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Original Article

Aims: We aimed to establish a practical method for the assessment of tradeoff between thrombotic and bleeding 
risks.

Methods: We aimed to investigate the balance between bleeding risk and coronary thrombotic risk according to 
the number of the Academic Research Consortium for high bleeding risk (ARC-HBR) criteria in the multicenter 
prospective ST/non-ST elevation myocardial infarction (STEMI/NSTEMI) registry (N=12,093). Patients were 
divided as follows by the number of ARC-HBR criteria fulfilled: group 0, 0 major with ≤ 1 minor (N=6,792); 
group 1, 1 major with 0 minor (N=1,705); group 2, 0 major with ≥ 2 minors (N=790); group 3, 1 major with ≥ 
1 minor (N=1,709); group 4, 2 majors with ≥ 0 minors (N=861); and group 5, ≥ 3 majors with ≥ 0 minor 
(N=236). We assessed the acute-phase absolute risk differences between bleeding and coronary thrombotic 
events in each group.

Results: At 7-day follow-up, all patients (groups 0–5) had a higher risk of major bleeding than that of any 
myocardial infarction (MI). Patients at ARC-HBR (groups 1–5) had a balanced risk between fatal MI and fatal 
bleeding, whereas patients at non-ARC-HBR (group 0) had a higher risk of fatal MI than that of fatal bleeding.

Conclusions: All STEMI/NSTEMI patients have a relatively high risk of major bleeding as compared with the 
risk of any MI in the acute phase. The ARC-HBR criteria would be a practical tool for assessing the tradeoff 
between fatal bleeding and fatal MI risks. This practical assessment would be helpful for the optimal decision-
making of appropriate treatment strategy considering the balance between bleeding and coronary thrombotic risks.

recently proposed the new practical definition of 
patients at a high bleeding risk (HBR)1). This ARC-
HBR criteria has been validated in Japan, Europe, and 
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elevation ＞0.1 mV in at least one standard lead, and 
(3) a rise in serum creatinine phosphokinase 
concentration to more than twice the normal 
laboratory value. All collaborating hospitals were 
encouraged to enroll consecutive patients with 
STEMI/NSTEMI. We prospectively collected data 
obtained by research cardiologists and trained research 
nurses using a specific reporting form. The OACIS 
enrolled patients from 1998 to 2014 and followed 
them up until 2019. The study was registered in the 
University Hospital Medical Information Network 
Clinical Trials Registry (UMIN-CTR) in Japan (ID: 
UMIN000004575). The study protocol complied 
with the Declaration of Helsinki and was approved by 
the Ethical Review Board of Osaka University 
Hospital (reference number: 14360) as well as the 
institutional ethics committee of each participating 
institution. Details of the study design and data 
collection are described elsewhere7).

The ARC-HBR Criteria
The ARC-HBR criteria have been reported 

elsewhere1). In the original definition, patients are 
categorized to be at HBR if at least one major or two 
minor criteria are met. Since we retrospectively 
applied the recently proposed criteria to the registry 
data, data of several major and minor criteria were not 
available7). The following variables were not collected 
in the OACIS registry: 1) prior bleeding and 
transfusion, 2) chronic bleeding diathesis, 3) planned 
major noncardiac surgery following PCI, 4) PCI after 
recent major surgery or trauma, and 5) long-term use 
of oral nonsteroidal anti-inflammatory drugs or 
steroids. In addition, definitions of the following 
criteria were not exactly the same as the original ones: 
1) “liver cirrhosis with portal hypertension” was 
replaced by a history of liver disease, 2) “active 
malignancy within the past 12 months” was replaced 
by a history of cancer, and 3) “previous ischemic 
stroke or intracerebral hemorrhage” was substituted by 
a history of cerebrovascular disease as a major 
criterion. In this study, we divided all patients, based 
on the patients’ data on hospital admission, into six 
groups according to the number of the ARC-HBR 
major and minor criteria fulfilled (Fig.1): group 0, 0 
major with ≤ 1 minor; group 1, 1 major with 0 minor; 
group 2, 0 major with ≥ 2 minors; group 3, 1 major 
with ≥ 1 minor; group 4, 2 majors with ≥ 0 minors; 
and group 5, ≥ 3 majors with ≥ 0 minor.

the USA2-7). The ARC-HBR patients accounted for 
43.8% in the Japanese prospective ST/non-ST 
elevation myocardial infarction (STEMI/NSTEMI) 
registry7). The risk of fatal bleeding event significantly 
increased as the number of the ARC-HBR criteria 
increased. It is likely that the same goes for thrombotic 
events, as similar factors are associated with both 
thrombotic and bleeding events8). Although bleeding 
risk is currently discussed intensively in the 
interventional field, thrombotic events remain to be 
an important concern of interventional cardiologists. 
In our daily clinical practice, a treatment strategy 
should be developed based on the balance between 
thrombotic and bleeding risks in each case. However, 
few studies focused on the tradeoff between them. 
Non-HBR patients may have a higher ischemic risk 
rather than bleeding risk, whereas patients with 
multiple HBR criteria would have a higher bleeding 
risk rather than ischemic risk. The border line between 
a high-thrombotic-risk subset and a high-bleeding-risk 
subset should exist in the in-between stratification. 
Precise assessment of the balance between thrombotic 
and bleeding risks is of paramount importance, and a 
practical assessment methodology should be 
established.

Aim

We aimed to investigate the tradeoff between 
bleeding risk and coronary thrombotic risk according 
to the number of ARC-HBR criteria fulfilled in the 
large-scale STEMI/NSTEMI registry.

Methods

Study Population
We applied the ARC-HBR criteria to the Osaka 

Acute Coronary Insufficiency Study (OACIS) database 
(N=12,093). The OACIS is a prospective, multicenter 
observational study designed to collect and analyze 
demographic, procedural, and outcome data from 
patients with STEMI/NSTEMI at 25 collaborating 
hospitals with cardiac emergency units. Written 
informed consent was obtained from each patient. 
Myocardial infarction (MI) was diagnosed based on 
the World Health Organization’s criteria, which 
requires at least two of the following three criteria to 
be met: (1) clinical history of central chest pressure, 
pain, or tightness lasting ＞30 min, (2) ST segment 
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PCI Procedure and Post-PCI Medication
P C I  t r e a t m e n t  s t r a t e g i e s ,  i n c l u d i n g 

thrombectomy, pre-dilatation, atherectomy, post-
dilatation, use of intracoronary imaging, and use of 
cardiocirculatory support devices, were decided at the 
operators’ discretion. The operators followed the basic 
instructions for use in terms of pre-dilatation, device 
sizing and implantation, post-dilatation, and other 
PCI procedures. Post PCI medications were prescribed 
at the discretion of the attending physicians. The 
physicians were encouraged to follow the standard 
guideline for the treatment of MI11).

Statistical Analysis
All analyses were conducted using the SPSS 26.0 

software (IBM Corporation, Armonk, NY) or the R 
software (version 4.0.5; R Foundation for Statistical 
Computing, Vienna, Austria). A P-value of ＜0.05 
was considered statistically significant. Data are 
presented with list-wise deletion. Categorical variables 
are expressed as counts (percentages) and compared 
using the chi-squared test. Continuous variables are 
expressed as median (interquartile range) and 
compared using analysis of variance and Kruskal–
Wallis test as appropriate. Pre- and in-hospital patient 
information and clinical outcomes were compared 
according to the groups. A trend test was conducted 
using the Cochran–Armitage trend test. As a primary 
analysis, we computed the absolute risk differences 
between major bleeding vs. any MI and those between 
fatal bleeding vs. fatal MI at 7 days in each group. As 
a secondary analysis, post-discharge clinical outcomes 
of fatal bleeding, any MI, and fatal MI were evaluated 
using cumulative incidence function approach and 
compared using Gray’s test, considering all-cause 
death as a competing risk. The annual absolute risk 
differences after discharge were computed up to 5 
years follow-up.

Study Endpoints
The bleeding endpoints of the present study are 

major bleeding and fatal bleeding. Major bleeding in 
the OACIS registry is defined as bleeding event 
fulfilling at least one of the following: 1) hemoglobin 
drop ≥ 4 g/dL, 2) intracranial hemorrhage, 3) 
requirement of surgical treatment, or 4) requirement 
of any transfusion. Fatal bleeding is defined as 
probable fatal bleeding or definite fatal bleeding (overt 
or autopsy or imaging confirmation)]9). The coronary 
thrombotic endpoints are any MI and fatal MI. Any 
MI is defined as recurrence of MI regardless of lesion 
derived from the first culprit site10). The criteria for 
diagnosis of the recurrent MI are identical to those 
used at the time of registration. Fatal MI is defined as 
recurrent MI that occurred after index hospitalization 
and resulted in death.

The collection of major bleeding data was started 
from 2003. Note that major bleeding data was 
collected only at 7 days follow-up but not thereafter. 
Clinical data on the bleeding event after hospital 
discharge was not specifically collected in this registry. 
However, data on the cause of death was prospectively 
collected, which enabled the analysis of fatal bleeding 
in the chronic phase (data on the cause of death was 
accessible in 1,453 deaths (86%) out of 1,923 all-
cause deaths). The MI data was collected during the 
entire study period (1998–2019). Information on 
clinical events was collected by local investigators 
when visiting outpatient clinics or through verbal or 
written contact with patients or family members.

The primary analysis involved the comparison of 
bleeding events and coronary thrombotic events at 7 
days (acute phase). We compared major bleeding vs. 
any MI and fatal bleeding vs. fatal MI in this acute 
phase. The secondary analysis involved the 
comparison after hospital discharge up to 5 years. In 
this chronic phase, we compared fatal bleeding vs. any 
MI/fatal MI.

Fig.1. Patient flowchart

Abbreviations: ARC-HBR, Academic Research Consortium for High Bleeding Risk.
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trend ＜0.05), whereas the rates of any MI did not. 
The fatal MI rate after hospital discharge increased as 
the HBR criteria increased. The absolute risk 
differences are presented in Fig.2 and Fig.3. Patients 
in all groups had a higher risk of major bleeding than 
of any MI (Fig.2). Non-ARC-HBR (group 0) patients 
had a higher risk of fatal MI than of fatal bleeding 
(Fig.3). ARC-HBR patients had a balanced risk 
between fatal bleeding and fatal MI.

As to the outcomes after hospital discharge 
(N=11,081; patients who survived to discharge), fatal 
bleeding occurred in 41 patients (0.4%) during the 
entire follow-up period. Any MI and fatal MI 
occurred in 511 patients (4.6%) and 61 patients 
(0.6%), respectively. Cumulative incidence of the 
study endpoints after hospital discharge stratified by 
the groups is presented in Fig.4. The incidence of any 
MI did not differ by the groups (Gray’s test P=0.993), 
whereas the rates of fatal MI were different by the 
groups (Gray’s test P=0.003). Fatal bleeding was 
clearly stratified by the groups (P for trend=0.0011) 
(Fig.4). Temporal changes in the absolute risk 
differences between fatal bleeding and any MI and 
those between fatal bleeding and fatal MI up to 5 
years are summarized in Supplemental Fig.3 and 
Supplemental Fig.4, respectively. When comparing 
fatal bleeding with any MI (Supplemental Fig.3), 
any MI risk generally exceeded fatal bleeding risk in 
all groups both at short-term (1 year) and long-term (5 
years) follow-ups. When comparing fatal bleeding 
with fatal MI (Supplemental Fig.4), both risks were 
generally counterbalanced up to 5 years in all groups.

Discussion

The present real-world prospective STEMI/
NSTEMI data provided the following findings: 1) In 
the acute phase, the patients in all groups had a higher 
risk of major bleeding than of any MI at 7 days; non-
ARC-HBR (group 0) patients had a higher risk of 
fatal MI than of fatal bleeding, whereas ARC-HBR 
patients had a balanced risk between fatal bleeding 
and fatal MI. 2) In the chronic phase, when fatal 
bleeding was compared with any MI, any MI risk 
generally exceeded fatal bleeding risk in all groups up 
to 5 years follow-up; when fatal bleeding was 
compared with fatal MI, both risks were generally 
counterbalanced up to 5 years in all groups.

The ARC-HBR consensus paper, numerous 
randomized controlled trials assessing the safety of the 
ultra-short dual antiplatelet therapy (DAPT) strategy, 
and clinical data of the new technology of drug-coated 
stent have led many physicians to pay more careful 
attention to the risk assessment of bleeding events 

Results

Study Subjects
A total of 12,093 patients (66±12 years, 9,096 

males) were enrolled between 1998 and 2014 from 25 
institutions. ARC-HBR patients accounted for 43.8% 
(N=5,301) of the whole population. The prevalence 
of the individual components of the HBR criteria is 
summarized in Supplemental Fig.1 7). Oral 
anticoagulation was the most frequent major criterion 
in the ARC-HBR criteria. The patients were divided 
into six groups according to the number of ARC-HBR 
criteria fulfilled: group 0 (N=6,792), group 1 
(N=1,705), group 2 (N=790), group 3 (N=1,709), 
group 4 (N=861), and group 5 (N=236) (Fig.1).

Patient Characteristics
The baseline characteristics of the patients 

stratified by the groups are presented in Table 1. The 
patients in group 5 (the highest risk group) were older, 
more likely to be female, and had a higher prevalence 
of chronic kidney disease, peripheral vascular disease, 
and cancer as well as a lower frequency of ST elevation 
and abnormal Q wave on electrocardiogram than the 
other groups. Patients with single criterion (groups 0 
and 1) were significantly younger than those with 
multiple criteria (groups 2–5). The procedural 
characteristics are presented in Table 2. Primary PCI 
within 24 h of hospital admission was less frequently 
performed in group 5. A circulatory assist device 
(percutaneous cardiopulmonary support or intra-
aortic balloon pumping) was more frequently used in 
group 5. As to the medication at hospital discharge 
(Supplemental Table 1), ACEi (angiotensin-
converting enzyme inhibitors) or ARB (angiotensin II 
receptor blockers), statins, and antiplatelets were less 
frequently prescribed, and beta blockers were more 
frequently used in group 5 than in the other groups.

Clinical Outcomes
The median follow-up duration was 4.84 

[interquartile range: 1.35, 5.01] years. The clinical 
outcomes in the acute phase (7 days and in-hospital) 
and chronic phase (after hospital discharge) are 
summarized in Table 3. Major bleeding and any MI 
occurred at 7 days in 382 of 7,821 patients (4.9%) 
and 239 of 12,093 (2.0%) patients, respectively. Fatal 
bleeding and fatal MI occurred at 7 days in 35 of 
12,093 patients (0.3%) and 55 of 12,093 patients 
(0.5%), respectively. Majority of the bleeding events 
occurred in the acute phase. Intracranial bleeding 
(29%) was found to be the most frequent 
(Supplemental Fig.2). The bleeding event rates 
increased as the bleeding criteria increased (P-value for 
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Table 1. Patient characteristics

Group 0 Group 1 Group 2  Group 3  Group 4 Group 5 P value Data 
missing 

(%)0 major, 
≤ 1 minor

1 major, 
0 minor

0 major, 
≥ 2 minors

1 major, 
≥ 1 minor

2 majors, 
≥ 0 minor

≥ 3 majors, 
≥ 0 minors

Patient number 6792 1705 790 1709 861 236
Number of ARC-HBR major criteria
0 6792 (100.0) 0 (0.0) 790 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
1 0 (0.0) 1705 (100.0) 0 (0.0) 1709 (100.0) 0 (0.0) 0 (0.0)
2 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 861 (100.0) 0 (0.0)
3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 196 (83.1)
4 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 38 (16.1)
5 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.8)
Number of ARC-HBR minor criteria
0 4613 (67.9) 1705 (100.0) 0 (0.0) 0 (0.0) 312 (36.2) 72 (30.5)
1 2179 (32.1) 0 (0.0) 0 (0.0) 1126 (65.9) 364 (42.3) 120 (50.8)
2 0 (0.0) 0 (0.0) 675 (85.4) 502 (29.4) 162 (18.8) 38 (16.1)
3 0 (0.0) 0 (0.0) 115 (14.6) 81 (4.7) 23 (2.7) 6 (2.5)
Age (years) 63.0 

[56.0, 71.0]
63.0 

[56.0, 69.0]
79.0 

[76.0, 84.0]
77.0 

[70.0, 82.0]
74.0 

[67.0, 80.0]
77.0 

[69.0, 82.0]
＜0.001 0

Male sex 5369 (79.1) 1388 (81.4) 507 (64.2) 1108 (64.8) 570 (66.2) 154 (65.3) ＜0.001 0
Body mass index (kg/m2) 23.78 

[21.72, 26.02]
23.63 

[21.79, 25.92]
22.64 

[20.31, 24.77]
22.83 

[20.54, 24.97]
22.82 

[20.58, 24.81]
22.22 

[19.92, 24.51]
＜0.001 6.4

Diabetes mellitus 2169 (33.0) 594 (35.9) 217 (29.1) 555 (33.7) 370 (44.5) 104 (44.4) ＜0.001 3.3
Hypertension 3690 (56.5) 928 (56.1) 512 (68.2) 1179 (71.8) 646 (77.6) 187 (80.6) ＜0.001 3.7
Dyslipidemia 3040 (47.1) 724 (44.4) 277 (37.5) 593 (36.8) 304 (37.1) 79 (34.8) ＜0.001 5.1
Smoking 4600 (69.3) 1166 (69.7) 338 (45.4) 776 (48.3) 399 (48.6) 93 (42.9) ＜0.001 3.3
Chronic kidney disease 282 (4.3) 132 (7.9) 31 (4.3) 184 (11.1) 180 (21.2) 97 (41.3) ＜0.001 3.6
Prior myocardial infarction 674 (10.2) 223 (13.5) 117 (15.3) 226 (13.6) 130 (15.4) 30 (13.0) ＜0.001 2.8
Peripheral vascular disease 96 (1.5) 42 (2.5) 27 (3.7) 76 (4.6) 38 (4.5) 25 (10.6) ＜0.001 3.6
Cancer 0 (0.0) 161 (9.6) 0 (0.0) 229 (13.8) 198 (23.3) 109 (46.4) ＜0.001 3.6
Cerebrovascular disease 0 (0.0) 270 (16.2) 0 (0.0) 380 (22.9) 354 (41.6) 136 (57.9) ＜0.001 3.6
Status on admission
ST elevation on ECG 5738 (86.1) 1427 (85.3) 647 (83.5) 1374 (82.5) 686 (82.4) 178 (77.4) ＜0.001 2.1
Abnormal Q wave on ECG 2975 (45.9) 831 (50.4) 363 (47.0) 788 (48.0) 383 (45.9) 94 (40.9) 0.009 4
SBP on admission (mmHg) 138.0 

[119.0, 158.0]
140.0 

[120.0, 160.0]
130.0 

[110.0, 152.0]
130.0 

[110.0, 150.0]
132.0 

[110.0, 152.0]
122.0 

[105.50, 146.0]
＜0.001 33

DBP on admission (mmHg) 81.0 
[70.0, 95.0]

82.0 
[70.0, 97.0]

75.0 
[62.0, 87.0]

76.0 
[62.0, 88.0]

76.0 
[60.0, 89.0]

70.0 
[58.0, 82.0]

＜0.001 34.7

HR on admission (beats per minute) 78.0 
[65.0, 90.0]

79.0 
[66.0, 92.0]

78.0 
[63.0, 91.0]

78.0 
[64.0, 95.50]

82.0 
[66.0, 98.0]

80.0 
[64.0, 101.25]

＜0.001 33

Time from symptom onset to coronary angiography (h) 4.00 
[2.00, 11.97]

4.50 
[2.33, 12.00]

4.00 
[2.00, 11.00]

4.50 
[2.20, 12.00]

5.00 
[2.20, 12.50]

4.50 
[2.50, 11.38]

0.105 19.7

Killip class III or IV 516 (7.6) 146 (8.6) 150 (19.0) 342 (20.0) 195 (22.6) 67 (28.4) ＜0.001 0
Hemoglobin (g/dL) 14.60 

[13.60, 15.70]
14.50 

[13.50, 15.60]
12.50 

[11.70, 13.40]
12.50 

[11.20, 14.00]
11.20 

[9.90, 13.60]
10.10 

[9.15, 10.90]
＜0.001 52

Creatinine (mg/dL) 0.80 
[0.70, 0.97]

0.79 
[0.66, 0.90]

1.01 
[0.89, 1.20]

1.09 
[0.82, 1.32]

1.20 
[0.85, 2.05]

1.80 
[1.11, 3.09]

＜0.001 30.4

Enrolment period (year) ＜0.001 0
1998–2003 3385 (49.8) 994 (58.3) 142 (18.0) 473 (27.7) 212 (24.6) 18 (7.6)  
2004–2009 2134 (31.4) 502 (29.4) 396 (50.1) 786 (46.0) 375 (43.6) 121 (51.3)  
2010–2014 1273 (18.7) 209 (12.3) 252 (31.9) 450 (26.3) 274 (31.8) 97 (41.1)  
Follow-up duration (day) 1808.0 

[802.0, 1831.0]
1809.0 

[1008.0, 1829.0]
1093.5 

[104.5, 1822.0]
1089.0 

[114.0, 1821.0]
 901.0 

[93.0, 1816.0]
 433.0 

[70.0, 1544.75]
＜0.001 0

Data with list-wise deletion are expressed as median 
[interquartile range] or number (percentage). Abbreviations: ECG, electrocardiogram; CAG, coronary angiography; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; HR, heart rate; TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary intervention; PCPS, 
percutaneous cardiopulmonary support; IABP, intra-aortic balloon pumping; CK, creatine kinase; CK-MB, creatine kinase myocardial band; ACEi, 
Angiotensin-converting-enzyme inhibitors; ARB, Angiotensin II receptor blockers.
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Table 2. Procedural characteristics

Group 0 Group 1 Group 2 Group 3 Group 4 Group 5 P value Data 
missing 

(%)0 major, 
≤ 1 minor

1 major, 
0 minor

0 major, 
≥ 2 minors

1 major, 
≥ 1 minor

2 majors, 
≥ 0 minor

≥ 3 majors, 
≥ 0 minors

Number 6792 1705 790 1709 861 236
Primary PCI performed within 24 h of hospital admission 5835 (85.9) 1375 (80.6) 666 (84.3) 1388 (81.2) 641 (74.4) 174 (73.7) ＜0.001 0
Target vessel
Left anterior descending artery 2992 (47.8) 834 (53.3) 292 (42.0) 701 (45.7) 341 (45.5) 95 (45.7) ＜0.001 8.9
Left circumflex artery 975 (15.6) 230 (14.7) 111 (15.9) 250 (16.3) 120 (16.0) 48 (23.1) 0.067 8.9
Right coronary artery 2212 (35.3) 501 (32.0) 272 (39.1) 568 (37.1) 277 (36.9) 74 (35.6) 0.012 8.9
Left main trunk 129 (2.1) 34 (2.2) 36 (5.2) 68 (4.4) 39 (5.2) 10 (4.8) ＜0.001 8.9
Collateral blood flow (+) 2163 (34.1) 537 (34.2) 219 (30.6) 433 (28.2) 212 (28.2) 62 (31.2) ＜0.001 8.1
Stenting performed 4125 (60.7) 803 (47.1) 574 (72.7) 1091 (63.8) 484 (56.2) 137 (58.1) ＜0.001 0
PCPS use 232 (3.4) 38 (2.2) 60 (7.6) 105 (6.1) 66 (7.7) 19 (8.1) ＜0.001 0
IABP use 1153 (17.0) 367 (21.5) 197 (24.9) 463 (27.1) 239 (27.8) 80 (33.9) ＜0.001 0
Peak CK 1956.50 

[919.0, 3826.25]
2115.0 

[958.0, 4213.0]
1917.50 

[958.50, 3740.0]
1978.0 

[901.0, 3766.0]
1528.0 

[702.0, 3383.0]
1427.0 

[727.0, 3064.50]
＜0.001 6

Peak CK-MB 173.0 
[80.0, 332.75]

180.0 
[84.0, 356.48]

172.0 
[84.0, 353.65]

176.0 
[81.0, 363.0]

150.0 
[64.0, 318.0]

138.35 
[75.0, 292.25]

0.001 14

TIMI grade 3 post PCI 4575 (91.7) 931 (88.2) 620 (90.4) 1174 (88.7) 523 (86.0) 154 (89.5) ＜0.001 27
TIMI grade 0/1 post PCI 141 (2.8) 44 (4.2) 23 (3.4) 57 (4.3) 26 (4.3) 7 (4.1) 0.036 27

Data with list-wise deletion are expressed as median [interquartile range] or number (percentage). Abbreviations: PCI, percutaneous coronary 
intervention; PCPS, percutaneous cardiopulmonary support; IABP, intra-aortic balloon pumping; CK, creatine kinase; CK-MB, creatine kinase 
myocardial band; TIMI, thrombolysis in myocardial infarction.

Table 3. Clinical outcomes

Group 0 Group 1 Group 2  Group 3  Group 4 Group 5 P value§ P-value for 
trend†

0 major, 
≤ 1 minor

1 major, 
0 minor

0 major, 
≥ 2 minors

1 major, 
≥ 1 minor

2 majors, 
≥ 0 minor

≥ 3 majors, 
≥ 0 minors

Patient number 6792 1705 790 1709 861 236
Outcomes at 7 days

Any myocardial infarction 140 (2.1) 31 (1.8) 13 (1.7) 33 (1.9) 18 (2.1) 4 (1.7) 0.953 0.667
Fatal myocardial infarction 34 (0.5) 2 (0.1) 6 (0.8) 7 (0.4) 5 (0.6) 1 (0.4) 0.251 0.948
Major bleeding＊ 103/3935 (1.5) 34/842 (2.0) 59/727 (7.5) 108/1403 (6.3) 63/690 (7.3) 27/224 (11.4) ＜0.001 ＜0.001
Fatal bleeding 16 (0.2) 1 (0.1) 4 (0.5) 9 (0.5) 3 (0.3) 2 (0.8) 0.049 0.019

In-hospital outcomes
Any myocardial infarction 164 (2.4) 49 (2.9) 18 (2.3) 40 (2.3) 28 (3.3) 8 (3.4) 0.529 0.303
Fatal myocardial infarction 42 (0.6) 7 (0.4) 7 (0.9) 9 (0.5) 7 (0.8) 2 (0.8) 0.683 0.619
Fatal bleeding 36 (0.5) 8 (0.5) 10 (1.3) 18 (1.1) 9 (1.0) 4 (1.7) 0.008 ＜0.001

Outcomes after discharge up to 5 years
Any myocardial infarction 299 (4.4) 85 (5.0) 27 (3.4) 63 (3.7) 30 (3.5) 7 (3.0) 0.183 0.036
Fatal myocardial infarction 25 (0.4) 8 (0.5) 4 (0.5) 13 (0.8) 9 (1.0) 2 (0.8) 0.066 0.002
Fatal bleeding 9 (0.1) 8 (0.5) 2 (0.3) 12 (0.8) 7 (1.0) 3 (1.5) ＜0.001 ＜0.001

5-year mortality
All-cause death 737 (10.9) 192 (11.3) 199 (25.2) 455 (26.6) 254 (29.5) 86 (36.4) ＜0.001 ＜0.001
Cardiac death 419 (6.2) 81 (4.8) 101 (12.8) 206 (12.1) 110 (12.8) 35 (14.8) ＜0.001 ＜0.001
Non-cardiac death 230 (3.4) 77 (4.5) 68 (8.6) 183 (10.7) 104 (12.1) 39 (16.5) ＜0.001 ＜0.001
Death from unknown cause 88 (1.3) 34 (2.0) 30 (3.8) 66 (3.9) 40 (4.6) 12 (5.1) ＜0.001 ＜0.001

Data are expressed as number (percentage). ＊Major bleeding data was available only at 7-day follow-up in the OACIS registry. The data is collected 
only in patients who were enrolled between 2003 to 2014 (N=7,821). §P value for Chi square test. †P value for Cochran-Armitage trend test.
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bleeding, the ARC-HBR criteria successfully stratified 
patients with high thrombotic risk vs. high bleeding 
risk. Non-ARC-HBR patients had a higher risk of 
fatal MI than of fatal bleeding, whereas ARC-HBR 
patients had a balanced risk between fatal bleeding 
and fatal MI (Fig.5). The balance between bleeding 
and thrombotic events can vary in different time 
phases15). Coronary thrombotic events kept occurring 
during the long-term follow-up due to the natural 
progression of systemic atherosclerosis, whereas 
bleeding events mainly occurred within 7 days of the 
procedure 16). Therefore, the relative weight of 
coronary thrombotic events in comparison with 

than they used to1, 12-14). Nevertheless, we must keep 
in mind the enhanced thrombogenic property of MI 
lesions. Accurate assessment of individual bleeding 
and thrombotic risks before PCI is a prerequisite for 
an appropriate decision-making for the treatment 
strategy. In this study, we evaluated the absolute risk 
difference between bleeding and coronary thrombotic 
events. Although we attempted to investigate the 
borderline between subsets with high thrombotic risk 
vs. high bleeding risk, the present study demonstrated 
that all groups had a relatively high risk of major 
bleeding compared with the risk of any MI at 7 days 
(Fig.5). When fatal MI was compared with fatal 

Fig.2. Absolute risk difference between major bleeding and any myocardial infarction at 7 days

The absolute risk differences between major bleeding and any MI in each group at 7 days are presented as bar graphs. The availability of 
major bleeding data was limited to the cohort enrolled from 2003 to 2014 (N=7,821). Patients in all groups had a higher risk of major 
bleeding than of any MI. The error bar shows 95% confidence interval. ＊indicates statistically significant absolute risk difference. 
Abbreviations: MI, myocardial infarction.

Fig.3. Absolute risk difference between fatal bleeding and fatal myocardial infarction at 7 days

The absolute risk differences between fatal bleeding and fatal MI in each group at 7 days are presented as bar graphs. Non-ARC-HBR (group 0) 
patients had a higher risk of fatal MI than of fatal bleeding. ARC-HBR (group 1–5) patients had a balanced risk between fatal bleeding and fatal 
MI. Error bar shows 95% confidence interval. ＊indicates statistically significant absolute risk difference. Abbreviations: MI, myocardial infarction.
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would be useful, the present study suggested that the 
simple use of the ARC-HBR criteria would be helpful 
for the quick assessment of the tradeoff between fatal 
bleeding and fatal MI in our daily clinical practice. 
When major bleeding was compared with any MI, all 
patients were found to be at a higher risk of major 
bleeding than of any MI. The PCI approach site and 
stent selection, periprocedural anticoagulation, 
indication of cardiopulmonary support device, and 
duration and type of DAPT may be decided based on 
this quick assessment. Further prospective 
investigation is warranted to assess its clinical utility 
and validity in the up-to-date clinical practice.

Several limitations should be acknowledged. 
First, due to the post hoc nature of the present analysis, 
data on several ARC-HBR criteria was not available, 
and the definitions of some ARC-HBR criteria were 
not exactly matched, which might have resulted in the 
underestimation or overestimation of the prevalence 
of some ARC-HBR criteria. Moreover, although some 
ARC-HBR criteria are thought to be also related to 
thrombotic events, some are not. Considering 
practical utility, we just counted the number of the 
ARC-HBR criteria. However, appropriate criteria 
selection and weighting of each criterion would 
provide more precise estimation than the current 
method. This approach will be a topic of the future 
study. Second, the long enrollment period of 1998–
2014 is of potential concern since pharmacologic 
practice and interventional technologies have 
significantly evolved in this period. We had access to 
data on medication prescribed only at the time of 
discharge but not during the long-term follow-up. 
Some medications may have changed during the 
follow-up period. The duration of DAPT could not 

bleeding increases over time. In this regard, a strategy 
oriented toward bleeding risk should be prioritized, 
especially in the acute phase. Current short-DAPT 
and non-DAPT trials will further provide more 
profound insights into the optimal approach13, 17).

We compared any MI vs. major bleeding and 
fatal MI vs. fatal bleeding. The appropriateness of 
these comparisons might be a matter of debate. 
Valgimigli et al. reported a tradeoff of any MI vs. 
bleeding types on mortality after acute coronary 
syndrome from the TRACER trial18). Both MI and 
bleeding significantly impacted mortality with a 
similar time-dependency. Although Bleeding 
Academic Research consortium (BARC) 2 and 3a 
bleeding were less prognostic for death than MI, the 
risk of mortality was equivalent between BARC 3b 
bleeding and MI and was higher following BARC 3c 
bleeding9). In this regard, comparison of ≥ BARC 3b 
with reference to any MI would be desirable, although 
the detailed BARC 3 bleeding classification data was 
unavailable in our dataset. This approach should be 
implemented in future studies.

The precise risk assessment model has been 
recently proposed by Urban et al.19). Prior MI, medical 
treatment of diabetes, STEMI/NSTEMI, and use of 
bare-metal stents were predictors for MI and/or stent 
thrombosis, whereas age ≥ 65 years, chronic 
obstructive pulmonary disease, cancer, severe liver 
disease, planned surgery, and planned oral 
anticoagulation were predictors for BARC type 3–5 
bleeding events 9). Anemia, kidney insufficiency, 
current smoking, and complex PCI procedure were 
associated with both ischemic and bleeding events. An 
easy assessment tool on a smartphone will be available 
in the near future. Although such application tools 

Fig.4. Cumulative incidence curves

Cumulative incidence curves stratified by the number of ARC-HBR criteria for (A) any myocardial infarction, (B) fatal myocardial infarction, 
and (C) fatal bleeding after hospital discharge are illustrated. Abbreviations: ARC-HBR, Academic Research Consortium for High Bleeding Risk.
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be assessed, although we can assume based on the 
standard clinical practice in the period that most of 
the patients had 1 year or longer DAPT. The radial 
approach as compared with femoral approach has 
reduced the risk of bleeding, whereas the current DES 
has also reduced the risk of stent thrombosis. Recent 
advancement of these PCI procedure and device 
technologies possibly leads to different results20-27). 
Third, the definition of major bleeding in the present 
study is slightly different from that of BARC 3 or 5. 
The availability of major bleeding data was limited to 
the short-term follow-up (only at 7 days) and to the 
cohort enrolled from 2003 to 2014. Lastly, the present 
study is the East Asian registry, which would limit the 
generalizability of the current findings to other races.

Conclusion

All STEMI/NSTEMI patients have a relatively 
high risk of major bleeding as compared with the risk 
of any MI in the acute phase. The ARC-HBR criteria 
would be a practical tool for assessing the tradeoff 
between fatal bleeding and fatal MI. This practical 
assessment would be helpful for the optimal decision-
making for an appropriate treatment strategy 
considering the balance between bleeding and 
coronary thrombotic risks.

Fig.5. Tradeoff between fatal bleeding and coronary thrombosis in the acute phase

In the acute phase, all patients (groups 0–5) had a higher risk of MB than of any MI (upper row). ARC-HBR (group 1–5) patients have a 
balanced risk between fatal MI and FB, whereas non-ARC-HBR (group 0) patients have a higher risk of fatal MI than of FB (bottom row). 
Abbreviations: MI, myocardial infarction; MB, major bleeding; FB, fatal bleeding.
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Supplemental Fig.1. Prevalence of the individual components of the HBR criteria

Prevalence of the individual components of the HBR criteria is summarized in bar graphs. Abbreviations: ICH, intracranial hemorrhage; PCI 
percutaneous coronary intervention, NSAID Non-steroidal anti-inflammatory drug, ARC academic research consortium, HBR high bleeding 
risk. Reproduced with permission from Springer Nature 2021 (Prevalence of the Japanese high bleeding risk criteria and its prognostic 
significance for fatal bleeding in patients with acute myocardial infarction. Heart Vessels. 2021). 

Supplemental Fig.2. Fatal bleeding site

Fatal bleeding occurred in 126 patients in the entire follow-up period. 
Bleeding site is summarized in a pie chart. Intracranial bleeding was the 
most frequent cause of fatal bleeding. Reproduced with permission from 
Springer Nature 2021 (Prevalence of the Japanese high bleeding risk 
criteria and its prognostic significance for fatal bleeding in patients with 
acute myocardial infarction. Heart Vessels. 2021). 

Supplemental Table 1. Medication at hospital discharge

Group 0 Group 1 Group 2  Group 3  Group 4 Group 5 P value Data 
missing 

(%)
0 major, 

≤ 1 minor
1 major, 
0 minor

0 major, 
≥ 2 minors

1 major, 
≥ 1 minor

2 majors, 
≥ 0 minor

≥ 3 majors, 
≥ 0 minors

Number 6792 1705 790 1709 861 236
ACEi 3387 (54.0) 838 (51.7) 280 (42.9) 623 (42.7) 262 (36.3) 56 (28.3) ＜0.001 9.7
ARB 1588 (25.3) 353 (21.8) 240 (36.8) 469 (32.2) 228 (31.6) 62 (31.3) ＜0.001 9.7
ACEi or ARB 4873 (77.8) 1164 (71.9) 500 (76.6) 1056 (72.4) 474 (65.7) 115 (58.1) ＜0.001 9.7
Beta blockers 3276 (52.3) 832 (51.4) 393 (60.2) 858 (58.8) 428 (59.4) 129 (65.2) ＜0.001 9.7
Statins 3204 (51.1) 705 (43.5) 334 (51.1) 685 (47.0) 327 (45.4) 81 (40.9) ＜0.001 9.7
Antiplatelets 6165 (98.4) 1578 (97.4) 640 (98.0) 1396 (95.7) 687 (95.3) 186 (93.9) ＜0.001 9.7
Anticoagulants 0 (0.0) 901 (55.6) 0 (0.0) 522 (35.8) 411 (57.0) 102 (51.5) ＜0.001 9.7

Data with list-wise deletion are expressed as number (percentage). Abbreviations: ACEi, Angiotensin-converting-enzyme inhibitors; ARB, 
Angiotensin II receptor blockers. 
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Supplemental Fig.3. Absolute risk difference between fatal bleeding and fatal myocardial infarction

Absolute risk differences between fatal bleeding and fatal MI in each group after discharge up to 5 years are presented as bar graphs. Error bar 
shows 95% confidence interval. Abbreviations: MI, myocardial infarction.

Supplemental Fig.4. Absolute risk difference between fatal bleeding and any myocardial infarction

Absolute risk differences between fatal bleeding and any MI in each group after discharge up to 5 years are presented as bar graphs. Error bar 
shows 95% confidence interval. Abbreviations: MI, myocardial infarction.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


