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BACKGROUND: The Valve Academic Research Consortium (VARC) has updated criteria for periprocedural bleeding after
transcatheter aortic valve replacement. However, clinical validation of the VARC-3 bleeding definition is scarce. The aim of this
study was to evaluate incidence, associated variables, and clinical impact of VARC-3 bleeding.

METHODS: The study included 2227 patients with severe aortic stenosis undergoing transcatheter aortic valve replacement
between 2018 and 2023 at the University Hospital Cologne. VARC-3 bleeding during the index hospitalization were analyzed.
Incidence, variables associated with bleeding, and impact on 30-day mortality were evaluated by comparison to the VARC-2
criteria. All data were prospectively collected.

RESULTS: VARC-3 bleeding was 2.5 times more prevalent than VARC-2 (13.9% versus 34.4%), as VARC-3 includes
nonattributable blood loss >3 g/dL as a bleeding event. Chronic kidney disease, thoracotomy access, dual antiplatelet therapy
(P<0.001 for all), and female sex (P=0.023) were variables associated with VARC-3 bleedings. Type 3 bleeding (VARC-3) was
associated with an increased 30-day mortality (hazard ratio [HR], 2.89 [95% Cl, 1.35-6.19], P=0.006). VARC-2 major and life-
threatening bleeding events were associated with increased 30-day mortality as well (HR, 2.74 [95% CI, 1.26-5.95], P=0.011
and HR, 29.60 [95% CI, 17.42-50.30], P<0.001).

CONCLUSIONS: The VARC-3 criteria present a refined classification for bleeding with prognostic relevance. However, the VARC-2
criteria demonstrate precision and clear correlation with increasing mortality risk proportional to the severity of bleeding too,
showing even greater predictive accuracy in the transfemoral cohort. These findings require further validation with similar or
even larger patient cohorts.
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come the treatment of choice in older patients with
severe aortic stenosis."> Moreover, the use of TAVR is
expanding even in low-risk patients.®* TAVR is associated
with similar success but lower periprocedural bleeding

Tanscatheter aortic valve replacement (TAVR) has be-

rates than surgical aortic valve replacement.® Even though
periprocedural bleeding was significantly reduced over
time due to increasing operator experience and improved
transcatheter heart valve technology, periprocedural
bleeding remains a relevant drawback after TAVR.®
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CLINICAL PERSPECTIVES
What Is New?

This analysis provides the first clinical valida-
tion of the updated Valve Academic Research
Consortium-3 (VARC-3) bleeding criteria in a
contemporary transcatheter aortic valve replace-
ment cohort from Germany.

What Are the Clinical Implications?

e Female sex, dual antiplatelet therapy, chronic
kidney disease, transaxillary access, thoracot-
omy access, and larger sheath sizes are vari-
ables associated with VARC-3 bleeding.

e The adoption of the new VARC-3 bleeding criteria
leads to a substantial increase in bleeding events,
and VARC-3 bleeding was associated with in-
creased 30-day mortality.

Nonstandard Abbreviations and Acronyms

DAPT  dual antiplatelet therapy
TAVR transcatheter aortic valve replacement
VARC Valve Academic Research Consortium

The Valve Academic Research Consortium (VARC)
has updated criteria for relevant clinical end points and
redefined periprocedural bleeding.” A prior study found
that the VARC-3 bleeding criteria provide an accurate
classification system. However, clinical validation of the
VARC-3 bleeding definition is available only in a het-
erogenous patient population treated with outdated
transcatheter heart valves and using historical access
routes for TAVR.8 Therefore, the objective of this study
was to evaluate incidence, variables associated with
bleeding, and clinical impact of VARC-3 bleeding events
by analyzing their association with 30-day mortality
compared with the earlier VARC-2 criteria in a German
cohort receiving current generation transcatheter heart
valves mainly via transfemoral access.

METHODS

Study Population

All patients with severe aortic stenosis undergoing TAVR
between 2018 and 2023 at the University Cologne were
included (2405 patients). A total of 178 patients lack-
ing 30-day follow-up were excluded, resulting in 2227
patients (92.6%) for analysis. Specifications of modermn
transcatheter heart valves were determined in a multidis-
ciplinary heart team. Transfemoral access was standard
and used in 93.4%, whereas transaxillary, transaortic,

J Am Heart Assoc. 2025;14:e039342. DOI: 10.1161/JAHA.124.039342

VARC-2 and VARC-3 Bleedings After TAVR

and transapical access were limited to patients with
prohibitive peripheral vascular access. Periprocedural
anticoagulation and antithrombotic treatment was used
according to international guidelines and oral anticoagu-
lation was paused before TAVR.® Unfractionated heparin
was routinely administered until the activated clotting
time exceeded 250seconds. At the end of the proce-
dure, heparin was partially neutralized with half the dose
of protamine. Written informed consent was obtained
before TAVR and the local ethics committee provided
full board approval for this analysis. The authors declare
that all supporting data are available within the article
and its online supplementary files.

Data Collection and Clinical End Points

For this observational study baseline clinical, proce-
dural, and follow-up data were prospectively collected
in a web-based database held at the clinical trials unit of
Cologne heart center. Clinical follow-up data at 30days
were obtained during prescheduled outpatient clinics or
by phone contact. If necessary, referring cardiologists
were contacted for further information. The primary end
point was all-cause mortality at 30days after TAVR.
Procedure-related bleeding events were systemically
collected and adjudicated by members of the local heart
team according to the VARC definitions at time of the
TAVR procedure.”'® Every overt bleeding and peripro-
cedural blood loss was reassessed according to both
VARC-2 and VARC-3 criteria, respectively.

Bleeding Events Definition
According to the VARC-2 criteria, bleeding events
were classified as minor, major, and life threatening.
Minor bleeding was defined as any bleeding worth
clinical documentation (e.g. access site hematoma).
Major bleeding was classified as overt bleeding either
associated with a drop in hemoglobin level of at least
3g/dL or requiring transfusion of 2 or 3 units of whole
blood or packed red blood cells (RBCs). Life-threatening
bleeding was defined as fatal bleeding or bleeding in
a critical organ (e.g. intracranial, intraspinal, intraocular,
pericardial  necessitating  pericardiocentesis, or
intramuscular with compartment syndrome); bleeding
causing hypovolemic shock or severe hypotension
requiring vasopressors or surgery; or overt source of
bleeding with a drop in hemoglobin of >5 g/dL or whole
blood or packed RBCs transfusion >4 units.®

VARC-3 criteria classify bleeding events as type 1,
2, 3 or 4, with type 1 bleeding as any overt bleeding
requiring medical intervention or transfusion of 1 unit
of whole blood or RBCs. Type 2 bleeding was deter-
mined as overt bleeding associated with a hemoglobin
drop of >3g/dL but <5g/dL or overt bleeding requiring
transfusion of 2 to 4 units of whole blood or RBCs.
Type 3 bleeding was characterized as overt bleeding in
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a critical organ, causing hypovolemic shock or severe
hypotension requiring vasopressors or surgery, requir-
ing reintervention or reoperation, or postthoracotomy
chest tube output >2L in 24 hours, or associated with
a drop in hemoglobin level of >5g/dL or leading to a
transfusion of >5 units of whole blood or RBCs. Type
4 bleeding was defined as bleeding leading to death.”®
Although the VARC-2 document postulates that bleed-
ing has to be the result of overt bleeding, the VARC-3
document declares that any procedural blood loss
should be interpreted as overt bleeding, even in the
absence of an obvious source of bleeding.”'® Thus,
type 2 bleeding events were defined as any procedural
blood loss with a hemoglobin decrease of 3 to 5g/dL
and type 3 bleeding events were defined as any proce-
dural blood loss with a hemoglobin decrease of >5g/
dL. It is important to note that in this article, proce-
dural blood loss (type 2 or type 3 bleeding) is classified
as non-attributable bleeding if it is defined solely by
a hemoglobin decrease without a clinically apparent
source of bleeding. We analyzed hemoglobin levels 1-
day prior TAVR and the lowest value within 96 hours
after TAVR to identify periprocedural blood loss and
the extent of overt bleeding during the index hospi-
talization. The administration of RBCs during hospi-
talization and whether it was related to overt bleeding
was carefully evaluated to classify bleeding severity. At
our institution, patients with hemoglobin levels <7 g/dL
usually receive 1 to 2 units of RBCs before TAVR, and
patients with renal failure were administered 500 mL of
isotonic saline solution before the procedure.

Statistical Analysis

Continuous variables were tested for normality using
Kolmogorov—-Smirnov test and Shapiro-Wilk test.
Differences were tested using the Mann-Whitney U
test or the Student’s t test for independent samples,
and variables are reported as mean+SD or median
(Q1-QQ). Categorical variables are presented as fre-
quencies and percentages using the chi-square test for
statistical separation. Baseline characteristics like co-
morbidities and medication use (antithrombotic agents
and oral anticoagulation) as well as procedural data
were explored to determine variables associated with
VARC-3 bleeding events by univariable logistic regres-
sion analysis. Any variable with P<0.10 was included in
a variable logistic regression model and multivariable
variables associated with bleeding are reported as
odds ratio (OR; 95% Cl). Cox regression analyses were
performed separately for VARC-2 and VARC-3 bleed-
ing events to evaluate their effect on 30-day mortality.
VARC-2 and VARC-3 bleeding events were included as
covariates in the model and the reference category for
hazard ratios (HR) was cases without bleeding events.
The Cox regression analysis for VARC-2 and VARC-3
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bleeding was adjusted for potential confounders, in-
cluding arterial hypertension, diabetes, peripheral ar-
tery disease, coronary artery disease, atrial fibrillation,
chronic obstructive pulmonary disease, prior stroke,
chronic kidney disease, previous cardiac surgery, and
previous myocardial infarction. Kaplan—-Meier esti-
mates were performed to build survival curves, which
were compared using the log-rank-test. In this article,
the term “prognostic relevance” is used to describe
the statistical approach for assessing associations
between clinical variables and short-term outcomes
using Kaplan—Meier-estimates and multivariable Cox
regression analysis. All statistical tests were 2 tailed,
and P<0.05 was considered statistically significant.
Calculations were performed using SPSS Version
29.0.2.0 for Mac (IBM SPSS Statistics) and R Version
4.3.3 (R Foundation for Statistical Computing).

RESULTS

Baseline Characteristics

The analysis included 2227 patients undergoing TAVR
at the University Heart Center Cologne between
2018 and 2023. The median age was 82.3 (Q1-
Q3: 78.4-85.4) years and 46.7% were women. The
median Society of Thoracic Surgeons Predicted Risk
of Mortality score was 3.25% (Q1-Q3: 2.24%—-4.98%).
Transfemoral TAVR was performed in 93.4% of the
procedures; 63.6% of the patients were treated with
self-expanding valves. Transaxillary, transapical, and
transaortic access was used in 4.5%, 1.8%, and 0.4%
of patients, respectively. Baseline and procedural
characteristics including antithrombotic treatment and
anticoagulation are shown in Tables 1 and 2.

Incidence and Severity of Bleeding

VARC-2 bleeding complications occurred in 13.9% of
patients. Most patients (133, 6.0%) experienced major
bleeding. An additional 72 patients (3.2%) suffered
life-threatening bleeding and 26 of these patients died
within 30days.104 patients (4.7%) had minor bleeding.
When applying the VARC-3 criteria significantly more
bleeding events were captured (13.9% versus 34.4%,
P<0.001) (Figure 1). Type 2 and type 3 bleedings were
frequent subtypes with 24.2% and 6.6%, respectively.
A total of 54 patients (2.4%) experienced type 1 bleed-
ing, and 24 patients (1.1%) had fatal bleeding (type 4
bleeding). Table 3 illustrates the reclassification of
VARC-2 bleeding events under the new VARC-3 cri-
teria, largely driven by the inclusion of non-attributable
periprocedural blood loss. Nearly 21% (460 patients) of
patients experienced VARC-3 bleedings resulting from
non-attributable periprocedural blood loss, represent-
ing 60% of all VARC-3 bleedings.
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Table 1. Baseline Characteristics, Overall and According to the Presence of VARC-3 Bleeding
No bleeding Bleeding

Baseline characteristics Total (N=2227) (N=1462, 65.6%) (N=765, 34.4%) P value
Age, y 82.3 (78.4-85.4) 82.2 (78.2-85.2) 82.3(78.8-85.7) 0.252
Female sex 1039 (46.7%) 650 (44.5%) 389 (50.8%) 0.004
Body mass index, kg/m? 26.1 (23.6-29.4) 26.3 (23.7-29.7) 26.0 (23.4-29.3) 0.108
Diabetes 620 (27.8%) 411 (28.1%) 209 (27.3%) 0.692
Hypertension 1908 (85.7%) 1262 (86.3%) 646 (84.4%) 0.230
Peripheral artery disease 373 (16.7%) 232 (15.9%) 141 (18.4%) 0.124
Coronary artery disease 1344 (60.4%) 866 (59.2%) 478 (62.5%) 0.137
Previous myocardial infarction 215 (9.7%) 131 (9.0%) 4 (11.0%) 0.125
Previous cardiac surgery 232 (10.4%) 143 (9.8%) 9 (11.6%) 0174
Previous stroke 200 (9.0%) 127 (8.7%) 73 (9.5%) 0.502
Chronic obstructive pulmonary disease 252 (11.3%) 154 (10.5%) 98 (12.8%) 0.107
Atrial fibrillation/flutter 874 (39.2%) 594 (40.6%) 280 (36.6%) 0.065
Chronic kidney disease 1151 (51.7%) 714 (48.8%) 437 (57.1%) <0.001
Dialysis 52 (2.3%) 34 (2.3%) 18 (2.4%) 0.968
Previous pacemaker 243 (10.9%) 176 (12.0%) 67 (8.8%) 0.018
Left ventricular ejection fraction category 0.600

>50% 1760 (79.0%) 1144 (78.2%) 616 (80.5%)

41%-50% 210 (9.4%) 140 (9.6%) 70 (9.2%)

31%-40% 144 (6.5%) 97 (6.6%) 47 (6.1%)

<31% 108 (4.8%) 78 (5.3%) 30 (3.9%)
New York Heart Association functional class Ill/IV 1496 (67.2%) 968 (66.2%) 528 (69.0%) 0.180
European System for Cardiac Operative Risk 3.44 (2.06-5.50) 3.19 (1.99-5.39) 3.75 (2.16-5.85) <0.001
Evaluation score Il
Society of Thoracic Surgeons score 3.25 (2.24-4.98) 3.15 (2.20-4.75) 3.43 (2.36-5.27) 0.006
Aortic valve mean gradient, mmHg 43.0 (37.0-51.0) 43.0 (36.0-51.0) 44.0 (37.5-52.0) 0.027
Aortic valve area, cm? 0.70 (0.60-0.90) 0.70 (0.60-0.90) 0.70 (0.60-0.83) 0.043
Baseline hemoglobin, g/dL 12.3 (11.1-13.5) 12.2 (10.9-13.4) 12.7 (11.5-13.8) <0.001
Baseline platelets, x103/gL 217 (177-262) 217 (176-263) 216 (177-261.5) 0.807
Acetylsalicylic acid 1005 (45.1%) 627 (42.9%) 378 (49.4%) 0.003
P2Y,, inhibitor 571 (25.6%) 327 (22.4%) 244 (31.9%) <0.001
Anticoagulation 798 (35.8%) 558 (38.2%) 240 (31.4%) 0.001
Vitamin K antagonist 176 (7.9%) 111 (7.6%) 65 (8.5%) 0.453
Direct oral anticoagulant 622 (27.9%) 446 (30.5%) 176 (23.0%) <0.001
SAPT 690 (31.0%) 449 (30.7%) 241 (31.5%) 0.701
DAPT 356 (16.0%) 195 (13.3%) 161 (21.0%) <0.001
SAPT+anticoagulation 192 (8.6%) 126 (8.6%) 66 (8.6%) 0.994
DAPT+anticoagulation 18 (0.8%) 1(0.8%) 7 (0.9%) 0.684

Values are median (Q1-Q3) or n (%). Group comparisons were performed using the Mann-Whitney U test or Student’s ¢ test for continuous variables and
the chi-square test for categorical variables. DAPT indicates dual antiplatelet therapy; SAPT, single antiplatelet therapy; and VARC, Valve Academic Research

Consortium.

The incidence of bleeding events has demonstrated
a marked decline over recent years in our TAVR pro-

gram (Figure 2).

disease, chronic obstructive pulmonary disease, atrial
fibrillation, and heart failure with reduced ejection frac-
tion was similar in patients with and without bleed-
ing events. In addition, the rates of previous cardiac
surgery, previous myocardial infarction or stroke, and

Factors Associated With Bleeding Events

As shown in Table 1, VARC-3 bleeding was more fre-
quent in women. The burden of diabetes, arterial hy-
pertension, peripheral artery disease, coronary artery

New York Heart Association functional class lll/IV did
not differ. However, chronic kidney disease was more
common in the bleeding group (48.8% versus 57.1%,
P<0.001), and patients with bleeding events were

J Am Heart Assoc. 2025;14:e039342. DOI: 10.1161/JAHA.124.039342 4
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Table 2. Procedural and Discharge Characteristics, Overall and According to the Presence of VARC-3 Bleeding

No bleeding Bleeding
Procedural and discharge characteristics Total (N=2227) (N=1462, 65.6%) (N=765, 34.4%) P value
Procedure urgency 0.116
Elective 1967 (88.3%) 1280 (87.6%) 687 (89.6%)
Urgent 260 (11.7%) 182 (12.4%) 78 (10.2%)
Procedure time, min 57 (46-72) 54 (44-66.5) 63 (52-86) <0.001
Vascular access <0.001
Transfemoral 2080 (93.4%) 1390 (95.1%) 690 (90.2%)
Transaxillary 100 (4.5%) 58 (4.0%) 42 (5.5%)
Transapical 39 (1.8%) 13 (0.9%) 26 (3.4%)
Transaortic 8 (0.4%) 1(0.1%) 7 (0.9%)
Prosthesis type 0.118
Balloon expanding 809 (36.4%) 515 (35.3%) 294 (38.6%)
Self-expanding 1412 (63.6%) 945 (64.7%) 467 (61.4%)
Prothesis size 27.35+2.80 27.57+2.74 26.93+2.87 <0.001
Predilatation 1323 (59.4%) 873 (59.7%) 450 (58.8%) 0.685
Postdilatation 326 (14.6%) 211 (14.4%) 115 (15.0%) 0.703
Discharge data
Admission length, d 7.0 (5.0-10.0) 7.0 (56.0-9.0) 8.0 (6.0-14.0) <0.001
Intensive care unit admission length, d 2.0 (1.0-3.0) 1.0 (1.0-2.0) 2.0 (1.0-4.0) <0.001
Paravalvular leak >moderate 85 (3.9%) 54 (3.7%) 31 (4.3%) 0.546
Acetylsalicylic acid 1287 (58.8%) 827 (57.1%) 460 (62.2%) 0.022
P2Y,, inhibitor 571 (25.6%) 327 (22.4%) 244 (31.9%) <0.001
Clopidogrel 557 (25.0%) 324 (22.2%) 233 (30.5%) <0.001
Ticagrelor/Prasugrel 14 (0.6%) 3(0.2%) 11 (1.4%) <0.001
Anticoagulation 951 (42.7%) 648 (44.3%) 303 (39.6%) 0.033
Vitamin K antagonist 492 (22.1%) 308 (21.1%) 184 (24.0%) 0.040
Direct oral anticoagulant 459 (20.6%) 340 (23.3%) 119 (15.6%) <0.001
DAPT 691 (31.0%) 395 (27.0%) 296 (38.7%) <0.001
SAPT 577 (25.9%) 423 (28.9%) 154 (20.1%) <0.001
SAPT+anticoagulation 295 (13.2%) 174 (11.9%) 121 (15.8%) 0.010
DAPT+anticoagulation 31 (1.4%) 15 (1.0%) 16 (2.1%) 0.042

Values are median (Q1-Q3) or n (%). Group comparisons were performed using the Mann-Whitney U test or Student’s ¢ test for continuous variables and
the chi-square test for categorical variables. DAPT indicates dual antiplatelet therapy; SAPT, single antiplatelet therapy; and VARC, Valve Academic Research

Consortium.

associated with higher Society of Thoracic Surgeons
scores. Patients in the bleeding group exhibited
higher transvalvular mean gradients and smaller aor-
tic valve areas. There was no difference regarding the
level of baseline platelets, but baseline hemoglobin
was slightly higher in the bleeding group. Patients
with bleeding more frequently took acetylsalicylic
acid (42.9% versus 49.4%, P: 0.003), P2Y,, inhibitors
(22.4% versus 31.9%, P<0.001), and dual antiplate-
let therapy (DAPT; 13.3% versus 21.0%, P<0.001)
before TAVR. Conversely, anticoagulation in general
(38.2% versus 31.4%, P=0.001) and anticoagulation
with direct oral anticoagulants (30.5% versus 23.0%,
P<0.001) was more frequent in patients without bleed-
ing. Treatment with vitamin K antagonist alone did not
differ between the 2 groups.

J Am Heart Assoc. 2025;14:e039342. DOI: 10.1161/JAHA.124.039342

Bleeding events were associated with procedural
duration and more frequent use of transaxillary (4.0%
versus 5.5%) and thoracotomy (1.0% versus 4.3%) ac-
cess. The average prosthesis size was smaller in the
bleeding group. Overall admission and stay on inten-
sive care were longer in patients with bleeding. At dis-
charge antithrombotic treatment and anticoagulation
with vitamin K antagonist were more common in the
bleeding group, whereas anticoagulation with direct
oral anticoagulants was more frequent in patients who
did not experience bleeding.

Variables Associated With Bleeding

Multivariable variables associated with periprocedural
VARC-3 bleeding were female sex (OR, 1.25 [95% Cl,
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Figure 1. Incidence of bleeding events according to
VARC-2 and VARC-3 criteria in percentages.
VARC indicates Valve Academic Research Consortium.

1.03-1.51], P=0.023), chronic kidney disease (OR, 1.40
[95% Cl, 1.17-1.68], P<0.001), the intake of DAPT (OR,
1.61[95% Cl, 1.26-2.05], P<0.001), transaxillary access
(OR, 1.58 [95% ClI, 1.04-2.40], P=0.033), thoracotomy
(transapical and transaortic) access (OR, 5.20 [95% Cl,
2.73-9.89], P<0.001), a body mass index (BMI)<18.5
(OR, 211 [95% ClI, 1.09-4.08], P=0.026), and larger
sheath sizes of 18 to 19 Fr (OR, 1.85 [95% CI, 1.30-
2.62], P<0.001) as well as sheath sizes of 20 to 24 Fr
(OR, 2.12 [95% Cl, 1.43-3.13], P<0.001). Patients with
a BMI between 35 and 40 also tended to have a higher
risk for VARC-3 bleeding, yet this finding was not sig-
nificant (OR, 1.51 [95% Cl, 0.99-2.23], P=0.052). Direct
oral anticoagulant was protective for VARC-3 bleed-
ing (OR, 0.72 [95% Cl, 0.58-0.90], P=0.003) (Table 4,
Figure 3). When excluding patients with alternative ac-
cess, this effect was consistent for the transfemoral
TAVR cohort (n=2080). Moreover, other variables asso-
ciated with VARC-3 bleeding also remained the same
for the transfemoral cohort (Table 4).

DAPT, thoracotomy access, and chronic kidney
disease also remained significant variables associ-
ated with VARC-2 bleeding, whereas female sex and

Table 3. Reclassification and Distribution Analysis of
Overt VARC-2 Bleedings Based on the Updated VARC-3
Criteria

Life
Minor Major threatening Total

Type 1 52 0 0 52
Type 2 39 84 1 124
Type 3 5 49 47 101
Type 4 0 0 24 24
No bleeding 8 0 0 8
Total 104 133 72 309

VARC indicates Valve Academic Research Consortium.

J Am Heart Assoc. 2025;14:e039342. DOI: 10.1161/JAHA.124.039342
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transaxillary access showed only borderline signifi-
cance (Table S1). Alow BMI («18.5) and a larger sheath
size did not emerge as an associated variable for
VARC-2 bleeding, even in the univariable analysis.

Bleeding Events and Mortality

In our cohort, a total of 69 patients (3.1%) died at
30days post TAVR. Patients with VARC-3 bleeding
showed progressive increase in 30-day mortality
according to severity of bleeding. No patient with type
1 bleeding died within 30days after TAVR and the
impact of type 2 bleeding on 30-day mortality was not
significant (HR, 1.00 [95% CI, 0.49-2.03], P=0.998).
However, type 3 bleeding was strongly associated
with mortality (HR, 2.89 [95% ClI, 1.35-6.19], P=0.006),
and type 4 bleeding led to death per definition (Table 5,
Figure 4A). When applying VARC-2 criteria, minor
bleeding was not associated with 30-day mortality
as mortality was zero. Nevertheless, both major (HR,
2.74 [95% Cl, 1.26-5.95], P=0.011) and life-threatening
bleeding (HR, 29.60 [95% CI, 17.42-50.30], P<0.001)
were strongly associated with increased mortality risk
(Table 5, Figure 4B).

A total of 460 patients (20.7%) experienced isolated
non-attributable periprocedural blood loss according
to the VARC-3 criteria. Non-attributable blood loss
between 3 and 5g/dL, classified as type 2 bleeding,
had no impact on 30-day mortality (HR, 0.65 [95%
Cl, 0.25-1.69], P=0.378). However, non-attributable
periprocedural blood loss >5g/dL (type 3 bleeding)
was associated with higher mortality risk when com-
pared with patients without periprocedural blood loss
(HR, 3.60 [95% ClI, 1.09-11.87], P=0.035). Considering
only patients with transfemoral TAVR, VARC-3 type 3
bleeding was no longer associated with mortality (HR,
115 [95% ClI, 0.35-3.84], P=0.818), whereas both
VARC-2 major and life-threatening bleeding still related
to increased mortality risk (HR, 2.48 [95% ClI, 1.02-
6.04], P=0.045 and HR, 33.99 [95% ClI, 18.88-61.18],
P<0.001) (Table 5).

DISCUSSION

The present analysis focuses on incidence, variables
associated with bleeding, and impact of periprocedural
bleeding according to the VARC-3 definition on 30-day
mortality in a contemporary German all comers cohort
undergoing mainly transfemoral (93.4%) TAVR between
2018 and 2023. Main findings revealed that (1) bleed-
ing events according to the VARC-3 definition occurred
in 34.3% of patients undergoing TAVR compared with
13.9% using VARC-2 criteria; (2) DAPT was associ-
ated with a higher risk of bleeding whereas pre-TAVR
intake of direct oral anticoagulants was not associated
with bleeding; (3) female sex, chronic kidney disease,
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Figure 2. Temporal trends of bleeding events according to VARC-2 and VARC-3 criteria.

VARC indicates Valve Academic Research Consortium.

transaxillary access, thoracotomy access, BMI <18.5,
and a larger sheath size were independent variables as-
sociated with VARC-3 bleeding events after TAVR; (4)
both VARC-2 and VARC-3 overall bleeding events were
associated with increased 30-day mortality; and (5)
non-attributable periprocedural blood loss with a drop
in hemoglobin level >5g/dL (type 3 bleeding) was asso-
ciated with increased mortality risk, whereas periproce-
dural blood loss between 3 and 5g/dL (type 2 bleeding)
had no impact on mortality (Graphical Abstract).

Incidence of Bleeding Events

The lower rate of vascular and bleeding complications
is considered one of the key advantages of TAVR
over conventional surgery." Nevertheless, patients
with severe aortic stenosis carry a substantial risk
for bleeding complications due to advanced age,
high comorbidity burden, and use of antithrombotic
medication.'”” Thus, bleeding has been identified as
a relevant complication in the TAVR population.'®* We
could demonstrate that bleeding events after TAVR
occurred in 34.4% of patients when applying the
VARC-3 definition, even with advanced transcatheter
heart valve technologies of a high-volume center
(Figure 1). Using the new VARC-3 definition a substantial
augmentation of bleeding events was seen, because
periprocedural blood loss is considered as overt
bleeding even in the absence of an obvious bleeding
source. Isolated non-attributable periprocedural blood
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loss accounted for nearly two thirds (60.1%) of VARC-3
bleeding events. Conversely, VARC-2 bleeding events,
dismissing isolated periprocedural blood loss, occurred
in only 13.9% of this patient cohort. These surprising
disparities between VARC-2 and VARC-3 bleeding
rates need to be acknowledged for every comparison.
The reported bleeding rates decreased from 2018 to
2023 every year, likely to be attributed to increasing
operator experience, improved valve and sheath
technology, larger proportion of low-risk patients, and
better strategies for local hemostasis'* (Figure 2).

Variables Associated With Bleeding
Events

In our study we were able to identify variables that were
significantly associated with increased risk for VARC-3
bleeding events. DAPT before TAVR was an independ-
ent risk factor in the multivariable model. As DAPT is
mainly prescribed after percutaneous coronary inter-
vention (PCI), our findings add observational evidence
to the ongoing debate around timing of PCI and DAPT
in the context of TAVR. PCI and DAPT before TAVR
should be considered with caution and limited to pa-
tients with severe coronary artery disease in proximal
vessel segments, especially those with significant
symptoms or with acute coronary syndrome.'® If PCl is
not deferable, shortening DAPT to 1 or 3months may
be considered as subsequent P2Y,, monotherapy was
associated with lower risk for major bleeding compared
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Table 4. Multivariable Variables Associated With VARC-3
Bleeding Events for the Entire Patient Cohort and the
Transfemoral Cohort Only

Variables associated

with VARC-3 bleeding

(entire cohort) Odds ratio (95% CI) P value
Female sex 1.25 (1.03-1.51) 0.023
Chronic kidney disease 1.40 (1.17-1.68) <0.001
DOAC 0.72 (0.58-0.90) 0.003
DAPT 1.61 (1.26-2.05) <0.001
Transaxillary access 1.58 (1.04-2.40) 0.033
Thoracotomy access 5.20 (2.73-9.89) <0.001
BMI<18.5kg/m? 2.28 (1.18-4.42) 0.014
BMI 25-30kg/m? 1.06 (0.86-1.31) 0.574
BMI 30-35kg/m? 0.86 (0.65-1.13) 0.277
BMI 35-40kg/m? 1.51 (0.99-2.23) 0.052
BMI>40kg/m? 0.80 (0.37-1.71) 0.563
ASA 0.94 (0.73-1.21) 0.629
Anticoagulation 0.95 (0.66-1.38) 0.792
Sheath size: 15-16 Fr 0.96 (0.77-1.19) 0.705
Sheath size: 18-19 Fr 1.85 (1.30-2.62) <0.001
Sheath size: 20-24 Fr 212 (1.43-3.13) <0.001
Variables associated

with VARC-3 bleeding

(transfemoral cohort only) Odds ratio (95% CI) P value
Female sex 1.30 (1.07-1.59) 0.008
Chronic kidney disease 1.47 (1.21-1.78) <0.001
DOAC 0.71 (0.57-0.89) 0.003
DAPT 1.568 (1.23-2.04) <0.001
Age 70-80y 1.58 (0.92-2.71) 0.097
Age 80-90y 1.51 (0.89-2.56) 0.130
Age>90y 1.73 (0.89-3.35) 0.104
BMI<18.5kg/m? 2.54 (1.24-5.18) 0.011
BMI 25-30kg/m? 1.08 (0.87-1.34) 0.477
BMI 30-35kg/m? 0.86 (0.65-1.15) 0.311
BMI 35-40kg/m? 1.57 (1.03-2.41) 0.037
BMI>40kg/m? 0.85 (0.39-1.84) 0.683
ASA 0.96 (0.75-1.22) 0.720
Anticoagulation 0.92 (0.62-1.35) 0.661
Sheath size: 15-16 Fr 0.99 (0.80-1.25) 0.977
Sheath size: 1819 Fr 1.85 (1.30-2.63) <0.001
Sheath size: 20-24 Fr 212 (1.43-3.13) <0.001

The reference group for age categories was <70years of age. The
reference group for BMI categories was a BMI between 18.5 and 25.0kg/m?.
The reference group for sheath size was <14 Fr. The blue table represents
multivariable variables associated with VARC-3 bleeding for the entire cohort,
and the orange table shows multivariable variables associated with VARC-3
bleeding of the transfemoral cohort only. ASA indicates acetylsalicylic acid;
BMI, body mass index; DAPT, dual antiplatelet therapy; DOAC, direct oral
anticoagulant agent; and VARC, Valve Academic Research Consortium.

with standard DAPT after PCLI.'®'" This approach would
allow TAVR 1month after PCI, although reliable data
on optimal timing of PCI in patients before TAVR are
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scarce.® Surprisingly, the use of oral anticoagulation
was not associated with an increased risk of bleeding
and may be attributable to the periprocedural paus-
ing of anticoagulation and possibly to more attention to
access sites in patients on anticoagulation. Moreover,
patients without oral anticoagulation more commonly
received DAPT, likely explaining the protective effect
due to underlying increased bleeding risk in parts of
the comparison group. Female sex constitutes an ad-
ditional risk factor for VARC-3 bleeding, probably ex-
plained by smaller and more tortuous iliac vessels and
higher age compared with male patients as previously
reported.’®'® Transaxillary access was a significant
variable associated with VARC-3 bleeding, which is in
line with previous findings.?° This is likely attributable to
the less frequent use of this access route and the lower
compressibility of the axillary artery compared with the
transfemoral approach. As anticipated, thoracotomy
(transapical and transaortic) access was associated
with elevated bleeding risk, as a mini-thoracotomy or
a surgical cutdown is needed.?’ Any central access
route is known for increased mortality risk following
TAVR and should be avoided.???3 Lastly, both patients
with underweight (BMI<18.5) and severe obesity (BMI:
35-40) seem to exhibit an elevated risk of bleeding. The
impact of BMI on periprocedural bleeding after TAVR is
not clear yet, although the RISPEVA (Registro Italiano
GISE sulllmpianto di Valvola Aortica Percutanea) reg-
istry confirmed an association of elevated BMI with
a higher probability of bleeding and vascular compli-
cations.?*?% Increased rate of bleeding and vascular
complications in patients with obesity may be related
to complicated vascular access and closure, whereas
frailty and small peripheral vessels are contributing fac-
tors for access-site bleeding in underweight patients.?*
Finally, a larger sheath size (18-19 Fr and 20-24 Fr) is
associated with an increased risk of VARC-3 bleeding,
which appears clinically plausible.

Clinical Impact of Bleeding Events After
TAVR

TAVR patients comprise older individuals with multiple
comorbidities and prevalent antithrombotic treatment,
with an inherently elevated risk for bleeding compli-
cations. In our cohort, the burden of comorbidities
was not different between patients with or without
bleeding except for chronic kidney disease at base-
line. Therefore, based on our data and in contrast to
previously published results, we can hypothesize that
clinical outcomes are predominantly influenced by
bleeding events rather than by major differences in
preexisting comorbidities.2 Although no patient with
type 1 bleeding died and even type 2 bleeding failed to
constitute a mortality risk, patients with type 3 bleed-
ing faced an approximately 2.9-fold increase in 30-day
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Figure 3. Variables associated with VARC-3 bleeding events.

ASA indicates acetylsalicylic acid; BMI, body mass index; DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant agent; and

VARC, Valve Academic Research Consortium.

mortality. Type 4 bleeding events were, by definition, all
fatal (Figure 4A, Table 5).

The finding that type 2 bleeding is not associated
with 30-day mortality contradicts prior data from
Avvedimento et al. Notably, the previous cohort had
a higher prevalence of major comorbidities, such as
chronic obstructive pulmonary disease, peripheral
artery disease, and prior myocardial infarction, as
well as a greater number of patients with prior car-
diac surgeries. Their average Society of Thoracic
Surgeons score was 5.2, about 2 points higher
than in our cohort. It is doubtful that type 2 bleed-
ing alone, in a cohort with a baseline hemoglobin of
~12 g/dL, significantly affects 30-day mortality post
TAVR. It seems more plausible that 30-day mortality
was driven by underlying conditions and unreported
complications, such as infections. Nevertheless, type
2 bleeding may contribute to mortality in patients with
complex comorbidities, potentially explaining why its
impact on 30-day mortality is not significant in our
less comorbid cohort.

When applying VARC-2 criteria to the same patients,
the association of bleeding events and mortality at
30days was similar. Accordingly, no patient with minor
bleeding died within 30days, whereas major bleeding
would have increased the risk of death 2.74 times, and
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life-threatening bleeding was associated with a 29-fold
increased risk of death (Figure 4B, Table 5).

In the light of these findings both the VARC-2 and
the VARC-3 criteria exhibit prognostic relevance, but
neither one appears to be superior in terms of appli-
cability. Analyzing the transfemoral cohort only, the
VARC-3 criteria appear to lose prognostic relevance
as type 3 bleedings are not significantly associated
with elevated mortality when non-transfemoral access
was excluded (HR, 1.15[95% ClI, 0.35-3.84], P=0.805).
With more frequent use of transfemoral access the
VARC-3 criteria will lose any incremental impact,
whereas VARC-2 criteria will not lose validity as shown.
Besides mortality, repercussions of bleeding events
also affect prolonged intensive care and hospital stay
with significant economic burden on the health care
system.?® Regardless of applied criteria, the message
is to avoid major bleeding as an anemic environment is
associated with increased odds of mortality in similar
interventions.?’

Clinical Implications of VARC-3 Bleeding
Events

The new VARC-3 criteria differ from the previous
VARC-2 criteria in 2 key aspects. First, the number of
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Table 5. Association Between Bleeding Events and 30-
Day Mortality According to VARC-3 and VARC-2 Criteria in
the Entire Patient Cohort and Transfemoral TAVR Patients
Only

VARC-3 bleeding

(entire cohort) Hazard ratio (95% CI) P value

30d mortality

No bleeding

Type 1*
Type 2 1.00 (0.49-2.03) 0.998
Type 3 2.89 (1.35-6.19) 0.006

Type 4

VARC-3 bleeding

(transfemoral cohort only) Hazard ratio (95% ClI) P value

30d mortality

No bleeding

Type 1*
Type 2 0.91 (0.42-1.96) 0.805
Type 3 1.15(0.35-3.84) 0.818

Type 4

VARC-2 bleeding

(entire cohort) Hazard ratio (95% CI) P value

30d mortality

No bleeding

Minor* - .
Major 2.74 (1.26-5.95) 0.011

29.60 (17.42-50.30) <0.001
Hazard ratio (95% CI)

Life threatening

VARC-2 bleeding
(transfemoral cohort only)

P value

30d mortality

No bleeding

Minor* - -
Major 2.48 (1.02-6.04) 0.045
33.99 (18.88-61.18) <0.001

Life threatening

VARC indicates Valve Academic Research Consortium.

*Cox regression analysis was not applicable for type 1 and minor bleeding
due to the absence of 30-day mortality in patients with these bleeding types.
The blue tables represent results for the entire cohort, and the orange tables
show results of the transfemoral cohort only.

bleeding categories has been expanded from 3 (minor,
major, and life-threatening bleeding) to 4 (types 1-4).
Type 4 bleeding has been introduced as a new cat-
egory to specifically classify bleeding events that re-
sult in death. Second, the VARC-3 authors specify all
procedural blood loss as overt bleeding, even with-
out an identifiable source. This classification impli-
cates that blood loss resulting in a hemoglobin drop
of 3 to 5g/dL is categorized as type 2 bleeding, and a
hemoglobin drop of >5g/dL qualifies as type 3 bleed-
ing and inevitably resulted in an increase of bleeding
events in our cohort.” There is ongoing controversy
regarding the clinical significance of periprocedural,
non-attributable blood loss and its impact on patient
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outcomes. The initial study evaluating periprocedural
blood loss reported that non-attributable bleeding re-
sulted in increased mortality at 30days and 1year.?®
A more recent study found no significant differences
between patients with non-attributable blood loss and
those without any bleeding events.® Importantly, in
both analyses a substantial portion of patients under-
went TAVR using more traumatic access routes (e.g.
transapical, transcarotid), rendering a comparison to
our contemporary TAVR population difficult with al-
most exclusive percutaneous transfemoral access and
modern closure devices.®?® In our study, we deter-
mined that non-attributable blood loss between 3 and
5g/dL (type 2 bleeding) did not affect mortality (HR,
0.65 [95% ClI, 0.25-1.69], P=0.378), whereas blood
loss >5g/dL (type 3 bleeding) was associated with in-
creased risk for 30-day mortality (HR, 3.60 [95% CI,
1.09-11.87], P=0.035). Our findings suggest that only
substantial non-attributable blood loss (>5g/dL), in a
contemporary TAVR cohort with mostly transfemoral
TAVR access, has significant implications. Conversely,
non-attributable blood loss resulting in a hemoglobin
drop <5g/dL does not appear to influence mortality
and rather overestimates bleeding events. Future stud-
ies with multicenter patient cohorts may further de-
code the impact of non-attributable blood loss.

Limitations

With the observational nature, inherent study limitations
such as unrecorded confounders may not be fully
excluded. Data were collected in a single center and
therefore do not reflecting worldwide TAVR patients
in different health care systems. Moreover, the event
adjudication committee was multidisciplinary but local.
Furthermore, we expect an underreporting of type
1 bleeding events, as they may remain undetected
in clinical practice. Lastly, another limitation is the
relatively small number of patients with life-threatening
(VARC-2) as well as type 3 and type 4 bleeding (VARC-
3). This inevitably results in relatively wide Cls, and the
HRs should be interpreted with caution.

CONCLUSIONS

The updated VARC-3 criteria provide a refined clas-
sification system for bleeding, demonstrating prognos-
tic relevance, as higher-grade bleeding is associated
with an increased risk of 30-day mortality. However,
it is noteworthy that the VARC-2 bleeding classifica-
tion remains clinically meaningful, as it correlates with
progressive mortality risk in proportion to the extent
of bleeding as well. Importantly, the VARC-3 criteria
have a lower prognostic relevance when analyzing
the transfemoral cohort only, whereas VARC-2 crite-
ria do not lose prognostic relevance. The adoption of

10
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Figure 4. Kaplan-Meier estimates of 30-day mortality.

A, Kaplan-Meier estimates for 30-day mortality according to the presence and severity of VARC-3
bleeding events. B, Kaplan—-Meier estimates for 30-day mortality according to the presence and severity
of VARC-2 bleeding events. VARC indicates Valve Academic Research Consortium.
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VARC-3 bleeding definition induces a substantial in-
crease in bleeding events when applied to the same
set of patients. These findings require further validation
with similar or even larger patient cohorts.
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