methods: Patients from the SCOPE 2 trial were stratified by their bleeding risk status based on the
ARC-HBR definitions. Baseline and procedural characteristics, as well as key clinical outcomes includ-
ing Bleeding Academic Research Consortium (BARC) 3-5 bleeding, were compared in ARC-HBR positive
(HBR+) and ARC-HBR negative (HBR-) patients.

Results: Of 787 patients randomised in SCOPE 2 and included in this study, 633 were HBR+ (80.4%)).
Compared with HBR— patients, those HBR+ were older and more frequently presented with diabetes, a his-
tory of coronary artery disease, atrial fibrillation, prior cerebrovascular accident, and a Society of Thoracic
Surgeons predicted risk of 30-day mortality (STS-PROM) (4.9£2.9% vs 3.3%+2.1%; p<0.0001). In addi-
tion, HBR+ patients were more frequently on oral anticoagulation therapy. At 1 year, HBR+ patients had
higher rates of all-cause death (12.4% vs 4.3%, respectively, risk difference 8.09%; 95% confidence inter-
val [CI]: 3.76-12.41; p=0.0002); the rates of BARC 3-5 type bleeding were relatively high but not statisti-
cally different compared with HBR— patients (7.7% vs 6.1%, risk difference 1.67%; 95% CI: —2.72 to 6.06;
p=0.46). Subgroup analyses for bleeding events showed no significant interaction in terms of STS-PROM
score, age, or medications.

Conclusions: The ARC-HBR criteria failed to isolate a subgroup of patients at higher bleeding risk in
TAVR patients from a randomised trial. These findings have potential implications, especially for the selec-
tion of post-TAVR antithrombotic regimens based on individual bleeding-risk profiles. Specific HBR crite-
ria should be defined for TAVR patients.
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Abbreviations

ARC Academic Research Consortium

BARC Bleeding Academic Research Consortium

DAPT dual antiplatelet therapy

HBR high bleeding risk

O0AC oral anticoagulant

PCI percutaneous coronary intervention

SAVR surgical aortic valve replacement

STS-PROM Society of Thoracic Surgeons — predicted risk of
mortality

TAVR transcatheter aortic valve replacement

Introduction

Transcatheter aortic valve replacement (TAVR) has proven to be
an effective and minimally invasive procedure in patients suffer-
ing from severe aortic stenosis>. TAVR is an alternative to sur-
gical aortic valve replacement (SAVR) for a large proportion of
patients with severe aortic stenosis, especially for those who are
older or present with intermediate or high risk for surgery**. Since
the late 2000’s, TAVR has led to constant improvement in clinical
outcomes with the development of techniques and technological
ameliorations along with increased operator experience. Although
less prevalent compared with SAVR, the risk of major bleeding
after TAVR has been estimated to be as high as approximately 6%
and is associated with a three-fold increase in one-year mortality™”.

Unlike percutaneous coronary intervention (PCI)-related bleed-
ing risk conditions that have been recently defined by an Academic
Research Consortium - High Bleeding Risk (ARC-HBR) consen-
sus document®, those associated with major bleeding remain insuf-
ficiently explored after TAVR. The Valve Academic Research
Consortium (VARC)-3 consensus provided an overview of risk
assessment after TAVR that included the definitions of bleed-
ing, but the conditions that increased this risk were not the sub-
ject of this initiative’. Some investigations based on local series or
national registries aimed to evaluate the predictors and outcomes
of major bleeding in TAVR patients™'®. Peripheral vascular dis-
ease, end-stage renal disease, and coagulopathy have been identi-
fied to increase the rates of major bleeding.

Against this background, we aimed to stratify patients from
the SCOPE 2 trial", a randomised comparison of the ACURATE
neo (Boston Scientific) and the CoreValve Evolut (Medtronic) in
796 high-risk TAVR patients, according to their bleeding risk sta-
tus based on the ARC-HBR definitions and to compare an array
of key clinical outcomes including Bleeding Academic Research
Consortium (BARC) 3-5 type bleeding complications in ARC-
HBR positive (HBR+) and ARC-HBR negative patients (HBR-).

Editorial, see page 448

Methods

STUDY DESIGN

The SCOPE 2 trial design and rationale along with the principal
1-year results have been reported previously''. In brief, SCOPE
2 was a multicentre, randomised, parallel-design, non-inferiority,

open-label trial carried out in 23 tertiary heart valve centres in
6 countries. It compared the safety and effectiveness of transfem-
oral TAVR using the ACURATE neo versus the CoreValve Evolut
in patients with symptomatic severe aortic stenosis deemed to
be at increased risk for mortality with SAVR, as assessed by
the local Heart Teams. Inclusion criteria were the presence of
symptomatic aortic stenosis with aortic annulus diameters cov-
ered by the sizes of the ACURATE neo and CoreValve Evolut
valves. Left ventricular ejection fraction (<20%), pre-existing
prosthetic valves in the aortic and/or mitral positions, bicuspid
or unicuspid valves, severe mitral regurgitation, and/or periph-
eral anatomy inappropriate for transfemoral implant due to size,
disease and degree of calcification or tortuosity of the aorta or
ilio-femoral arteries represented the main criteria for exclusion.
Complete details of the inclusion and exclusion criteria have been
reported!!. The trial was conducted according to the Declaration
of Helsinki and Good Clinical Practice and was approved by the
investigational review board or research ethics committee at each
participating centre. All participants gave their informed consent.
Procedural recommendations were per standard of care. The mode
of anaesthesia was selected according to local standard practice.
Pre- and post-dilatation were performed at the operator’s discre-
tion, although predilatation is recommended by the manufacturer
of the ACURATE neo valve. Access site closure was performed
according to local practice. Minimally required laboratory anal-
yses included haemoglobin, creatinine, and high-sensitivity tro-
ponin values. Dual antiplatelet therapy (preferably with aspirin
and clopidogrel) was recommended for at least 3 months, fol-
lowed by single antiplatelet therapy. In patients with an indication
for oral anticoagulation or who had undergone recent coronary
stent implantation, combination regimens and their duration were
given at the discretion of the operator. Clinical follow-up was
performed at 30 days and 1 year.

ARC-HBR CRITERIA

Some of the ARC-HBR criteria needed to be modified or were not
available because they were either not captured in the electronic
data capture or represented criteria for exclusion in the trial, as
summarised in Supplementary Table 1. This approach has been
followed in other validation studies'*'*. Major and minor ARC-
HBR criteria applied in the current study are as follows: age
>75 years (minor); oral anticoagulant or novel oral anticoagulant
at discharge (major); estimated glomerular filtration rate (eGFR)
<30 ml/min (major) and eGFR >30, <60 ml/min (minor); base-
line haemoglobin <11 g/dL (major), and 11-12.9 g/dL for men and
11-11.9 g/dL for women (minor); thrombocytes at index proce-
dure <100x109/L (major); non-steroidal anti-inflammatory drugs
(NSAID) at discharge (minor); active cancer in the past 12 months
(major); previous intracranial bleeding (major); any ischaemic
stroke at any time not meeting the major criterion (minor). Patients
were at HBR if at least one major criterion or two minor criteria
were met'’. An overall ARC-HBR score was calculated by adding
1 point for any major criterion and 0.5 for any minor criterion.



OUTCOMES

The primary endpoint was major or life-threatening bleeding
(BARC type 3 or 5) at 12 months'?. Other key clinical outcomes
were the occurrence of death, stroke, hospitalisation for valve-
related symptoms or worsened chronic heart failure, myocar-
dial infarction, new permanent pacemaker implantation, and any
arrhythmia responsible for haemodynamic disorders at 30 days
and at 1 year. All patients were followed up to 12 months. The
definitions of all endpoints have been reported previously!’. An
independent committee adjudicated events after a review of origi-
nal source documents.

STATISTICAL ANALYSIS

Discrete variables are expressed as percentages with frequencies
and were compared by the y* or Fisher’s exact tests. Continuous
variables are reported as meantstandard deviation and were com-
pared by t-test if normally distributed or the Wilcoxon rank sum
test for a non-parametric distribution. Event rates were based on
Kaplan-Meier estimates in time-to-first-event analyses if mortal-
ity was part of the endpoint, or on cumulative incidence functions
with the delta method for the estimation of the standard error, tak-
ing mortality as competing risk into account otherwise. Hazard
ratios (HR) with 95% confidence intervals (CI) were determined
by Cox regression analysis, and event rates were compared with the
log-rank or Gray’s test, respectively. The day of the procedure was
taken as day 0. For patients without a procedure, the day of ran-
domisation was taken as day 0. Interaction testing was performed to
determine whether the relative risk of BARC 3 or 5 type bleeding
and mortality measures at 12 months varied by age, number of anti-
thrombotic medications, Society of Thoracic Surgeons (STS) score,
and presence of oral anticoagulants at the time of the procedure.
A landmark analysis was performed for BARC 3 or 5 type bleeding
from 30 days to 12 months of follow-up according to presence or
absence of oral anticoagulants (OAC) at day 30. Wolbers’s adapta-
tion of Harrell’s C-statistic for survival data was used to describe
the prediction accuracy of HBR for major bleeds's. The C-index
was 0.52. All analyses were performed in the intention-to-treat pop-
ulation. A two-sided p-value <0.05 was considered significant. All
statistical analyses were performed with SAS software (Version 9.4,
SAS/STAT version 15.1; SAS Institute Inc.).

Results

Between April 2017 and April 2019, 796 patients with sympto-
matic severe aortic stenosis were randomised to ACURATE neo
(n=398) versus CoreValve Evolut (n=398). Due to missing values,
nine patients could not be classified as high or low bleeding risk
patients. Of the remaining 787 patients, 633 patients (80.4%) were
stratified as high bleeding risk (HBR+) according to the ARC-
HBR criteria.

BASELINE CHARACTERISTICS
The main baseline characteristics of the study population are
shown in Table 1. In brief, HBR+ patients were older and carried

Bleeding after TAVR according to ARC-HBR criteria

Table 1. Baseline characteristics of the patients stratified by
ARC-HBR status.

HBR+ HBR-
N=663 Notsg | Pvale
Gender, female 420 (66.3%) 113 (73.4%) 0.09
Age (yrs) 83.5+4.3 82.1+4.0 <0.0001
BMI (kg/m?) 26.4+5.0 27.55.0 0.37

NYHA Class Ill or IV 424 (67.0%) 87 (56.5%) 0.02
CCS Class Il or IV 30 (4.7%) 10 (6.5%) 0.41
Syncope 72 (11.4%) 19(12.3%) 0.78
STS predicted risk of mortality (%) 49+29 3.3x2.1 <0.0001

Medical conditions and medical history

Diabetes 189 (29.9%) 32 (20.8%) 0.028
Dyslipidaemia 326 (51.5%) 78 (50.7%) 0.86
Hypertension 547 (86.4%) 129 (83.8%) 0.44
Current smoker 22 (3.5%) 5(3.3%) >0.99
Coronary artery disease 267 (42.2%) 52 (33.7%) 0.07
COPD 77(12.2%) 15(9.7%) 0.49
B Ry 33 (5.2%) 7(46%) | 084
Peripheral artery disease 61(9.6%) 10 (6.5%) 0.27

Dialysis 5(0.8%) 0(0.0%) 0.59
252 (39.8%) 12 (7.8%) <0.001
66 (10.4%) 8(5.2%) 0.046

History of atrial fibrillation

Previous pacemaker implantation

History of myocardial infarction 54 (8.5%) 12 (7.8%) 0.87
History of PCI 164 (25.9%) 38 (24.7%) 0.84
History of cardiac surgery 40 (6.3%) 4(2.6%) 0.08
Previous aortic valvuloplasty 11(1.7%) 1(0.6%) 0.48
Prior cerebrovascular accident 99 (15.6%) 0(0.0%) <0.001

CT findings
Aortic annulus perimeter (mm) 74+5 745 0.18
Aortic annulus area (mm?) 423+56 420+55 0.50

23 (22-24) 23 (22-25) 0.98

Number of events (percentages). Meanzstandard deviation or median (Q1-Q3). BMI: body
mass index; CCS: Canadian Cardiovascular Society; COPD: chronic obstructive pulmonary
disease; CT: computed tomography; HBR: high bleeding risk; NYHA: New York Heart
Association; PCI: percutaneous coronary intervention; STS: Society of Thoracic Surgeons

Area-derived diameter (mm)

less favourable medical conditions. Compared to HBR— patients,
they were more frequently diabetic and more frequently had
a history of permanent pacemaker implantation, atrial fibrilla-
tion and/or a prior cerebrovascular accident. Their estimated STS
predicted risk of mortality (STS-PROM) at 30 days was higher
(4.9%+2.9% vs 3.3%+2.1%; p<0.0001). The distribution of med-
ical conditions leading to HBR+ status is depicted in Figure 1.
HBR+ patients were more frequently on OAC therapy (vita-
min K antagonists [VKA]) or novel oral anticoagulants (NOAC),
but the total number of antithrombotic medications was similar
between groups (Table 2).
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Anticoagulants (Vit K or NOAC) (n=228)

28.82%

eGFR <30 ml/min (n=48)

Haemoglobin <11 g/dl (n=172) 21.94%
Haemorrhagic stroke (n=5)
Age >75y (n=774)

97.24%

30<eGFR <60 ml/min (n=360)

45.74%
Haemoglobin 11<12/13 g/dI for F/M (n=191)

24.36%

Ischaemic stroke, TIA or unknown CVA (n=94)

11.88%

I T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 (%)
ARC-HRB status M HBR+ M HBR-

Figure 1. Distribution of medical conditions leading to HBR+ status.
CVA: cardiovascular accident; eGFR: estimated glomerular

filtration rate; F/M: female/male; HBR: high bleeding risk;

NOAC: novel oral anticoagulants; TIA: transient ischaemic attack

PROCEDURAL CHARACTERISTICS AND IMMEDIATE
OUTCOME

The procedural characteristics did not vary significantly between
HBR+ and HBR- patients (Table 3). A suture-mediated closure
device was used in >80% of the patients. The immediate com-
plication rates were similar between the two groups (13.4% vs
13.3%; p>0.99).

OUTCOMES AT 30 DAYS AND 12 MONTHS

Estimates of clinical outcomes at 30-day follow-up are shown in
Table 4. BARC 3 or 5 type bleeding did not differ significantly
between HBR+ and HBR- patients. HBR+ patients had higher
rates of composite all-cause death and disabling stroke (4.8% vs
1.3%, risk difference 3.50%; 95% CI: 1.00-5.99; p=0.0061).

At 12 months, the rates of all-cause death were higher in HBR+
compared to HBR— patients (Table 5). However, the rates of
BARC 3 or 5 type bleeding were not statistically different between
groups (7.7% vs 6.1%, risk difference 1.67%; 95% CI: -2.72 to
6.06; p=0.46) (Central illustration, Figure 2). Compared to HBR—
patients, HBR+ had more frequent access site-related BARC 3 or
5 type bleeding (3.0% vs. 0.7%, risk difference 2.36%; 95% CI:
0.49-4.23; p=0.0133). However, the rates of non-access site-related
BARC 3 or 5 type bleeding were not statistically different between
groups (4.6% vs 4.8% for HBR+ and HBR~ patients, respectively,
risk difference —0.17%; 95% CI: =3.99 to —3.65; p=0.93).

Subgroup analyses for bleeding events showed no significant
interaction with patients’ age (Figure 3). In addition, a landmark
analysis conducted according to the presence or absence of OAC
at day 30 to determine the risk of BARC 3-5 bleeding up to one
year showed no difference between HBR+ and HBR-— patients
(Table 6). In the subgroup analysis for mortality at 12 months
(Figure 4) a significant difference for intermediate-risk (STS 5-8)

Table 2. Anti-thrombotic medications at baseline, 30-day and
1-year follow-up, by HBR status.

HBR+ HBR-

At baseline

Aspirin 305/633 (48.2%) 99/154 (64.3%)
Clopidogrel 124/633 (19.6%) 29/154 (18.8%)
Prasugrel 2/633 (0.3%) 0/154 (0.0%)
Ticagrelor 6/633 (0.9%) 0/154 (0.0%)

Vitamin K antagonist 91/633 (14.4%)
NOAC 142/633 (22.4%)

0/154 (0.0%)
0/154 (0.0%)

No of 111/633 (17.5%) 52/154 (33.8%)
antithrombotic ® o
medications 389/633 (61.5%) 76/154 (49.4%)

118/633 (18.6%)
15/633 (2.4%)

26/154 (16.9%)
0/154 (0.0%)

WIN|—| O

At day 30

Aspirin 334/573 (568.3%) | 126/146 (86.3%)
Clopidogrel 252/573 (44.0%) 73/146 (50.0%)
Prasugrel 1/573 (0.2%) 0/146 (0.0%)
Ticagrelor 4/573 (0.7%) 0/146 (0.0%)

Vitamin K antagonist 69/573 (12.0%)
NOAC 178/573 (31.1%)

4/146 (2.7%)
10/146 (6.9%)

No of 15/573 (2.6%) 4/146 (2.7%)
antithrombotic o o
medications 291/573 (50.8%) 71/146 (48.6%)

254/573 (44.3%)
13/573 (2.3%)

71/146 (48.6%)
0/146 (0.0%)

WIN|—=|O

Aspirin 255/504 (50.6%) | 109/137 (79.6%)
Clopidogrel 78/504 (15.5%) 20/137 (14.6%)
Prasugrel 0/504 (0.0%) 0/137 (0.0%)
Ticagrelor 0/504 (0.0%) 0/137 (0.0%)

4/137 (2.9%)
17/137 (12.4%)

Vitamin K antagonist 55/504 (10.9%)
NOAC 165/504 (32.7%)

No of 26/504 (5.2%) 4/137 (2.9%)
antithrombotic ® ®
medications 404/504 (80.2%) | 116/137 (84.7%)

73/504 (14.5%) 17/137 (12.4%)
1/504 (0.2%) 0/137 (0.0%)

Number of events (percentages). NOAC: novel oral anticoagulants

WIN|—| O

and older patients (81-85 and >85 years) was observed. Patients
with BARC 3 or 5 type bleeding had a 27.4% rate of death at
12 months, an almost three-fold increase (p<0.0052) compared to
patients who did not experience BARC 3 or 5 type bleeding dur-
ing follow-up (9.6%). Further, the rate of death at 12 months in
HBR+ patients was 30.9% after BARC type 3 or 5 bleeding and
11.0% in the absence of severe bleeding events. In HBR— patients,
it was 11.1% and 3.9%, respectively.

Discussion
The present analysis of the SCOPE 2 trial indicates that HBR+
patients, identified based on ARC-HBR standards for PCI, had



Table 3. Procedure characteristics and outcomes by ARC-HBR status.

Bleeding after TAVR according to ARC-HBR criteria

| HBR+N=633 HBR-N=154 | p-value
Procedure performed 620/633 (97.9%) 151/154 (98.1%) >0.99
Total procedure time (min) 72+36 77+37 0.18
Total contrast volume administered (mL) 132+53 135+70 0.51
General anaesthesia 88/620 (14.2%) 28/151 (18.5%) 0.20
Type of access Percutaneous 616/619 (99.5%) 151/151 (100.0%) 0.39
Surgical cut-down 3/619 (0.5%) 0/151 (0.0%)
Sheathless 235/620 (37.9%) 52/151 (34.4%) 0.45
Suture device closure for main No 5/619 (0.8%) 1/151 (0.7%)
access site ProStar 131/619 (21.2%) 29/151 (19.2%)
1 ProGlide 34/619 (5.5%) 7/151 (4.6%) 0.92
2 ProGlide 335/619 (564.1%) 88/151 (58.3%)
Other 114/619 (18.4%) 26/151 (17.2%)
Predilatation balloon valvuloplasty 370/620 (59.7%) 93/151 (61.6%) 0.71
Size device (mm) 272 26+2 0.08
Post-dilatation 248/620 (40.0%) 68/151 (45.0%) 0.27
Procedural complications 84/620 (13.5%) 28/151 (13.2%) >0.99
Valve malpositioning 5/620 (0.8%) 6/151 (4.0%) 0.01
Coronary artery obstruction 2/620 (0.3%) 0/151 (0.0%) >0.99
Haemodynamic instability 9/620 (1.5%) 0/151 (0.0%) 0.21
Cardiac tamponade 71620 (1.1%) 1/151 (0.7%) >0.99
Annular rupture 1/620 (0.2%) 1/151 (0.7%) 0.35
Conversion to open heart surgery 2/620 (0.3%) 0/151 (0.0%) >0.99
Access vessel complication 48/620 (7.7%) 9/151 (6.0%) 0.60
Bleeding 16/620 (2.6%) 1/151 (0.7%) 0.22
Intraprocedural death 3/620 (0.5%) 0/151 (0.0%) >0.99
Number of events (percentages). ARC-HBR: Academic Research Consortium - High Bleeding Risk; min: minutes; mL: millilitres; mm: millimetres

higher rates of death and stroke at 12 months, but similar rates  population are not relevant to discriminate an increased bleed-
of BARC 3 or 5 type bleeding compared to HBR— patients.  ing risk in TAVR patients. A contributing role of age is likely, as
These findings suggest that ARC-HBR criteria defined in a PCI ~ TAVR patients are on average 15 to 20 years older than patients

Eurolntervention

CENTRAL ILLUSTRATION Subgroup analysis of the SCOPE 2 trial population according to ARC-HBR criteria.

Subgroup analysis from the multicentre, randomised, parallel design, non-inferiority, open-label SCOPE 2 trial

181 patients >75 years

Stratified according to ARC-HBR criteria HBR+, N=633 HBR-, N=154

Major condition (1) Minor condition (0.5) STS-PROM 4.9x2.9 STS-PROM 3.3x21

HBR+ 1.7x0.7 Diabetes 29.9% Diabetes

HBR- 0.5+0.1 R A-fib 39.8% A-fib
a2 ) Prior stroke 15.6% Prior stroke

0AC at day 30 42.8% 0AC at day 30 9.6%

BARC 3-5 bleeding at 1
MR Risk difference 1.67, 95% Cl: —2.72-6.06; p=0.46

All-cause death at 1
. Risk difference 8.09, 95% Cl- 3.76-12.41; p=0.0002

Cardiac death at 1 year S—
Risk difference 5.12, 95% Cl: 1.97-8.26; p=0.0015

Stroke at 1 year
! Risk difference 0.97, 95% CI: —2.92-4.86; p=0.62

A-fib: atrial filbrillation; ARC: Academic Research Consortium; CI: confidence interval; HBR: high bleeding risk; OAC: oral
anticoagulants; STS-PROM: Society of Thoracic Surgeons predicted risk of mortality
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A Estimated event rate (95% CI)
—[ERe | = HBR—
365days 7.9%(5.9%-10.2%) 6.1% (3.0%-10.8%)

Gray’s test:
p=0.4144

Hazard ratio (95% Cl)=
1.34(0.66-2.70)

0 T T T
0 30 60 90

Cumulative incidence of BARC 3-5 bleeding (%)

T T T T T T T T 1
120 150 180 210 240 270 300 330 365
] Days since implantation
Number at risk

HBR+ 633 557 534 521 516 509 501

HBR— 154 144 143 141 140 138 136 135 135 134 134 132 718

495 490 485 482 481 324

Freedom from all-cause mortality (%)

40 —
“ Estimated event rate (95% CI)
} — HBR+ e HBR-
20 365 days 12.4% (10.0%-15.4%) 4.3% (2.0%-9.4%)

o4  Hazardratio (95% CI)=
3.28(1.43-1.54)

0 I I 1 I I
0 30 60 90 120 150

Log-rank test:
p=0.0030

T T T T T T

180 210 240 270 300 330 365
) Days since implantation

Number at risk

HBR+ 633 585 561 550 546 538 529 523 518 513 509 508 340
HBR— 154 149 148 146 145 143 141 141 141 140 140 139 85

Figure 2. Cumulative incidence curves. A) BARC 3-5 bleeding and B) freedom from all-cause mortality in HBR+ and in HBR— patients.
BARC: Bleeding Academic Research Consortium, CI: confidence interval; HBR: high bleeding risk

undergoing PCI. An age cut-off of 75 years, as defined by the
ARC-HBR definitions for PCI to indicate a minor criterion, is
probably not adequate for TAVR patients. Indeed, the rate of
major or life-threatening bleeding was 3.6% in PARTNER 3
(mean age 73.345.8 years) and 10.4% in PARTNER II, where

patients were older (81.5+6.7 years)**. Factors that increase
the risk of bleeding after TAVR include a high prevalence of
chronic kidney disease, liver disease, peripheral vasculopathy,
acquired thrombocytopenia, colonic malignancy, and acquired
reversible von Willebrand factor deficiency!’?!. Since PCI is

Table 4. Endpoints at 30 days by ARC-HBR status.

Risk difference

HBR+ N=633 HBR- N=154 [95% CI] p-value
All-cause death 19 (3.1%) [2.0-4.8] 0 (0.0%) [NC-NC] 3.08 [NC-NC] NC
Cardiac death 14 (2.3%) [1.4-3.8] 0 (0.0%) [NC-NCI 2.29 [NC-NC] NC
Non-cardiac death 5 (0.8%) [0.3-1.9] 0 (0.0%) [NC-NC] 0.81 [NC-NC] NC
All strokes* 27 (4.3%) [2.9-6.1] 3 (2.0%) [0.5-5.3] 2.35[-0.40-5.09] | 0.09
Disabling strokes* 14 (2.2%) [1.3-3.6] 2(1.3%) [0.3-4.3] 0.90 [-1.28-3.08] | 0.42
Non-disabling strokes* 13 (2.1%) [1.2-3.5] 1(0.6%) [0.1-3.3] 1.45[-0.25-3.14] 0.09
All-cause death and disabling strokes 30 (4.8%) [3.4-6.8] 2 (1.3%) [0.3-5.2] 3.50[1.00-5.99] 0.0061
All-cause death and all strokes 43 (6.9%) [5.2-9.2] 3 (2.0%) [0.6-6.0] 4.94 [1.95-7.94] 0.0012
V"v'gfsﬂaae'ésgtﬁog‘*f‘” valverelatedisymptomsior 13 (2.1%) [1.2-3.5] 1(0.7%) [0.1-3.4] 1.46 [-0.27-3.19] | 0.09
Life-threatening major bleeding (BARC type 3 or 5)* | 39 (6.2%) [4.5-8.3] 5 (3.3%) [1.2-7.0] 2.94 [-0.47-6.34] | 0.09
Life-threatening major bleeding (BARC type 3b or 5)* | 15 (2.4%) [1.4-3.8] 2 (1.3%) [0.3-4.3] 1.09[-1.10-3.27] | 0.33
Myocardial infarction* 2(0.3%) [0.1-1.1] 0 (0.0%) [NC-NCI 0.32 [NC-NC] NC
Valve-related dysfunction requiring repeat procedure* | 2 (0.3%) [0.1-1.1] 0 (0.0%) [NC-NC] 0.32 [NC-NC] NC
Implantation of multiple valves* 1 (0.2%) [0.0-0.9] 4 (2.6%) [0.9-6.1] -2.44 [-4.97-0.09] 0.06
New LBBB* 92 (14.6%) [12.0-17.5]1 | 30 (19.7%) [13.8-26.4] | -5.06 [-12.0-1.84] | 0.15
New permanent pacemaker implantation* 95 (15.2%) [12.5-18.2] | 16 (10.6%) [6.3-16.11] 4.64 [-1.02-10.31]1 | 0.11
é\:‘{egﬁﬂ{;g”;;ae:;;'“"g in haemodynamic instability | 56 (4 gos) [3.3-6.7] 3(2.0%) [0.5-5.3] 2.79[-0.01-5.60] | 0.051
Number of events (percentages) [95% Cl: confidence intervall. Percentages are Kaplan-Meier estimates or cumulative incidence estimates (indicated
by *) taking mortality as a competing risk into account. BARC: Bleeding Academic Research Consortium; CHF: congestive heart failure; HBR: high
bleeding risk; LBBB: left bundle branch block; NC: not calculated




Table 5. Endpoints at 1 year by ARC-HBR status.

HBR+ N=633

Bleeding after TAVR according to ARC-HBR criteria

HBR- N=154

Risk difference
[95% Cl]

p-value

All-cause death 73 (12.4%) [10.0-15.4] 6 (4.3%) [2.0-9.4] 8.09 [3.76-12.41]1 | 0.0002
Cardiac death 42 (7.2%) [5.4-9.6] 3(2.1%) [0.7-6.3] 5.12[1.97-8.26] 0.0015
Non-cardiac death 31 (5.6%) [4.0-7.9] 3(2.3%) [0.7-7.0] 3.33[0.12-6.53] 0.0422
All strokes* 35 (5.7%) [4.1-7.71 7 (4.7%) [2.1-9.0] 0.97 [-2.92-4.86] | 0.62
Disabling strokes* 17 (2.8%) [1.7-4.3] 4 (2.5%) [0.9-6.3] 0.04 [-2.88-2.971 | 0.98
Non-disabling strokes* 18 (3.0%) [1.8-4.5] 3 (2.0%) [0.6-5.4] 0.93[-1.70-3.57] | 0.49
All-cause death and disabling strokes 84 (14.1%) [11.6-17.2] 9 (6.3%) [3.3-11.9] 7.80[2.89-12.71]1 | 0.0019
All-cause death and all strokes 100 (16.8%) [14.0-20.0] | 11 (7.5%) [4.2-13.2] 9.25[4.02-14.47] | 0.0005
USSP L0 VG CEL YRR 28 Sy 37 (6.3%) [4.5-8.4] 4(2.8%)[0.96.5] | 3.51[0.20-6.83] | 0.0380
Life-threatening major bleeding (BARC type 3 or 5)* | 48 (7.7%) [5.8-10.0] 9 (6.1%) [3.0-10.7] 1.67 [-2.72-6.06] | 0.46
Life-threatening major bleeding (BARC type 3b or 5)* | 21 (3.4%) [2.2-5.1] 3(2.0%) [0.6-5.3] 1.43[-1.25-4.11] | 0.30
Myocardial infarction* 9 (1.5%) [0.7-2.8] 0 (0.0%) [NC-NC] 1.51 [NC-NC] NC
Valve-related dysfunction requiring repeat procedure* 4 (0.7%) [0.2-1.6] 0 (0.0%) [NC-NC] 0.66 [NC-NC] NC
Endocarditis* 4(0.7%) [0.2-1.7] 0 (0.0%) [NC-NCI 0.69 [NC-NC] NC
New LBBB* 96 (15.4%) [12.7-18.3] | 30(19.7%) [13.8-26.4] | -4.32[-11.3-2.61] | 0.22
New permanent pacemaker implantation* 98 (15.8%) [13.0-18.7] | 16 (10.6%) [6.3-16.1] | 5.16 [-0.52-10.84] | 0.07
Any arrhythmia resulting in haemodynamic instability 37 (6.1%) [4.4-8.2] 4 (2.7%) [0.9-6.3] 3.40 [0.18-6.62] 0.0387

or requiring therapy

Number of events (percentages) [95% Cl: confidence intervall. Percentages are Kaplan-Meier estimates or cumulative incidence estimates (indicated
by *) taking mortality as a competing risk into account. ARC-HBR: Academic Research Consortium - High Bleeding Risk; BARC: Bleeding Academic
Research Consortium; CHF: congestive heart failure; LBBB: left bundle branch block; NC: not calculated

HBR+ HBR-
n/N n/N Risk difference
Subgroup Est. (95% CI) Est. (35% CI) (95% CI) p-value
Overall 21/633 3/154
3.4(2.2-5.1) 2.0(0.5-5.3) 1.43 (-1.22-4.09) 0.2901
STS category (interaction p=NC)
<4% 11/347 3/127
3.3(17-5.6) 2.4(0.7-6.3) 0.85(-2.43-4.14) 0.6113
5-8% 6/205 0/21
3.0(1.3-6.1) 0.0% (NC-NC) 3.03 (NC-NC) NC
>8% 4/69 0/2
6.0 (1.9-13.4) 0.0% (NC-NC) (NC-NC) NC
Age category (interaction p=NC)
<80y 8/172 2/54
4.8(2.2-8.7) 3.8(0.7-11.6) 0.94 (-5.17-7.05) 0.7625
81-85y 10/257 0/70
4.1(2.1-7.1) 0.0% (NC-NC) 4.10 (NC-NC) NC
>85y 3/204 1/30
1.5(0.4-4.0) 3.3(0.2-14.5) —1.86 (-8.49-4.78) 0.5831
Number of medications (interaction p=NC)
0 3/111 0/52
2.8(0.8-7.3) 0.0% (NC-NC) 2.79 (NC-NC) NC
1 10/389 2/76
2.7 (1.4-4.7) 2.7(0.5-8.5) —0,07 (—4.14-4.00) 0.9744
2 8/118 1/26
6.9 (3.2-12.5) 3.8(0.3-16.4) 3.08 (-5.64-11.81) 0.4889
3 0/15 0/0
0AC at baseline (interaction p=NC)
No 17/405 3/154
4.4(2.6-6.7) 2.0(0.5-5.3) 2.37 (—0.64-5.38) 0.1234
Yes 4/228 0/0
1.8(0.6-4.2) 0.0% (NC-NC) (NC-NC) NC

Figure 3. BARC 3-5 bleeding at one year by subgroups. CI: confidence interval; HBR: high bleeding risk; OAC: oral anticoagulants;, NC: not

calculated; STS: Society of Thoracic Surgeons
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Table 6. Landmark analysis according to 0AC status at day 30 to assess the one-year BARC 3-5 bleeding risk.

0AC at day 30 Risk difference
(interaction p=0.1461) [95% ClI]
No 6/322 (1.9%) [0.8-3.9] 1/132 (0.8%) [0.1-3.9] 1.11 [-1.04-3.26] 0.31
Yes 4/242 (1.7%) [0.6-4.0] 2/14 (14.9%) [2.4-37.8] -13.2 [-32.3-5.97] 0.18

Number of events (percentages) [95% Cl: confidence interval]l. Percentages are cumulative incidence estimates taking mortality as a competing risk
into account; Cl: confidence interval. HBR: high bleeding risk; OAC: oral anticoagulants

HBR+ HBR-
n/N n/N
Subgroup Est. (95% CI) Est. (95% CI)
Overall 73/633 6/154
12.4 (10.0-15.4) 4.3 (2.0-9.4)
STS category (interaction p=NC)
<A4% 25/347 5/127
7.7 (5.3-11.2) 4.3(1.8-10.2)
5-8% 35/205 1/21
18.5(13.7-24.9) 5.0 (0.7-30.5)
>8% 13/69 0/2

19.9 (12.0-31.8)
Age category (interaction p=0.5411)

0.0% (NC-NC)

<80y 18/172 3/54
11.2(7.2-17.2) 6.3 (2.1-18.5)
81-85y 26/257 2/70
11.1(7.7-15.9) 3.1(0.8-11.9)
>85y 29/204 1/30
15.0 (10.7-20.9) 3.4(0.5-22.1)
Number of medications (interaction p=NC)
0 15/111 3/52
14.1 (8.7-22.3) 6.4 (2.1-18.9)
1 44/389 3/76
12.3(9.3-16.2) 4.3(1.4-12.6)
2 12/118 0/26
10.6 (6.2-18.0) 0.0% (NC-NC)
3 2/15 0/0

20.0 (5.4-59.1) 0.0% (NC-NC)

0AC at baseline (interaction p=NC)

No 437405 6/154
11.5(8.6-15.2) 4.3(2.0-9.4)
Yes 30/228 0/0

14.1(10.1-19.5) 0.0% (NC-NC)

Risk difference HBR+ HBR-
(95% CI) p-value hetter better
8.09 (3.76-12.41) 0.0002 e
3.37(-1.37-8.11) 0.1639 .
13.53 (2.48-24.59) 0.0164 ——
(NC-NC) NC
4.86 (—3.65-13.37) 0.2627 |—§—.—|
7.99 (2.12-13.86) 0.0077 —a—
11.59 (3.24-19.93) 0.0065 P
763 (=2.09-17.35) 0.1238 ——a—
8.02 (2.20-13.85) 0.0070 —a—
10.64 (NC-NC) NC : [ ]
(NC-NC) NG :
7.14 (2.45-11.83) 0.0028 .
(NC-NC) NC .
T
0

Figure 4. Mortality at one year by subgroups. CI: confidence interval; HBR: high bleeding risk; OAC: oral anticoagulants; NC: not

calculated; STS: Society of Thoracic Surgeons

most frequently performed via the radial approach with smaller
sheaths and catheters, the presence of peripheral vasculopathy is
notably absent from ARC-HBR criteria while the size, presence
of calcifications, and tortuosity of the iliac and femoral arter-
ies are strongly associated with TAVR-related vascular complica-
tions and bleeding. More recently, Navarese et al have developed
a 6-item algorithm comprising blood haemoglobin and serum
iron concentrations, oral anticoagulation and dual antiplatelet
therapy, common femoral artery diameter, and creatinine clear-
ance that was able to identify patients at high risk of bleeding
within 30 days after TAVR". The role of anti-thrombotic medi-
cations is crucial in determining the rate of bleeding in these
patients. However, we found that despite having more frequent
use of OAC and being stratified according to bleeding-associated
conditions, HBR+ patients had similar rates of severe bleeding

compared to HBR—, which highlights the fact that important con-
ditions reflecting the specificity of a TAVR population are miss-
ing in the ARC-HBR definition.

In the present study, approximately 7% of patients who under-
went TAVR had BARC 3 or 5 type bleeding at one year, which
is consistent with recent reports®’. A previous study reported that
life-threatening bleeding after TAVR, as defined by the VARC cri-
teria, occurred in approximately 15 to 20% of TAVR procedures?.
Our estimate of major bleeding complications in TAVR was 7.2%,
which we believe to be a more contemporary estimate and could
be further ameliorated using a single antithrombotic agent (e.g.,
a VKA or an NOAC in patients with atrial fibrillation, or aspirin in
patients without) if PCI is not concurrently performed*.

Major bleeding or vascular complications have decreased as

TAVR technology evolves into smaller device and sheath sizes*?,



and bleeding complications are inconsistent in the early litera-
ture®*. However, major bleeding is still associated with a three-
fold increase in one-year mortality following TAVR®’. Patients
referred to TAVR are elderly, frail and at risk for both bleeding
and ischaemic complications”!7?. Careful evaluation of risk and
benefit is warranted to identify the optimal antithrombotic regi-
men, as major late bleeding complications are associated with an
increased risk of mortality®. Our data support and strengthen a pre-
vious report? suggesting that ARC-HBR criteria are not suitable
for TAVR patients. Further studies and initiatives are warranted to
determine the conditions qualifying HBR for the specific subset of
patients requiring percutaneous valvular interventions.

Limitations

The present analysis has several limitations. The present report
describes a post hoc subgroup analysis according to bleeding
risk in the SCOPE 2 trial. Outcomes were assessed among ARC-
HBR+ and ARC-HBR- patients. As per trial protocol, the current
subgroup analysis should be considered exploratory and hypoth-
esis-generating as the trial did not meet its primary objective and
was not powered for either comparative assessment of bleed-
ings nor for this patient stratification. In addition, some of the
ARC-HBR criteria were not captured in the trial. Most uncap-
tured medical conditions (cirrhosis and all severe coagulation
conditions, active cancer with bad prognosis) were criteria for
exclusion in the SCOPE 2 trial, and some of them (brain mal-
formations) are very rare in this TAVR population. In addition,
ischaemic strokes and transient ischaemic attacks were classi-
fied as minor criteria in the absence of timing of the events. We
assumed that this would not significantly impact the determina-
tion of the patients’ groups.

Conclusions

ARC-HBR criteria defined for PCI patients did not identify a sub-
set of TAVR patients at increased rates of BARC 3 or 5 bleed-
ing in the SCOPE 2 trial. Specific HBR criteria should be defined
for TAVR patients. These findings are clinically relevant and have
potential important implications, especially for the selection of
post-TAVR antithrombotic regimens based on individual bleeding
risk profiles.

Impact on daily practice

Severe bleeding after TAVR is associated with increased mor-
bidity and mortality. As opposed to PCl-related risks of bleed-
ing that have been defined by an ARC initiative, the conditions
leading to severe bleeding after TAVR remain insufficiently
explored. The present report confirms and strengthens the fact
that conditions stratifying high bleeding risk criteria in a PCI
population are not relevant to qualify high bleeding risk in the
subset of valvular patients requiring percutaneous intervention.
High bleeding risk criteria should be defined in a way that is
specific to TAVR patients. A dedicated initiative is warranted.

Bleeding after TAVR according to ARC-HBR criteria
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Supplementary data

Supplementary Table 1. Comparison of definitions between the ARC-HBR criteria and

the present study.

ARC-HBR criteria Present study Category | Comments
Age >75 Age >75 Minor Identical
Anticipated use of long-term | Long-term OAC Major Identical
oral anticoagulation”
Severe or end-stage CKD Clearance creatinine by Major Identical
(eGFR <30 mL/min) original MDRD, same cut-
off
Moderate CKD (eGFR 30-59 | Clearance creatinine by Minor Identical
mL/min) original MDRD, same cut-
off
Haemoglobin <11 g/dL Haemoglobin <11 g/dL Major Identical
Haemoglobin 11-12.9 g/dL Haemoglobin 11-12.9 g/dL | Minor Identical
for men and 11-11.9 g/dL for | for men and 11-11.9 g/dL
women for women
Spontaneous bleeding Major Not available
requiring hospitalisation or
transfusion in the past 6
months or at any time, if
recurrent
Spontaneous non-intracranial Minor Not available
bleeding requiring
hospitalisation or
transfusion within the past 12
months not meeting the major
criterion
Moderate or severe baseline | Severe coagulation Major Not available
thrombocytopaenia (platelet | condition is a criterion for
count <100 x109/L) exclusion
Chronic bleeding diathesis Active bleeding is a Major Not available
criterion for exclusion
Liver cirrhosis with portal Severe coagulation Major Not available
hypertension condition is a criterion for
exclusion
Long-term use of oral List of medications at the Minor identical
NSAIDs or steroids NSAIDS | time of procedure and at
at discharge discharge available
Active malignancy Active cancer in the past 12 | Major identical
(excluding non-melanoma months
skin cancer) within
the past 12 months
Previous spontaneous ICH (at | Previous haemorragic stroke | Major modified
any time)
Presence of a b AVM Major Not available




Moderate or severe ischaemic | Previous stroke or TIA (no | Major Not available
stroke within the past 6 mo indication of date)

Non-deferrable major surgery Major Not available
on DAPT

Recent major surgery or Major Not available
major trauma within 30 d

before PCI

Any ischaemic stroke at any | Previous stroke or TIA (no | Minor Modified

time not meeting the major
criterion

indication of date)

bAVM: brain arteriovenous malformation; CKD: chronic kidney disease; DAPT: dual
antiplatelet therapy; eGFR: estimated glomerular filtration rate; HBR: high bleeding risk;
ICH: intracranial haemorrhage; NSAID: non-steroidal anti-inflammatory drug; PCI:
percutaneous coronary intervention




