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High bleeding risk (HBR) is commonly encountered among patients with acute coronary
syndrome (ACS), and bleeding complications are associated with worse prognosis. Data
on bleeding events of patients with ACS are based almost exclusively on percutaneous
coronary intervention registries. Enrolling only patients suitable for invasive procedures
might have skewed the observed bleeding incidence. We sought to investigate bleeding
incidence in unselected patients with ACS. Patients were retrospectively enrolled between
January and June 2019 from the emergency department of a tertiary hospital. All conse-
cutive hospitalized adults with suspected non−ST-segment elevation myocardial infarction
were included. Data was gathered by a database search and verified using electronic
patient records. Bleeding risk was assessed according to the Academic Research Consor-
tium for High Bleeding Risk (ARC-HBR) definition. The primary end point was a compos-
ite of post- discharge Bleeding Academic Research Consortium type 2, 3, and 5 bleeding
during 1-year follow-up. Of the 209 included patients, 15 (7.2%) suffered a bleeding event.
There were more bleeding events among dual antiplatelet therapy (DAPT) users as com-
pared with those without DAPT (10.7% vs 3.1%, p = 0.033). Among HBR patients, 6.1%
and in non-HBR patients 8.1% suffered a bleeding event (p = 0.579). Notably, major bleed-
ing (Bleeding Academic Research Consortium type 3) incidence was highest in patients
<65 years and without DAPT use. In conclusion, unselected suspected non−ST-segment
elevation myocardial infarction patients aged <65 years had surprisingly high bleeding
incidence, regardless of ARC-HBR status or DAPT use. © 2023 The Authors. Published
by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/) (Am J Cardiol 2023;206:101−104)
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High bleeding risk (HBR) is common among patients
with acute coronary syndrome (ACS), and major bleeding
complications are associated with worse prognosis.1,2 After
percutaneous coronary intervention (PCI), dual antiplatelet
therapy (DAPT) is essential for preventing further ischemic
complications and subsequent mortality.3 However, DAPT
increases bleeding risk, especially with prolonged treatment
durations.4 The Academic Research Consortium for High
Bleeding Risk (ARC-HBR) specified a list of clinical crite-
ria to identify patients at HBR.5 In HBR patients, the
reported 1-year bleeding incidence has ranged from 4% to
30%.6,7 Data on ARC-HBR criteria are based almost
exclusively on PCI registries. Enrolling only patients suit-
able for invasive procedures might have skewed the
observed bleeding incidence. This study aimed to investi-
gate bleeding incidence in unselected patients with non
−ST-segment elevation ACS during 1-year follow-up.

The study population and data collection have been
described in detail previously.8 This study was approved by
the appropriate institutional review board. Ethical review
was waived because of the retrospective nature of this
study. In short, the study population consisted of patients
who were admitted to emergency department in Turku Uni-
versity Hospital between January 1, 2019 and June 30,
2019 because of “chest pain.” All consecutive hospitalized
adults with suspected non−ST-segment elevation myocar-
dial infarction (NSTEMI) were included. Patient identifica-
tion and data gathering were conducted by a database
search and verified by the authors using electronic patient
records. Of the 212 hospitalized patients,8 2 died before
discharge and were excluded. Six patients died during the
follow-up but were included and finally, 1 patient was lost
during the follow-up. Thus, 209 patients were included in
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this study. Patients were defined as being at HBR if at least
1 major or 2 minor ARC-HBR criteria were met. Bleeding
events within 1 year after the primary hospitalization date
were recorded. The primary end point was a composite of
non-access site Bleeding Academic Research Consortium
(BARC) type 2, 3, and 5 bleeding. Furthermore, major
bleeding was defined as BARC type 3 or 5 bleeding. Cate-
gorical variables are presented as frequencies (%) and com-
pared with Pearson’s chi-square or Fisher’s exact test, as
appropriate. The p values were two-tailed, and significance
was set at p <0.05. Statistical analyses were performed
using SPSS, version 28.0.1.0 (SPSS Inc., Chicago, Illinois).

Clinical patient characteristics, medication, and manage-
ment are shown in Table 1. Common management strate-
gies were PCI (53.6%), non-invasive management (20.1%),
and angiography without revascularization (18.2%). Non-
invasive strategy was more often chosen among HBR
patients as compared with non-HBR patients. DAPT was
prescribed to 53.6% of all patients. DAPT prescription was
more common in non-HBR patients (66.7%) as compared
with HBR patients (38.8%). In pairwise comparisons of
DAPT in age groups, a difference was found comparing
<65 years group (66.0%) and ≥75 years group (41.9%,
p = 0.006) and 65 to 74 years group (58.6%) and ≥75 years
group (p = 0.038). Ticagrelor was used in 11.0% of
NSTEMI patients and was more common among non-HBR
patients (16.7%, n = 13) as compared with those at HBR
(4.5%, n = 3, p = 0.020). During the follow-up, 15 patients
Table 1

Baseline characteristics, medication, management and bleeding risk

Total (n=209) NSTEMI (n=145) U

Age (years)

<65 53 (25.4%) 40 (27.6%)

65-74 70 (33.5%) 49 (33.8%) 1

≥75 86 (41.1%) 56 (38.6%) 2

Sex

Female 68 (32.5%) 40 (27.6%) 1

Male 141 (67.5%) 105 (72.4%) 2

Medication

ASA 159 (76.1%) 123 (84.8%) 2

Clopidogrel 114 (54.5%) 89 (61.4%) 2

Ticagrelor 16 (7.7%) 16 (11.0%)

DOAC 33 (15.8%) 21 (14.5%) 1

VKA 9 (4.3%) 5 (3.4%)

DAPT 112 (53.6%) 91 (62.8%) 1

Prescribed duration of DAPT (months)

≤ 3 (6¼ 0) 14 (12.5%z) 10 (11.0%z)
> 3 and ≤ 6 31 (27.7%z) 21 (23.1%z)
> 6 67 (59.8%z) 60 (65.9%z)

Management

Non-invasive 42 (20.1%) 16 (11.0%) 1

Angiography without revascularization 38 (18.2%) 17 (11.7%) 1

PCI 112 (53.6%) 95 (65.5%) 1

CABG 17 (8.1%) 17 (11.7%)

Values are n (%).

* Type 2 myocardial infarction or Takotsubo cardiomyopathy.
yHBR vs non-HBR.
zOf those with DAPT.
ASA = acetylsalicylic acid; CABG = coronary artery bypass grafting; DAPT =

bleeding risk; NSTEMI = non-ST-segment elevation myocardial infarction; PC

VKA = vitamin K antagonist.
(7.2%) suffered a bleeding event, of which 66.7% (n = 10)
were BARC type 2 and 33.3% (n = 5) were BARC type 3.
There were more bleeding events among DAPT users as
compared with those without DAPT (p = 0.033; Figure 1).
This difference was driven by BARC type 2 bleeding
(8.9%, n = 10 and 0.0% respectively, p = 0.002). Among
HBR patients, 6.1% (n = 6) and in non-HBR patients, 8.1%
(n = 9) suffered a bleeding event (p = 0.579). One (8.3%)
BARC type 3 bleeding event was observed among type 2
myocardial infarction.

The ARC-HBR criteria have been shown to predict
major bleeding incidence ≥4% at 1 year,1 which is defined
as the threshold for HBR by the Academic Research Con-
sortium.5 Importantly, our results show a high bleeding
incidence regardless of ARC-HBR status or DAPT use in
hospitalized suspected NSTEMI patients <65 years. It is
noteworthy, that we included BARC type 2 events, which
were excluded from the original definition. However, even
BARC type 3 incidence alone exceeded the 4% threshold,
specifically in patients <65 years and without DAPT use.
Therefore, this group seems to have the highest major
bleeding risk. Our findings suggest that there could be pre-
dictors of bleeding not included in ARC-HBR criteria—
particularly prevalent in younger age groups—such as
smoking, heavy alcohol usage, and drug abuse for example.
Overall, major bleeding incidence among HBR patients
was only 3.1%, which is lower than expected based on pre-
vious studies enrolling European patients.9 Even though the
AP (n=46) Other* (n=18) HBR (n=98) Non-HBR (n=111) p-valuey

9 (19.6%) 4 (22.2%) 6 (6.1%) 47 (42.3%) <0.001
6 (34.8%) 5 (27.8%) 22 (22.4%) 48 (43.2%) 0.001

1 (45.7%) 9 (50.0%) 70 (71.4%) 16 (14.4%) <0.001

7 (37.0%) 11 (61.1%) 40 (40.8%) 28 (25.2%) 0.016

9 (63.0%) 7 (38.9%) 58 (59.2%) 83 (74.8%)

8 (60.9%) 8 (44.4%) 58 (59.2%) 101 (91.0%) <0.001
3 (50.0%) 2 (11.1%) 50 (51.0%) 64 (57.7%) 0.336

0 (0.0%) 0 (0.0%) 3 (3.1%) 13 (11.7%) 0.019

0 (21.7%) 2 (11.1%) 33 (33.7%) 0 (0.0%) <0.001
3 (6.5%) 1 (5.6%) 9 (9.2%) 0 (0.0%) <0.001
9 (41.3%) 2 (11.1%) 38 (38.8%) 74 (66.7%) <0.001

4 (21.1%z) 0 (0.0%z) 9 (23.7%z) 5 (6.8%z) 0.015z

8 (42.1%z) 2 (100%z) 12 (31.6%z) 19 (25.7%z) 0.509z

7 (36.8%z) 0 (0.0%z) 17 (44.7%z) 50 (67.6%z) 0.020z

7 (37.0%) 9 (50.0%) 31 (31.6%) 11 (9.9%) <0.001
2 (26.1%) 9 (50.0%) 16 (16.3%) 22 (19.8%) 0.513

7 (37.0%) 0 (0.0%) 47 (48.0%) 65 (58.6%) 0.125

0 (0.0%) 0 (0.0%) 4 (4.1%) 13 (11.7%) 0.044

dual antiplatelet therapy; DOAC = direct oral anticoagulant; HBR = high

I = percutaneous coronary intervention; UAP = unstable angina pectoris;
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Figure 1. Bleeding incidence during 1-year follow-up according to DAPT use and age.
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prevalence of HBR in the present study was nearly 50%,8

bleeding incidence implies a low-risk population, which
indicates that ARC-HBR criteria might not work in all dem-
ographics. It should be noted that DAPT use was consider-
ably lower in HBR patients and ticagrelor was rarely the
preferred choice among them. Therefore, bleeding risk
assessment before initiating PCI and subsequent DAPT
treatment probably helped to mitigate the bleeding risk of
HBR patients.

As with all retrospective studies, our findings are mostly
hypothesis-generating. Small sample size and single-center
enrollment are major limiting factors, resulting in limited
generalizability and low event numbers. Subsequently,
regression analysis was not feasible, and we could not
adjust for confounding. Therefore, these findings should be
confirmed in larger-scale, multi-center studies with multi-
variable regression models.

In conclusion, unselected suspected NSTEMI patients
aged <65 years had surprisingly high bleeding incidence,
regardless of ARC-HBR status or DAPT use. This indicates
that there could be significant predictors of bleeding not
included in the ARC-HBR criteria.
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