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A B S T R A C T

Background: No standardized tool exists for weighting bleeding risk before selecting an antithrombotic
regimen in patients undergoing percutaneous coronary intervention (PCI) who require both oral
anticoagulant (OAC) and antiplatelet agents.
Methods: We performed PCI in 3718 consecutive patients between April 2011 and March 2017, 302 of
whomwere treated with both OAC and antiplatelet agents. We retrospectively evaluated the predictive
performance of four major bleeding risk scores (HAS-BLED, ORBIT, PRECISE-DAPT, and PARIS score).
Patients were followed for up to 3 years for bleeding events, defined as a composite of major and minor
bleeding according to the Thrombolysis in Myocardial Infarction (TIMI) criteria and the Bleeding
Academic Research Consortium (BARC) criteria.
Results: TIMI significant bleedings (major, minor, and requiring medical attention) were seen in
90 patients (29.8%); whereas the BARC class �3 bleedings were seen in 53 patients (17.5%). Regarding
TIMI significant bleedings, HAS-BLED, ORBIT, and PRECISE-DAPT scores equally categorized high-risk
patients, but the PARIS score could not [high-risk versus non-high-risk: hazard ratio (HR), 1.74; 95%
confidence interval (CI), 1.15–2.64; p = 0.01; HR, 1.63; 95% CI, 1.08–2.48; p = 0.02; HR, 1.62; 95% CI, 1.06–
2.51; p = 0.03; HR, 1.05; 95% CI, 0.70–1.63; p = 0.79, respectively); regarding BARC class �3 bleeding, all
four scores could stratify high-risk patients (high-risk versus non-high-risk: HR, 2.23; 95% CI, 1.30–3.88;
p = 0.004; HR, 2.25; 95% CI,1.31–3.96; p = 0.003; HR, 3.87; 95% CI, 2.06–7.91; p < 0.0001; HR,1.85; 95% CI,
1.04–3.47; p = 0.04, respectively).
Conclusions: In patients taking an OAC undergoing PCI, HAS-BLED, ORBIT, and PRECISE-DAPT scores
predicted TIMI significant bleeding events better than the PARIS score; whereas all four scores could
predict BARC class �3 bleeding events.
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Introduction

Long-term oral anticoagulant (OAC) use is necessary in patients
with mechanical heart valves and most patients with atrial
fibrillation (AF) [1,2]. In the clinical setting, approximately 5–10% of
patients undergoing percutaneous coronary intervention (PCI)
have concomitant AF [3]. In such patients, both antiplatelet
therapy (APT) and OAC are indicated; however, great concern
regarding bleeding complications has been raised [4–6].

International guidelines encourage weighting bleeding risk
before selecting a treatment regimen in patients at high risk of
bleeding who undergo PCI [7]. Prediction scores for bleeding
events have been recently proposed for patients who are taking
dual APT (DAPT) [8,9]. On the other hand, a prediction score (HAS-
BLED and ORBIT score) was proposed for AF patients who are
taking OAC or APT [10,11]. However, no standardized tool exists for
this purpose in patients undergoing PCI who need both OAC and
APT.

Therefore, we validated four different risk scores (PRECISE-
DAPT, PARIS, HAS-BLED, and ORBIT scores) in our cohort of patients
undergoing PCI who required both OAC and APT in order to assess
their ability to predict bleeding events.

Materials and methods

Patient population

Among 3718 patients who underwent PCI at Ogaki Municipal
Hospital from April 2011 to March 2017, patients with indications
for long-term OAC treatment were enrolled. Exclusion criteria
were as follows: history of intracranial bleeding, cardiogenic shock,
patients who did not take APT, peptic ulcer in the previous
6 months, thrombocytopenia (platelet count, <50 � 109/L), major
bleeding [according to the Thrombolysis in Myocardial Infarction
(TIMI) criteria] in the previous 12 months, and life expectancy of
less than 12 months. The indication for PCI was based on
established European, US, and Japanese guidelines. This study
was approved by the research review board of Ogaki Municipal
Hospital. Moreover, this study was conducted according to the
Helsinki Declaration. All patients consented participation in this
study.

Antithrombotic treatment

All patients received at least one antiplatelet agent [thienopyr-
idine (200 mg ticlopidine, 75 mg clopidogrel, or 3.75 mg prasugrel
daily) and/or 81–100 mg aspirin daily] and an OAC [vitamin K
antagonist (VKA) or a direct OAC (DOAC)]. Although the standard
antiplatelet regimen after PCI in the hospital was both thienopyr-
idine and aspirin for at least 1 month even in patients who were
taking an OAC, the type and timing of discontinuing antiplatelet
agents were at the discretion of each attending physician. The
selection of the OAC was also left to the discretion of the attending
physician. To reduce the risk of bleeding, proton-pump inhibitors
were administered and access-site-closure devices (when PCI was
conducted through a femoral access site) were used in most
patients. In the periprocedural period, OACs were continued
whenever possible.

Assessments and follow-up

Demographic, angiographic, and procedural datawere collected
from hospital charts or hospital databases. Follow-up data were
obtained from hospital charts or by contacting patients on the
telephone for up to 3 years. All patient follow-up data were
obtained by March 2018.
The endpoint of this study was TIMI significant bleeding
(defined as a composite of TIMI major, minor, and requiring
medical attention) [12,13] and occurring 7 days or later after the
index PCI; bleeding occurring earlier was censored. We selected
7 days as a conservative timeframe based on the current trend in
the length of hospital stay for patients with acute coronary
syndrome and to exclude events related to the index PCI procedure.
Bleeding events after 7 days were also assessed with the use of the
Bleeding Academic Research Consortium (BARC) criteria [13]. The
bleeding definitions used in the present study are shown in Online
Table 1.

Anemia was classified as a hemoglobin level <12 g/dl in men
and <11 g/dl in women [14]. Creatinine clearance was calculated
using the Cockroft-Gault formula [15]. The estimated glomerular
filtration rate (eGFR) was calculated using the following equation
for Japanese patients recommended by the Japanese Society of
Nephrology:

eGFR (mL/min/1.73 m2) = 194 � serum creatinine�1.094 �
age�0.287 (� 0.739 if female) [16].

Study goal

The objective of this study was to compare the four bleeding
scores (HASBLED [10], ORBIT [11], PRECISE-DAPT [9], and PARIS
score [8]) regarding their ability to stratify bleeding risk within our
cohort (those who took both OAC and APT). For this objective, the
four scores were calculated and assigned to each patient. The
primary endpoint for score validation was the occurrence of TIMI
significant bleeding at 7 days or later after the index procedure and
at the end of follow-up. The four bleeding scores were validated
with the occurrence of BARC class �3 as well. We also estimated
the 3-year cumulative incidence of bleeding by 1 minus the
Kaplan–Meier estimate of bleeding-free survival at 3 years, to take
into account loss to follow-up.

Statistical analysis

Continuous variables are summarized as mean and standard
deviation (SD) or median and interquartile range (IQR), and
categorical variables are shown as numbers and proportions.
Continuous variables were compared using Student's t-test or the
Wilcoxon rank-sum test based on their distributions. Categorical
variables were compared using chi-squared tests.

Each patient in our cohort was assigned four bleeding risk
scores: the HAS-BLED score, ORBIT score, PRECISE-DAPT score, and
PARIS score. The distribution of each risk score was visualized
graphically.

Time dependent receiver operating characteristic curve (ROC)
analyses were carried out to examine the ability of the four scores
to identify the patients with bleeding events [17]. Model
discrimination was assessed using the C-statistic in our cohort.

Patients were then divided into two groups according to each
score: HAS-BLED score, non-high (0–3) and high (4–6); ORBIT
score, non-high (0–2) and high (3–7); PRECISE-DAPT, non-high
(lowest three quartiles) and high (highest quartile); PARIS score,
non-high (low and intermediate) and high (highest tertile).
Bleeding event rates at 3 years were calculated in each risk
grouping using the Kaplan–Meier method and compared using the
log-rank test. As a measure of the strength of the association
between each risk score and bleeding events, we calculated hazard
ratio (HR) and 95% confidence interval (CI) using Cox proportional-
hazards regression analysis.

All statistical analyses were performed using JMP software
version 13.1 (SAS Institute Inc., Cary, NC, USA) and R version 3.4.3 (R
Foundation for Statistical Computing, Vienna, Austria). A p-value of
<0.05 was considered statistically significant.
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Results

Patient characteristics and bleeding events

Of 3718 patients who underwent PCI during the study period,
we identified 302 eligible subjects who took both OAC and APT
(Fig. 1). During the 3-year follow-up, the TIMI significant bleeding
events occurred in 90 patients (29.8%), and BARC class�3 bleeding
occurred in 53 patients (17.5%). The clinical characteristics of the
recruited patients are summarized in Table 1. The over-all follow-
up rate was 92.1%.

The median length of follow-up was 916 (IQR = 580–1080) days
for the bleeding group and 1080 (IQR = 556–1080) days for the no-
bleeding group. Themean age of the patients tended to be higher in
the bleeding than in the no-bleeding group [73.5 (SD = 8.9) years
and 71.6 (SD = 9.3) years, respectively; p = 0.09]. The mean HAS-
BLED, ORBIT, and PRECISE-DAPT scores were significantly higher in
the bleeding than in the no-bleeding group [HAS-BLED: bleeding
group, 3.63 (SD = 1.16); no-bleeding group, 3.13 (SD = 1.04);
p = 0.001; ORBIT: bleeding group, 2.92 (SD = 1.58); no-bleeding
group, 2.35 (SD = 1.27); p = 0.003; PRECISE-DAPT: bleeding group,
32.4 (SD = 16.7); no-bleeding group, 26.9 (SD = 12.6); p = 0.002];
however, the mean value of the PARIS score was similar in the two
groups [bleeding group, 8.3 (SD = 2.7); no bleeding group, 7.9
(SD = 2.5); p = 0.26].

The indications for OAC were similar in the two groups
(Table 1). The most common indication was AF, accounting for
approximately 70% of indications.

Table 2 shows the location of the worst bleeding site. Of
90 patients who experienced a bleeding event, 15 were major,
including seven cases of intracranial bleeding. Gastrointestinal
bleeding was the most frequent bleeding site. The median time to
the first occurrence of TIMI significant bleedingwas 228 (IQR = 89–
513) days.

Distribution of each score

The overall distribution of each bleeding risk score is displayed
in Fig. 2. As shown in Fig. 2A, the peak value of the HAS-BLED score
distribution was 3, which differs widely from that of the original
derivation and validation cohort of the HAS-BLED score [10],
indicating our cohort had a much higher bleeding risk. The
distribution of ORBIT score in our cohort was similar with that of
original derivation and validation cohort, except there were no
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Fig. 1. Flowchart detailing the study design.
OAC, oral anticoagulant; PCI, percutaneous coronary intervention; Pt., patient; TIMI, Th
patient with score 0 [11] (Fig. 2B). Regarding the PRECISE-DAPT
score, the numbers of patients categorized at very low (�10), low
(11–17), moderate (18–24), and high (�25) bleeding risk were 16
(5.3%), 45 (14.9%), 80 (26.5%), and 161 (53.3%), respectively.
Regarding the PARIS score, the number of patients categorized at
low (0–3), intermediate (4–7), and high (�8) bleeding risk were 11
(3.6%), 111 (36.8%), and 180 (59.6%), respectively. The histogram
was shifted to the higher-risk group, compared with those of the
original cohorts used to derive and validate the PRECISE-DAPT and
PARIS scores [8,9] (Fig. 2C and D).

Predictive performance of each score

The time-dependent ROC curve analysis results are shown in
Fig. 3. At 180 days, the diagnostic power of each bleeding score to
distinguish patients with or without TIMI significant bleeding was
similar among four scores, with an area under the curve (AUC) of
approximately 0.58–0.60. However, the AUCs of the four scores
gradually differed from each other during the 3 years of follow up,
ending up at 0.62 for the HAS-BLED score, 0.61 for the ORBIT score,
0.60 for the PRECISE-DAPT score, and 0.52 for the PARIS score
(HAS-BLED vs. PARIS, p = 0.04; ORBIT vs. PARIS, p = 0.006, PRECISE-
DAPT vs. PARIS, p = 0.02) (Fig. 3A). On the other hand, ORBIT and
PRECISE-DAPT score have kept the highest AUC of approximately
0.7 to stratify BARC class �3 bleeding events (Fig. 3B).

The C-statistic for bleeding events is summarized in Table 3. The
C-statistic for TIMI significant bleeding was approximately 0.6 for
the HAS-BLED, the ORBIT, and the PRECISE-DAPT score; however, it
was 0.53 for the PARIS score. Regarding BARC class �3 bleeding
events, the C-statistic of the ORBIT and the PRECISE-DAPT score
was numerically highest among four bleeding risk scores.

Score performance was also consistent, including for TIMI
significant bleeding occurring earlier than 7 days after PCI [C-
statistic, 0.59 (95% CI, 0.53–0.65, p < 0.001); C-statistic, 0.59 (95%
CI, 0.53–0.65, p < 0.001); C-statistic, 0.59 (95% CI, 0.53–0.65,
p < 0.001); C-statistic, 0.54 (95% CI, 0.48–0.60, p = 0.24), respec-
tively].

As TIMI significant bleeding, the Kaplan–Meier event-free
survival analysis showed that the non-high bleeding risk group had
a lower risk of adverse bleeding events than the high bleeding risk
group stratified according to the HAS-BLED, ORBIT, and PRECISE-
DAPT scores, but not when patients were stratified according to the
PARIS score (Fig. 4); as BARC class �3 bleeding events, the Kaplan–
Meier event-free survival analysis showed that the non-high
rombolysis in Myocardial Infarction criteria.



Table 1
Patient's clinical characteristics, bleeding score, medication, and procedural characteristics at baseline.

Patients: n All patients
(n=320)

TIMI bleeding BARC �3 bleeding

+
(n=90)

�
(n=212)

p-value +
(n=53)

�
(n=249)

p-value

Clinical baseline characteristics
Mean (SD) age (years) 72.1 (9.2) 73.5 (8.9) 71.6 (9.3) 0.09 75.7 (8.7) 71.4 (9.2) 0.02
Male sex 235 (77.8%) 70 (77.8%) 165 (77.8%) 1.00 36 (67.9%) 199 (79.9%) 0.07
Mean (SD) BMI (kg/m2) 23.4 (3.8) 23.2 (3.8) 23.5 (3.8) 0.53 22.4 (3.6) 23.6 (3.8) 0.03
Diabetes mellitus 137 (45.4%) 45 (50%) 92 (43.4%) 0.29 26 (49.1%) 111 (44.6%) 0.55
Hypertension 224 (74.1%) 67 (74.4%) 157 (74.1%) 0.94 38 (71.7%) 186 (74.7%) 0.65
Hypercholesterolemia 190 (62.9%) 59 (65.6%) 131 (61.8) 0.53 33 (62.3%) 157 (63.1%) 0.91
Smoking history 191 (63.2%) 60 (66.7%) 131 (61.8%) 0.42 31 (58.5%) 160 (64.3%) 0.43
Prior myocardial infarction 78 (25.8%) 16 (17.8%) 62 (29.3%) 0.03 7 (13.2%) 71 (28.5%) 0.01
Prior heart failure 141 (46.7%) 46 (51.1%) 95 (44.8%) 0.32 34 (64.2%) 107 (43.0%) 0.005
Prior stroke 42 (13.9%) 16 (17.8%) 26 (12.3%) 0.21 13 (24.5%) 29 (11.7%) 0.02
Prior PCI 116 (38.4%) 34 (37.8%) 82 (38.7%) 0.88 17 (32.1%) 99 (39.8%) 0.29
Prior CABG 58 (19.2%) 21 (23.3%) 37 (17.5%) 0.24 10 (18.9%) 48 (19.3%) 0.95
Ccr (ml/min) 60.1 (24.1) 55.3 (24.6) 62.1 (23.7) 0.03 50.4 (25.4) 62.1 (23.4) 0.001

HAS-BLED score 3.27 (1.09) 3.63 (1.16) 3.13 (1.04) 0.001 3.81 (1.24) 3.15 (1.03) <0.0001
Hypertension 224 (74.1%) 67 (74.4%) 157 (74.1%) 0.94 38 (71.7%) 186 (74.7%) 0.65
Abnormal renal function 12 (4.0%) 7 (7.8%) 5 (2.36%) 0.04 6 (11.3%) 6 (2.4%) 0.01
Abnormal liver function 38 (9.3%) 9 (10.0%) 19 (9.0%) 0.79 6 (11.3%) 22 (8.9%) 0.59
Stroke 42 (13.9%) 16 (17.8%) 26 (12.3%) 0.21 13 (24.5%) 29 (11.7%) 0.02
Bleeding 52 (17.2%) 22 (24.4%) 30 (14.2%) 0.03 15 (28.3%) 37 (14.9%) 0.03
Labile INR 86 (28.4%) 36 (40.0%) 50 (23.6%) 0.05 22 (41.5%) 64 (25.7%) 0.02
Elderly 243 (80.4%) 77 (85.6%) 166 (78.3%) 0.14 49 (92.5%) 195 (77.9%) 0.01
Drugs 302 (100%) 90 (100%) 212 (100%) - 53 (100%) 249 (100%) -
Alcohol 9 (3.0%) 3 (3.3%) 6 (2.8%) 0.82 1 (1.9%) 8 (3.2%) 0.59

ORBIT score 2.52 (1.39) 2.92 (1.58) 2.35 (1.27) 0.003 3.36 (1.65) 2.35 (1.27) <0.0001
Age �75 years 129 (42.7%) 42 (46.7%) 87 (41.0%) 0.37 33 (62.3%) 96 (38.6%) 0.002
Anemia 60 (19.9%) 26 (28.9%) 34 (16.0%) 0.01 21 (39.6%) 39 (15.7%) 0.0002
Bleeding history 36 (11.9%) 17 (18.9%) 19 (9.0%) 0.02 11 (20.8%) 25 (10.0%) 0.04
eGFR <60ml/min/1.73m2 139 (46.0%) 45 (50.0%) 94 (44.3%) 0.37 28 (52.8%) 111 (44.6%) 0.27
Treatment with antiplatelets 302 (100%) 90 (100%) 212 (100%) - 53 (100%) 249 (100%) -

PRECISE-DAPT score 28.5 (14.2) 32.4 (16.7) 26.9 (12.6) 0.002 36.7 (17.3) 26.8 (12.8) <0.0001
Hemoglobin (g/dl) 13.3 (1.9) 12.8 (2.0) 13.5 (1.9) 0.01 12.3 (2.1) 13.5 (1.8) <0.0001
White-blood-cell count 6730 [5405,8910] 6205 [5070,8178] 6905 [5628,9148] 0.03 6170 [5010,7780] 6860 [5455,8950] 0.11
Mean (SD) age (years) 72.1 (9.2) 73.5 (8.9) 71.6 (9.3) 0.09 75.7 (8.7) 71.4 (9.2) 0.02
Ccr (ml/min) 60.1 (24.1) 55.3 (24.6) 62.1 (23.7) 0.03 50.4 (25.4) 62.1 (23.4) 0.001
Prior bleeding 36 (11.9%) 17 (18.9%) 19 (9.0%) 0.02 11 (20.8%) 25 (10.0%) 0.04

PARIS score 8.0 (2.6) 8.3 (2.7) 7.9 (2.5) 0.26 9.1 (2.6) 7.8 (2.5) 0.001
Age <50 years 6 (2.0%) 0 (0.0%) 6 (2.8%) 0.04 0 (0.0%) 6 (2.4%) 0.59
50–59 27 (5.6%) 6 (6.7%) 11 (5.2%) 0.62 3 (5.7%) 14 (5.6%) 0.99
60–69 87 (28.8%) 26 (28.9%) 61 (28.8%) 0.98 10 (18.9%) 77 (30.9%) 0.07
70–79 121 (40.1%) 31(34.4%) 90 (42.5%) 0.19 19 (35.9%) 102 (41.0%) 0.49
�80 years 71 (23.5%) 27 (30.0%) 44 (21.0%) 0.09 21 (39.6%) 50 (20.1%) 0.004
BMI <25 214 (70.9%) 61 (67.8%) 153 (72.2%) 0.44 39 (73.6%) 175 (70.3%) 0.63
25–34.9 84 (27.8%) 29 (32.2%) 55 (25.9%) 0.27 14 (26.4%) 70 (28.1%) 0.80
�35 4 (1.3%) 0 (0.0%) 4 (1.9%) 0.09 0 (0.0%) 4 (1.6%) 1.0
Current smoking 72 (23.8%) 13 (14.4%) 59 (27.8%) 0.01 9 (17.0%) 63 (25.3%) 0.18
Anemia 60 (19.9%) 26 (28.9%) 34 (16.0%) 0.01 21 (39.6%) 39 (15.7%) 0.0002
Ccr <60ml/min 159 (52.6%) 55 (61.1%) 104 (49.1%) 0.05 34 (64.2%) 125 (50.2%) 0.06
Triple therapy 250 (82.7%) 74 (82.2%) 176 (83.0%) 0.87 45 (84.9%) 205 (82.3%) 0.64

Medication at discharge
Aspirin 269 (89.1%) 81 (90.0%) 188 (88.7%) 0.73 48 (90.6%) 221 (88.8%) 0.70
Thienopyridine 281 (93.0%) 83 (92.2%) 198 (93.4%) 0.72 50 (94.3%) 231 (92.8%) 0.68
DAPT 250 (82.8%) 74 (82.2%) 176 (83.0%) 0.87 45 (84.9%) 205 (82.3%) 0.64
PPI 280 (92.7%) 82 (91.1%) 198 (93.4%) 0.49 49 (92.5%) 231 (92.8%) 0.94

Type of OAC 0.49 0.38
VKA 176 (58.3%) 55 (61.1%) 121 (57.1%) 31 (58.5%) 145 (58.2%)
Rivaroxaban 52 (17.2%) 13 (14.4%) 39 (18.4%) 6 (11.3%) 46 (18.5%)
Dabigatran 13 (4.3%) 3 (3.3%) 10 (4.7%) 2 (3.8%) 11 (4.4%)
Apixaban 54 (17.9%) 15 (16.7%) 39 (18.4%) 11 (20.8%) 43 (17.3%)
Edoxaban 7 (2.3%) 4 (4.4%) 3 (1.4%) 3 (5.7%) 4 (1.6%)

Indication for OAC 0.83 0.16
Atrial fibrillation 208 (68.9%) 64 (71.1%) 144 (67.9%) 42 (79.3%) 166 (66.7%)
Post cardiac surgery 49 (16.2%) 13 (14.4%) 36 (17.0%) 5 (9.4%) 44 (17.7%)
Other (apical aneurysm, pulmonary embolism, PAD) 45 (14.9%) 13 (14.4%) 32 (15.1%) 6 (11.3%) 39 (15.7%)

DAPT continuation
(continue number/survivor, %)
At 1 month 257/301 (85.4%) 72/89 (80.9%) 185/212 (87.3%) 0.15 42/50 (80.8%) 215/249 (86.3%) 0.41
At 3 months 194/297 (65.3%) 52/89 (58.4%) 142/208 (68.3%) 0.10 30/52 (57.7%) 164/245 (66.9%) 0.27
At 6 months 152/295 (51.5%) 36/89 (40.4%) 116/206 (56.3%) 0.01 21/52 (40.4%) 131/243 (53.9%) 0.11
At 12 months 99/283 (35.0%) 25/82 (30.5%) 74/201 (36.8%) 0.31 14/45 (31.1%) 85/238 (35.7%) 0.67
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Table1 (Continued )

Patients: n All patients
(n=320)

TIMI bleeding BARC �3 bleeding

+
(n=90)

�
(n=212)

p-value +
(n=53)

�
(n=249)

p-value

Procedural characteristics
DES 207 (68.5%) 64 (71.1%) 143 (67.5%) 0.53 39 (73.6%) 168 (67.5%) 0.38
Indication of PCI 0.36 0.31
STEMI 93 (30.8%) 27 (30.0%) 66 (31.1%) 13 (24.5%) 80 (32.1%)
NSTEMI 7 (2.3%) 2 (2.2%) 5 (2.4%) 2 (3.8%) 5 (2.0%)
Unstable AP 32 (10.6%) 14 (15.6%) 18 (8.5%) 9 (17.0%) 23 (9.2%)
Stable AP 170 (56.3%) 47 (52.2%) 123 (58.0%) 29 (54.7%9 141 (56.6%)

Values are the mean� standard deviation (SD), n (%), or median (interquartile range) as appropriate. BMI, body-mass index; PCI, pertcutaneous coronary intervention;
CABG, coronary artery bypass graft; Ccr, creatinine clearance; INR, international normalized ratio; eGFR, estimated glomerular filtration rate; PAD, peripheral arterial
disease; DAPT, dual antiplatelet therapy; PPI, proton-pump inhibitor; OAC, oral anticoagulant; VKA, vitamin K antagonist; STEMI, ST elevation myocardial infarction;
NSTEMI, non-ST elevation myocardial infarction; AP, angina pectoris; DES, drug-eluting stent.
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bleeding risk group had a lower risk of bleeding events than the
high bleeding risk group stratified according to all four risk scores
(Fig. 5).

Kaplan–Meier 3-year estimates of TIMI significant bleeding
events stratified according to the high vs. non-high category of
each risk score were as follows: high-risk group, 44.3%; non-high-
risk group, 27.5% (HR, 1.74; 95% CI, 1.15–2.64; p = 0.01) for the HAS-
BLED, high-risk group, 41.8%; non-high-risk group, 28.0% (HR,1.63;
95% CI, 1.08–2.48; p = 0.02) for the ORBIT, high, 40.8%; non-high,
26.3% (HR, 1.63; 95% CI, 1.07–2.53; p = 0.02) for the PRECISE-DAPT,
high, 34.7%; non-high, 32.9% (HR, 1.07; 95% CI, 0.70–1.64; p = 0.76)
for the PARIS. Kaplan–Meier 3-year estimates of BARC class �3
bleeding events stratified according to the high vs. non-high
category of each risk score were as follows: high-risk group, 31.5%;
non-high-risk group, 13.8% (HR, 2.23; 95% CI, 1.30–3.88; p = 0.004)
for the HAS-BLED, high-risk group, 28.9%; non-high-risk group,
14.5% (HR, 2.25; 95% CI, 1.31–3.96; p = 0.003) for the ORBIT, high,
31.2%; non-high, 9.1% (HR, 3.87; 95% CI, 2.06–7.91; p < 0.0001) for
the PRECISE-DAPT, high, 23.4%; non-high, 15.7% (HR, 1.85; 95% CI,
1.04–3.47; p = 0.04) for the PARIS.
Table 2
Location of worst bleeding event per patient.

Patients: n All patients
(n=320)

TIMI criteria
Major 15 (5.0%)
Minor 38 (12.6%)
Requiring medical attention 37 (12.3%)

BARC criteria
5 5 (1.7%)
3c 7 (2.3%)
3b 12 (4.0%)
3a 29 (9.6%)

Location of worst bleeding event
Intracranial 7 (2.3%)
Access site 8 (2.6%)
Retroperitneal 1 (0.3%)
Gastrointestinal 35 (11.5%)
Skin hematoma requiring medical attention 2 (0.6%)
Nose 9 (3.0%)
Urogenital 13 (4.3%)
Respiratory tract 4 (1.3%)
Mouth 6 (2.0%)
Muscle 3 (1.0%)
Others 4 (1.3%)

Values are n (%). TIMI, Thrombolysis in Myocardial Infarction; BARC, the
Bleeding Academic Research Consortium.
Discussion

In this study, we compared four different bleeding risk scores in
Japanese patients treatedwith PCIwho required both OAC and APT.
The main findings of the present study were as follows:
1) T
he distribution of all risk scores were much higher than those
in the original articles among this study population.
2) D
uring the 3-year follow-up, the incidence of TIMI significant
bleeding was 29.8%, and that of BARC class �3 bleeding was
17.5%.
3) T
he HAS-BLED, ORBIT, and PRECISE-DAPT scores were better
able to stratify TIMI significant bleeding risk than the PARIS
score (the AUC was 0.62 for the HAS-BLED score, 0.61 for the
ORBIT score, 0.60 for the PRECISE-DAPT score, and 0.52 for the
PARIS score).
4) A
lthough all four scores could predict BARC class �3 bleeding
events, the PRECISE-DAPT score stratified the BARC class �3
bleeding events the most comprehensively.

Strategies to deal with bleeding complications after PCI include
cessation of antithrombotic therapy and/or blood transfusion, both
of which are associated with worse clinical outcomes [18];
therefore, prevention appears to be the most secure approach.
When using antithrombotic agents, careful assessment of patient
bleeding risk should be paid. From this point of view, the results of
the present study are of clinical significance.

Contrary to the risk of an ischemic event, the risk of serious
bleeding in Asians seemed greater compared than that of Western
populations. Indeed, clinical experience with warfarin has raised
the concern that Asians have a considerably higher risk of
intracranial hemorrhage than Western populations [19]. Also,
there are concerns about an increased incidence of bleeding
complications in Asians not only in the peri-procedural period but
also long-term [20–22]. In the J-RHYTHM registry, which enrolled
7937 Japanese patients with non-valvular AF, the distribution of
the HAS-BLED score was higher than that of the original HAS-BLED
cohort [10,23]. A recently published investigation by Yoshikawa
et al., which validated the DAPT score in a Japanese population that
underwent PCI, likewise revealed that the distribution of the DAPT
score shifted one point lower than that of the original DAPTcohort,
which meant that the Japanese PCI population was burdened
with a bleeding risk rather than an ischemic event risk
[24,25]. Until now, there have been limited investigations
comparing the PRECISE-DAPT score and PARIS score in an Asian
cohort. Therefore, it is unknownwhether those scores are higher in
all Asian patients undergoing PCI than in Western populations or
only in those patients who required both OAC and APT after PCI.
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Fig. 2. Histograms displaying the distribution of bleeding risk scores. Panel A refers to the HAS-BLED score distribution in our cohort. Panel B refers to ORBIT score distribution.
PanelCrefers toPRECISE-DAPTscoredistribution.Patientswerecategorized intofourquartiles:very lowrisk, score�10; lowrisk, score11–17;moderaterisk, score18–24;andhigh
risk, score�25. Panel D refers to PARIS score distribution. Patients were categorized into three tertiles: low risk, score�3; intermediate risk, score 4–7; and high risk, score�8.[(Fig._3)TD$FIG]

ig. 3. Time-dependent receiver operating characteristic curve.
UC, area under the curve; HAS-BLED, HAS-BLED score; ORBIT, ORBIT score; PRECISE-DAPT, PRECISE-DAPT score; PARIS, PARIS score; TIMI, Thrombolysis in Myocardial
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Infarction criteria; BARC, Bleeding Academic Research Consortium.



Table 3
Discrimination of each predictive model of adverse bleeding events (TIMI major or
minor bleeding).

Variables C-statistic 95% confidence interval p-value

TIMI major or minor bleeding
HAS-BLED 0.58 0.52–0.64 <0.0001
ORBIT 0.59 0.53–0.65 <0.0001
PRECISE-DAPT 0.58 0.51–0.64 0.001
PARIS 0.53 0.47–0.60 0.24

BARC class �3 bleeding
HAS-BLED 0.62 0.54–0.70 0.0001
ORBIT 0.67 0.60–0.75 <0.0001
PRECISE-DAPT 0.67 0.59–0.75 <0.0001
PARIS 0.64 0.56–0.72 0.001

TIMI, Thrombolysis in Myocardial Infarction; BARC, the Bleeding Academic
Research Consortium.
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The distributions of the risk scores in our study, which deviated
significantly upward, was inconsistent with those of the HAS-
BLED, PRECISE-DAPT, and PARIS studies.

TIMI significant bleeding events occurred in about 30% of the
enrolled subjects during the 3-year follow-up in this study. In the
PRECISE-DAPT trial, the predicted bleeding risk in patientswith the
highest bleeding risk was 2% during 1 year; in PARIS trial, the
observed rate of bleeding events in the high-risk group was 9.5%
during 2 years; and inHAS-BLED trial, the rate of bleeding events at
1 year was 1.5% in all the patients. Although our study had a longer
follow-up period than did previous studies, with follow-up period
of 1 or 2 years [8–10], the incidence of bleeding events was much
higher than that of previous studies. Even compared with the
Japanese PCI population, which had a 3% rate bleeding event

[(Fig._4)TD$FIG]

Fig. 4. Cumulative incidence of a composite of major bleeding, minor bleeding, and bleed
(TIMI) criteria. Panel A shows the freedom from adverse bleeding events in patients st
patients stratified by ORBIT score: non-high (1–2) and high (3–7). Panel C shows that in p
(highest quartile). Panel D shows that in patients stratified by PARIS score: non-high (
defined as a composite ofmoderate or severe bleeding according to
GUSTO criteria [25], the incidence of bleeding events was much
higher in this study population of patients using both an OAC and
APT after PCI.

In the present study, major, minor, and bleeding requiring
medical attentionwere evaluated as the primary endpoint. Various
studies have suggested the clinical importance of minor bleeding
[26]. Genereux et al. reported that not only major but minor
bleeding events had a clinical impact on 2-year mortality of post-
discharge after PCI [27]. Moreover, Rao et al. reported that all
degrees of TIMI bleeding among acute coronary syndrome patients
were associated with a similar risk of 30-day death or MI [28].

All risk scores which were validated in the present study had
only a low tomoderate predictive performance for TIMI significant
bleeding events in our cohort. This can probably be ascribed to a
higher bleeding risk in our cohort. The PRECISE-DAPT score slightly
underestimated the bleeding risk in the PLATO PCI population,
which was used as an external validation cohort [9,29]. We
speculated that this resulted from a higher bleeding risk in the
PLATO PCI population which consisted entirely of patients with
acute coronary syndrome. The disproportionate distribution of risk
scores in our cohort might have influenced the discrimination
ability of the risk scores. The difference of bleeding definition used
among the present study and the derivation studies might also
have affected the relatively low predictive performance of bleeding
risk scores. The definition of bleeding events in the PRECISE-DAPT
trial was TIMI major or minor bleeding, and that in the PARIS study
was BARC class 3 or 5 bleeding; whereas HAS-BLED used its own
definition (any bleeding requiring hospitalization and/or causing a
decrease in hemoglobin level of >2 g/L and/or requiring transfu-
sion). We selected TIMI significant bleeding (major, minor, and
ing requiring medical attention according to Thrombolysis in Myocardial Infarction
ratified by HAS-BLED score: non-high (1–3) and high (4–6). Panel B shows that in
atients stratified by PRECISE-DAPT score: non-high (lowest three quartiles) and high
low and intermediate) and high (highest tertile).
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Fig. 5. Cumulative incidence of Bleeding Academic Research Consortium (BARC) class �3 bleeding. Panel A shows the freedom from adverse bleeding events in patients
stratified by HAS-BLED score: non-high (1–3) and high (4–6). Panel B shows that in patients stratified by ORBIT score: non-high (1–2) and high (3–7). Panel C shows that in
patients stratified by PRECISE-DAPT score: non-high (lowest three quartiles) and high (highest quartile). Panel D shows that in patients stratified by PARIS score: non-high
(low and intermediate) and high (highest tertile).
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bleeding requiring medical attention) as the primary endpoint for
bleeding risk score validation, because this definition covers all
the bleeding definitions used in the three validation studies.
However, the heterogeneity of bleeding definition among valida-
tion trials has led to inconsistencies and uncertainties in assessing
and reporting bleeding events even in the same patient population.
Indeed, in the present study, the PARIS scorewas not able to stratify
the risk of TIMI significant bleeding, but able to stratify the risk of
BARC class �3 bleeding. Thus, a unified bleeding definition is
particularly important.

The prevalence of AF and valvular heart disease substantially
increases with aging [30], and the mean age of patients in our
cohort was approximately 5 years older than that in previous
studies [8–10]. It is also known that nutritional status is associated
with bleeding and cardiovascular outcomes in elderly patients
with stable angina pectoris [31,32]. Thus, it is an issue in the future
to consider nutritional status combined with well-known risk
factors or bleeding risk score in investigations of bleeding risk in
patients taking an OAC and undergoing PCI.

Study limitations

This study had several limitations. First, it was performed at a
single medical center and followed a non-randomized, retrospec-
tive study design. Accordingly, only a limited number of patients
were enrolled. Moreover, by the nature of the retrospective
observational design, regimens of antiplatelet therapy and the
duration of the DAPT were at the discretion of the treating
physicians. Second, we could not examine the compliance of each
patient. Third, patients taking a DOAC tended to be included more
in recent years. Therefore, DOACs were used more frequently in
patients on single APT and OAC regimen, although this regimen
was employed in fewer than one-sixth of the patients. Fourth, we
did not evaluate the incidence of ischemic events. Furthermore,
we could not construct a new risk score for patients taking an
OAC and APT because of the limited number of patients. Additional
studies with large sample sizes and long-term follow-up investi-
gating bleeding risk scores for patients taking an OAC treated with
PCI are needed.

Conclusion

In this retrospective study of patients receiving OAC and
undergoing PCI, the HAS-BLED, ORBIT, and PRECISE-DAPT scores
were better able to stratify the risk of TIMI significant bleeding
than the PARIS score. Although all four scores could predict BARC
class�3 bleeding events, the PRECISE-DAPTscore could stratify the
BARC class �3 bleeding events the best when analyzed compre-
hensively.

Additional prospective studies with large sample size evaluat-
ing those specific patients are necessary.
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