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ARTICLE INFO ABSTRACT

Handling Editor: D Levy Background: Heart failure (HF) is associated with a high bleeding risk after percutaneous coronary intervention
(PCI). Additionally, major bleeding events increase the risk of subsequent major adverse cardiac events (MACE).

Keywords: However, whether brain natriuretic peptide (BNP) levels and major bleeding events following PCI are associated

AIC“tg coronary syndrome with MACE and all-cause death remains unknown. This study aimed to investigate the impact of HF severity or

Bleeding

bleeding on subsequent MACE and all-cause death.

Methods: The Clinical Deep Data Accumulation System (CLIDAS), a multicenter database involving seven hos-
pitals in Japan, was developed to collect data from electronic medical records. This retrospective analysis
included 7160 patients who underwent PCI between April 2014 and March 2020 and completed a three-year
follow-up. Patients were divided according to the presence of HF with high BNP (HFhBNP) (>100 pg/ml) and
major bleeding events within 30 days post-PCI (30-day bleeding): HFhBNP with bleeding (n = 14), HFhBNP
without bleeding (n = 370), non-HFhBNP with bleeding (n = 74), and non-HFhBNP without bleeding (n =
6702).

Results: In patients without 30-day bleeding, HFhBNP was a risk factor for MACE (hazard ratio, 2.19; 95%
confidence interval, 1.56-3.07) and all-cause death (hazard ratio, 1.60; 95% confidence interval, 1.60-2.23).
Among HFhBNP patients, MACE incidence was higher in patients with 30-day bleeding than in those without
bleeding, but the difference was not significant (p = 0.075). The incidence of all-cause death was higher in
patients with bleeding (p = 0.001).
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Conclusions: HF with high BNP and bleeding events in the early stage after PCI might be associated with sub-
sequent MACE and all-cause death.

1. Introduction

Antiplatelet therapy is necessary for the primary and secondary
prevention of coronary artery disease [1,2]. However, antiplatelet
therapy often causes bleeding after a percutaneous coronary interven-
tion (PCI). Moreover, it is known that major bleeding events after PCIs
increase the incidence of major adverse cardiac events (MACE) and
death [3-5]. Therefore, the prediction and prevention of bleeding events
are important to improve prognosis. Scoring high bleeding risk (HBR)
effectively predicts and prevents bleeding events and is advocated in
Japan [6,7]. However, heart failure (HF) is a risk factor for HBR in Japan
[8,9]; thus, we investigated the association between HF and adverse
cardiac events after a PCI [10]. Our previous study showed that HF with
high brain natriuretic peptide (BNP) levels (>100 pg/ml) increased the
incidence of bleeding events, MACE, and all-cause death; however, there
was no significant association between HF with low BNP levels (<100
pg/ml) and these clinical events [10]. Moreover, the highest number of
bleeding events occurred within 30 days after PCI [10]. Therefore, we
hypothesized that a bleeding event in the early stage after PCIs would
increase the risk of subsequent cardiovascular events, especially in pa-
tients with HF. Whether BNP levels and major bleeding events following
PCI are associated with MACE and all-cause death is unclear; thus, we
aimed to investigate this association. This study clarified whether HF
with high BNP levels (>100 pg/ml) and major bleeding events within 30
days are associated with subsequent MACE and all-cause death.

2. Methods
2.1. Study population and protocol

The Clinical Deep Data Accumulation System (CLIDAS), a multi-
center real-world database involving seven tertiary medical hospitals in
Japan, was developed to collect data in electronic medical records. Data
on PCI date, age, sex, physiological tests (body mass index [BMI], blood
pressure, and pulse rate), laboratory tests (creatinine, estimated
glomerular filtration rate [eGFR], and BNP), medications (antiplatelet,
anticoagulant, and proton-pomp inhibitor), echocardiogram parameters
(left ventricular ejection fraction [LVEF]), cardiac catheterization, and
PCI treatment (target lesion and multivessel) were all directly collected
and analyzed based on the Standardized Structured Medical Information
eXchange Extended Storage. Additionally, the following data were
collected: urgency (acute cardiac syndrome), past history (hypertension,
diabetes mellitus [DM], dyslipidemia, hemodialysis, previous PCI, pre-
vious coronary artery bypass grafting [CABG], previous myocardial
infarction [MI], previous stroke, atrial fibrillation [AF], malignancy,
smoking, and peripheral artery disease [PAD]), and long-term prognosis
(bleeding events, MACE, and all-cause death) [11,12]. This retrospec-
tive study included a total of 9690 consecutive patients who underwent
PCI for acute coronary syndrome (ACS) or stable coronary artery disease
between April 2014 and March 2020 in the participating hospitals, were
registered in the CLIDAS database, and followed up for three years. After
excluding 2530 patients who underwent PCI without valid data for prior
HF hospitalization, plasma BNP levels within 30 days of index PCI, or
effective follow-up, the remaining 7160 patients were further analyzed.
HF refers to a previous hospitalization for HF diagnosed by experienced
cardiologists based on the Framingham criteria [13]. Patients were
divided into two groups: HF with high BNP levels (HFhBNP) (>100
pg/ml) (n = 384) and non-HFhBNP (HF with low BNP levels [<100
pg/ml] and patients without HF) (n = 6776). Each of the two groups was
further divided into two subgroups based on the presence or absence of

major bleeding events within 30 days after PCI (30-day bleeding)
(Fig. 1). Major bleeding events were defined as moderate or severe
bleeding according to the GUSTO bleeding criteria [14]. Furthermore,
moderate bleeding events are those requiring blood transfusion but not
resulting in hemodynamic compromise. Severe bleeding events are
intracerebral hemorrhage or those resulting in substantial hemody-
namic compromise requiring treatment.

2.2. Ethical consideration

This study was approved by the Institutional Review Board of
Kumamoto University Hospital (Senshin-No. 2406) and each institu-
tional ethics committee and was conducted in accordance with the
Declaration of Helsinki. This study was waived from the requirement for
individual informed consent because all data were anonymized by the
participating institutions and were then collected in the CLIDAS
database.

2.3. Variables

In the CLIDAS database, data for BNP values were obtained from the
lowest value measured 30 days before and after the index PCI. Other
laboratory data were calculated as average values from 60 days before
the index PCI to 30 days after the intervention. Hypertension was
defined as systolic blood pressure >140 mmHg or diastolic blood pres-
sure >90 mmHg [15]. Moreover, patients who were prescribed medical
treatment for hypertension were included. DM was defined as hemo-
globin A1C level >6.5%, casual blood glucose level >200 mg/dL, or
fasting blood glucose level >126 mg/dL [16]. Moreover, patients un-
dergoing medical treatment for DM were included. Dyslipidemia was
defined as a medical treatment for dyslipidemia at the index PCI. We
calculated eGFR using the serum creatinine level, age, weight, and sex.
The formula is as follows: eGFR = 194 x Cr 0% x age’o'287 (man);
eGFR = 194 x Cr 1094 x age_o'287 x 0.739 (woman) [17,18]. We
defined chronic kidney disease (CKD) as eGFR <60 ml/min per 1.73 m?
[18]. We used echocardiogram measurements closest to the index PCI,
between 100 and 0 days before the index PCI. LVEF was calculated using
the modified Simpson’s rule or the Teichholz method if the data for the
modified Simpson’s rule were missing [19,20]. The number of diseased
vessels was defined as the number of coronary segments with severe
stenosis (>75%) in the major epicardial coronary arteries: right coro-
nary artery, left anterior descending artery, and left circumflex artery.

Analyzed Population
n=7160
Patients with HF
n=515
HF with BNP >100
n=384

I}
HF with BNP <100 Patients without HF
n=131 n=6645

l—'—l

30-day bleeding after PCI |

l—‘—l

HFhBNP HFhBNP Non-HFhBNP Non-HFhBNP
with 30-day bleeding without 30-day bleeding with 30-day bleeding without 30-day bleeding
n=14 n=370 n=74 n=6702

l l l 1

| Major adverse cardiovascular events, all-cause mortality I

Fig. 1. Study flowchart. Patients were divided into four groups according to the
presence of heart failure (HF) with high BNP levels (HFhBNP) (>100 pg/ml)
and major bleeding events within 30 days after PCI. HF, heart failure; BNP,
brain natriuretic peptide; PCI, percutaneous coronary intervention.
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The presence of a diseased left main coronary trunk (LMT), defined as
>75% stenosis, was considered separately. Patients were categorized
according to the number of diseased vessels and the presence of an LMT.

2.4. Clinical outcomes

We defined the primary outcome as MACE between 30 days after a
PCI and the three-year follow-up. MACE included cardiac death, MI, and
stroke. The secondary outcome was defined as all-cause death between
30 days after a PCI and the three-year follow-up.

2.5. Statistical analysis

Normally distributed continuous variables are expressed as mean +
standard deviation (SD) and data with a skewed distribution as median
values (interquartile range, IQR). Categorical variables are described as
frequencies and percentages. Group comparisons were analyzed using
the unpaired t-test or Mann-Whitney U test for continuous variables
between two groups. Continuous variables were compared among three
groups by one-way analysis of variance or the Kruskal-Wallis test, fol-
lowed by multiple comparisons with the Bonferroni method. The chi-
square or Fisher’s exact test was used to compare categorical vari-
ables. A log-rank test was performed for MACE and all-cause death. Cox
proportional hazards regression analysis was performed to compute
hazard ratios (HRs) and 95% confidence intervals (CI) as estimates of
MACE and all-cause death. Multivariate Cox proportional hazard
regression analysis was adjusted for age, sex, BMI, ACS, hypertension,
DM, dyslipidemia, CKD, hemodialysis, previous PCI, previous CABG,
prior MI, prior stroke, prior AF, prior PAD, LMT, multivessel disease
(MVD), anticoagulants, dual antiplatelet therapy, and proton pump in-
hibitors. For sensitivity analysis, multiple imputation analysis was per-
formed with 20 imputed datasets generated by the fully conditional
specification method. The results across the 20 imputed datasets were
combined using Rubin’s rules. A two-tailed p value of <0.05 denoted a
statistically significant difference. All statistical analyses were per-
formed using Statistical Package for the Social Sciences software version
23 (IBM Corporation, Armonk, NY, USA).

3. Results
3.1. Baseline characteristics

The number of patients without previous HF hospitalization was
6,645, and their BNP level was 51 (21, 134) pg/ml. In addition, the BNP
levels of patients with previous HF hospitalization were 231 (98, 504)
pg/ml.

Furthermore, we categorized the patients into four groups based on
the presence or absence of 30-day bleeding: HFhBNP with 30-day
bleeding (n = 14), HFhBNP without 30-day bleeding (n = 370), non-
HFhBNP with 30-day bleeding (n = 74), and non-HFhBNP without 30-
day bleeding (n = 6702) (Fig. 1 and Table 1).

The HFhBNP with 30-day bleeding group had a higher BMI and heart
rate and significantly higher proportion of DM, CKD, hemodialysis,
previous CABG, prior AF, and use of anticoagulants and P2Y12 in-
hibitors than the other groups. The HFhBNP without 30-day bleeding
group had higher age and BNP levels and higher proportion of hyper-
tension, previous MI, and PAD than the other groups. The non-HFhBNP
with 30-day bleeding group had a higher proportion of ACS than the
other groups. The non-HFhBNP without 30-day bleeding group had
more men and a higher proportion of smoking but lower rates of PAD
and anticoagulant use than the other groups.

3.2. Primary outcome

After PClIs, a total of 388 patients developed MACE during follow-up:
28.6% of those in the HFhBNP with 30-day bleeding group (n = 4),
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Table 1
Baseline characteristics.
HFhBNP HFhBNP Non- Non- p value
with 30- without HFhBNP HFhBNP
day 30-day with 30- without
bleeding bleeding day 30-day
(n=14) (n =370) bleeding bleeding
n=74 (n=6702)
Age, years 74.5 75 (67, 70 (65.25, 71 (64,78) <0.001
(65.5, 81) 78.75)
84.25)
Male 8 (42.9%) 259 40 5243 <0.001
(70.0%) (54.1%) (78.2%)
BMI, kg/rn2 26.0 22.5 21.1 24.0 (21.9, <0.001
(23.3, (20.2, (19.8, 26.3)
28.1) 25.1) 24.7)
missing data 0 (0%) 5 (1.35%) 0 (0%) 134
(2.00%)
SBP at 115 114 (99, 107 (98, 118 (106, <0.001
discharge (105.5, 127) 122.5) 130)
132)
missing data 3 (21.4%) 41 36 945
(11.1%) (48.6%) (14.1%)
DBP at 58 (52, 60 (54, 63 (56, 64 (58,72) <0.001
discharge 66.5) 68) 67.75)
missing data 3 (21.4%) 41 36 946
(11.1%) (48.6%) (14.1%)
PR at 73 (56, 70 (63, 70 (65, 67 (60, 75) <0.001
discharge 92) 78) 78)
missing data 5 (35.7%) 45 37 (50%) 982
(12.2%) (14.7%)
ACS 8 (57.1%) 110 45 3066 <0.001
(29.7%) (60.8%) (45.7%)
Hypertension 10 336 50 5569 <0.001
(71.4%) (90.8%) (67.6%) (83.1%)
missing data 0 (0%) 0 (0%) 1 (1.4%) 15 (0.2%)
Dyslipidemia 10 274 46 5277 <0.001
(71.4%) (74.1%) (62.2%) (78.7%)
missing data 0 (0%) 0 (0%) 0 (0%) 10 (0.1%)
Diabetes 10 211 (57.0) 28 2851 <0.001
(71.4%) (37.8%) (42.5%)
missing data 0 (0%) 2 (0.5%) 0 (0%) 38 (0.6%)
Smoking 1(7.1%) 72 11 1431 0.009
(19.5%) (14.9%) (21.4%)
missing data 5 (35.7%) 168 21 3046
(45.4%) (28.4%) (45.4%)
CKD 14 (100%) 282 42 2939 <0.001
(eGFR<60) (76.2%) (56.8%) (43.4%)
missing data 0 (0%) 10 (2.7%) 8 (10.8%) 426
(6.4%)
eGFR 22.6 40.2 50.4 61.6 (47.9, <0.001
(11.4, (16.2, (21.7, 73.8)
37.8) 57.2) 71.7)
Hemodialysis 3 (21.4%) 67 11 367 <0.001
(18.1%) (14.9%) (5.5%)
missing data 0 (0%) 1 (0.3%) 0 (0%) 6 (0.01%)
Family history 1(7.1%) 66 16 1418 0.207
of CVD (17.8%) (21.6%) (21.2%)
missing data 2 (14.3%) 73 1 (1.4%) 1294
(19.7%) (12.3%)
Malignancy 1 (7.1%) 49 6 (8.1%) 627 0.081
(13.2%) (9.4%)
missing data 1(7.1%) 21 (5.7%) 3 (4.1%) 297
(4.4%)
Previous MI 3 (21.4%) 106 9 (12.2%) 976 <0.001
(28.6%) (14.6%)
missing data 1(7.1%) 1 (0.3%) 0 (0%) 6 (0.01%)
Previous 3 (21.4%) 65 7 (9.5%) 338 <0.001
CABG (17.6%) (5.0%)
missing data 0 (0%) 0 (0%) 0 (0%) 5 (0.01%)
Previous 2 (14.3%) 61 6 (8.1%) 770 0.0239
stroke (16.5%) (11.5%)
missing data 0 (0%) 1 (0.3%) 0 (0%) 8 (0.01%)
Atrial 2 (14.3%) 52 2 (2.7%) 284 <0.001
fibrillation (14.1%) (4.2%)
missing data 0 (0%) 1 (0.3%) 0 (0%) 9 (0.01%)

(continued on next page)
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Table 1 (continued)

HFhBNP HFhBNP Non- Non- p value
with 30- without HFhBNP HFhBNP
day 30-day with 30- without
bleeding bleeding day 30-day
(n=14) (n =370) bleeding bleeding
=74 (n =6702)
Peripheral 2 (14.3%) 55 9 (12.2%) 522 <0.001
arterial (14.9%) (7.8%)
disease
missing data 4 (28.6%) 22 (5.9%) 5 (6.8%) 723
(10.8%)
Culprit lesion
RCA 8 (57.1%) 207 35 3418 0.131
(55.9%) (47.3%) (51.0%)
LAD 11 264 43 4609 0.162
(78.6%) (71.4%) (58.1%) (68.8%)
LCX 9 (64.3%) 176 31 2759 0.013
(47.6%) (41.9%) (41.2%)
LMT 3 (21.4%) 40 9 (12.2%) 492 0.004
(10.8%) (7.3%)
missing data 0 (0%) 30 (8.1%) 9 (12.2%) 416
(6.2%)
MVD 9 (64.3%) 223 37 3408 0.003
(60.3%) (50.0%) (50.9%)
BNP 269.3 350.4 83.3 51.0(21.3, <0.001
(200.2, (193.4, (29.2, 130.0)
745.1) 663.6) 368.2)
LVEF category
<40 5 (35.7%) 143 13 548
(38.6%) (17.6%) (8.2%)
>50 3 (21.4%) 127 38 4229
(34.3%) (51.4%) (63.1%)
40-49 5 (35.7%) 71 7 (9.5%) 753
(19.2%) (11.2%)
missing data 1(7.1%) 29 (7.8%) 16 1172
(21.6%) (17.5%)
Anticoagulant 6 (42.9%) 101 14 814 <0.001
(27.3%) (18.9%) (12.1%)
DOAC 0 (0%) 42 1 (1.4%) 325 <0.001
(11.4%) (4.8%)
Warfarin 6 (42.9%) 62 13 507 <0.001
(16.8%) (17.6%) (7.6%)
DAPT 12 307 57 5743 0.085
(85.7%) (83.0%) (77.0%) (85.7%)
Aspirin 13 339 67 6204
(92.9%) (91.6%) (90.5%) (92.6%)
missing data 1 (7.1%) 31 (8.4%) 7 (9.5%) 498
(7.4%)
P2Y12 13 324 60 6103 0.005
inhibitor (92.9%) (87.6%) (81.1%) (91.1%)
PPI 13 308 63 5497 0.705
(92.9%) (83.2%) (85.1%) (82.0%)

HF indicates heart failure; BNP, B-type natriuretic peptide; BMI, body mass
index; SBP, systolic bood pressure; DBP, diastolic blood pressure; PR, pulse rate;
ACS, acute coronary syndrome; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; CVD, cardio vascular disease; MI, myocardial infarc-
tion; CABG, coronary artery bypass grafting; PCI, percutaneous coronary inter-
vention; RCA, right coronary artery; LAD, left anterior descending artery; LCX,
left circumflex artery; LMT, left main coronary trunk; MVD, multi vessel disease;
LVEF; left ventricular ejection fraction; DOAC, direct oral anticoagulant; DAPT,
double anti platelet therapy; PPI, proton pump inhibitor.

14.9% of those in the HFhBNP without 30-day bleeding group (n = 55),
8.33% of those in the non-HFhBNP with 30-day bleeding group (n = 6),
and 4.82% of those in the non-HFhBNP without 30-day bleeding group
(n = 323). The Kaplan-Meier survival curves showed a higher rate of
MACE in the HFhBNP without 30-day bleeding group than in the non-
HFhBNP without 30-day bleeding group (log rank p < 0.001, Fig. 2).
Among HFhBNP patients, the incidence of MACE tended to increase in
those with 30-day bleeding, but the association was statistically non-
significant (log rank p = 0.075). However, 30-day bleeding clearly
increased the incidence of MACE in non-HFhBNP patients (log rank p =
0.003). Thus, among patients with 30-day bleeding, the incidence of
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Fig. 2. Major adverse cardiac event (MACE) rates of the four groups between
30 days and three years. Kaplan-Meier survival curves show the rate of MACE in
PCI patients stratified by HF with high BNP levels (>100 pg/ml) and 30-day
bleeding. P-values were calculated using the log-rank test. MACE, major
adverse cardiac events; HF, heart failure; BNP, brain natriuretic peptide; PCI,
percutaneous coronary intervention.

Follow-ups (years)

MACE tended to be higher in the HFhBNP group than in the non-
HFhBNP group (log rank p = 0.142).

The multivariate Cox regression analysis showed significantly higher
rates of bleeding events in all three groups than in the non-HFhBNP
without 30-day bleeding group: non-HFhBNP with 30-day bleeding
(HR, 3.90; 95% CI, 1.59-9.54, p = 0.003), HFhBNP without 30-day
bleeding (HR, 2.19; 95% CI, 1.56-3.07, p < 0.001), and HFhBNP with
30-day bleeding (HR, 8.33; 95% CI, 2.57-27.0, p < 0.001) (Fig. 3).

3.3. Secondary outcome

After PCI, a total of 409 patients had all-cause death during follow-
up: 42.9% in the HFhBNP with 30-day bleeding group (n = 6), 15.7%
in the HFhBNP without 30-day bleeding group (n = 58), 13.5% in the
non-HFhBNP with 30-day bleeding group (n = 10), and 5.0% in the non-
HFhBNP without 30-day bleeding group (n = 335). The Kaplan-Meier
survival curves showed a higher rate of all-cause death in the HFhBNP
without 30-day bleeding group than in the non-HFhBNP without 30-day
bleeding group (log rank p < 0.001, Fig. 4). The rate of all-cause death
increased with 30-day bleeding in both HFhBNP (log rank p = 0.001)
and non-HFhBNP patients (log rank p < 0.001). Among patients with 30-
day bleeding events, the all-cause death incidence tended to be high in
non-HFhBNP patients (log rank p = 0.054).

The multivariate Cox regression analysis revealed significantly
higher rates of bleeding events in all the other three groups than in the
non-HFhBNP without 30-day bleeding group: non-HFhBNP with 30-day
bleeding (HR, 2.65; 95% CI, 1.17-6.00, p = 0.020), HFhBNP without 30-
day bleeding (HR, 1.60; 95% CI, 1.15-2.23, p = 0.005), and HFhBNP
with 30-day bleeding (HR, 9.45; 95% CI, 3.62-24.7, p < 0.001) (Fig. 3).

3.4. Sensitivity analysis

To assess the robustness of the association between HF severity, 30-
day bleeding events, and clinical outcomes, sensitivity analyses were
performed using the multiple imputation method (Fig. 3). The sensi-
tivity analysis results have been recapitulated in the main analysis.
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Multivariable*t
HR (95%Cl), p value

Multiple imputation* **
HR (95%Cl), p value

MACE

Non-HFhBNP without 30-day bleeding Ref [ ] Ref [ ]

Non-HFhBNP with 30-day bleeding 3.90(1.59, 9.54), 0.003 —— 2.85(1.26, 6.45),0.012 ——

HFhBNP without 30-day bleeding 2.19(1.56, 3.07), <0.001 o 2.11(1.55, 2.87), <0.001 ]

HFhBNP with 30-day bleeding 8.33(2.57,27.0), <0.001 —— 3.95(1.43,10.9), 0.008 —a—

All-cause death

Non-HFhBNP without 30-day bleeding Ref [ ] Ref [ ]

Non-HFhBNP with 30-day bleeding 2.65(1.17, 6.00), 0.020 —— 3.05(1.61,5.77),0.001 -

HFhBNP without 30-day bleeding 1.60(1.15, 2.23), 0.005 - 1.77 (1.32, 2.37), <0.001 -

HFhBNP with 30-day bleeding 9.45(3.62, 24.7), <0.001 —— 6.43(2.73,15.1), <0.001 ——
— T — T
0.1 1 10 100 0.1 1 10 100

Fig. 3. Cox proportional hazard regression for MACE and all-cause death between 30 days and three years. *Adjusted for age, sex, body mass index, systolic blood
pressure at admission, acute coronary syndrome or chronic coronary syndrome, hypertension, diabetes, dyslipidemia, chronic kidney disease, hemodialysis, previous
PCI, previous coronary artery bypass grafting, prior MI, prior stroke, prior AF, prior PAD, LMT, MVD, anticoagulants, DAPT, and PPIL {Complete case analysis (n =
5330, 74.4%). ** A multiple imputation analysis was performed with 20 imputed datasets generated by the fully conditional specification method. The results across
the 20 imputed datasets were combined using Rubin’s rules. HR, hazard ratio, CI; confidence interval; HF, heart failure; BNP, brain natriuretic peptide; PCI,
percutaneous coronary intervention; AF, atrial fibrillation; MVD, mitral valve disease; PAD, peripheral artery disease LMT, left main coronary trunk; DAPT, dual

antiplatelet therapy; PPI, proton pump inhibitor.
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Fig. 4. All-cause death rates of the four groups between 30 days and three
years. Kaplan-Meier survival curves show the all-cause death rate in PCI pa-
tients stratified by HF with high BNP levels (>100 pg/ml) and 30-day bleeding.
P-values were calculated using the log-rank test. HF, heart failure; BNP, brain
natriuretic peptide; PCI, percutaneous coronary intervention.
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4. Discussion

Based on large-scale real-world data, this study revealed that
HFhBNP was a risk factor for MACE and all-cause death among patients
without 30-day bleeding. Moreover, 30-day bleeding increased the risk
of MACE in both the HFhBNP and non-HFhBNP groups. Therefore, HF
with high BNP levels (>100 pg/ml) and bleeding events within 30 days
of PCI might increase the risk of MACE and all-cause death in patients
undergoing PCIL

There is a strong association between HF and subsequent adverse
events [8,9]. Specifically, Natsuaki et al. reported that HF was a strong
risk factor for both thrombotic and bleeding events [8]. Moreover, it is
known that BNP levels are predictors of future cardiovascular events
after PCIs [21,22]. Our findings are consistent with those of these pre-
vious studies. Previously, we reported that HF with high BNP levels is a
risk factor for bleeding events, MACE, and all-cause death after PCIs

[10]. Additionally, we reported no significant difference in future
bleeding events between HF patients with preserved ejection fraction
and those with reduced ejection fraction [10]. Therefore, we did not
include ejection fraction in this study. However, some prior studies re-
ported that reduced LVEF was a risk factor for adverse cardiovascular
events after PCIs, including MACE or all-cause death [23,24].

A strong association was observed between bleeding and increased
risk of death and cardiovascular events in patients who underwent PCI
[3,5,25,26]. Consistent with previous findings, we report that 30-day
bleeding increased the rate of MACE and all-cause death. Rao SV et al.
reported that in-hospital post-PCI bleeding complications were associ-
ated with recurrent bleeding, MACE, and all-cause death [3]. Kazi et al.
revealed that spontaneous bleeding after PCI was independently asso-
ciated with high long-term mortality [4]. Kaikita et al. reported that
major bleeding was strongly associated with subsequent MACE in pa-
tients with AF [3]. The mechanism underlying the association between
bleeding and mortality is thought to involve the activation of the
coagulation cascade, increased prothrombotic cytokines, hypovolemia,
anemia (compromised oxygen delivery), reflex tachycardia (increased
myocardial oxygen demand), transfusion of blood products, and cessa-
tion of antiplatelet and anticoagulant therapy [4]. These events might
lead to fatal cardiac events.

Among the patients enrolled in our study, 88 experienced a bleeding
event within 30 days after PCI, accounting for 31.9% of the patients who
experienced bleeding events within three years of follow-up. We
employed a 30-day cut-off because bleeding events within 30 days
accounted for a large percentage of the total bleeding events within
three years. These results suggest that appropriate management to
prevent bleeding events should be performed immediately after a PCI.
However, the impact and outcome of bleeding events that occur from 30
days to three years, while the effect of those occurring after three years
remains unclear.

Data analysis from the CLIDAS revealed that prior hospitalization
due to HF with a high BNP level increases the risk of mortality in patients
who undergo PCI. Notably, patients with ischemic cardiomyopathy
often develop HF and require hospitalization [1,27]. Our findings
showed the importance of HF management in patients with ischemic
cardiomyopathy. Additionally, it might be important to evaluate the
long-term risk to assess whether the scheduled PCI could be applicable,
the extent to which HF was controllable, and the extent of bleeding risk.
We could not confirm the association between bleeding risk and
long-term prognosis because our database cannot include information
on some bleeding risk factors, such as frailty, thrombotic disorders, and
hepatic cirrhosis. Therefore, further studies adjusting for these factors
are necessary.
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4.1. Study limitations

This study has several limitations. First, bleeding events and HF are
considered risk factors for adverse cardiac events. However, these fac-
tors may be associated with an overall poor prognosis. Second, this study
did not account for MACE and all-cause death events within 30 days
after PCI and excluded 123 and 96 patients who had MACE and all-cause
death within 30 days after PCI, respectively. This might have caused a
bias in the results. Moreover, the impact and importance of these acute
events remain unclear. Third, in our study, the incidence of MACE and
all-cause death observed among the patients are lower than those re-
ported previously by Rao et al. and Kazi et al. [4,5]. This can be
explained by the lack of traceability of the CLIDAS, which included data
from the Japanese Diagnosis Procedure Combination system. In this
case, a patient who was hospitalized in a different hospital after a PCI
was lost to follow-up. Therefore, our database may potentially lack in-
formation on some adverse events. Fourth, as mentioned above, our
database lacked records of some factors, including thrombotic disorders,
frailty, and hepatic cirrhosis. These factors are included in Japanese
HBR [8]. We could not clarify the association between those factors and
long-term prognosis after PCIs.

5. Conclusions

Data analysis from the real-world database CLIDAS revealed that HF
with high BNP levels and major bleeding events within 30 days after
PCIs might be associated with MACE and all-cause death after PCIs.
Therefore, managing HF and preventing bleeding complications in the
early stages after PCIs could be important in preventing MACE and all-
cause death.
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