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ABSTRACT
Objective  This study aimed to investigate the association 
between heart failure (HF) severity measured based on 
brain natriuretic peptide (BNP) levels and future bleeding 
events after percutaneous coronary intervention (PCI).
Background  The Academic Research Consortium for 
High Bleeding Risk presents a bleeding risk assessment 
for antithrombotic therapy in patients after PCI. HF is a risk 
factor for bleeding in Japanese patients.
Methods  Using an electronic medical record-based 
database with seven tertiary hospitals in Japan, this 
retrospective study included 7160 patients who underwent 
PCI between April 2014 and March 2020 and who 
completed a 3-year follow-up and were divided into three 
groups: no HF, HF with high BNP level and HF with low 
BNP level. The primary outcome was bleeding events 
according to the Global Use of Streptokinase and t-PA 
for Occluded Coronary Arteries classification of moderate 
and severe bleeding. The secondary outcome was major 
adverse cardiovascular events (MACE). Furthermore, 
thrombogenicity was measured using the Total Thrombus-
Formation Analysis System (T-TAS) in 536 consecutive 
patients undergoing PCI between August 2013 and March 
2017 at Kumamoto University Hospital.
Results  Multivariate Cox regression showed that HF 
with high BNP level was significantly associated with 
bleeding events, MACE and all-cause death. In the T-TAS 
measurement, the thrombogenicity was lower in patients 
with HF with high BNP levels than in those without HF and 
with HF with low BNP levels.
Conclusions  HF with high BNP level is associated with 
future bleeding events, suggesting that bleeding risk might 
differ depending on HF severity.

INTRODUCTION
Dual antiplatelet therapy (DAPT) is the 
standard of care for ischaemic heart disease 
(IHD) following percutaneous coronary 
intervention (PCI). Long-term DAPT 
causes significant haemorrhagic complica-
tions.1 2 Therefore, selection of appropriate 

antithrombotic therapy, including DAPT 
duration, by stratification of bleeding risk is 
required. The Academic Research Consor-
tium (ARC) has developed a consensus docu-
ment, the ARC-high bleeding risk (HBR) 
evaluation criteria, as a common definition of 
HBR in patients undergoing PCI.3 4 Further-
more, low body weight; frailty; chronic kidney 
disease (CKD), including dialysis; heart 
failure (HF) and peripheral vascular disease, 
which are not included in the ARC-HBR, were 
identified as important patient characteris-
tics for HBR in a Japanese cohort study.5–8 
Therefore, Japan-HBR, which adds these four 
factors to the ARC-HBR, has been proposed 
in Japan.9 However, whether the phenotype 
(left ventricular function or severity) of HF is 
associated with HBR remains unknown.

Total Thrombus-Formation Analysis System 
(T-TAS (Fujimori Kogyo, Tokyo, Japan)), a 
microchip-based flow chamber system used 
to evaluate whole-blood thrombogenicity, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Heart failure (HF) is a risk factor for high bleeding 
(HBR) after percutaneous coronary intervention 
(PCI).

	⇒ So far, little is known if the severity of HF and future 
bleeding events after PCI are associated.

WHAT THIS STUDY ADDS
	⇒ HF with high brain natriuretic peptide (BNP) levels 
(≥100 pg/mL) is independent of HBR, and its throm-
bogenicity also supports this association.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ In patients with severe HF under PCI, it is necessary 
to consider HBR and choose appropriate antithrom-
botic therapy.
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was developed as an easy-to-use system to quantitatively 
analyse thrombus formation.10 11 Previous studies have 
demonstrated the usefulness of the T-TAS parameter in 
predicting 1-year bleeding events in patients undergoing 
PCI and a significant predictor of procedural bleeding 
events in patients undergoing catheter ablation for atrial 
fibrillation (AF).12 13 However, whether the phenotype of 
HF is associated with thrombogenicity remains unknown.

This study aimed to investigate the association between 
HF severity measured based on BNP levels and future 
bleeding events after PCI using a large-scale, multicentre 
cohort database, the Clinical Deep Data Accumulation 
System (CLIDAS) database in Japan and then investigate 
the association between the whole-blood thrombogenicity 
measured by the T-TAS and phenotype of HF in patients 
undergoing PCI at Kumamoto University Hospital.

METHODS
Database
The CLIDAS, a multicentre database with seven tertiary 
medical hospitals in Japan, was developed to collect data 
directly for oral medicine, injection drugs, laboratory 
tests, physiological tests, echocardiographic parame-
ters, ECGs, cardiac catheterisations and PCI treatments 
in electronic medical records using Standardised Struc-
tured Medical Information eXchange Extended Storage 
and patient characteristics and long-term prognosis by 
each hospital data manager.14 15 The CLIDAS was devel-
oped from the Japan Ischaemic Heart Disease Multi-
modal Prospective Data Acquisition for preCision Treat-
ment project and aimed to build a clinical data registry 
system that electronically collects medical records and 
multimodal data, including coronary angiography and 
PCI report.15 16

Study population
In total, 9690 consecutive patients who were admitted for 
diagnosis or treatment of IHD at a CLIDAS-accredited 
facility and underwent PCI between April 2013 and 
March 2019 were screened in this study. After excluding 
2530 patients with missing data for prior HF and BNP 
levels within 30 days of index PCI or who were lost to 
follow-up, the remaining 7160 patients were enrolled in 
this study. The patients were divided into two groups: 
non-HF (n=6645) and HF (n=515). We defined a history 
of HF as a prior hospitalisation for HF.

Furthermore, patients with HF were reclassified based 
on (1) BNP level, (2) left ventricular ejection fraction 
(LVEF) and (3) aetiology: (1) HF with low BNP level 
(<100 pg/mL) (n=131) and HF with high BNP level 
(≥100 pg/mL) (n=384) and (2) HF with reduced EF 
(<40%) (n=177), with HF with mild reduced EF (40%–
49%) (n=109), with preserved EF (≥50%) (n=186) and 
with unknown EF (n=43). Regarding aetiology, CLIDAS 
allows us to assess the medical history of old myocardial 
infarction (OMI), previous PCI and previous CABG. We 
defined patients with HF with a history of OMI, PCI or 

CABG as ischaemic HF (n=239), and we defined patients 
with HF without these histories as non-ischaemic HF 
(n=276) (online supplemental figure 1).

Patient involvement
Patients were not involved in setting the research ques-
tion, the outcome measures and intimately involved in 
design and analysis.

Variables
BNP values were obtained from the lowest value 30 days 
before and after the index PCI. Other baseline laboratory 
data were calculated as average values from 60 days before 
the index PCI to 30 days after the procedure. Hyperten-
sion was defined as systolic blood pressure ≥140 mm Hg, 
diastolic blood pressure ≥90 mm Hg or medical treatment 
for hypertension at index PCI.17 Diabetes mellitus (DM) 
was defined as a haemoglobin A1C level ≥6.5%, casual 
blood glucose level ≥200 mg/dL, fasting blood glucose 
level ≥126 mg/dL or medical treatment for DM at index 
PCI.18 Dyslipidaemia was defined as medical treatment 
for dyslipidaemia at the index PCI. We calculated the 
estimated glomerular filtration rate (eGFR) based on 
the serum creatinine level, age, weight and sex using the 
following formula: eGFR=194×Cr−1.094×age−0.287 (men) 
and eGFR=194×Cr−1.094×age−0.287×0.739 (women).19 We 
defined CKD as eGFR <60 mL/min/1.73 m2.19 Hyperu-
ricaemia was defined as serum uric acid levels ≥7.0 and 
≥6.0 mg/dL for men and women, respectively, and/
or taking urate-lowering drugs according to previous 
studies.20 We used echocardiographic findings closest 
to the index PCI, performed between –100 and 0 days 
before index PCI. LVEF was calculated using modified 
Simpson’s rule.21 However, the Teichholz method was 
used for LVEF measurement if the data of the modified 
Simpson’s rule were missing.21 The number of diseased 
vessels was defined as the number of coronary arteries 
with severe stenosis (≥75%) in the major epicardial 
coronary segments of the right coronary, left anterior 
descending and left circumflex arteries and their branch 
lesions that underwent PCI. The diseased left main trunk 
(LMT), defined as ≥75% stenosis, was counted separately. 
The patients were categorised according to the combina-
tion of the number of diseased vessels and LMT disease.

Clinical outcomes
We defined primary outcome as a major bleeding event 
in moderate or severe bleeding according to the Global 
Use of Streptokinase and t-PA for Occluded Coro-
nary Arteries (GSUTO) bleeding criteria.22 Moderate 
bleeding requires blood transfusion but does not result 
in haemodynamic compromise, and severe bleeding indi-
cates intracerebral haemorrhage or results in substan-
tial haemodynamic compromise requiring treatment. 
Secondary outcomes were defined as all-cause death and 
major adverse cardiac events (MACE), including cardiac 
death, myocardial infarction (MI) and stroke.

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2023-002489 on 7 D
ecem

ber 2023. D
ow

nloaded from
 

https://dx.doi.org/10.1136/openhrt-2023-002489
http://openheart.bmj.com/


3Otsuka Y, et al. Open Heart 2023;10:e002489. doi:10.1136/openhrt-2023-002489

Cardiac risk factors and prevention

Thrombogenicity in patients with heart failure
T-TAS is an automated microchip-based flow chamber 
system developed for easy and rapid assessment of 
platelet thrombus formation under certain flow condi-
tions, as previously described.23 Briefly, this system anal-
yses different thrombus formation processes using a 
simple procedure with microchips coated with thrombo-
genic surfaces. One chip, the platelet chip (PL), is coated 
with type I collagen. Inside the microchip, platelets 
adhere and aggregate on the surface of the collagen, and 
microchip capillaries are occluded.23 The other chip, the 
atheroma chip (AR), is covered with type I collagen and 
tissue thromboplastin. Inside the microchips, the plate-
lets are simultaneously activated with the triggering of 
the coagulation system by collagen and tissue thrombo-
plastin.23 The process of thrombus formation inside the 
two chips was analysed by monitoring the flow pressure 
change. The area under the curve (AUC) for the flow 
pressure was computed to assess platelet thrombogenicity 
inside the microchips. The PL18-AUC10 parameter repre-
sented the AUC for the first 10 min of the PL test at a 
flow rate of 18 μL/min, and AR10-AUC30 is the param-
eter representing the AUC for the first 30 min for the AR 
tested at a flow rate of 10 µL/min.23

We measured the T-TAS of 690 consecutive patients 
who underwent PCI between August 2013 and March 
2017 at Kumamoto University Hospital. We excluded 154 
patients who were using anticoagulants, such as warfarin 
and direct oral anticoagulants (DOACs), or were under-
going dialysis. Blood samples were obtained using a 6 Fr 
sheath inserted into the femoral vein before treatment 
with unfractionated heparin immediately before the 
first CAG or at the time of PCI. We categorised the 536 
patients into two groups according to their history of HF: 
non-HF (n=422) and HF (n=114) groups. HF was defined 
according to the diagnostic algorithm of the European 
Society of Cardiology guidelines.24 Furthermore, the HF 
group was reclassified based on the BNP level: HF with 
low BNP level (<100 pg/mL) (n=47) and HF with high 
BNP level (≥100 pg/mL) (n=67) groups (online supple-
mental figure 2).

Statistical analyses
Continuous variable data are presented as median values 
(IQR) and categorical variables as frequencies and 
percentages. Group comparisons were analysed using the 
Mann-Whitney U test for continuous variables between 
the two groups, the Kruskal-Wallis test for continuous vari-
ables followed by multiple comparisons with the Bonfer-
roni method among the three groups, the χ2 or Fisher’s 
exact test for categorical variables and the log-rank test 
for bleeding events, MACE and all-cause-free survival 
curves, as appropriate. Cox proportional hazards regres-
sion analysis was performed to compute HRs and 95% 
CIs as estimates of the clinical outcomes. The multivariate 
Cox proportional hazards model adjusted for age, sex, 
body mass index (BMI), systolic blood pressure at admis-
sion, acute or chronic coronary syndrome, hypertension, 

diabetes, dyslipidaemia, CKD, haemodialysis, previous 
PCI, previous coronary artery bypass grafting (CABG), 
prior MI, prior stroke, prior AF, prior peripheral arterial 
disease (PAD), LMT disease, multivessel disease (MVD) 
and anticoagulant, DAPT and proton pump inhibitor use 
was used in complete case analysis. For sensitivity analysis, 
a multiple imputation analysis was performed with 20 
imputed datasets generated by the fully conditional spec-
ification method. The results across the 20 imputed data-
sets were combined using Rubin’s rules.25 A two-tailed p 
value <0.05 denoted a statistically significant difference. 
All statistical analyses were performed using the SPSS 
software V.23 (IBM, Armonk, New York, USA).

Regarding a cut-off value of 100 pg/mL for the BNP 
level, BNP is a promising biomarker that represents the 
severity of HF. In Japanese guideline, it is recommended 
that if the BNP level is 100 pg/mL or above, there is 
a possibility of HF warranting treatment, and thus a 
further examination or referral to a specialist is advised.26 
Furthermore, in the European Society of Cardiology 
guidelines, a cut-off value of 100 pg/mL for BNP is spec-
ified as indicative of acute heart failure.27 Based on these 
considerations, we established a cut-off value of 100 pg/
mL for the BNP level.

RESULTS
Baseline characteristics
We categorised the 7160 patients into the non-HF and HF 
groups. The baseline patient characteristics are summa-
rised in online supplemental table 1. Compared with the 
non-HF group, the HF group had higher rates of female 
sex; hypertension; diabetes; CKD; haemodialysis; malig-
nancy; previous MI, PCI, CABG and stroke; AF; PAD; PCI 
to the left circumflex artery; PCI to the right coronary 
artery; PCI to the LMT; MVD; BNP level and anticoagu-
lant, DOAC and warfarin use. In addition, patients with 
HF had lower BMI, eGFR and rate of acute coronary 
syndrome, dyslipidaemia and family history of IHD and 
EF than those without HF.

Primary outcome
After PCI, 276 (3.9%) patients experienced major bleeding 
events during the 3-year follow-up period. Among these 
patients, 227 had no HF, 40 had HF with high BNP levels 
and 9 had HF with low BNP levels (online supplemental 
tables 2 and 3). Kaplan-Meier survival curves showed a 
higher rate of bleeding events in the HF group than in 
the non-HF group (p<0.001, online supplemental figure 
3). Kaplan-Meier survival curves showed a higher rate 
of bleeding events in the HF with high BNP level group 
than in the non-HF group (p<0.001); however, no signif-
icant difference was observed between the other groups 
(figure  1). Multivariate Cox regression analysis showed 
a significantly higher rate of major bleeding events in 
the HF (HR 1.63; 95% CI 1.11 to 2.39; p=0.012) and 
HF with high BNP level (HR 1.68; 95% CI 1.11 to 2.54; 
p=0.014) groups, whereas the rate was almost identical 
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in the HF with low BNP level group (HR 1.43; 95% CI 
0.63 to 3.26; p=0.390) compared with that in the non-HF 
group (table 1). Additionally, in multivariate Cox regres-
sion analysis including LVEF value as adjusted factor, 
the HF and HF with high BNP level group had higher 
bleeding events compared with non-HF group (HR 1.53; 
95% CI 1.01 to 2.30; p=0.042, HR 1.59; 95% CI 1.02 to 
2.49; p=0.035), whereas there were no significant event 
rate between the HF with low BNP level group and the 
non-HF group (HR 1.22; 95% CI 0.49 to 3.01; p=0.659) 
(table 1).

In the classification according to EF (HF with reduced 
EF (<40%), with HF with mild reduced EF (40%–49%), 
with preserved EF (≥50%) and with unknown EF), there 
was no significant difference in major bleeding events 
among the four groups (figure 1).

Among the 276 patients who underwent PCI and expe-
rienced major bleeding events during the 3-year follow-up 
period, 227 had no HF, 25 had non-ischaemic HF and 24 
had ischaemic HF. Kaplan-Meier survival curves showed 
a higher rate of bleeding events in the ischaemic and 
non-ischaemic HF group than non-HF group (p<0.001); 
however, no significant difference was observed between 
ischaemic and non-ischaemic HF groups (p=0.855) 
(figure 1). Multivariate Cox regression analysis showed a 
significantly higher rate of major bleeding events in the 
non-ischaemic HF group compared with non-HF group 
(HR 1.74; 95% CI 1.07 to 2.83; p=0.024), whereas no 
significant difference between ischaemic HF and non-HF 
groups (HR 1.36; 95% CI 0.82 to 2.27; p=0.225).

Secondary outcomes: major adverse cardiovascular events 
and all-cause death
After PCI, 508 (7.09%) and 502 (7.01%) patients expe-
rienced MACE and all-cause death within the 3-year 
follow-up period, respectively. Kaplan-Meier survival 

curves showed a higher rate of MACE and all-cause death 
in the HF with high BNP level group than in the other 
two groups (p<0.001); however, no significant difference 
was observed between the HF with low BNP level and 
non-HF groups (figure  2). Multivariate Cox regression 
analysis without LVEF level also showed a significantly 
higher rate of MACE in the HF (HR 1.89; 95% CI 1.41 to 
2.51; p<0.001) and HF with high BNP level (HR 2.21; 95% 
CI 1.64 to 2.98; p<0.001) groups, whereas the rate was 
almost identical in the HF with low BNP level group (HR 
0.73; 95% CI 0.30 to 1.78; p=0.489) compared with the 
non-HF group. Regarding all-cause death, multivariate 
Cox regression analysis also showed a significantly higher 
rate of all-cause death in the HF (HR 1.49; 95% CI 1.12 
to 1.99; p=0.007) and HF with high BNP level (HR 1.72; 
95% CI 1.28 to 2.32; p<0.001) groups, whereas the rate 
was almost identical in the HF with low BNP level group 
(HR 0.44; 95% CI 0.14 to 1.36; p=0.153) compared with 
the non-HF group (table  1). However, in the multivar-
iate Cox regression analysis including LVEF as adjusted 
factor, there were no significant difference between HF 
group and non-HF group regarding MACE (HR 1.34; 
95% CI 0.97 to 1.85; p=0.071) and all-cause death (HR 
1.07; 95% CI 0.77 to 1.47; p=0.685) (table 1).

Sensitivity analysis
We performed a sensitivity analysis to assess the validity of 
the study results by imputing missing values. This analysis 
revealed that the HF with high BNP level group had a 
higher rate of bleeding, MACE and all-cause death than 
the non-HF group; otherwise, no significant difference 
was observed among other groups (table 1).

Total Thrombus-Formation Analysis System parameter
We measured the PL18-AUC10 and AR10-AUC30 of 536 
patients. The PL18-AUC10 levels ranged from 1.5 to 492.4, 

Figure 1  Kaplan-Meier estimates of bleeding events (GUSTO severe/moderate) between non-HF groups and the HF groups 
classified according to BNP, EF level, ischaemic aetiology. Kaplan-Meier curves show the rate of major bleeding events after 
PCI according to HF and severity (BNP and EF level). The bleeding event rate was significantly higher in the HF with high BNP 
level group than in the non-HF group. There was no difference in the rate of major bleeding events among patients with HF, 
regardless of the EF. BNP, brain natriuretic peptide; EF, ejection fraction; GUSTO, Global Use of Streptokinase and t-PA for 
Occluded Coronary Arteries; HF, heart failure; PCI, percutaneous coronary intervention.
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Table 1  Cox proportional hazard regression for clinical outcomes

Univariate Multivariable model 1* † Multivariable model 2‡ † Multiple imputation* §

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

Bleeding events

(GUSTO severe/moderate)

Non-HF Ref Ref Ref Ref

HF 2.90 (2.13 to 3.94), 
<0.001

1.63 (1.11 to 2.39), 0.012 1.53 (1.01 to 2.30), 0.042 1.70 (1.23 to 2.37), 0.002

 � HF with BNP ≤100 1.91 (0.98 to 3.72), 0.057 1.43 (0.63 to 3.26), 0.390 1.22 (0.49 to 3.01), 0.659 1.53 (0.78 to 3.00), 0.216

 � HF with BNP >100 3.28 (2.34 to 4.59), 
<0.001

1.68 (1.11 to 2.54), 0.014 1.59 (1.02 to 2.49), 0.035 1.75 (1.22 to 2.51), 0.002

Intracranial bleeding

Non-HF Ref Ref Ref Ref

HF 3.06 (1.64 to 5.73), 
<0.001

2.59 (1.21 to 5.54), 0.014 2.70 (1.17 to 6.24), 0.19 2.03 (1.04 to 3.95) 0.039

 � HF with BNP ≤100 1.79 (0.44 to 7.35), 0.419 2.63 (0.62 to 11.14), 0.189 2.89 (0.67 to 12.53), 0.154 1.51 (0.36 to 6.30), 0.570

 � HF with BNP >100 3.57 (1.82 to 7.02), 
<0.001

2.57 (1.11 to 5.97), 0.028 2.65 (1.05 to 6.64), 0.037 2.20 (1.06 to 4.54), 0.034

Gastrointestinal bleeding

Non-HF Ref Ref Ref Ref

HF 3.33 (2.11 to 5.26), 
<0.001

1.68 (0.93 to 3.02), 0.083 1.79 (0.95 to 3.35), 0.069 2.07 (1.27 to 3.40), 0.004

 � HF with BNP ≤100 2.06 (0.76 to 5.60), 0.157 1.00 (0.24 to 4.12), 0.996 1.08 (0.25 to 4.49), 0.916 1.63 (0.59 to 4.51), 0.343

 � HF with BNP >100 3.83 (2.34 to 6.27), 
<0.001

1.88 (1.01 to 3.52), 0.047 2.02 (1.03 to 3.97), 0.040 2.21 (1.29 to 3.77), 0.004

MACE

Non-HF Ref Ref Ref

HF 2.25 (1.76 to 2.88), 
<0.001

1.89 (1.41 to 2.51), <0.001 1.34 (0.97 to1.85), 0.071 1.69 (1.30 to 2.19), <0.001

 � HF with BNP ≤100 0.55 (0.23 to 1.32), 0.180 0.73 (0.30 to 1.78), 0.489 0.55 (0.20 to 1.49), 0.244 0.55 (0.23 to 1.32), 0.180

 � HF with BNP >100 2.91 (2.25 to 3.75), 
<0.001

2.21 (1.64 to 2.98), <0.001 1.54 (1.10 to 2.17), 0.011 2.02 (1.54 to 2.65), <0.001

All-cause death

Non-HF Ref Ref Ref

HF 2.46 (1.93 to 3.12), 
<0.001

1.49 (1.12 to 1.99), 0.007 1.07 (0.77 to 1.47), 0.685 1.61 (1.25 to,2.08), <0.001

 � HF with BNP ≤100 0.79 (0.37 to 1.67), 0.535 0.44 (0.14 to 1.36), 0.153 0.27 (0.68 to 1.10), 0.069 0.82 (0.38 to 1.73), 0.593

 � HF with BNP >100 3.09 (2.41 to 3.97), 
<0.001

1.72 (1.28 to 2.32), <0.001 1.22 (0.88 to 1.71), 0.225 1.79 (1.37 to 2.33), <0.001

*Adjusted for age, sex, body mass index, systolic blood pressure at admission, acute coronary syndrome or chronic coronary syndrome, 
hypertension, diabetes, dyslipidaemia, chronic kidney disease, haemodialysis, previous PCI, previous coronary artery bypass grafting, prior 
myocardial infarction, prior stroke, prior atrial fibrillation, prior peripheral artery disease, left main trunk, multivessel disease, anticoagulants, 
dual-antiplatelet therapy, proton pump inhibitor.
†Complete case analysis.
‡Adjusted for age, sex, body mass index, systolic blood pressure at admission, acute coronary syndrome or chronic coronary syndrome, 
hypertension, diabetes, dyslipidaemia, chronic kidney disease, haemodialysis, previous PCI, previous coronary artery bypass grafting, prior 
myocardial infarction, prior stroke, prior atrial fibrillation, prior peripheral artery disease, left main trunk, multivessel disease, left ventricular 
ejection fraction, anticoagulants, dual-antiplatelet therapy, proton pump inhibitor.
§A multiple imputation analysis was performed with 20 imputed datasets generated by the fully conditional specification method. The results 
across 20 imputed datasets were combined using Rubin’s rules.
BNP, B-type natriuretic peptide; GUSTO, Global Use of Streptokinase and t-PA for Occluded Coronary Arteries; HF, heart failure; MACE, 
major adverse cardiovascular event; PCI, percutaneous coronary intervention; Ref, reference.
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Figure 2  Kaplan-Meier estimates of MACE and all-cause death. Kaplan-Meier curves show the rates of MACE and all-cause 
death after PCI according to HF and severity (BNP level). The MACE and all-cause rates were significantly higher in the HF with 
high BNP level group than in the other groups. BNP, brain natriuretic peptide; HF, heart failure; MACE, major adverse cardiac 
events; PCI, percutaneous coronary intervention.

Figure 3  Total Thrombus-Formation Analysis System level in patients with and without HF and patients with HF with high BNP 
levels, HF with low BNP levels and without HF. Upper box plot shows the level of PL-AUC in patients with and without HF and 
patients according to HF and severity (BNP level). Lower box plot shows the level of AR-AUC in patients with and without HF 
and patients according to HF and severity (BNP level). AR, atheroma chip; AUC, area under the curve; BNP, B-type natriuretic 
peptide; HF, heart failure; PL, platelet chip.
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with a median value of 60.7, and the 25th–75th percen-
tiles were 16.1–120.2. PL18-AUC10 levels were significantly 
lower in the HF group than in the non-HF group (25.0 
(95% CI 11.0 to 93.7) vs 68.0 (95% CI 19.8 to 127.3), 
p<0.001) (figure  3). There were significant differences 
in the PL18-AUC10 levels among the non-HF, HF with low 
BNP level and HF with high BNP level groups (68.0 (95% 
CI 19.8 to 127.3) vs 37.5 (95% CI 11.1 to 116.1) vs 18.8 
(95% CI 10.7 to 77.1), p<0.001) (figure  3). PL18-AUC10 
levels were significantly lower in the HF with high BNP 
level group than in the non-HF group (p<0.001), whereas 
there were no significant differences among the other 
groups. The AR10-AUC30 levels ranged from 8.3 to 2020.8, 
with a median value of 1685.8, and the 25th–75th percen-
tiles were 1527.8–1787.5. AR10-AUC30 levels were signifi-
cantly lower in the HF group than in the non-HF group 
(1696.0 (95% CI 1538.4 to 1793.1) vs 1637.4 (95% CI 
1365.3 to 1776.7), p=0.025) (figure 3). However, among 
the three groups, there were no significant differences in 
the AR10-AUC30 levels (1696.0 (95% CI 1538.4 to 1793.1) 
vs 1647.9 (95% CI 1393.9 to 1765.1) vs 1634.5 (95% CI 
1354.6 to 1789.6), p=0.081) (figure 3).

DISCUSSION
This large-scale, multicentre, observational cohort study 
of 7160 patients after PCI during a 3-year follow-up 
period investigated the association between HF severity 
and bleeding events. Regarding the primary outcome, 
the present study showed that the HF group had more 
bleeding events than the non-HF group, which supports 
the inclusion of HF in addition to the ARC-HBR in Japan. 
This study also revealed that the high BNP level group had 
a higher rate of bleeding events than the non-HF group, 
whereas there was no significant difference between the 
non-HF and HF with low BNP level groups. This finding 
suggests that HF with high BNP level is a more appro-
priate HBR factor than HF.

The incidence rate of bleeding events ranges from 
1.6% to 7.3%.8 28 29 The incidence rate of bleeding events 
was 3.8% in our database, which was consistent with the 
results of these studies. Other previous studies reported 
bleeding events in patients undergoing PCI, with the inci-
dence rate of HF ranging from 8.0% to 12.9%, and the 
incidence rate of these bleeding events was significantly 
higher in patients with HF than in those without HF.30 31 
The incidence rate of bleeding events in patients with HF 
was 9.5% in our database, which was also consistent with 
the results of these studies.

The reasons why bleeding events increase in patients 
with HF after PCI, especially in the high BNP level group, 
should be further discussed. In general, patients under-
going PCI are treated with antiplatelet therapy to reduce 
atherothrombotic risk and prevent coronary thrombotic 
events. Antiplatelet agents are metabolised by hepato-
cytes. HF leads to multiple organ failure owing to conges-
tion and malperfusion. In particular, with regard to drug 
metabolism, a reduction in liver metabolic activity can 

also be observed in patients with congestive HF.32 That 
may occur to increase the plasma levels of antiplatelet 
agents, resulting in a high risk of bleeding complica-
tions. In this study, the T-TAS analysis showed that the 
PL18-AUC10 values were significantly lower in patients with 
HF with high BNP levels than in patients without HF, 
whereas the PL18-AUC10 values in patients with HF with 
low BNP levels did not decrease. This result ex vivo can 
support the association between HF severity and bleeding 
events observed in the analysis of the CLIDAS database.

Regarding secondary outcomes, the HF with high BNP 
level group had higher rates of MACE and all-cause death 
than the non-HF and HF with low BNP level groups, as 
shown in the Kaplan-Meier survival curves. Furthermore, 
multivariate Cox regression analysis without LVEF level 
showed a significant difference between the HF with high 
BNP level and non-HF groups. An elevated BNP level is 
an independent predictor of new-onset MACE and all-
cause death in patients with IHD, which is consistent 
with the results of this study.33 34 Moreover, a previous 
study revealed that patients with bleeding events after 
PCI had significantly higher rates of MACE and all-
cause mortality.35 The plausible mechanisms of bleeding 
events with subsequent mortality include activation 
of the coagulation cascade, increased prothrombotic 
cytokine levels, hypovolemia, anaemia (compromised 
oxygen delivery), reflex tachycardia (increased myocar-
dial oxygen demand), transfusion of blood products and 
cessation of antiplatelet and anticoagulant therapies.36 
Thus, patients with HF with higher BNP levels might 
have a higher risk of bleeding events and subsequent 
MACE and all-cause death. When conducting multivar-
iate Cox regression analysis using LVEF level as adjusted 
factor, significant difference between HF with high BNP 
group and non-HF group was not observed, indicating 
that the reduced LVEF was significantly associated with 
these events. Previous studies revealed that patients with 
ischaemia and low EF had higher rates of mortality and 
MACE.37 38 Based on these findings, lower LVEF might 
be more strongly associated with MACE and all-cause 
death. Conversely, elevated levels of BNP might be more 
strongly associated with bleeding events.

Regarding antithrombotic therapy including antico-
agulants, according to the AFIRE (Atrial Fibrillation 
and Ischemic Events With Rivaroxaban in Patients With 
Stable Coronary Artery Disease) study, patients under-
went PCI complicated with AF had lower bleeding events 
in rivaroxaban monotherapy compared with combina-
tion therapy including antiplatelet agent.39 Furthermore, 
in this subanalysis, investigating based on the pres-
ence of HF, rivaroxaban monotherapy was effective in 
suppressing bleeding events regardless of the presence of 
HF.40 However, with respect to MACE, rivaroxaban mono-
therapy might be suitable for patients with HF, although 
the p value for interaction was not statistically significant 
at 0.063.40 In patients with HF with BNP ≥100 pg/mL 
complicated by AF, it may be worth considering an early 
switch to DOAC monotherapy. However, as the AFIRE 
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trial targeted patients >1 year after undergoing PCI, it 
is necessary to evaluate the efficacy and safety of DOAC 
monotherapy in clinical trials focusing on patients in the 
earlier phase after PCI.

This study had some limitations. First, because this was 
a retrospective study, there was a possibility of selection 
bias and unmeasured confounding factors, such as dosage 
of diuretics, duration of antiplatelet agents and history 
of blood transfusion. To reduce selection bias, this study 
included all patients from the seven hospitals during the 
study period. Second, owing to the nature of the data-
base, the definition of HF as a prior hospitalisation for 
HF was used, resulting in an underestimation of the 
number of HF cases. However, as this differential misclas-
sification would almost bias towards the null hypothesis, 
the results of this study might be unlikely to be overesti-
mated. Third, the CLIDAS database includes data from 
the Japanese Diagnosis Procedure Combination system 
that lacks traceability after changing hospitals. If a patient 
was hospitalised in another hospital after PCI, we could 
not follow the events, resulting in an underestimation of 
the number of events.

CONCLUSION
The CLIDAS real-world database reveals that HF with 
high BNP levels (≥100 pg/mL) is independent of HBR, 
and PL10-AUC18 levels measured using the T-TAS also 
support this association, suggesting that the bleeding risk 
might be altered depending on HF severity.
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Supplemental Figure 1. Study flowchart of CLIDAS. 

CLIDAS, Clinical Deep Data Accumulation System; PCI, percutaneous coronary 

intervention; HF, heart failure; EF, ejection fraction 
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Supplemental Figure 2. Study flowchart of T-TAS 

T-TAS, Total Thrombus-Formation Analysis System; HF, heart failure; BNP, B-type 

natriuretic peptide 
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Supplemental Figure 3. Kaplan–Meier estimates of bleeding events (GUSTO 

severe/moderate) between the HF and non-HF groups 

GUSTO, Global Use of Streptokinase and t-PA for Occluded Coronary Arteries; HF, 

heart failure; 
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Supplemental Table.1 Baseline patient characteristics 

  
Patients without HF   

N = 6,645 
Patients with HF   

N = 515 p-value 

Age 71 (64, 78) 75 (66, 80) <0.001 

Male 5,183 (78%) 367 (71%) <0.001 

BMI 23.9 (21.8, 26.3) 23.1 (20.6, 25.6) <0.001 

SBP at discharge 118 (106, 130) 115 (100, 128) <0.001 

DBP at discharge 64 (58, 72) 60 (54, 68) <0.001 

PR at discharge 67 (60, 75) 70 (62, 78) <0.001 

ACS 3,086 (46%) 143 (28%) <0.001 

Hypertension 5,508 (83%) 457 (89%) <0.001 

Dyslipidemia 5,224 (79%) 383 (74%) 0.02 

Diabetes 2,806 (42%) 294 (57%) <0.001 

Smoking 1,367 (21%) 91 (18%) 0.24 

  missing data 3,056 (46%) 241 (47%)   

CKD (eGFR <60) 2,917 (47%) 379 (76%) <0.001 

  missing data 417 (6%) 14 (3%)   

eGFR 62 (48, 74) 44 (21, 60) <0.001 

Hemodialysis 372 (5.6%) 76 (15%) <0.001 

Family_history_of_CVD 1,409 (21%) 92 (18%) 0.039 

  missing data 1,279 (19%) 91 (18%)   

Malignancy 610 (9.6%) 62 (13%) 0.022 

Previous_MI 951 (14%) 143 (28%) <0.001 

Previous_PCI 1,322 (20%) 161 (31%) <0.001 

Previous_CABG 331 (5.0%) 82 (16%) <0.001 

Previous_Stroke 759 (11%) 80 (16%) 0.005 

Atrial_Fibrillation 272 (4.1%) 68 (13%) <0.001 

Peripheral_artery_disease 518 (8.7%) 70 (15%) <0.001 

Culprit lesion    

RCA 3,386 (54%) 282 (59%) 0.034 

LAD 4,567 (73%) 360 (76%) 0.24 

LCX 2,733 (44%) 242 (51%) 0.003 

LMT 492 (7.9%) 52 (11%) 0.019 

  missing data 415 (6.2%) 40 (7.8%)   

MVD 3,378 (51%) 299 (58%) 0.002 

BNP 51 (21, 134) 231 (98, 504) <0.001 

HF with BNP over 100 0 (0%) 384 (75%) <0.001 

EF 61 (51, 67) 45 (32, 56) <0.001 

  missing data 1,175 (18%) 43 (8.3%)   

EF category     <0.001 

<40 532 (9.7%) 177 (38%)   

≧50 4,211 (77%) 186 (39%)   

40-49 727 (13%) 109 (23%)   

Anticoagulant 791 (12%) 144 (28%) <0.001 

DOAC 308 (4.6%) 60 (12%) <0.001 

Warfarin 501 (7.5%) 87 (17%) <0.001 

DAPT 5,683 (86%) 427 (83%) 0.11 

Aspirin 6,152 (93%) 471 (92%) 0.35 

P2Y12 inhibitor 6,047 (91%) 456 (89%) 0.063 

PPI 5,456 (82%) 425 (83%) 0.81 

Data are mean±SD, or n (%). Data for this parameter were measured at admission. 
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BMI indicates body mass index, SBP; systolic blood pressure, DBP; diastolic blood pressure, 

PR; pulse rate, ACS; acute coronary syndrome, CKD; chronic kidney disease, eGFR; 

estimated glomerular filtration rate, CVD; coronary vessel disease, MI, myocardial infarction, 

PCI; percutaneous coronary intervention, CABG; coronary artery bypass grafting RCA; right 

coronary artery, LAD; left anterior descending artery, LCX; left circumflex artery, LMT; left 

main trunk, MVD; multi vessel disease, BNP; B-type natriuretic peptide, EF; ejection fraction, 

DOAC; direct oral anticoagulants, DAPT; dual antiplatelet therapy, PPI; Proton pump 

inhibitor. 
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Supplemental Table 2. Types of bleeding events during 3-year follow-up in patients with 

and without HF 

  Non-HF HF p value 
 

N=6645 N=515   

Bleeding events  

(GUSTO severe/moderate) 
227 (3.4) 49 (9.5) <0.001 

ICH 53 (0.8) 12 (2.3) 0.002 

GI bleeding 93 (1.4) 23 (4.5) <0.001 

Puncture site 47 (0.7) 8 (1.6) 0.058 

Trauma  2 (0.03) 0 (0) >0.99 

Other 32 (0.5) 6 (1.2) 0.052 

HF indicates heart failure, ICH; intracerebral hemorrhage and GI; gastrointestinal. 
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Supplemental Table 3. Types of bleeding events during 3-year follow-up according to 

severity of HF 

  Non-HF 
HF with BNP 

≤100 

HF with BNP 

>100 

p value for 

trend 

  N=6645 N=131 N=384   

Bleeding events  

(GUSTO 

severe/moderate) 

227 (3.4) 9 (6.9) 40 (10.4) <0.001 

ICH 53 (0.8) 2 (1.5) 10 (2.6) <0.001 

GI bleeding 93 (1.4) 4 (3.1) 19 (4.9) <0.001 

Puncture site 47 (0.7) 2 (1.5) 6 (1.6) 0.039 

Trauma  2 (0.1) 0 (0) 0 (0) 0.703 

Other 32 (0.5) 1 (0.8) 5 (1.3) 0.03 

HF indicates heart failure, BNP; B-type natriuretic peptide, ICH; intracerebral hemorrhage 

and GI; gastrointestinal. 
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