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Abstract
Background: The identification of bleeding risk factors in patients undergoing percutaneous coronary 
intervention (PCI) is essential to inform subsequent management. Whether clinical presentation per se 
affects bleeding risk after PCI remains unclear.
Aims: We aimed to assess whether clinical presentation per se predisposes to bleeding in patients under-
going PCI and if the Academic Research Consortium (ARC) High Bleeding Risk (HBR) criteria perform 
consistently in acute (ACS) and chronic (CCS) coronary syndrome patients.
Methods: Consecutive patients undergoing PCI from the Bern PCI Registry were stratified by clinical 
presentation. Bleeding events at one year were compared in ACS versus CCS patients, and the originally 
defined ARC-HBR criteria were assessed.
Results: Among 16,821 patients, 9,503 (56.5%) presented with ACS. At one year, BARC 3 or 5 bleeding 
occurred in 4.97% and 3.60% of patients with ACS and CCS, respectively. After adjustment, ACS remained 
associated with higher BARC 3 or 5 bleeding risk (adjusted HR 1.21, 95% CI: 1.01-1.43; p=0.034), owing 
to non-access site-related occurrences, which accrued mainly within the first 30 days after PCI. The ARC-
HBR score had lower discrimination among ACS compared with CCS patients, and its performance slightly 
improved when ACS was computed as a minor criterion.
Conclusions: ACS presentation per se predicts one-year major bleeding risk after PCI. The ARC-HBR 
score discrimination appeared lower in ACS than CCS, and its overall performance improved numerically 
when ACS was computed as an additional minor risk criterion.
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Abbreviations
ACS acute coronary syndrome
ARC-HBR Academic Research Consortium High Bleeding Risk
BARC Bleeding Academic Research Consortium
CCS chronic coronary syndrome
CI confidence interval(s)
CKD chronic kidney disease
DAPT dual antiplatelet therapy
GUSTO Global Use of Strategies to Open Occluded Arteries
HR hazard ratio
NSAIDs non-steroidal anti-inflammatory drugs
NSTEMI non-ST-segment elevation myocardial infarction
OAC oral anticoagulation
PCI percutaneous coronary intervention
PH portal hypertension
STEMI ST-elevation myocardial infarction
TIMI Thrombolysis In Myocardial Infarction

Introduction
Patients undergoing percutaneous coronary intervention (PCI) for 
either acute (ACS) or chronic (CCS) coronary syndrome are at 
risk for haemorrhagic complications due to the invasive nature of 
the procedure and mandated use of antithrombotic therapy1,2. As 
bleeding events adversely affect patient outcomes, the identifica-
tion of factors predisposing to heightened bleeding risk after PCI 
is essential for appropriate treatment selection3,4.

The bleeding risk might differ according to the clinical presen-
tation. Patients undergoing PCI for ACS are known to experience 
a higher crude incidence of bleeding complications compared with 
CCS5,6. However, whether ACS presentation per se – rather than 
differences in clinical and procedural characteristics and antithrom-
botic medications – is associated with an excess of bleeding remains 
controversial1. The higher bleeding risk in ACS patients might be 
due to a pro-inflammatory state causing a transient impairment of 
haemostasis7, but may also result from differences in patient man-
agement and pharmacotherapy2,8. While some studies suggested that 
acute presentation might be independently associated with bleed-
ing5,6,9,10, this association has not been confirmed in other reports11,12. 
On this basis, international guidelines recommend relying on clin-
ical presentation for ischaemic but not bleeding risk stratification 
purposes2,8. Also, the recent framework proposed by the Academic 
Research Consortium (ARC) for High Bleeding Risk (HBR) did not 
assign incremental bleeding risk to ACS patients under the prem-
ise that the more aggressive antithrombotic therapy prescribed more 
than the acute presentation per se might explain previous find-
ings1. To date, no validation of the ARC-HBR criteria in separately 
appraised ACS and CCS patients exists.

We therefore investigated – in a large cohort of contemporary 
all-comer PCI patients – whether ACS presentation per se is asso-
ciated with higher bleeding risk and whether the ARC-HBR cri-
teria provide a consistent risk stratification framework in patients 
presenting with or without ACS.

Editorial, see page 867

Methods
STUDY DESIGN AND PARTICIPANTS
All consecutive patients undergoing PCI at Bern University 
Hospital between February 2009 and December 2018 were pro-
spectively entered in the Bern PCI Registry (NCT02241291). 
No exclusion criteria were applied. Participants provided written 
informed consent. Clinical characteristics and outcomes up to one 
year were collected prospectively. The prescription of dual anti-
platelet therapy (DAPT) followed the recommendations of inter-
national guidelines. Detailed information on data collection is 
available in Supplementary Appendix 1. The study complied with 
the Declaration of Helsinki and was approved by the institutional 
ethics committee.

ASSESSMENT OF ARC-HBR CRITERIA
The fulfilment of each ARC-HBR criterion was assessed sys-
tematically according to the originally proposed definition 
(Supplementary Table 1). Age, haemoglobin, creatinine, platelet 
count, and anticipated use of long-term oral anticoagulation were 
collected prospectively. All other ARC-HBR criteria but non-
deferrable major surgery on DAPT were evaluated retrospectively 
from electronic clinical records by trained investigators blinded to 
clinical outcomes. The ARC-HBR score was calculated by assign-
ing one point to each adjudicated major criterion and 0.5 point 
to each adjudicated minor criterion. The inter-observer variabil-
ity among different readers, as previously reported, indicated an 
excellent agreement for ARC-HBR criteria adjudication4.

CLINICAL ENDPOINTS
The primary study endpoint was Bleeding Academic Research 
Consortium (BARC) type 3 or 5 bleeding, which was further strati-
fied by (i) bleeding location (i.e., access site and non-access site-
related), (ii) time of onset (i.e., early and late events with landmark 
at 30 days), and (iii) presence (i.e., CCS vs ACS) and type of ACS 
(unstable angina, non-ST-segment elevation myocardial infarc-
tion [NSTEMI], and ST-elevation myocardial infarction [STEMI]). 
Secondary endpoints included BARC 2, 3 or 5, Thrombolysis In 
Myocardial Infarction (TIMI)-defined, and Global Use of Strategies 
to Open Occluded Arteries (GUSTO)-defined bleeding. A clini-
cal events committee adjudicated endpoint events against origi-
nal source documents. Outcomes were defined in accordance with 
standardised definitions of the Academic Research Consortium.

STATISTICAL ANALYSIS
Baseline characteristics are reported as means (standard deviations) 
or counts and percentages. For the ACS versus CCS comparison, 
p-values were obtained using a t-test, Fisher’s test or chi-square 
test, as appropriate. Time-to-event analyses and Kaplan-Meier event 
curves were used for outcomes. Analyses were performed at one 
year and with landmark analysis at 30 days. Univariate and multi-
variate Cox regression was carried out to investigate the association 
of clinical presentation and other clinical and treatment characteris-
tics with bleeding. A p-value <0.2 was used to select variables for 
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the multivariable model. We assessed the unadjusted incidence of 
BARC 3 or 5 events at one year associated with each ARC-HBR 
criterion in ACS and CCS, and the incidence for each ARC-HBR 
criterion adjusted for the absence of all other criteria. Harrell’s 
C-index was computed to evaluate the performance of the ARC-
HBR criteria to predict BARC 3 or 5 bleeding. The discrimination 
of the ARC-HBR score after including ACS as an additional minor 
risk criterion was assessed. All analyses were performed using Stata 
Release 16.1 (StataCorp LP, College Station, TX, USA).

Results
POPULATION CHARACTERISTICS
A total of 17,339 consecutive patients were prospectively entered 
into the Bern PCI Registry. Overall, 518 participants were excluded 
because of incomplete haemoglobin (n=459) or creatinine (n=59) 
values, with a final study population of 16,821 patients, of whom 
9,503 (56.5%) presented with ACS and 7,318 (43.5%) with CCS.

Compared with CCS, ACS patients were on average three years 
younger (66.5±12.8 vs 69.6±10.5 years), were more often active 
smokers, presented less frequently with cardiovascular risk fac-
tors such as hypertension and diabetes, and were less likely to 
have a history of myocardial infarction, coronary revascularisa-
tion, peripheral artery disease, and atrial fibrillation (Table 1). 
ACS patients more frequently underwent femoral access, invasive 
haemodynamic support, and staged PCI, but less often left main, 
bypass graft, or multivessel intervention (Supplementary Table 2). 
The ACS cohort was more likely to receive potent P2Y12 inhibi-
tors, glycoprotein IIb/IIIa antagonists, and proton pump inhibitors, 
but less likely to receive oral anticoagulants or triple antithrom-
botic therapy (Supplementary Table 3).

CLINICAL OUTCOMES AT ONE-YEAR FOLLOW-UP
At one year, BARC 3 or 5 bleeding occurred in 427 (4.97%) 
patients with ACS and 248 (3.60%) patients with CCS (unad-
justed hazard ratio [HR] 1.41, 95% confidence interval [CI]: 1.20-
1.64; p<0.001) (Table 2, Figure 1). At multivariable analysis, after 
adjusting for clinical, procedural, and treatment imbalances, ACS 
presentation remained independently associated with a higher risk 
of BARC 3 or 5 bleeding at one year (adjusted HR [adjHR] 1.21, 
95% CI: 1.01-1.43; p=0.034) (Table 2).

BARC 2, 3 or 5 bleeding events at one year occurred in 657 
(7.65%) ACS and 363 (5.28%) CCS patients (unadjusted HR 1.49, 
95% CI: 1.31-1.69; p<0.001), and were independently predicted 
by ACS presentation after adjustment (adjHR 1.25, 95% CI: 1.08-
1.44; p=0.003) (Table 2).

At sensitivity analyses, performed by adding “years of PCI” 
(i.e., 2009, 2010, etc.) as covariate in the multivariable model to 
explore a possible time effect on outcomes, the results remained 
largely consistent for both BARC type 3 or 5 (adjHR 1.27, 95% 
CI: 1.07-1.51; p=0.007) and type 2, 3 or 5 bleeding events (adjHR 
1.22, 95% CI: 1.02-1.45; p=0.016).

ACS patients bled more than CCS patients also when the TIMI 
and the GUSTO scales were assessed (Supplementary Table 4). 

The incidence of intracranial or fatal bleeding did not differ. The 
rates of death, ischaemic, and composite outcomes are reported 
in Supplementary Table 4. Other bleeding risk factors at uni-
variate and multivariate analyses are shown in Supplementary 
Table 5-Supplementary Table 8.

BLEEDING EVENTS STRATIFIED BY LOCATION, TIME OF 
ONSET, AND ACS SUBTYPES
The one-year incidence of access site and non-access site-related 
BARC 3 or 5 bleeding was 0.62% and 4.40% in the ACS group 
and 0.49% and 3.18% in the CCS group, respectively (Table 2). 
The corresponding figures for BARC 2, 3 or 5 bleeding were 
0.73%, 7.02%, 0.52%, and 4.83%, respectively. After adjustment, 
ACS presentation remained independently associated with greater 
non-access site-related type 2, 3 or 5 bleeding (adjHR 1.23, 95% 
CI: 1.07-1.43; p=0.005), but with limited and inconclusive evi-
dence for non-access site-related type 3 or 5 occurrences (adjHR 
1.19, 95% CI: 0.99-1.43; p=0.063). Clinical presentation did not 
emerge as an independent predictor of access site-related bleed-
ing (Table 2).

At landmark analysis, the excess of BARC bleeding among 
ACS patients occurred mainly within the first 30 days after PCI, 
but not thereafter, and was largely driven by a twofold higher risk 
of non-access site-related events (Table 3).

After adjustment, we found a gradient of BARC 3 or 5 bleed-
ing risks across ACS subtypes, being the highest among STEMI 
patients (adjHR 1.92, 95% CI: 1.59-2.31; p<0.001), intermedi-
ate among NSTEMI patients (adjHR 1.26, 95% CI: 1.04-1.53; 
p=0.019), and negligible in unstable angina patients (adjHR 1.10, 
95% CI: 0.74-1.66; p=0.63) (Figure 2). A similar graded-risk 
profile was noted for BARC 2, 3 or 5 bleeding. Clinical charac-
teristics, procedural factors, and medications in patients present-
ing with unstable angina, NSTEMI, and STEMI are detailed in 
Supplementary Table 9-Supplementary Table 11.

ARC-HBR CRITERIA IN PATIENTS WITH ACS AND CCS
Thirty-one percent (n=3,020) of ACS and 39% (n=2,869) of CCS 
patients qualified as HBR defined by the presence of at least one 
major or two minor ARC-HBR criteria. The risk of BARC-defined 
bleeding was significantly higher in patients who fulfilled versus 
those who did not fulfil the ARC-HBR definition for both ACS 
and CCS groups (Figure 1).

Severe anaemia, thrombocytopaenia, and recent surgery or 
trauma were more frequently met criteria among ACS patients, 
whereas advanced age, oral anticoagulants, chronic kidney dis-
ease (CKD), mild anaemia, prior stroke, and use of non-steroidal 
inflammatory drugs or corticosteroids were more common in CCS 
patients (Supplementary Figure 1A).

The unadjusted risks of BARC 3 or 5 bleeding for each 
ARC-HBR criterion by clinical presentation are displayed in 
Supplementary Figure 2. At multivariate analysis, after adjust-
ing for each ARC-HBR criterion but the one considered, greater 
BARC 3 or 5 bleeding risk was found among ACS compared with 
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Table 1. Baseline characteristics stratified by clinical presentation.

All patients (n=16,821) ACS (n=9,503) CCS (n=7,318) p-value

Age, years 67.8±12.0 66.5±12.8 69.6±10.5 <0.001

Females 4,307 (25.6%) 2,415 (25.4%) 1,892 (25.9%) 0.52

BMI, kg/m² 27.3±4.7 27.2±4.6 27.6±4.7 <0.001

Current smoker 4,488 (27.1%) 3,104 (33.4%) 1,384 (19.0%) <0.001

Hypertension 11,577 (69.3%) 5,869 (62.4%) 5,708 (78.3%) <0.001

Diabetes mellitus 3,893 (23.2%) 1,892 (20.0%) 2,001 (27.4%) <0.001

Hypercholesterolaemia 10,741 (64.5%) 5,144 (54.9%) 5,597 (76.8%) <0.001

Family history of CAD 4,323 (25.9%) 2,147 (22.8%) 2,176 (29.9%) <0.001

Previous myocardial infarction 2,976 (17.8%) 1,348 (14.3%) 1,628 (22.3%) <0.001

Previous PCl 3,989 (23.8%) 1,553 (16.5%) 2,436 (33.4%) <0.001

Previous CABG 1,701 (10.1%) 643 (6.8%) 1,058 (14.5%) <0.001

Previous TIA or stroke 1,237 (7.4%) 545 (5.8%) 692 (9.5%) <0.001

Peripheral artery disease 1,448 (8.7%) 636 (6.7%) 812 (11.1%) <0.001

History of malignancy 1,810 (10.8%) 907 (9.6%) 903 (12.4%) <0.001

Renal failure 3,329 (20.7%) 1,811 (20.4%) 1,518 (21.1%) 0.26

Renal failure on dialysis 193 (1.2%) 94 (1.0%) 99 (1.4%) 0.034

History of atrial fibrillation/flutter 1,450 (12.2%) 564 (8.3%) 886 (17.4%) <0.001

Chronic obstructive lung disease 1,113 (6.6%) 545 (5.8%) 568 (7.8%) <0.001

History of spontaneous bleeding 729 (4.3%) 377 (4.0%) 352 (4.8%) 0.008

Left ventricular function, % 52.3±13.7 49.0±13.4 57.1±12.5 <0.001

Haemoglobin before PCI, g/L 136.5±18.1 136.8±19.4 136.2±16.5 0.036

Haemoglobin nadir, g/L 127.0±20.6 124.3±20.6 131.5±19.9 <0.001

Leukocytes before PCI, g/L 8.9±4.3 10.3±4.8 7.5±3.2 <0.001

Thrombocytes before PCI, g/L 228.4±72.3 235.4±77.6 220.7±65.0 <0.001

ARC-HBR score 0.66±0.83 0.61±0.81 0.73±0.84 <0.001

Clinical indication for PCI n=16,821 n=9,503 n=7,318

–

CCS 7,318 (43.5%) 0 (0.0%) 7,318 (100.0%)

Unstable angina 783 (4.7%) 783 (8.2%) 0 (0.0%)

NSTEMI 4,218 (25.1%) 4,218 (44.4%) 0 (0.0%)

STEMI 4,502 (26.8%) 4,502 (47.4%) 0 (0.0%)

Killip class n=16,780 n=9,477 n=7,303

<0.001

Killip I 13,936 (83.1%) 7,334 (77.4%) 6,602 (90.4%)

Killip II 1,668 (9.9%) 1,091 (11.5%) 577 (7.9%)

Killip III 496 (3.0%) 398 (4.2%) 98 (1.3%)

Killip IV 680 (4.1%) 654 (6.9%) 26 (0.4%)

ACS: acute coronary syndrome; ARC-HBR: Academic Research Consortium for High Bleeding Risk; BMI: body mass index; CABG: coronary artery bypass 
grafting; CAD: coronary artery disease; CCS: chronic coronary syndrome; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary 
intervention; STEMI: ST-elevation myocardial infarction; TIA: transient ischaemic attack 

CCS patients with no ARC-HBR criterion as well as those with 
moderate CKD, or recent spontaneous bleeding and also trended 
higher in patients with advanced age (Figure 3).

ARC-HBR SCORE IN PATIENTS WITH ACS AND CCS
Mean ARC-HBR score was lower among ACS than CCS patients 
(0.61±0.81 vs 0.73±0.84; p<0.001), and distributed differently 
between study groups (Supplementary Figure 1B). For each 0.5-
point increase in the ARC-HBR score from 0 to ≥2.5 points, 
a stepwise increase in the risk of one-year BARC 3 or 5 events 

was observed in both groups (Figure 4, Supplementary Figure 3). 
Compared with CCS, the incidence of BARC 3 or 5 events was 
higher among ACS patients with a score ≤1, but not for higher 
score values (Figure 4).

The discrimination of the ARC-HBR score was lower among 
ACS compared with CCS patients with respect to BARC 3 or 5 
bleeding (C-indices: 0.666 [95% CI: 0.641-0.691] vs 0.716 [95% 
CI: 0.685-0.747]; p=0.014). In the overall study population, the 
ARC-HBR score showed moderate discrimination to predict BARC 
3 or 5 events (C-index: 0.679 [95% CI: 0.659-0.698]), which 
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Table 2. Adjudicated bleeding outcomes at one year stratified by clinical presentation.

ACS  
(n=9,503)

CCS  
(n=7,318)

Unadjusted hazard 
ratio (95% CI)

p-value
Adjusted hazard ratio 

(95% CI)
p-value

BARC type 3 or 5

Overall 427 (4.97%) 248 (3.60%) 1.41 (1.20-1.64) <0.001 1.21 (1.01-1.43) 0.034

Access-site 56 (0.62%) 35 (0.49%) 1.25 (0.82-1.91) 0.29 1.12 (0.69-1.81) 0.65

Non-access-site 375 (4.40%) 218 (3.18%) 1.41 (1.19-1.67) <0.001 1.19 (0.99-1.43) 0.063

BARC type 2, 3 or 5

Overall 657 (7.65%) 363 (5.28%) 1.49 (1.31-1.69) <0.001 1.25 (1.08-1.44) 0.003

Access-site 67 (0.73%) 37 (0.52%) 1.42 (0.95-2.12) 0.090 1.19 (0.78-1.82) 0.42

Non-access-site 599 (7.02%) 331 (4.83%) 1.49 (1.31-1.71) <0.001 1.23 (1.07-1.43) 0.005

ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome
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Figure 1. Kaplan-Meier event curves for BARC-defined bleeding at one year by clinical presentation. BARC 3 or 5 and BARC 2, 3 or 5 events 
in ACS (red) versus CCS (blue) (A & B), and further stratified by the ARC-HBR definition (C & D). ACS: acute coronary syndrome; 
BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; HR: hazard ratio

slightly increased when ACS was included as an additional minor 
risk criterion (C-index: 0.692 [95% CI: 0.673-0.711]) (Figure 4). 
On the other hand, the ARC-HBR score performance significantly 
diminished when the originally proposed binary ARC-HBR defini-
tion was adopted (C-index: 0.639 [95% CI: 0.621-0.658]).

Discussion
We investigated the impact of clinical presentation on centrally 
adjudicated and prospectively collected bleeding events at one 
year and the ARC-HBR stratified performance in bleeding risk 
prediction in a large and unselected population of 16,821 PCI 
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patients. The main findings can be summarised as follows (Central 
illustration):
1) ACS presentation per se, after extensive multivariable adjust-

ment, remained associated with greater BARC type 3 or 5 and 
type 2, 3 or 5 bleeding risks.

2) The excess of bleeding among ACS patients was driven by non-
access site-related events, which accrued mainly within the first 
30 days and was highest among STEMI patients, intermediate 
among NSTEMI, and minimal for unstable angina patients.

3) Compared with CCS, ACS patients were less likely to qualify 
as high bleeding risk according to the ARC-HBR definition and 
presented lower ARC-HBR scores, mainly due to less frequent 
fulfilment of the advanced age and oral anticoagulation criteria.

4) ACS patients bled more than CCS patients across multiple 
ARC-HBR criteria. After multivariate adjustment, based on 
all ARC-HBR criteria but the one considered, ACS patients 
continued to show higher BARC 3 or 5 bleeding risk if they 

fulfilled none, moderate CKD or recent bleeding criteria 
among the ARC-HBR criteria as well as if their ARC-HBR 
score was ≤1.

5) The ARC-HBR score discrimination was lower among ACS 
compared with CCS patients. The inclusion of ACS as an addi-
tional minor risk criterion slightly improved the performance of 
the score in the overall study cohort.
Clinical presentation is deemed critical to guide ischaemic risk 

stratification by international guidelines in view of the higher 
risk of coronary events following ACS and the potential benefit 
accrued with intensified and prolonged antithrombotic therapy 
compared with CCS2,8. However, whether it should also inform 
bleeding risk assessment and encourage the adoption of bleeding 
avoidance strategies remains unclear.

Our analysis from a large contemporary cohort of consecutive 
PCI patients provides evidence that ACS presentation per se car-
ries enhanced major and actionable bleeding risks within one year 

Table 3. Adjudicated bleeding outcomes at 30 days and with landmark analysis from 30 days to one-year follow-up in ACS and CCS 
patients.

ACS  
(n=9,503)

CCS  
(n=7,318)

Adjusted hazard 
ratio (95% CI)

p-value p-interaction

BARC type 3 or 5 At 30 days 249 (2.77%) 106 (1.50%) 1.87 (1.49-2.34) <0.001
<0.001

From 31 days to 1 year 178 (2.26%) 142 (2.14%) 1.06 (0.85-1.32) 0.63

Non-access-site  
BARC 3 or 5

At 30 days 201 (2.25%) 77 (1.09%) 2.08 (1.60-2.70) <0.001
<0.001

From 31 days to 1 year 174 (2.20%) 141 (2.11%) 1.04 (0.83-1.30) 0.74

Access-site  
BARC 3 or 5

At 30 days 51 (0.55%) 32 (0.45%) 1.25 (0.81-1.95) 0.31
0.88

From 31 days to 1 year 5 (0.06%) 3 (0.04%) 1.39 (0.33-5.82) 0.65

BARC 2, 3 or 5 At 30 days 361 (4.02%) 143 (2.02%) 2.02 (1.66-2.45) <0.001
<0.001

From 31 days to 1 year 296 (3.78%) 220 (3.32%) 1.14 (0.96-1.36) 0.13

Non-access-site  
BARC 2, 3 or 5

At 30 days 305 (3.42%) 113 (1.60%) 2.16 (1.74-2.68) <0.001
<0.001

From 31 days to 1 year 294 (3.73%) 218 (3.28%) 1.14 (0.96-1.36) 0.13

Access-site  
BARC 2, 3 or 5

At 30 days 62 (0.67%) 33 (0.46%) 1.48 (0.97-2.25) 0.070
0.63

From 31 days to 1 year 5 (0.06%) 4 (0.06%) 1.04 (0.28-3.89) 0.94

ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; HR: hazard ratio

BARC type 3 or 5
CCS 248/7,318  Ref.  Ref.
Unstable angina 26/783 1.00 (0.67-1.49) 0.99 1.10 (0.74-1.66) 0.63
NSTEMI 185/4,218 1.37 (1.13-1.65) 0.001 1.26 (1.04-1.53) 0.019
STEMI 216/4,502 1.52 (1.26-1.82) <0.001 1.92 (1.59-2.31) <0.001

BARC type 2, 3 or 5
CCS 363/7,318 Ref. Ref.
Unstable angina 47/783 1.24 (0.91-1.67) 0.17 1.36 (1.00-1.85) 0.047
NSTEMI 284/4,218 1.45 (1.24-1.69) <0.001 1.35 (1.15-1.58) <0.001
STEMI 326/4,502 1.58 (1.36-1.83) <0.001 1.96 (1.68-2.29) <0.001

0.5 1 2 4 0.5 1 2 4

  N. events/N. patients Hazard ratio (95% CI) p-value Adj. hazard ratio (95% CI) Adj. p-value

Figure 2. Adjudicated BARC-defined bleeding at one year by ACS subtype. Unadjusted (left) and adjusted (right) hazard ratio for BARC 3 or 
5 and BARC 2, 3 or 5 bleeding. CCS is the reference. BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; 
NSTEMI: non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction
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after PCI. The higher hazard associated with ACS was largely 
due to bleeding events unrelated to vascular access. As shown 
here, and consistent with many previous observations, non-access 
site-related bleeding events are much more prevalent than access 
site-related occurrences after PCI and have been associated with 
a roughly twofold greater mortality risk compared with access-site 
bleeding13. Therefore, our novel findings carry major implications 
for clinical practice.

Previous studies of PCI populations consistently reported 
a higher crude rate of bleeding complications – ranging from two-
fold to fourfold – in ACS versus CCS patients5,6,9-12,14. However, 
when potential confounders were adjusted for, ACS presentation 
emerged as an independent predictor of bleeding in some stud-
ies5,6,9,10 but not in others11,12. This apparent inconsistency might be 
due to relevant differences among studies in terms of patient char-
acteristics, follow-up duration (i.e., in-hospital, 30-day, or long-
term), antithrombotic regimen (i.e., extensive versus selective use 
of glycoprotein IIb/IIIa antagonists), as well as bleeding defini-
tion, location, and severity5,6,9-12. The relatively low number of 
patients and/or events in some studies may have hampered exten-
sive multivariable adjustment.

Our analysis of a large, unselected, and contemporary PCI 
cohort shows that ACS presentation per se represents an inde-
pendent determinant of spontaneous bleeding. Compared with 
CCS patients, the bleeding hazard in ACS was driven by an 
excess of events occurring in the first 30 days after the interven-
tion. This observation might partly explain why clinical presen-
tation emerged as an independent predictor of events in scores 
modelling short-term bleeding risk after PCI (i.e., REPLACE-2/
ACUITY/HORIZONS, NCDR-CathPCI Registry 1, NCDR-
CathPCI Registry 2)6,9 but not in those focusing on long-term 
occurrences (i.e., PARIS, PRECISE-DAPT)15,16.

Our analysis also suggests the existence of a graded risk across 
ACS subtypes. Compared with CCS, the risk of bleeding was 
not different in patients presenting with unstable angina, whereas 
an NSTEMI or STEMI presentation conferred a 26% and 92% 
increase in the adjusted hazard, respectively. These findings are 
consistent with previous algorithms including cardiac biomarkers 
and/or ST-segment changes as independent predictors of post-PCI 
bleeding3,5,6,9,17,18.

Acute presentation is a well-established determinant of ischae-
mic risk after PCI2,8. Our data add to this evidence that patients 

1 2 4 8 16

ACS  No ARC-HBR criteria 4,581 104 2.93 (2.57-3.33) <0.001
CCS  No ARC-HBR criteria 2,964 33 1.94 (1.65-2.29)
ACS  ARC-HBR Age ≥75 years (minor) 2,842 176 4.21 (3.56-4.98) 0.054
CCS  ARC-HBR Age ≥75 years (minor) 2,534 137 2.80 (2.31-3.38)
ACS  ARC-HBR OAC (major) 811 57 4.70 (3.76-5.86) 0.81
CCS  ARC-HBR OAC (major) 1,132 79 3.12 (2.49-3.91)
ACS  ARC-HBR CKD (minor) 1,547 124 5.21 (4.25-6.38) 0.006
CCS  ARC-HBR CKD (minor) 1,290 81 3.46 (2.77-4.32)
ACS  ARC-HBR CKD (major) 275 30 6.01 (4.29-8.41) 0.078
CCS  ARC-HBR CKD (major) 236 17 3.99 (2.83-5.64)
ACS  ARC-HBR Anaemia (minor) 1,253 68 3.79 (3.05-4.72) 0.40
CCS  ARC-HBR Anaemia (minor) 1,238 66 2.52 (2.00-3.18)
ACS  ARC-HBR Anaemia (major) 716 74 5.24 (4.07-6.74) 0.15
CCS  ARC-HBR Anaemia (major) 440 40 3.48 (2.64-4.59)
ACS  ARC-HBR Previous bleeding (minor) 18 2 5.52 (2.00-15.26) –
CCS  ARC-HBR Previous bleeding (minor) 15 2 3.67 (1.32-10.19)
ACS  ARC-HBR Previous bleeding (major) 152 25 5.68 (3.89-8.31) 0.023
CCS  ARC-HBR Previous bleeding (major) 134 10 3.78 (2.56-5.58)
ACS  ARC-HBR Thrombocytopaenia (major) 155 23 7.89 (5.40-11.52) 0.45
CCS  ARC-HBR Thrombocytopaenia (major) 80 9 5.25 (3.53-7.80)
ACS  ARC-HBR Chronic bleeding diathesis (major) 4 1 5.46 (1.31-22.87) >0.99
CCS  ARC-HBR Chronic bleeding diathesis (major) 9 1 3.63 (0.87-15.15)
ACS  ARC-HBR Liver cirrhosis with PH (major) 14 4 6.25 (2.29-17.07) –
CCS  ARC-HBR Liver cirrhosis with PH (major) 12 0 –
ACS  ARC-HBR Long-term use NSAIDs or steroids (minor) 367 27 4.28 (3.16-5.79) 0.60
CCS  ARC-HBR Long-term use NSAIDs or steroids (minor) 377 26 2.85 (2.08-3.89)
ACS  ARC-HBR Active malignancy (major) 207 16 4.87 (3.35-7.08) 0.77
CCS  ARC-HBR Active malignancy (major) 179 16 3.24 (2.20-4.76)
ACS  ARC-HBR History of stroke (minor) 255 14 2.55 (1.68-3.85) 0.43
CCS  ARC-HBR History of stroke (minor) 303 12 1.69 (1.11-2.59)
ACS  ARC-HBR History of stroke (major) 141 9 3.30 (2.01-5.43) 0.38
CCS  ARC-HBR History of stroke (major) 173 9 2.19 (1.33-3.63)
ACS  ARC-HBR Recent surgery or trauma (major) 176 18 5.81 (3.82-8.81) 0.56
CCS  ARC-HBR Recent surgery or trauma (major) 53 7 3.86 (2.49-5.98)

 Clinical  ARC-HBR criteria N. patients BARC 3 or  Cumulative incidence Adj. BARC 3 or 5  ACS vs CCS
presentation    5 events  (%) (95% Cl) (95% Cl) Adj. p-value

Figure 3. Adjusted incidence of BARC 3 or 5 bleeding at one year for minor and major ARC-HBR criteria in ACS (red) and CCS (blue). The 
estimates of the main effects model, adjusted cumulative incidence in case all other criteria are set to absent. Dotted line: 4% bleeding 
incidence expected in the presence of a major ARC-HBR criterion. ACS: acute coronary syndrome; Adj: adjusted; BARC: Bleeding Academic 
Research Consortium; CCS: chronic coronary syndrome; CKD: chronic kidney disease; NSAIDs: non-steroidal anti-inflammatory drugs; 
OAC: oral anticoagulation; PH: portal hypertension
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Clinical presentation and bleeding risk after PCI

with ACS are also more prone to bleed and should therefore be 
carefully screened and managed to mitigate the concomitant high 
risk of ischaemic and bleeding complications. Given that the use 
of potent antithrombotic therapies is essential in ACS to prevent 
recurrent coronary events2, every effort should be made to identify 
and act promptly on modifiable bleeding risk factors (i.e., anae-
mia, falls/trauma, use of NSAIDs or corticosteroids) in the acute 
setting – particularly within the first 30 days after STEMI.

This is the first study validating the ARC-HBR criteria in ACS 
and CCS patients separately. The ARC-HBR consensus did not 
include the acute presentation among the HBR criteria because 
the increased bleeding risk associated with ACS was deemed to 
be related to the more aggressive antiplatelet therapy and incon-
sistent evidence from the literature. Our analysis suggests that 

the ARC-HBR score discrimination was lower in ACS compared 
with CCS, mainly because of an underestimation of the bleeding 
risk among patients at a lower score. After extensive adjustment, 
including type and duration of antithrombotic therapy, ACS pres-
entation appears to affect bleeding risk independently by acting 
somewhat as a minor HBR criterion. This consideration derives 
from the observation that the risk of bleeding is higher in ACS 
than CCS patients but still below the proposed 4% risk threshold 
for one-year major bleeding when assessed in isolation. Of note, 
this effect seems to be dissipated at scores ≥1.5, when the pres-
ence of multiple HBR criteria might prevail on the risks associated 
with ACS per se.

Our previous analysis showed that most of the so-called minor 
criteria identify in isolation patients at HBR and should be regarded 

All patients
BARC type 3 or 5 overall 0.679 (0.659-0.698) <0.001
BARC type 3 or 5 non-access site 0.678 (0.657-0.699) <0.001
BARC type 3 or 5 access site 0.683 (0.631-0.735) <0.001

ACS
BARC type 3 or 5 overall 0.666 (0.641-0.691) <0.001
BARC type 3 or 5 non-access site 0.664 (0.638-0.691) <0.001
BARC type 3 or 5 access site 0.678 (0.610-0.746) <0.001

CCS
BARC type 3 or 5 overall 0.716 (0.685-0.747) <0.001
BARC type 3 or 5 non-access site 0.718 (0.684-0.752) <0.001
BARC type 3 or 5 access site 0.699 (0.618-0.780) <0.001

BARC 3 or 5 overall – ACS vs CCS: C-index, p=0.014
BARC 3 or 5 non-access site – ACS vs CCS: C-index, p=0.013
BARC 3 or 5 access site – ACS vs CCS: C-index, p=0.68

Clinical  ARC-HBR  N. patients BARC 3 or 5 events Cumulative incidence (%)  BARC 3 or 5 (95% CI) p-valuepresentation score  (95% CI)

ACS Score 0 4,581 104 2.43 (2.01-2.93) <0.001
CCS Score 0 2,964 33 1.16 (0.83-1.63)

ACS Score 0.5 1,902 82 4.80 (3.88-5.93) 0.011
CCS Score 0.5 1,525 44 3.10 (2.31-4.17)

ACS Score 1 1,250 90 8.12 (6.64-9.92) <0.001
CCS Score 1 1,125 38 3.56 (2.60-4.86)

ACS Score 1.5 796 55 8.00 (6.19-10.31) 0.31
CCS Score 1.5 703 43 6.61 (4.94-8.81)

ACS Score 2 485 37 9.26 (6.79-12.58) 0.49
CCS Score 2 533 39 8.07 (5.96-10.89)

ACS Score ≥2.5 489 59 14.36 (11.28-18.18) 0.31
CCS Score ≥2.5 468 51 12.30 (9.47-15.90)

Outcomes at 1-year follow-up Harrell’s C-index (95% CI) p-value (vs C-index 0.5) AUC (95% CI)

0.5 1 2 4 8 16 32

0.50 0.55 0.60 0.65 0.70 0.75 0.80

A

B

Figure 4. Adjudicated BARC 3 or 5 bleeding at one year by ARC-HBR score. Incidence of BARC 3 or 5 bleeding for score values from 0 to 
≥2.5 in ACS (red) and CCS (blue) patients. The dotted line indicates a 4% incidence of bleeding, expected in the presence of one major or two 
minor ARC-HBR criteria (A). Harrell’s C-index of the ARC-HBR score for the prediction of BARC 3 or 5 bleeding (B). ACS: acute coronary 
syndrome; AUC: area under the curve; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; CI: confidence 
interval
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CCS

ACS

Risk of major bleeding in ACS vs CCS:
1-year adjusted HR=1.21 (p-value=0.034)

The excessive bleeding risk in ACS vs CCS
occured mainly within the first 30 days

post PCI but not thereafter

Bleeding risk was highest in STEMI,
intermediate in NSTEMI, and negligible in

unstable angina patients compared with CCS

The greater risk of bleeding in ACS
patients was driven by non-access site-related
bleeding (no difference in access-site events)

The ARC-HBR criteria underestimate bleeding
risk in ACS patients, and their discrimination

appears lower compared with CCS

2X
Risk of major

bleeding

Similar risk
of major
bleeding

PCI 30 days 1 year

CCS/Unstable angina

Non-access
site bleeding

Access-site
bleeding

Age Renal
disease

Liver
disease

Active
cancer

Anaemia Platelet
count

Stroke Bleeding
diathesis

Prior
bleeding

OAC NSAIDs
steroids

Trauma
surgery

ACS
Minor HBR
factor (?)

NSTEMI

STEMI

Bleeding
risk

A

B

ARC-HBR criteria

Central illustration. Clinical presentation and bleeding risk after PCI. ACS presentation per se predisposes to excessive bleeding risk 
compared with CCS (A) that is driven largely by non-access-site complications occurring mainly in the first 30 days. The bleeding risk was 
highest among STEMI, intermediate among NSTEMI, and minimal in unstable angina. ACS per se might qualify as a minor criterion in future 
iterations of the ARC-HBR framework (B). ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic 
coronary syndrome; HR: hazard ratio; NSTEMI: non-ST-segment elevation myocardial infarction; OAC: oral anticoagulation; 
STEMI: ST-segment elevation myocardial infarction

as major more than minor criteria4. Our current analysis adds to the 
previous one by suggesting that ACS might qualify as a truly minor 
criterion in future iterations of the proposed ARC-HBR nomencla-
ture. This consideration is further supported by the observation that 

the discrimination ability of the ARC-HBR score slightly increases 
when ACS is included as an additional minor risk criterion.

The causes underlying a higher bleeding risk in ACS patients 
can only be speculated upon. Inflammation and haemostasis are 
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Clinical presentation and bleeding risk after PCI

known to be tightly intertwined as platelets, leukocytes, and inter-
leukins are involved in both mechanisms7,19. The development 
of a pro-inflammatory state in ACS patients might lead to a pro-
haemorrhagic state, which could partly explain the excess in bleed-
ing complications – the so-called inflammatory bleeding7. This 
hypothesis potentially matches our findings which show a more 
pronounced effect in the early post-PCI phase and in STEMIs – 
both featuring a more prominent inflammatory response19. The 
possible role of inflammation is also supported by prior studies 
reporting an independent association between white blood cell 
count and bleeding risk after PCI16,20. Differences in patient man-
agement may also partly account (despite multivariable adjust-
ments) for bleeding predisposition in ACS. As prompt mechanical 
reperfusion is critical in ACS2,8, bleeding risk assessment is usu-
ally incomplete before or shortly after the intervention (i.e., labo-
ratory values not yet available). In addition, even if bleeding risk 
factors are known upfront, a timely PCI remains mandatory in 
ACS, giving little or no chance to address concomitant risk condi-
tions adequately. Conversely, in CCS patients, careful assessment 
of bleeding risk is feasible, and PCI can be postponed pending 
the correction of modifiable factors predisposing to bleeding. Our 
analysis supports these considerations, showing that severe anae-
mia and history of recent trauma/surgery were less prevalent in the 
CCS than in the ACS cohort.

Altogether, our findings lend support to the concept that clini-
cal presentation might integrate the bleeding risk stratification in 
addition to other validated risk factors such as those included in 
the ARC-HBR document, yet carrying a truly minor impact on 
risk prediction.

Limitations
Our results have several limitations. First, this is a single-centre study 
and may suffer from limited generalisability. However, the clinical 
characteristics of our study groups and the incidence of bleeding are 
consistent with those reported in multicentre cohorts3,6,9,12. Despite 
extensive adjustment, which was made possible by the large num-
ber of bleeding events accrued, we cannot exclude the effect of 
residual confounders, including more intense antithrombotic thera-
pies in ACS than in CCS patients. Therefore, replication of our find-
ings in other data sets remains desirable. Proton pump inhibitors 
were prescribed in about 40% of patients in our cohort. However, 
the prescription rate is overall consistent with other large contem-
porary registries of patients treated with DAPT for coronary artery 
disease21. Among the ARC-HBR criteria, eight were adjudicated 
retrospectively, which may potentially have resulted in an under-
estimation of their prevalence. Finally, one single major ARC-HBR 
criterion, planned post-PCI surgery, was not evaluated.

Conclusions
ACS presentation per se confers higher bleeding risk compared 
with CCS, largely owing to non-access-site complications that 
occur mainly in the first 30 days and seem more pronounced 
among STEMI patients. The ARC-HBR framework performed 

less well among ACS patients due to bleeding risk underestima-
tion among those with no, one, or two minor criteria or a single 
major criterion. However, ACS presentation did not confer in iso-
lation an HBR status and might therefore qualify as a minor crite-
rion in future iterations of the ARC-HBR framework.

Impact on daily practice
Acute coronary syndrome presentation per se predisposes to 
excessive bleeding risk after PCI compared with chronic coro-
nary syndrome, even after adjusting for clinical and procedural 
factors. The higher risk of bleeding in acute coronary syndrome 
patients is largely due to non-access-site complications occur-
ring mainly in the first 30 days, which seems more pronounced 
in the setting of STEMI. Clinical presentation can affect the risk 
of bleeding events after PCI and should therefore inform risk 
stratification and clinical decision making in daily practice.
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Supplementary data 

Supplementary Appendix 1. Methods 

Data collection during follow-up 

Throughout one year after index PCI, patients were systematically contacted after discharge in case of any unscheduled hospital visit (i.e., due to bleeding 

complications or ischaemic events) and during planned hospital visits (i.e., staged coronary procedures). All participants were finally evaluated at one-

year follow-up. Detailed information regarding adverse events and concomitant medications were recorded by trained study personnel. Bleeding events 

were categorised as access-site and non-access-site-related. Access-site bleeding included bleeding events complicating vascular access used to perform 

the PCI procedure and/or other invasive procedures (for example, intra-aortic balloon pump or left ventricular assist device insertion). At one year after 

index PCI, a health questionnaire was sent to all living patients with questions on re-hospitalisation and any adverse event (including bleeding and 

ischaemic occurrences), followed by phone contact in case of missing response. General practitioners, referring cardiologists, and other medical 

institutions were reached as necessary in order to collect discharge letters, coronary angiography documentation, or any other relevant medical records. A 

clinical events committee adjudicated all events using original source documents. Survival data were obtained from hospital records and municipal civil 

registries. 

DAPT duration 

Dual antiplatelet therapy (DAPT) consisting of aspirin and a P2Y12 inhibitor was initiated before, at the time of, or immediately after the procedure. 

Prasugrel was introduced from September 2009, and ticagrelor from November 2011. The majority of patients with chronic coronary syndrome (CCS) 

received clopidogrel. The routinely recommended DAPT duration was 12 months for all acute or chronic coronary syndrome patients until August 2017, 

unless high bleeding risk features were deemed present, including concomitant oral anticoagulation, which mandated DAPT not to exceed a six-month 

duration. From August 2017, the routinely recommended DAPT duration for CCS patients became six months, in agreement with existing European and 

American guidelines.



 

Supplementary Table 1. Definition of the high bleeding risk (HBR) criteria according to the Academic Research Consortium (ARC) consensus. 

 

 Major criteria Minor criteria 

Advanced age   Age ≥75 years 

Oral anticoagulation Anticipated use of long-term oral anticoagulation   

Chronic kidney disease Severe or end-stage CKD (eGFR <30 mL/min) Moderate CKD (eGFR 30–59 mL/ min) 

Anaemia Haemoglobin <11 g/dL 
Haemoglobin 11–12.9 g/dL for men,  

and 11–11.9 g/dL for women 

Prior bleeding 
Spontaneous bleeding requiring hospitalisation or transfusion  

in the past 6 months or at any time, if recurrent 

 Spontaneous bleeding requiring hospitalisation or 

transfusion within the past 12 months not meeting the 

major criterion 

Thrombocytopaenia 
Moderate or severe baseline thrombocytopaenia  

(platelet count <100 ×109/L) 
  

Chronic bleeding 

diathesis 

Inherited or acquired conditions known to be associated with 

increased bleeding risk such as platelet dysfunction, von 

Willebrand disease, inherited or acquired clotting factor 

deficiencies (including factors VII, VIII [haemophilia A], IX 

[haemophilia B], and XI), or acquired antibodies to clotting 

factors, among others 

  

Liver cirrhosis Liver cirrhosis with portal hypertension   

NSAIDs or steroids   Long-term use of oral NSAIDs or steroids 

Active malignancy 
Diagnosis within the previous 12 months or ongoing active 

treatment, excluding non-melanoma skin cancer 
  

Prior stroke 

Previous spontaneous ICH (at any time) 

Previous traumatic ICH within the past 12 months 

Presence of a brain arteriovenous malformation 

Moderate or severe ischaemic stroke within the past 6 months 

Any ischaemic stroke at any time not meeting the major 

criterion 

Planned surgery Non-deferrable major surgery on dual antiplatelet therapy   

Prior surgery or 

trauma 

Recent major surgery or major trauma within 30 days before 

PCI 
  

 

 Not adjudicated in the current analysis. 

CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; ICH: intracranial haemorrhage; NSAIDs: non-steroidal anti-inflammatory 

drugs; PCI: percutaneous coronary intervention 

  



 

Supplementary Table 2. Procedural characteristics according to clinical presentation. 

 

  
All patients  

(n=16,821) 

ACS 

(n=9,503) 

CCS  

(n=7,318) 
p-value 

Access site n=11,879 n=6,792 n=5,087 <0.001 

Radial 3,964 (33.4%) 2,137 (31.5%) 1,827 (35.9%) <0.001 

Femoral 7,912 (66.6%) 4,653 (68.5%) 3,259 (64.1%) <0.001 

Brachial 3 (0.0%) 2 (0.0%) 1 (0.0%) >0.99 

Coronary arteries treated     

Left main artery 809 (4.8%) 424 (4.5%) 385 (5.3%) 0.018 

Left anterior descending artery 8,677 (51.6%) 4,881 (51.4%) 3,796 (51.9%) 0.51 

Left circumflex artery 5,354 (31.8%) 2,952 (31.1%) 2,402 (32.8%) 0.015 

Right coronary artery 6,104 (36.3%) 3,479 (36.6%) 2,625 (35.9%) 0.32 

Bypass graft 556 (3.3%) 251 (2.6%) 305 (4.2%) <0.001 

Number of lesions n=16,821 n=9,503 n=7,318 0.38 

1 9,767 (58.1%) 5,560 (58.5%) 4,207 (57.5%) 0.18 

2 4,702 (28.0%) 2,621 (27.6%) 2,081 (28.4%) 0.22 

≥3 2,352 (14.0%) 1,322 (13.9%) 1,030 (14.1%) 0.77 

Multivessel treatment (2-3 vessels) 4,398 (26.1%) 2,310 (24.3%) 2,088 (28.5%) <0.001 

IABP (prior to or during PCI) 210 (1.2%) 190 (2.0%) 20 (0.3%) <0.001 

Percutaneous left ventricular assist device 128 (0.8%) 104 (1.2%) 24 (0.4%) <0.001 

Staged PCI 2,714 (16.1%) 2,013 (21.2%) 701 (9.6%) <0.001 

Access site of first staged PCI n=2,147 n=1,538 n=609 

0.59 Radial 975 (45.4%) 704 (45.8%) 271 (44.5%) 

Femoral 1,172 (54.6%) 834 (54.2%) 338 (55.5%) 

Number of lesions treated n=27,085 n=15,245 n=11,840  

Lesion type     

Restenotic lesion 1,576 (5.8%) 709 (4.7%) 867 (7.3%) <0.001 

Evidence of thrombus 3,883 (14.4%) 3,803 (25.0%) 80 (0.7%) <0.001 

Chronic total occlusion 830 (3.1%) 305 (2.0%) 525 (4.4%) <0.001 

Stent type     

Any DES 23,887 (95.2%) 13,610 (95.2%) 10,277 (95.1%) 0.66 

Any bare metal stent 1,064 (4.2%) 610 (4.3%) 454 (4.2%) 0.84 



 

Any absorbable scaffold* 79 (0.3%) 36 (0.3%) 43 (0.4%) 0.066 

Mix of types of stent 42 (0.2%) 30 (0.2%) 12 (0.1%) 0.052 

Only DES used per patient 24,959 (92.2%) 14,113 (92.6%) 10,846 (91.6%) 0.003 

Total number of stents implanted in this lesion 1.32±0.61 1.35±0.63 1.28±0.58 <0.001 

Total stent length, mm 27.76±17.36 29.14±17.92 25.93±16.41 <0.001 

Mean stent diameter, mm 2.94±0.59 2.96±0.63 2.93±0.52 <0.001 

Treatment of a bifurcation 3,750 (13.9%) 2,311 (15.2%) 1,439 (12.2%) <0.001 

Baseline TIMI flow n=26,607 n=15,066 n=11,541 

<0.001 
0 or 1 6,239 (23.4%) 5,194 (34.5%) 1,045 (9.1%) 

2 4,210 (15.8%) 2,603 (17.3%) 1,607 (13.9%) 

3 16,157 (60.7%) 7,268 (48.2%) 8,889 (77.0%) 

Post-PCI TIMI flow n=26,727 n=15,112 n=11,615 

<0.001 
0 or 1 184 (0.7%) 138 (0.9%) 46 (0.4%) 

2 387 (1.4%) 329 (2.2%) 58 (0.5%) 

3 26,156 (97.9%) 14,645 (96.9%) 11,511 (99.1%) 

 
* Polymer or metal absorbable. 

Data of index PCI shown. 

ACS: acute coronary syndrome; CCS: chronic coronary syndrome; DES: drug-eluting stent; IABP: intra-aortic balloon pump; PCI: percutaneous 

coronary intervention; TIMI: Thrombolysis In Myocardial Infarction  

  



 

Supplementary Table 3. Medications according to clinical presentation. 

 

  
All patients 

(n=16,821) 

ACS 

(n=9,503) 

CCS 

(n=7,318) 
p-value 

Procedure medications     

No loading dose 1,387 (8.2%) 544 (5.7%) 843 (11.5%) <0.001 

Only loading clopidogrel 8,060 (47.9%) 3,046 (32.1%) 5,014 (68.5%) <0.001 

Only loading prasugrel 1,908 (11.3%) 1,341 (14.1%) 567 (7.7%) <0.001 

Only loading ticagrelor 4,605 (27.4%) 3,720 (39.1%) 885 (12.1%) <0.001 

Loading clopidogrel and prasugrel 681 (4.0%) 676 (7.1%) 5 (0.1%) <0.001 

Loading clopidogrel and ticagrelor 154 (0.9%) 151 (1.6%) 3 (0.0%) <0.001 

Loading prasugrel and ticagrelor 26 (0.2%) 25 (0.3%) 1 (0.0%) <0.001 

Unfractionated heparin 16,452 (97.9%) 9,373 (98.7%) 7,079 (96.9%) <0.001 

Fondaparinux 1,685 (10.9%) 1,604 (18.2%) 81 (1.2%) <0.001 

LMWH 307 (1.8%) 238 (2.5%) 69 (0.9%) <0.001 

Bivalirudin 302 (1.8%) 103 (1.1%) 199 (2.7%) <0.001 

Glycoprotein IIb/IIIa inhibitors 1,497 (8.9%) 1,297 (13.7%) 200 (2.7%) <0.001 

Thrombolytic therapy 48 (0.3%) 32 (0.4%) 16 (0.2%) 0.19 

Discharge medications     

Aspirin 15,881 (96.7%) 8,991 (98.4%) 6,890 (94.7%) <0.001 

Clopidogrel 8,850 (53.9%) 3,311 (36.2%) 5,539 (76.1%) <0.001 

Prasugrel 2,721 (16.6%) 2,090 (22.9%) 631 (8.7%) <0.001 

Ticagrelor 4,539 (27.7%) 3,615 (39.5%) 924 (12.7%) <0.001 

Any DAPT 15,623 (95.2%) 8,890 (97.3%) 6,733 (92.6%) <0.001 

Any OAC 1,943 (11.8%) 811 (8.9%) 1,132 (15.6%) <0.001 

Novel oral anticoagulants 689 (5.9%) 319 (4.9%) 370 (7.3%) <0.001 

Any DAPT and OAC/NOAC 1,655 (10.1%) 694 (7.6%) 961(13.2%) <0.001 

Statin 14,924 (90.9%) 8,513 (93.2%) 6,411 (88.1%) <0.001 

PPI 5,036 (40.5%) 3,082 (41.9%) 1,954 (38.6%) <0.001 

One-year follow-up medications     

Aspirin* 12,898 (89.9%) 7,233 (92.3%) 5,665 (86.9%) <0.001 

Clopidogrel* 5,378 (37.5%) 2,153 (27.5%) 3,225 (49.4%) <0.001 

Prasugrel* 2,069 (14.4%) 1,603 (20.5%) 466 (7.1%) <0.001 



 

Ticagrelor* 2,951 (20.6%) 2,353 (30.0%) 598 (9.2%) <0.001 

Any DAPT* 9,365 (65.2%) 5,685 (72.6%) 3,680 (56.4%) <0.001 

Any OAC 1,971 (13.7%) 900 (11.5%) 1,071 (16.4%) <0.001 

Novel oral anticoagulants 836 (7.4%) 413 (6.5%) 423 (8.5%) <0.001 

Any DAPT and OAC/NOAC 250 (1.7%) 132 (1.7%) 118 (1.8%) 0.60 

Statin 12,042 (84.0%) 6,797 (87.0%) 5,245 (80.4%) <0.001 

PPI 3,993 (34.0%) 2,330 (34.6%) 1,663 (33.2%) 0.12 

 
* Not stopped before 350 days since index PCI considered compliant. 

ACS: acute coronary syndrome; CCS: chronic coronary syndrome; DAPT: dual antiplatelet therapy; LMWH: low molecular weight heparin; NOAC: new 

oral anticoagulant; OAC: oral anticoagulant; PCI: percutaneous coronary intervention; PPI: proton pump inhibitor 

  



 

Supplementary Table 4. Adjudicated outcome events at one year according to clinical presentation. 

 

  
ACS 

(n=9,503) 
CCS (n=7,318) 

Hazard ratio  

(95% CI) 
p-value 

BARC type 2 279 (3.30%) 138 (2.03%) 1.67 (1.36-2.04) <0.001 

Access-site 11 (0.12%) 2 (0.03%) 4.29 (0.95-19.34) 0.058 

Non-access-site 270 (3.20%) 136 (2.00%) 1.64 (1.33-2.01) <0.001 

BARC type 3 397 (4.62%) 226 (3.29%) 1.43 (1.22-1.69) <0.001 

Access-site 55 (0.60%) 35 (0.49%) 1.23 (0.80-1.88) 0.34 

Non-access-site 346 (4.06%) 195 (2.85%) 1.46 (1.22-1.74) <0.001 

BARC type 3a 171 (2.01%) 112 (1.63%) 1.24 (0.98-1.58) 0.073 

Access-site 27 (0.30%) 18 (0.25%) 1.17 (0.64-2.12) 0.60 

Non-access-site 146 (1.74%) 97 (1.42%) 1.24 (0.96-1.60) 0.10 

BARC type 3b 212 (2.46%) 96 (1.39%) 1.79 (1.41-2.28) <0.001 

Access-site 28 (0.31%) 17 (0.24%) 1.29 (0.70-2.35) 0.41 

Non-access-site 185 (2.16%) 80 (1.16%) 1.89 (1.45-2.45) <0.001 

BARC type 3c 42 (0.50%) 26 (0.40%) 1.32 (0.81-2.15) 0.26 

BARC type 4 27 (0.31%) 3 (0.04%) 7.26 (2.20-23.94) 0.001 

BARC type 5 30 (0.36%) 24 (0.35%) 1.02 (0.59-1.74) 0.95 

Access-site 1 (0.01%) 0 (0.00%) 2.31 (0.09-56.70) >0.99 

Non-access-site 29 (0.35%) 24 (0.35%) 0.98 (0.57-1.69) 0.94 

TIMI minimal 309 (3.66%) 167 (2.46%) 1.52 (1.26-1.84) <0.001 

Access-site 14 (0.15%) 5 (0.07%) 2.18 (0.79-6.06) 0.13 

Non-access-site 296 (3.52%) 162 (2.39%) 1.51 (1.24-1.83) <0.001 

TIMI minor 179 (2.10%) 99 (1.43%) 1.47 (1.15-1.88) 0.002 

Access-site 28 (0.31%) 24 (0.34%) 0.92 (0.53-1.58) 0.75 

Non-access-site 154 (1.82%) 77 (1.12%) 1.64 (1.25-2.15) <0.001 

TIMI major 261 (3.02%) 120 (1.74%) 1.77 (1.43-2.20) <0.001 

Access-site 27 (0.30%) 8 (0.11%) 2.62 (1.19-5.77) 0.017 

Non-access-site 236 (2.75%) 114 (1.66%) 1.69 (1.35-2.12) <0.001 

TIMI major or minor 418 (4.84%) 218 (3.15%) 1.57 (1.33-1.84) <0.001 

Access-site 55 (0.60%) 32 (0.45%) 1.34 (0.87-2.08) 0.18 

Non-access-site 369 (4.31%) 190 (2.76%) 1.59 (1.34-1.90) <0.001 

GUSTO mild 326 (3.83%) 169 (2.47%) 1.59 (1.32-1.91) <0.001 

Access-site 26 (0.29%) 8 (0.11%) 2.54 (1.15-5.61) 0.021 



 

Non-access-site 304 (3.59%) 161 (2.36%) 1.56 (1.28-1.88) <0.001 

GUSTO moderate 198 (2.34%) 110 (1.60%) 1.47 (1.17-1.86) 0.001 

Access-site 27 (0.30%) 20 (0.28%) 1.06 (0.59-1.89) 0.84 

Non-access-site 171 (2.05%) 92 (1.35%) 1.53 (1.19-1.98) <0.001 

GUSTO severe 226 (2.62%) 119 (1.74%) 1.54 (1.23-1.93) <0.001 

Access-site 16 (0.17%) 10 (0.14%) 1.24 (0.56-2.74) 0.59 

Non-access-site 211 (2.46%) 111 (1.63%) 1.55 (1.23-1.95) <0.001 

GUSTO severe or moderate 401 (4.68%) 221 (3.21%) 1.48 (1.26-1.75) <0.001 

Access-site 43 (0.47%) 30 (0.42%) 1.12 (0.70-1.79) 0.63 

Non-access-site 362 (4.25%) 195 (2.85%) 1.52 (1.28-1.81) <0.001 

Death 862 (9.61%) 333 (4.82%) 2.11 (1.86-2.39) <0.001 

Cardiac death 655 (7.32%) 190 (2.79%) 2.79 (2.38-3.28) <0.001 

Vascular death 54 (0.64%) 35 (0.51%) 1.26 (0.82-1.93) 0.28 

Non-cardiovascular death 153 (1.85%) 108 (1.59%) 1.18 (0.92-1.51) 0.19 

Myocardial infarction 340 (3.99%) 361 (5.11%) 0.74 (0.64-0.86) <0.001 

Target vessel myocardial infarction 214 (2.48%) 305 (4.29%) 0.55 (0.46-0.65) <0.001 

Any revascularisation 696 (8.33%) 496 (7.32%) 1.17 (1.04-1.31) 0.008 

Target lesion revascularisation 352 (4.20%) 266 (3.92%) 1.09 (0.93-1.28) 0.29 

Target vessel revascularisation 497 (5.93%) 379 (5.58%) 1.08 (0.95-1.24) 0.23 

Definite stent thrombosis 131 (1.49%) 64 (0.91%) 1.64 (1.21-2.21) 0.001 

Stroke or TIA 198 (2.34%) 105 (1.54%) 1.54 (1.22-1.95) <0.001 

Stroke 164 (1.94%) 84 (1.23%) 1.59 (1.22-2.07) <0.001 

Ischaemic stroke 124 (1.45%) 58 (0.84%) 1.74 (1.27-2.38) <0.001 

Intracerebral haemorrhage 32 (0.40%) 27 (0.41%) 0.97 (0.58-1.62) 0.90 

Unclear stroke 7 (0.08%) 0 (0.00%) 11.55 (0.66-202.20) 0.021 

TIA 35 (0.42%) 21 (0.30%) 1.37 (0.80-2.35) 0.25 

Death, myocardial infarction, or stroke 1237 (13.78%) 696 (9.91%) 1.42 (1.29-1.56) <0.001 

NACCE (death, myocardial infarction, 

stroke, BARC 3 or 5) 
1494 (16.61%) 843 (11.99%) 1.42 (1.31-1.55) <0.001 

 

First event per (sub)event type counted per patient (% from lifetable estimate).  

Crude risk difference assumes no event in patients alive and censored before 365 days.  

ACS: acute coronary syndrome; CCS: chronic coronary syndrome; CI: confidence interval; GUSTO: Global Strategies for Opening Occluded Coronary 

Arteries; NACCE: net adverse cardiac and cerebrovascular events; TIA: transient ischaemic attack; TIMI: Thrombolysis In Myocardial Infarction 

  



 

Supplementary Table 5. Univariate analysis for overall, non-access-site, and access-site BARC type 3 or 5 bleeding at one year. 

 

  Overall BARC 3 or 5 Non-access-site BARC 3 or 5 Access-site BARC 3 or 5 

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Acute coronary syndrome* 1.41 (1.20-1.64) <0.001 1.41 (1.19-1.67) <0.001 1.25 (0.82-1.91) 0.29 

Age (per 10 years) 1.38 (1.29-1.48) <0.001 1.37 (1.28-1.48) <0.001 1.47 (1.22-1.78) <0.001 

BMI 0.95 (0.93-0.97) <0.001 0.95 (0.93-0.97) <0.001 0.96 (0.91-1.00) 0.074 

Current smoker 0.77 (0.64-0.92) 0.004 0.83 (0.69-1.00) 0.054 0.34 (0.17-0.65) 0.001 

Diabetes mellitus 1.12 (0.94-1.33) 0.19 1.12 (0.94-1.34) 0.21 1.10 (0.69-1.77) 0.68 

Hypertension 1.23 (1.04-1.45) 0.017 1.26 (1.05-1.50) 0.013 1.08 (0.68-1.70) 0.75 

Hypercholesterolaemia 0.84 (0.72-0.97) 0.021 0.84 (0.71-0.98) 0.029 0.78 (0.52-1.19) 0.25 

Family history of coronary artery disease 0.80 (0.67-0.96) 0.016 0.78 (0.65-0.95) 0.011 0.89 (0.55-1.44) 0.63 

Previous myocardial infarction 1.02 (0.84-1.23) 0.85 1.03 (0.84-1.26) 0.75 0.81 (0.46-1.43) 0.47 

Previous PCl 0.88 (0.73-1.05) 0.14 0.91 (0.75-1.09) 0.30 0.60 (0.34-1.04) 0.070 

Previous CABG 1.00 (0.78-1.27) 0.99 1.10 (0.85-1.41) 0.46 0.30 (0.09-0.93) 0.038 

History of cerebrovascular accident 1.57 (1.24-1.99) <0.001 1.51 (1.17-1.95) 0.001 1.72 (0.92-3.24) 0.090 

Peripheral artery disease 1.44 (1.15-1.81) 0.002 1.52 (1.20-1.93) <0.001 1.15 (0.58-2.29) 0.68 

History of malignancy 1.62 (1.33-1.98) <0.001 1.70 (1.38-2.10) <0.001 0.91 (0.46-1.80) 0.77 

Renal failure 2.59 (2.22-3.02) <0.001 2.63 (2.24-3.09) <0.001 2.33 (1.52-3.58) <0.001 

History of atrial fibrillation/flutter 2.17 (1.80-2.61) <0.001 2.20 (1.80-2.69) <0.001 1.89 (1.10-3.22) 0.021 

Chronic obstructive lung disease 1.52 (1.19-1.95) <0.001 1.59 (1.23-2.06) <0.001 1.33 (0.64-2.74) 0.44 

History of spontaneous bleeding 2.61 (2.05-3.33) <0.001 2.63 (2.04-3.40) <0.001 2.43 (1.22-4.83) 0.011 

Left ventricular function (%) 0.98 (0.97-0.98) <0.001 0.98 (0.97-0.98) <0.001 0.98 (0.96-0.99) 0.001 

Killip II, III or IV 2.85 (2.43-3.33) <0.001 2.93 (2.48-3.46) <0.001 2.54 (1.64-3.94) <0.001 

Femoral access 1.85 (1.59-2.15) <0.001 1.92 (1.64-2.26) <0.001 1.56 (1.03-2.35) 0.035 

IABP 2.82 (1.81-4.40) <0.001 2.54 (1.55-4.17) <0.001 4.22 (1.55-11.51) 0.005 

Percutaneous left ventricular assist device 8.80 (6.19-12.53) <0.001 7.90 (5.36-11.65) <0.001 12.46 (5.76-26.96) <0.001 

Staged PCI 0.90 (0.73-1.11) 0.34 0.89 (0.71-1.11) 0.35 0.89 (0.50-1.61) 0.70 

Femoral access at staged PCI  1.25 (0.95-1.63) 0.10 1.21 (0.91-1.62) 0.19 1.35 (0.65-2.78) 0.42 

Triple therapy at discharge 1.45 (1.19-1.77) <0.001 1.43 (1.16-1.77) <0.001 1.70 (1.02-2.85) 0.043 

Any OAC at discharge 1.60 (1.33-1.92) <0.001 1.58 (1.30-1.92) <0.001 1.93 (1.19-3.11) 0.007 

Any DAPT at discharge 0.58 (0.43-0.77) <0.001 0.60 (0.44-0.82) 0.001 0.45 (0.22-0.92) 0.029 



 

DAPT with potent P2Y12 inhibitor at discharge 0.83 (0.71-0.97) 0.018 0.83 (0.71-0.98) 0.027 0.77 (0.50-1.18) 0.23 

PPI at discharge (not at follow-up) 2.05 (1.73-2.44) <0.001 2.09 (1.74-2.51) <0.001 1.91 (1.17-3.11) 0.009 

PPI at follow-up (not at discharge)** 2.14 (1.75-2.63) <0.001 2.36 (1.91-2.91) <0.001 0.81 (0.35-1.85) 0.61 

PPI at discharge and follow-up** 1.39 (1.16-1.66) <0.001 1.39 (1.15-1.69) <0.001 1.38 (0.84-2.27) 0.20 

Haemoglobin before PCI (g/L) 0.97 (0.97-0.98) <0.001 0.97 (0.97-0.98) <0.001 0.97 (0.96-0.98) <0.001 

Number of lesions 1.02 (0.94-1.11) 0.57 0.99 (0.91-1.09) 0.91 1.23 (1.00-1.51) 0.046 

Total stent length (mm)*** 1.01 (1.01-1.01) <0.001 1.01 (1.01-1.01) <0.001 1.01 (1.00-1.02) 0.10 

Left anterior descending artery 0.85 (0.74-0.99) 0.037 0.82 (0.70-0.96) 0.013 1.34 (0.89-2.03) 0.16 

Restenotic lesion 0.90 (0.68-1.19) 0.45 0.97 (0.72-1.29) 0.80 0.42 (0.13-1.29) 0.12 

Thrombotic lesion 1.28 (1.08-1.52) 0.005 1.33 (1.11-1.59) 0.002 0.89 (0.53-1.51) 0.66 

Chronic total occlusion 1.09 (0.78-1.52) 0.61 1.14 (0.80-1.61) 0.47 0.92 (0.34-2.52) 0.87 

Currently on SAPT¶ 0.52 (0.43-0.62) <0.001 0.57 (0.47-0.70) <0.001 0.22 (0.11-0.44) <0.001 

Currently on DAPT¶ 1.90 (1.58-2.29) <0.001 1.72 (1.41-2.09) <0.001 4.13 (2.14-7.97) <0.001 

Leukocytes (103 cells per µL) 1.03 (1.02-1.04) <0.001 1.03 (1.02-1.04) <0.001 1.02 (1.00-1.05) 0.08 

Thrombocytes (100×109/L)  1.00 (1.00-1.00) 0.023 1.00 (1.00-1.00) 0.006 1.00 (1.00-1.00) 0.54 

Multivessel treatment 1.12 (0.95-1.32) 0.19 1.10 (0.93-1.31) 0.27 1.28 (0.82-2.00) 0.26 

Minimum stent diameter (mm) 1.04 (0.90-1.20) 0.60 1.02 (0.87-1.19) 0.78 1.14 (0.76-1.70) 0.53 

Bifurcation treatment 1.33 (1.11-1.58) 0.002 1.35 (1.12-1.63) 0.001 1.31 (0.81-2.14) 0.27 

Fondaparinux 0.88 (0.67-1.14) 0.32 0.81 (0.60-1.08) 0.14 1.40 (0.76-2.56) 0.28 

Low-molecular-weight heparin 1.61 (1.03-2.50) 0.037 1.63 (1.02-2.61) 0.041 1.24 (0.30-5.02) 0.76 

Bivalirudin 0.84 (0.45-1.56) 0.57 0.85 (0.44-1.64) 0.63 0.64 (0.09-4.61) 0.66 

Glycoprotein IIb/IIIa inhibitors 1.55 (1.24-1.93) <0.001 1.42 (1.11-1.81) 0.005 2.25 (1.31-3.86) 0.003 

 

Renal failure: <60 eGFR mL/min per 1.73 m², using the Modification of Diet in Renal Disease (MDRD) formula. OAC and DAPT at discharge, if 

deceased in hospital: as used at procedure. 

* Chronic coronary syndrome (CCS) patients are the reference category.  

**No PPI is the reference category.  

***Stent length zero for ballooning only. 

¶ Time-at-risk is split into sequences of no APT, on SAPT, and on DAPT. Currently not on any APT: reference group. BARC 3 or 5 events are counted 

per sequence and patient separately. 

Estimates derived from 20 multiple imputed data sets, combined using Rubin's rule.         

 



 

APT: antiplatelet therapy; BARC: Bleeding Academic Research Consortium; BMI: body mass index; CABG: coronary artery bypass graft; CI: 

confidence interval; DAPT: dual antiplatelet therapy; HR: hazard ratio; IABP: intra-aortic balloon pump; OAC: oral anticoagulant; PCI: percutaneous 

coronary intervention; PPI: proton pump inhibitor; SAPT: single antiplatelet therapy 

Supplementary Table 6. Multivariate analysis for overall, non-access-site, and access-site BARC type 3 or 5 bleeding at one year. 

  
Overall BARC 3 or 5 Non-access-site BARC 3 or 5 Access-site BARC 3 or 5 

 Adjusted HR 

(95% CI) 

p-value Adjusted HR 

(95% CI) 

p-value Adjusted HR 

(95% CI) 

p-value 

Acute coronary syndrome* 1.21 (1.01-1.43) 0.034 1.19 (0.99-1.43) 0.063 1.12 (0.69-1.81) 0.65 

Age (per 10 years) 1.13 (1.05-1.22) <0.001 1.11 (1.03-1.20) 0.006 - - 

BMI 0.97 (0.95-0.98) <0.001 0.96 (0.95-0.98) <0.001 - - 

Current smoker - - - - 0.35 (0.18-0.68) 0.002 

Prior CABG - - - - 0.23 (0.07-0.72) 0.012 

Renal failure 1.40 (1.18-1.66) <0.001 1.43 (1.19-1.72) <0.001 1.46 (0.90-2.36) 0.12 

History of atrial fibrillation 1.54 (1.25-1.89) <0.001 1.53 (1.23-1.91) <0.001 - - 

Chronic obstructive lung disease 1.19 (0.92-1.53) 0.18 1.22 (0.94-1.59) 0.14 - - 

History of spontaneous bleeding 1.45 (1.13-1.87) 0.004 1.44 (1.10-1.89) 0.008 1.77 (0.86-3.62) 0.11 

Left ventricular ejection fraction - - - - 0.99 (0.97-1.00) 0.088 

Haemoglobin before PCI, g/L 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001 0.98 (0.97-0.99) <0.001 

Leukocytes (103 cells per µL) 1.02 (1.01-1.03) <0.001 1.02 (1.01-1.03) <0.001 - - 

Killip class II, III or IV 1.57 (1.32-1.86) <0.001 1.62 (1.35-1.94) <0.001 - - 

Femoral access site 1.22 (1.04-1.44) 0.017 1.26 (1.06-1.50) 0.009 - - 

Percutaneous left ventricular assist device 5.11 (3.53-7.40) <0.001 4.53 (3.01-6.81) <0.001 6.27 (2.67-14.69) <0.001 

Staged PCI 0.74 (0.54-1.01) 0.057 0.75 (0.54-1.04) 0.081 - - 

Femoral access site at staged PCI 1.35 (0.91-2.01) 0.13 1.28 (0.84-1.95) 0.25 - - 

Number of lesions - - - - 1.19 (0.95-1.49) 0.14 

Restenotic lesion - - - - 0.44 (0.14-1.37) 0.15 

Thrombotic lesion - - - - 0.59 (0.32-1.11) 0.10 

Total stent length, mm** 1.01 (1.00-1.01) 0.001 1.01 (1.00-1.01) <0.001 - - 

Minimum stent diameter, mm - - - - 1.45 (0.94-2.24) 0.096 

Low-molecular-weight heparin - - - - 1.47 (0.92-2.36) 0.10 

Fondaparinux - - - - 1.49 (0.79-2.82) 0.21 

Glycoprotein IIb/IIIa inhibitors 1.58 (1.25-2.00) <0.001 1.42 (1.10-1.83) 0.008 2.59 (1.42-4.72) 0.002 

Any DAPT at discharge 0.29 (0.20-0.41) <0.001 0.33 (0.23-0.48) <0.001 - - 



 

DAPT with potent P2Y12 inhibitor at discharge 0.83 (0.69-1.00) 0.055 0.84 (0.69-1.02) 0.072 - - 

Currently on SAPT¶ 1.59 (0.68-3.73) 0.28 1.62 (0.63-4.11) 0.31 0.25 (0.03-2.02) 0.19 

Currently on DAPT¶ 4.32 (1.79-10.44) 0.001 3.83 (1.46-10.00) 0.006 1.10 (0.15-7.99) 0.92 

PPI at discharge (not at follow-up) 1.87 (1.53-2.28) <0.001 1.94 (1.57-2.41) <0.001 - - 

PPI at follow-up (not at discharge)*** 2.55 (2.03-3.19) <0.001 2.84 (2.25-3.58) <0.001 - - 

PPI at discharge and follow-up*** 1.48 (1.21-1.82) <0.001 1.52 (1.22-1.90) <0.001 - - 

 

A p-value <0.2 was used to select variables to include in the multivariable model. 

Renal failure: <60 eGFR mL/min per 1.73 m², using the Modification of Diet in Renal Disease (MDRD) formula.     

     

OAC and DAPT at discharge, if deceased in hospital: as used at procedure.         

*Chronic coronary syndrome patients are the reference category.          

**Stent length zero for ballooning only.          

***No PPI is the reference category.     

¶Time-at-risk is split into sequences on no APT, on SAPT and on DAPT. Currently not on any APT is the reference category. Note that stop dates of 

aspirin were not available and P2Y12 inhibitors stop dates were approximated if unclear. BARC 3 or 5 bleeding events are counted per sequence and 

patient separately. Since most access-site bleedings occur in-hospital under the current APT treatment, the discharge prescriptions were dropped from the 

model as they have a high degree of redundancy with current APT.          

Estimates derived from 20 multiple imputed data sets, combined using Rubin's rule.        

  

 

APT: antiplatelet therapy; BARC: Bleeding Academic Research Consortium; BMI: body mass index; CABG: coronary artery bypass graft; CI: 

confidence interval; DAPT: dual antiplatelet therapy; HR: hazard ratio; OAC: oral anticoagulant; PCI: percutaneous coronary intervention; PPI: proton 

pump inhibitor; SAPT: single antiplatelet therapy 

 

 

 



 

Supplementary Table 7. Univariate analysis for overall, non-access-site, and access-site BARC type 2, 3 or 5 bleeding at one year. 

 

  Overall BARC 2, 3 or 5 Non-access-site BARC 2, 3 or 5 Access-site BARC 2, 3 or 5 

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Acute coronary syndrome* 1.49 (1.31-1.69) <0.001 1.49 (1.31-1.71) <0.001 1.42 (0.95-2.12) 0.090 

Age (per 10 years) 1.38 (1.31-1.46) <0.001 1.37 (1.29-1.45) <0.001 1.48 (1.24-1.77) <0.001 

BMI 0.97 (0.95-0.98) <0.001 0.97 (0.95-0.98) <0.001 0.95 (0.91-1.00) 0.037 

Current smoker 0.76 (0.66-0.88) <0.001 0.80 (0.69-0.93) 0.004 0.39 (0.22-0.69) 0.001 

Diabetes mellitus 1.16 (1.01-1.33) 0.030 1.16 (1.01-1.34) 0.039 1.13 (0.73-1.75) 0.58 

Hypertension 1.21 (1.05-1.38) 0.007 1.23 (1.06-1.41) 0.005 1.03 (0.68-1.56) 0.89 

Hypercholesterolaemia 0.82 (0.72-0.92) 0.001 0.81 (0.72-0.92) 0.001 0.74 (0.50-1.10) 0.13 

Family history of coronary artery disease 0.71 (0.61-0.82) <0.001 0.69 (0.59-0.80) <0.001 0.83 (0.53-1.31) 0.41 

Previous myocardial infarction 1.05 (0.90-1.22) 0.53 1.07 (0.92-1.26) 0.38 0.74 (0.43-1.29) 0.29 

Previous PCl 0.93 (0.81-1.07) 0.29 0.93 (0.80-1.08) 0.33 0.76 (0.47-1.23) 0.26 

Previous CABG 0.97 (0.79-1.18) 0.76 1.03 (0.84-1.26) 0.78 0.34 (0.13-0.93) 0.036 

History of cerebrovascular accident 1.47 (1.21-1.79) <0.001 1.45 (1.18-1.78) <0.001 1.47 (0.79-2.74) 0.22 

Peripheral artery disease 1.41 (1.17-1.70) <0.001 1.48 (1.22-1.80) <0.001 0.98 (0.50-1.95) 0.96 

History of malignancy 1.68 (1.43-1.97) <0.001 1.74 (1.48-2.06) <0.001 0.97 (0.52-1.81) 0.91 

Renal failure 2.31 (2.04-2.62) <0.001 2.34 (2.06-2.67) <0.001 2.32 (1.55-3.46) <0.001 

History of atrial fibrillation/flutter 1.92 (1.64-2.25) <0.001 1.93 (1.64-2.28) <0.001 1.85 (1.12-3.07) 0.017 

Chronic obstructive lung disease 1.58 (1.29-1.92) <0.001 1.62 (1.32-1.99) <0.001 1.29 (0.65-2.56) 0.45 

History of spontaneous bleeding 2.52 (2.07-3.08) <0.001 2.58 (2.10-3.18) <0.001 2.08 (1.05-4.11) 0.036 

Left ventricular function (%) 0.98 (0.97-0.98) <0.001 0.98 (0.97-0.98) <0.001 0.98 (0.97-0.99) 0.001 

Killip II, III or IV 2.53 (2.22-2.88) <0.001 2.56 (2.24-2.93) <0.001 2.49 (1.65-3.76) <0.001 

Femoral access 1.87 (1.66-2.11) <0.001 1.93 (1.70-2.19) <0.001 1.56 (1.06-2.29) 0.023 

IABP 2.41 (1.63-3.55) <0.001 2.31 (1.53-3.50) <0.001 3.64 (1.34-9.88) 0.011 

Percutaneous left ventricular assist device 6.97 (5.06-9.58) <0.001 6.57 (4.67-9.23) <0.001 10.67 (4.95-23.00) <0.001 

Staged PCI 1.11 (0.95-1.30) 0.198 1.11 (0.94-1.31) 0.20 0.97 (0.57-1.64) 0.90 

Femoral access at staged PCI  1.45 (1.18-1.78) <0.001 1.44 (1.16-1.78) <0.001 1.31 (0.66-2.60) 0.43 

Triple therapy at discharge 1.48 (1.26-1.73) <0.001 1.47 (1.24-1.73) <0.001 1.62 (1.00-2.64) 0.051 

Any OAC at discharge 1.56 (1.34-1.81) <0.001 1.54 (1.32-1.81) <0.001 1.79 (1.14-2.83) 0.012 

Any DAPT at discharge 0.76 (0.59-0.99) 0.043 0.80 (0.61-1.06) 0.12 0.52 (0.25-1.07) 0.076 



 

DAPT with potent P2Y12 inhibitor at discharge 0.98 (0.87-1.11) 0.77 0.99 (0.87-1.12) 0.82 0.88 (0.59-1.30) 0.52 

PPI at discharge (not at follow-up) 2.05 (1.78-2.36) <0.001 2.09 (1.81-2.42) <0.001 1.79 (1.13-2.84) 0.013 

PPI at follow-up (not at discharge)** 1.97 (1.66-2.33) <0.001 2.04 (1.71-2.43) <0.001 1.34 (0.72-2.50) 0.35 

PPI at discharge and follow-up** 1.51 (1.31-1.74) <0.001 1.53 (1.32-1.77) <0.001 1.46 (0.92-2.30) 0.10 

Haemoglobin before PCI (g/L) 0.98 (0.97-0.98) <0.001 0.98 (0.97-0.98) <0.001 0.97 (0.96-0.98) <0.001 

Number of lesions 1.00 (0.93-1.07) 0.96 0.97 (0.90-1.05) 0.49 1.26 (1.04-1.52) 0.017 

Total stent length (mm)*** 1.01 (1.01-1.01) <0.001 1.01 (1.01-1.01) <0.001 1.01 (1.00-1.02) 0.071 

Left anterior descending artery 0.88 (0.78-0.99) 0.033 0.85 (0.75-0.97) 0.013 1.33 (0.90-1.96) 0.14 

Restenotic lesion 0.97 (0.78-1.21) 0.77 1.00 (0.80-1.25) 0.99 0.58 (0.24-1.42) 0.23 

Thrombotic lesion 1.32 (1.15-1.52) <0.001 1.33 (1.15-1.54) <0.001 1.15 (0.73-1.81) 0.54 

Chronic total occlusion 1.25 (0.97-1.61) 0.091 1.28 (0.98-1.67) 0.069 1.01 (0.41-2.47) 0.98 

Currently on SAPT¶ 0.50 (0.43-0.58) <0.001 0.54 (0.46-0.63) <0.001 0.21 (0.11-0.41) <0.001 

Currently on DAPT¶ 1.99 (1.71-2.32) <0.001 1.85 (1.58-2.17) <0.001 4.37 (2.34-8.16) <0.001 

Leukocytes (103 cells per µL) 1.03 (1.02-1.03) <0.001 1.03 (1.02-1.04) <0.001 1.02 (1.00-1.05) 0.049 

Thrombocytes (100×109/L)  1.00 (1.00-1.00) 0.007 1.00 (1.00-1.00) 0.007 1.00 (1.00-1.00) 0.75 

Multivessel treatment 1.11 (0.97-1.27) 0.13 1.09 (0.95-1.25) 0.23 1.39 (0.92-2.09) 0.11 

Minimum stent diameter (mm) 1.06 (0.94-1.19) 0.31 1.06 (0.93-1.20) 0.37 1.02 (0.70-1.50) 0.91 

Bifurcation treatment 1.41 (1.22-1.62) <0.001 1.43 (1.24-1.65) <0.001 1.37 (0.87-2.14) 0.17 

Fondaparinux 1.02 (0.83-1.24) 0.85 0.94 (0.75-1.16) 0.54 1.78 (1.06-2.99) 0.029 

Low-molecular-weight heparin 1.43 (0.97-2.09) 0.069 1.44 (0.97-2.14) 0.074 1.62 (0.52-5.12) 0.40 

Bivalirudin 0.76 (0.45-1.29) 0.31 0.77 (0.45-1.34) 0.35 0.56 (0.08-3.99) 0.56 

Glycoprotein IIb/IIIa inhibitors 1.67 (1.40-1.99) <0.001 1.57 (1.30-1.89) <0.001 2.64 (1.64-4.26) <0.001 

 

Renal failure: <60 eGFR mL/min per 1.73 m², using the Modification of Diet in Renal Disease (MDRD) formula. OAC and DAPT at discharge, if 

deceased in hospital: as used at procedure. 

*Chronic coronary syndrome (CCS) patients are the reference category.  

**No PPI is the reference category.  

***Stent length zero for ballooning only. 

¶Time-at-risk is split into sequences of no APT, on SAPT, and on DAPT. Currently not on any APT: reference group. BARC 3 or 5 events are counted 

per sequence and patient separately. 

Estimates derived from 20 multiple imputed data sets, combined using Rubin's rule.         

 



 

APT: antiplatelet therapy; BARC: Bleeding Academic Research Consortium; BMI: body mass index; CABG: coronary artery bypass graft; CI: 

confidence interval; DAPT: dual antiplatelet therapy; HR: hazard ratio; IABP: intra-aortic balloon pump; OAC: oral anticoagulant; PCI: percutaneous 

coronary intervention; PPI: proton pump inhibitor; SAPT: single antiplatelet therapy 



 

Supplementary Table 8. Multivariate analysis for BARC type 2, 3 or 5 bleeding at one year. 

 

 Overall BARC 2, 3 or 5 Non-access-site BARC 2, 3 or 5 Access-site BARC 2, 3 or 5 

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Acute coronary syndrome* 1.25 (1.08-1.44) 0.003 1.23 (1.07-1.43) 0.005 1.19 (0.78-1.82) 0.42 

Age (per 10 years) 1.19 (1.12-1.26) <0.001 1.19 (1.11-1.26) <0.001 1.35 (1.12-1.63) 0.001 

BMI 0.98 (0.97-0.99) 0.004 0.98 (0.97-0.99) 0.006 - - 

Previous CABG 0.69 (0.56-0.85) <0.001 0.74 (0.60-0.92) 0.007 0.28 (0.10-0.75) 0.012 

History of malignancy 1.21 (1.03-1.43) 0.022 1.27 (1.07-1.51) 0.007 - - 

Renal failure 1.31 (1.13-1.51) <0.001 1.32 (1.14-1.53) <0.001 - - 

History of atrial fibrillation/flutter 1.46 (1.23-1.73) <0.001 1.46 (1.22-1.74) <0.001 1.64 (0.96-2.82) 0.072 

Chronic obstructive lung disease 1.23 (1.00-1.50) 0.049 1.25 (1.02-1.55) 0.034 - - 

History of spontaneous bleeding 1.53 (1.24-1.89) <0.001 1.54 (1.24-1.91) <0.001 - - 

Haemoglobin before PCI (g/L) 0.99 (0.98-0.99) <0.001 0.99 (0.99-0.99) <0.001 0.98 (0.97-0.99) <0.001 

Leukocytes (103 cells per µL) 1.02 (1.01-1.03) <0.001 1.02 (1.01-1.03) <0.001 - - 

Left ventricular function (%) 0.99 (0.99-1.00) 0.026 0.99 (0.99-1.00) 0.009 - - 

Killip II, III or IV 1.34 (1.15-1.57) <0.001 1.35 (1.15-1.59) <0.001 1.42 (0.91-2.21) 0.11 

Femoral access site 1.35 (1.18-1.54) <0.001 1.34 (1.17-1.53) <0.001 - - 

Percutaneous left ventricular assist device 4.10 (2.93-5.74) <0.001 3.66 (2.55-5.24) <0.001 7.23 (3.23-16.16) <0.001 

Number of lesions - - 0.93 (0.86-1.01) 0.080 - - 

Left anterior descending artery 0.87 (0.77-0.99) 0.041 0.87 (0.76-0.99) 0.040 - - 

Chronic total occlusion 1.28 (0.98-1.67) 0.065 1.31 (0.99-1.72) 0.055 - - 

Bifurcation treatment 1.20 (1.03-1.39) 0.017 1.23 (1.05-1.43) 0.009 - - 

Total stent length (mm)** 1.00 (1.00-1.01) 0.004 1.01 (1.00-1.01) 0.001 - - 

Minimum stent diameter (mm) 1.20 (1.06-1.36) 0.005 1.15 (1.00-1.32) 0.056 - - 

Glycoprotein IIb/IIIa inhibitors 1.64 (1.36-1.97) <0.001 1.48 (1.21-1.80) <0.001 2.89 (1.74-4.77) <0.001 

DAPT with potent P2Y12 inhibitor at 

discharge 
0.87 (0.75-1.00) 0.056 0.42 (0.30-0.59) <0.001 - - 

Currently on SAPT¶ 0.77 (0.36-1.64) 0.49 1.70 (0.73-4.00) 0.22 0.26 (0.03-2.02) 0.19 

Currently on DAPT¶ 1.67 (0.79-3.53) 0.17 3.94 (1.65-9.41) 0.002 1.24 (0.17-8.98) 0.83 

PPI at discharge (not at follow-up) 1.88 (1.59-2.21) <0.001 1.91 (1.61-2.27) <0.001 1.52 (0.92-2.53) 0.10 

PPI at follow-up (not at discharge)*** 2.31 (1.91-2.78) <0.001 2.43 (2.00-2.95) <0.001 1.50 (0.78-2.90) 0.22 

PPI at discharge and follow-up*** 1.57 (1.33-1.85) <0.001 1.58 (1.33-1.87) <0.001 1.44 (0.88-2.37) 0.14 

 

A p-value <0.2 was used to select variables to include in the multivariable model. 

Renal failure: <60 eGFR mL/min per 1.73 m², using the Modification of Diet in Renal Disease (MDRD) formula. OAC and DAPT at discharge, if 

deceased in hospital: as used at procedure. 



 

*Chronic coronary syndrome (CCS) patients are the reference category.  

**Stent length zero for ballooning only. 

***No PPI is the reference category.  

¶Time-at-risk is split into sequences of no APT, on SAPT, and on DAPT. Currently not on any APT: reference group. BARC 3 or 5 events are counted 

per sequence and patient separately. 

Estimates derived from 20 multiple imputed data sets, combined using Rubin's rule         

 

APT: antiplatelet therapy; BARC: Bleeding Academic Research Consortium; BMI: body mass index; CABG: coronary artery bypass graft; CI: 

confidence interval; DAPT: dual antiplatelet therapy; HR: hazard ratio; IABP: intra-aortic balloon pump; OAC: oral anticoagulant; PCI: percutaneous 

coronary intervention; PPI: proton pump inhibitor; SAPT: single antiplatelet therapy 

  



 

Supplementary Table 9. Baseline characteristics stratified by type of ACS. 

 

  
Unstable angina 

(n=783) 

NSTEMI 

(n=4,218) 

STEMI 

(n=4,502) 
p-value 

Age, years 67.91±11.24 68.49±12.58 64.32±13.00 <0.001 

Females 207 (26.4%) 1,162 (27.5%) 1,046 (23.2%) <0.001 

BMI, kg/m² 27.08±4.41 27.34±4.88 27.01±4.43 0.004 

Current smoker 184 (23.5%) 1,191 (28.7%) 1,729 (39.6%) <0.001 

Hypertension 602 (76.9%) 2,925 (69.9%) 2,342 (52.8%) <0.001 

Diabetes mellitus 185 (23.6%) 1,049 (24.9%) 658 (14.8%) <0.001 

Hypercholesterolaemia 547 (69.9%) 2,522 (60.3%) 2,075 (47.0%) <0.001 

Family history of CAD 252 (32.3%) 936 (22.4%) 959 (21.6%) <0.001 

Previous myocardial infarction 189 (24.1%) 792 (18.9%) 367 (8.2%) <0.001 

Previous PCl 285 (36.4%) 840 (20.0%) 428 (9.6%) <0.001 

Previous CABG 106 (13.5%) 420 (10.0%) 117 (2.6%) <0.001 

Previous TIA or stroke 52 (6.6%) 322 (7.7%) 171 (3.8%) <0.001 

Peripheral artery disease 61 (7.8%) 405 (9.6%) 170 (3.8%) <0.001 

History of malignancy 96 (12.3%) 488 (11.6%) 323 (7.3%) <0.001 

Renal failure 116 (15.7%) 968 (24.0%) 727 (17.6%) <0.001 

Renal failure on dialysis 7 (0.9%) 67 (1.6%) 20 (0.4%) <0.001 

History of atrial fibrillation/flutter 55 (10.0%) 347 (11.4%) 162 (5.1%) <0.001 

Chronic obstructive lung disease 52 (6.6%) 326 (7.8%) 167 (3.7%) <0.001 

History of spontaneous bleeding 49 (6.3%) 214 (5.1%) 114 (2.5%) <0.001 

Left ventricular function, % 57.80±12.31 52.05±13.57 44.80±11.92 <0.001 

Haemoglobin before PCI, g/L 137.05±16.99 133.31±20.19 140.80±18.26 <0.001 

Haemoglobin nadir, g/L 130.16±19.69 123.41±21.31 124.31±19.94 <0.001 

Leukocytes before PCI, g/L 7.89±2.93 9.55±4.84 11.71±4.61 <0.001 

Thrombocytes before PCI, g/L 222.70±63.81 231.89±79.04 242.04±78.02 <0.001 

ARC-HBR score 0.58±0.76 0.78±0.91 0.46±0.68 <0.001 

Killip class n=782 n=4,209 n=4,486 

<0.001 Killip I 731 (93.5%) 3,404 (80.9%) 3,199 (71.3%) 

Killip II 42 (5.4%) 450 (10.7%) 599 (13.4%) 



 

Killip III 6 (0.8%) 200 (4.8%) 192 (4.3%) 

Killip IV 3 (0.4%) 155 (3.7%) 496 (11.1%) 

 

ACS: acute coronary syndrome; ARC-HBR: Academic Research Consortium for High Bleeding Risk; BMI: body mass index; CABG: coronary artery 

bypass grafting; CAD: coronary artery disease; CCS: chronic coronary syndrome; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous 

coronary intervention; STEMI: ST-elevation myocardial infarction; TIA: transient ischaemic attack 



 

Supplementary Table 10. Procedural characteristics according to the type of ACS. 

 

  
Unstable angina 

(n=783) 

NSTEMI 

(n=4,218) 

STEMI 

(n=4,502) 
p-value 

Access site n=551 n=3,054 n=3,187 <0.001 

Radial 208 (37.7%) 1,137 (37.2%) 792 (24.9%) <0.001 

Femoral 343 (62.3%) 1,915 (62.7%) 2,395 (75.1%) <0.001 

Brachial 0 (0.0%) 2 (0.1%) 0 (0.0%) 0.29 

Coronary arteries treated     

Left main artery 32 (4.1%) 216 (5.1%) 176 (3.9%) 0.02 

Left anterior descending artery 414 (52.9%) 2,158 (51.2%) 2,309 (51.3%) 0.67 

Left circumflex artery 238 (30.4%) 1,693 (40.1%) 1,021 (22.7%) <0.001 

Right coronary artery 284 (36.3%) 1,334 (31.6%) 1,861 (41.3%) <0.001 

Bypass graft 41 (5.2%) 168 (4.0%) 42 (0.9%) <0.001 

Number of lesions n=783 n=4,218 n=4,502 <0.001 

1 453 (57.9%) 2,279 (54.0%) 2,828 (62.8%) <0.001 

2 217 (27.7%) 1,251 (29.7%) 1,153 (25.6%) <0.001 

≥3 113 (14.4%) 688 (16.3%) 521 (11.6%) <0.001 

Multivessel treatment (2-3 vessels) 214 (27.3%) 1,263 (29.9%) 833 (18.5%) <0.001 

IABP (prior or during PCI) 3 (0.4%) 49 (1.2%) 138 (3.1%) <0.001 

Percutaneous left ventricular assist device 4 (0.6%) 35 (0.9%) 65 (1.6%) 0.006 

Staged PCI 90 (11.5%) 751 (17.8%) 1,172 (26.0%) <0.001 

Access site of first staged PCI n=72 n=631 n=835 

0.78 Radial 32 (44.4%) 283 (44.8%) 389 (46.6%) 

Femoral 40 (55.6%) 348 (55.2%) 446 (53.4%) 

Number of lesions treated n=1,256 n=7,094 n=6,895  

Lesion type     

Restenotic lesion 119 (9.5%) 338 (4.8%) 252 (3.7%) <0.001 

Evidence of thrombus 23 (1.9%) 789 (11.1%) 2,991 (43.4%) <0.001 

Chronic total occlusion 28 (2.2%) 195 (2.7%) 82 (1.2%) <0.001 

Stent type     

Any DES 1,115 (96.2%) 6,390 (96.4%) 6,105 (94.0%) <0.001 

Any bare metal stent 33 (2.8%) 220 (3.3%) 357 (5.5%) <0.001 



 

Any absorbable scaffold* 10 (0.9%) 8 (0.1%) 18 (0.3%) 0.001 

Mix of types of stent 1 (0.1%) 11 (0.2%) 18 (0.3%) 0.24 

Only DES used per patient 1,162 (92.5%) 6,646 (93.7%) 6,305 (91.4%) <0.001 

Total number of stents implanted in this lesion 1.30±0.58 1.31±0.60 1.40±0.67 <0.001 

Total stent length, mm 26.42±16.29 27.70±17.06 31.09±18.83 <0.001 

Mean stent diameter, mm 2.93±0.48 2.91±0.75 3.01±0.51 <0.001 

Treatment of a bifurcation 184 (14.7%) 1,090 (15.4%) 1,037 (15.0%) 0.64 

Baseline TIMI flow n=1,232 n=7,005 n=6,829 

<0.001 
0 or 1 121 (9.8%) 1,392 (19.9%) 3,681 (53.9%) 

2 210 (17.0%) 1,351 (19.3%) 1,042 (15.3%) 

3 901 (73.1%) 4,262 (60.8%) 2,105 (30.8%) 

Post-PCI TIMI flow n=1,240 n=7,032 n=6,840 

<0.001 
0 or 1 6 (0.5%) 50 (0.7%) 82 (1.2%) 

2 6 (0.5%) 99 (1.4%) 224 (3.3%) 

3 1,228 (99.0%) 6,883 (97.9%) 6,534 (95.5%) 

 

Renal failure: <60 eGFR mL/min per 1.73 m², using the Modification of Diet in Renal Disease (MDRD) formula. OAC and DAPT at discharge, if 

deceased in hospital: as used at procedure. 

* Chronic coronary syndrome (CCS) patients are the reference category.  

**No PPI is the reference category.  

***Stent length zero for ballooning only. 

¶Time-at-risk is split into sequences of no APT, on SAPT, and on DAPT. Currently not on any APT: reference group. BARC 3 or 5 events are counted 

per sequence and patient separately. 

Estimates derived from 20 multiple imputed data sets, combined using Rubin's rule.         

 

APT: antiplatelet therapy; BARC: Bleeding Academic Research Consortium; BMI: body mass index; CABG: coronary artery bypass graft; CI: 

confidence interval; DAPT: dual antiplatelet therapy; HR: hazard ratio; IABP: intra-aortic balloon pump; NSTEMI: non-ST-elevation myocardial 

infarction; OAC: oral anticoagulant; PCI: percutaneous coronary intervention; PPI: proton pump inhibitor; SAPT: single antiplatelet therapy; STEMI: 

ST-elevation myocardial infarction 

  



 

Supplementary Table 11. Medications according to the type of ACS. 

 

  
Unstable angina 

(n=783) 

NSTEMI 

(n=4,218) 

STEMI 

(n=4,502) 
p-value 

Procedure medications n=783 n=4,218 n=4,502 <0.001 

No loading dose 91 (11.6%) 362 (8.6%) 91 (2.0%) <0.001 

Only loading clopidogrel 383 (48.9%) 1,643 (39.0%) 1,020 (22.7%) <0.001 

Only loading prasugrel 48 (6.1%) 160 (3.8%) 1,133 (25.2%) <0.001 

Only loading ticagrelor 252 (32.2%) 1,888 (44.8%) 1,580 (35.1%) <0.001 

Loading clopidogrel and prasugrel 2 (0.3%) 79 (1.9%) 595 (13.2%) <0.001 

Loading clopidogrel and ticagrelor 6 (0.8%) 76 (1.8%) 69 (1.5%) 0.095 

Loading prasugrel and ticagrelor 1 (0.1%) 10 (0.2%) 14 (0.3%) 0.59 

Unfractionated heparin 765 (97.7%) 4,152 (98.5%) 4,456 (99.0%) 0.003 

Fondaparinux 48 (6.8%) 700 (17.8%) 856 (20.5%) <0.001 

LMWH 20 (2.6%) 131 (3.1%) 87 (1.9%) 0.002 

Bivalirudin 21 (2.7%) 56 (1.3%) 26 (0.6%) <0.001 

Glycoprotein IIb/IIIa inhibitors 29 (3.7%) 266 (6.3%) 1,002 (22.3%) <0.001 

Thrombolytic therapy 2 (0.3%) 5 (0.1%) 25 (0.6%) 0.002 

Discharge medications     

Aspirin 763 (98.2%) 4,022 (98.0%) 4,206 (98.8%) 0.019 

Clopidogrel 453 (58.3%) 1,881 (45.8%) 977 (22.9%) <0.001 

Prasugrel 51 (6.6%) 268 (6.5%) 1,771 (41.6%) <0.001 

Ticagrelor 259 (33.3%) 1,903 (46.4%) 1,453 (34.1%) <0.001 

Any DAPT 752 (96.8%) 3,978 (96.9%) 4,160 (97.7%) 0.069 

Any OAC 73 (9.4%) 471 (11.5%) 267 (6.3%) <0.001 

Novel oral anticoagulants 26 (4.7%) 175 (5.9%) 118 (3.9%) 0.002 

Any DAPT and OAC/NOAC 64 (8.2%) 403 (9.8%) 227 (5.3%) <0.001 

Statin 729 (93.8%) 3,767 (91.8%) 4,017 (94.3%) <0.001 

PPI 252 (43.8%) 1,425 (43.9%) 1,405 (39.7%) 0.001 

One-year follow-up medications     

Aspirin* 632 (91.3%) 3,129 (90.7%) 3,472 (94.1%) <0.001 

Clopidogrel* 303 (43.8%) 1,124 (32.6%) 726 (19.7%) <0.001 

Prasugrel* 46 (6.6%) 241 (7.0%) 1,316 (35.7%) <0.001 



 

Ticagrelor* 171 (24.7%) 1,229 (35.6%) 953 (25.8%) <0.001 

Any DAPT* 472 (68.2%) 2,381 (69.0%) 2,832 (76.7%) <0.001 

Any OAC 72 (10.4%) 472 (13.7%) 356 (9.7%) <0.001 

Novel oral anticoagulants 30 (5.5%) 216 (7.6%) 167 (5.7%) 0.007 

Any DAPT and OAC/NOAC 8 (1.2%) 57 (1.7%) 67 (1.8%) 0.45 

Statin 570 (82.5%) 2,921 (84.8%) 3,306 (89.8%) <0.001 

PPI 213 (38.4%) 1,071 (36.4%) 1,046 (32.3%) <0.001 

 
*Not stopped before 350 days since index PCI considered compliant. 

ACS: acute coronary syndrome; CCS: chronic coronary syndrome; DAPT: dual antiplatelet therapy; LMWH: low molecular weight heparin; NOAC: new 

oral anticoagulant; NSTEMI: non-ST-elevation myocardial infarction; OAC: oral anticoagulant; PCI: percutaneous coronary intervention; PPI: proton 

pump inhibitor; STEMI: ST-elevation myocardial infarction 

  



 

 

 
 

 

Supplementary Figure 1. Prevalence of minor and major ARC-HBR criteria (A) and ARC-HBR score distribution (B) in ACS (red) and CCS (blue) 

patients. 

ACS: acute coronary syndrome; ARC-HBR: Academic Research Consortium for High Bleeding Risk; CCS: chronic coronary syndrome; CI: confidence 

interval; CKD: chronic kidney disease; NSAIDs: non-steroidal anti-inflammatory drugs; OAC: oral anticoagulation; PH: portal hypertension



 

 
 

 

Supplementary Figure 2. Unadjusted rate of BARC 3 or 5 events at one year for minor and major ARC-HBR criteria in ACS (red) and CCS (blue). 

 

Depicted are the estimates of the main effects model, adjusted cumulative incidence in case all other risk factors are set to absent.  

Large values for the upper confidence intervals cut in the graph for clarity. 

ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; CI: confidence interval; CKD: 

chronic kidney disease; NSAIDs: non-steroidal anti-inflammatory drugs; OAC: oral anticoagulation; PH: portal hypertension. 

  



 

 
 

Supplementary Figure 3. Kaplan-Meier event curves for BARC-defined bleeding at one year in patients stratified by clinical presentation and ARC-

HBR score. BARC 3 or 5 in ACS (red) and CCS (blue) by ARC-HBR score (A & B). BARC 2, 3 or 5 in ACS and CCS by ARC-HBR score (C & D). 

ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; CI: confidence interval; HR: 

hazard ratio  



 

 


