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Objectives: The aim of this study was to assess the impact of bleeding after percutaneous
coronary intervention (PCI) with drug-eluting stents on long-term clinical events according
to the newly proposed Bleeding Academic Research Consortium (BARC) classification.
Background: Current evidence about the impact of the BARC classification is limited.
Methods: Out of a total of 6,166 patients who underwent PCI in a prospective IRIS-DES
registry, the impact of in-hospital bleeding defined as the BARC classification on major
adverse cardiovascular events (MACE) comprising death, myocardial infarction (MI), or
stroke was analyzed. Results: In-hospital bleeding occurred in 235 patients (3.8%)
according to BARC classification. During the 2-year follow-up, MACE occurred in 599
patients (9.7%). The 2-year incidence of MACE was significantly higher in patients with
bleeding (16.7% vs. 8.3%; adjusted hazard ratio [HR], 1.6; 95% confidence interval [CI],
1.2–2.3; P 5 0.002) than in those without bleeding. We observed a higher risk of MI
(12.4% vs. 6.4%; adjusted HR, 1.7; 95% CI, 1.2–2.6, P 5 0.005), stroke (3.0% vs. 0.6%;
adjusted HR, 2.9; 95% CI, 1.4–6.2, P 5 0.005) in patients with bleeding. Death (3.8% vs.
1.6%; adjusted HR, 1.6; 95% CI, 0.9–3.0, P 5 0.120) and target vessel revascularization
(4.3% vs. 1.9%; adjusted HR, 1.6; 95% CI, 0.9–2.9, P 5 0.108) were statistically insignifi-
cant. Incidence, adjusted HR and P-value were similar between BARC and TIMI classi-
fication. Conclusions: In-hospital bleeding events according to the newly proposed
BARC definition were significantly associated with an increased risk of adverse long-
term events in patients undergoing PCI with drug-eluting stents. VC 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Advances in antithrombotic therapy have improved
clinical outcomes in patients with acute coronary syn-
dromes (ACS) and those undergoing percutaneous cor-

onary intervention (PCI). However, the combination of

multiple pharmacotherapies including aspirin, platelet

P2Y12 inhibitors, heparin, glycoprotein IIb/IIIa inhibi-

tors, and direct thrombin inhibitors has increased

bleeding events. Furthermore, popular use of invasive

procedures in the treatment of ACS has also been asso-

ciated with an increased risk of bleeding. Unfortu-

nately, bleeding complications have led to subsequent
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adverse events such as death, myocardial infarction

(MI), stent thrombosis, or stroke [1–5]. In many clini-

cal trials, the incidence and clinical impact of bleeding

during hospitalization were investigated mainly in ACS

patients who could be more serious than real world

population. Therefore, in spite of several studies

assessing the consequences of post-PCI bleeding com-

plications, the real incidence and impact of bleeding on

adverse outcomes in daily practice are still not well

known.

In 2011, a consensus report from the Bleeding Aca-
demic Research Consortium (BARC) proposed standar-
dized bleeding definitions using a hierarchical
approach to describe the bleeding severity grade in

patients receiving antithrombotic therapy for cardiovas-
cular clinical trials [6]. However, the BARC definition
was not created from a data-based analysis and few
validation studies were performed to evaluate the
impact of bleeding as defined by the BARC classifica-
tion [7]. For widespread use of the BARC definition in
clinical trials and daily practices, it is necessary to val-
idate the newly proposed definition in different tempo-
ral and geographical data sets, particularly based on a
design of the real world registries and prospective tri-
als. Therefore, we assessed the impact of in-hospital
bleeding on adverse outcomes in patients undergoing
PCI using the new BARC definition, and we compared
it to the grading system previously used in a prospec-
tive multicenter registry.

TABLE I. Definition of Bleeding Complications and Incidence of Events

Class Definition

In-hospital bleeding

Overall (No, %) Detailed (No)

BARC 2 Any overt, actionable sign of hemorrhage 27 (11.5) Procedure site (26) Gastrointestinal (1)

3 207 (88.1)

3a

Hb level drop 3 to <5 g/dL 184 (78.3) Procedure site (159)

Any transfusion Gastrointestinal (10)

Genitourinary (8)

Pulmonary (4)

Retroperitoneal (1)

Pharynx, oral (1)

Trauma-related (1)

3b Hb level drop� 5 g/dL 23 (9.8) Procedure site (12)

Requiring surgical intervention

Requiring vasoactive agents

Gastrointestinal (5)

Cardiac tamponade Hemopericardium(4)

Genitourinary (1)

Retroperitoneal (1)

3c Intracranial or intraocular hemorrhage 0 �
4 (CABG-related) Intracranial bleeding 1 (0.4) Massive chest tube bleeding (1)

Transfusion� 5 U within 48 hr

Chest tube output� 2 L within 24 hr

5 Fatal bleeding 0 �
Total 235 �

TIMI Major Intracranial bleeding 32 (16.4) Procedure site (18)

Hb level drop� 5 g/dL Gastrointestinal (8)

Fatal bleeding Hemopericardium(3)

Retroperitoneal (1)

Genitourinary (1)

Pharynx, oral (1)

Minor Hb level drop 3–5 g/dL 163 (83.6) Procedure site (147)

Genitourinary (7)

Pulmonary (4)

Gastrointestinal (3)

Retroperitoneal (1)

Hemopericardium(1)

Total 195 �
aValues are n (%).

BARC, Bleeding Academic Research Consortium; TIMI, Thrombolysis in Myocardial Infarction; CABG, coronary artery bypass surgery; Hb,

hemoglobin.
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MATERIALS AND METHODS

Population

This study represents a patient-level pooled analysis
of patients from the IRIS-DES (Interventional Cardiol-
ogy Research In-Cooperation Society-Drug-Eluting
Stents) registry. Study design and primary results of

the IRIS-DES trial were published previously [8]. In

brief, the IRIS-DES registry involves a prospective,

multicenter recruitment of consecutive consenting

patients undergoing elective or urgent PCI with drug-

eluting stents (DES) from 46 academic and community

hospitals in Korea between April 1, 2008 and June 30,

TABLE II. Baseline Clinical, Angiographic, and Procedural Characteristics

In-hospital bleeding (235 patients) No bleeding (5931 patients) P value

Age, y 65.96 11.8 63.56 10.8 0.001

Male 150 (63.8) 3981 (67.1) 0.293

BMI, kg/m2 24.36 3.1 24.76 3.1 0.059

Diabetics 79 (33.6) 2070 (34.9) 0.685

Hypertension 154 (65.5) 3693 (62.3) 0.311

Hyperlipidemia 80 (34.2) 2317 (39.1) 0.121

Current smoker 75 (31.9) 1654 (27.4) 0.178

Previous PCI 23 (9.8) 1012 (17.1) 0.003

Previous CABG 2 (0.9) 141 (2.4) 0.127

Previous MI 18 (7.7) 366 (6.2) 0.354

Previous heart failure 9 (3.8) 132 (2.2) 0.107

Left ventricular ejection fraction, % 55.46 11.5 59.46 9.9 <0.001

Cerebrovascular disease 30 (12.8) 439 (7.4) 0.002

Peripheral vascular disease 5 (2.1) 62 (1.0) 0.117

Chronic lung disease 4 (1.7) 170 (2.9) 0.291

Renal failure 8 (3.4) 215 (3.6) 0.859

Family history of coronary arterial disease 17 (7.3) 253 (4.3) 0.029

NSTEMI or STEMI 120 (51.1) 1308 (22.1) <0.001

Angiographic characteristics

Lesion number, n 1.7 6 0.8 1.46 0.7 <0.001

Multi-vessel disease 152 (64.7) 3096 (52.2) <0.001

Left main disease 25 (10.6) 419 (7.1) 0.038

LAD disease 151 (64.3) 3809 (64.2) 0.992

Bifurcation disease 89 (37.9) 1800 (30.3) 0.014

Total obstruction 67 (28.6) 840 (14.2) <0.001

Restenotic lesions 13 (5.5) 390 (6.6) 0.525

Long lesion 191 (81.3) 4521 (76.2) 0.074

Procedural characteristics

Stent number, n 2.2 6 1.3 1.8 6 1.1 <0.001

Stent length, mm 53.06 33.5 43.2 6 28.8 <0.001

Stent diameter, mm 3.1 6 0.4 3.2 6 0.4 0.155

Stent type 0.032

EES 134 (56.8) 2947 (49.7)

SES 101 (43.2) 2984 (50.3)

Transfemoral approach 192 (82.1) 4531 (76.9) 0.067

Any transfusion 63 (26.8) 33 (0.6) <0.001

Red blood cell 61 (26.0) 29 (0.5) <0.001

Others 5 (2.1) 3 (0.1) <0.001

In-hospital antithrombotics

Aspirin 235 (100.0) 5931 (100.0)

Clopidogrel 235 (100.0) 5931 (100.0)

Cilostazol 26 (11.1%) 501 (8.5%) 0.160

Glycoprotein IIb/IIIa 5 (2.1) 123 (2.1) 0.352

Antithrombotics at discharge

Aspirin 233 (99.1) 5864 (98.9) 0.690

Clopidogrel 233 (99.1) 5863 (98.9) 0.675

Cilostazol 71 (30.2) 1372 (23.1) 0.012

Values are mean 6 SD or n (%) unless otherwise indicated.

BMI, body mass index; PCI, percutaneous coronary intervention; CABG, coronary artery bypass surgery; MI, myocardial infarction; NSTEMI, non-

ST segment elevation myocardial infarction; STEMI, ST segment elevation myocardial infarction; LAD, left anterior descending; EES, everolimus-

eluting stent; SES, sirolimus-eluting stent.
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2010. For these patients complete follow-up data were

available for at least 1 year, up to 3 years. The analysis

of the registry included patients treated simultaneously

with everolimus-eluting stents (EES, Xience V, Abbott

Vascular) or sirolimus-eluting stents (SES, Cypher

Select, Cordis, Johnson & Johnson). Exclusion criteria

were minimal: patients with cardiogenic shock, malig-

nant disease, or other comorbid conditions with a life

expectancy less than 12 months, those treated with a

mixture of different types of DES, and those with a

planned surgery requiring interruption of antiplatelet

drugs within 6 months of the procedure. The study pro-

tocol was approved by the ethics committee at each

participating center and all patients provided written,

informed consent.

Procedure and Data Collection

In the IRIS-DES registry, all interventions were per-
formed according to the current practice guidelines for
PCI. Before or during the procedure, all patients
received at least 200 mg of aspirin and a 300–600 mg
loading dose of clopidogrel. Heparin was administered
throughout the procedure to maintain an activated clot-

ting time of 250 sec or longer. Administration of gly-
coprotein IIb/IIIa inhibitors was at the discretion of the
operator. After the intervention, all patients were pre-
scribed 100–200 mg/day of aspirin and 75 mg/day of
clopidogrel for at least 12 months. Clinical follow-up
was conducted during hospitalization and at 30 days, 6
months, 12 months, and every 6 months thereafter.
Monitoring and verification of registry data was peri-
odically performed in participating hospitals by mem-
bers of the coordinating center (CardioVascular
Research Foundation, Seoul, Korea).

Outcomes and Definition

The primary outcome of interest in this study was
the 2-year incidence of major adverse cardiovascular
events (MACE). MACE was defined by the composite
of all-cause mortality, MI, and stroke. The secondary
outcomes of interest were individual components of
MACE comprising mortality, MI, stroke, and target
vessel revascularization (TVR). The definitions of MI
and TVR were based on standardized definitions in
coronary stent trials [9]. Procedure related MI was
defined as the presence of new Q waves or an eleva-
tion of creatine kinase-myocardial band isoenzyme or
troponin I concentration> 3 times the normal upper

TABLE III. Adverse Outcomes Over 2 Years

BARC bleeding TIMI bleeding

Bleeding definition BARC � grade 2 BARC� grade 3 MajorþMinor Major

Death, MI, or stroke

Bleeding, n (%) 44 (16.7) 41 (17.4) 37 (17.5) 7 (21.9)

No bleeding, n (%) 555 (8.3) 558 (8.3) 562 (8.4) 592 (8.6)

Adjusted HR (95% CI) 1.6 (1.2–2.3) 1.7 (1.2–2.4) 1.7 (1.2–2.3) 1.7 (0.8–3.6)

p value 0.002 0.001 0.004 0.164

Death

Bleeding, n (%) 12 (3.8) 12 (4.3) 10 (4.1) 4 (12.5)

No bleeding, n (%) 118 (1.6) 118 (1.6) 120 (1.6) 126 (1.6)

Adjusted HR (95% CI) 1.6 (0.9–3.0) 1.8 (1.0–3.4) 1.6 (0.8–3.1) 3.7 (1.3–10.1)

p value 0.120 0.054 0.159 0.012

MI

Bleeding, n (%) 29 (12.4) 27 (12.5) 25 (12.3) 3 (9.6)

No bleeding, n (%) 392 (6.4) 394 (6.4) 396 (6.5) 418 (6.6)

Adjusted HR (95% CI) 1.7 (1.2–2.6) 1.8 (1.2–2.7) 1.8 (1.2–2.7) 1.2 (0.4–3.7)

p value 0.005 0.003 0.006 0.759

Stroke

Bleeding, n (%) 8 (3.0) 7 (2.9) 7 (3.1) 1 (3.1)

No bleeding, n (%) 51 (0.6) 52 (0.6) 52 (0.6) 58 (0.7)

Adjusted HR (95% CI) 2.9 (1.4–6.2) 2.8 (1.3–6.3) 3.0 (1.4–6.8) 2.3 (0.3–16.8)

P value 0.005 0.011 0.006 0.410

Target vessel revascularization

Bleeding, n (%) 12 (4.3) 10 (3.9) 10 (4.2) 2 (6.5)

No bleeding, n (%) 171 (1.9) 173 (1.9) 173 (1.9) 181 (1.9)

Adjusted HR (95% CI) 1.6 (0.9–2.9) 1.5 (0.8–2.9) 1.6 (0.8–3.0) 2.0 (0.5–8.2)

P value 0.108 0.207 0.151 0.318

Percentage of events are based on Kaplan-Meier estimates. BARC, Bleeding Academic Research Consortium; MI, myocardial infarction; TIMI,

Thrombolysis in Myocardial Infarction; HR, hazard ratio.
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limit. Spontaneous MI was defined as any creatine
kinase-myocardial band isoenzyme or troponin increase
above the upper range limit with or without the devel-
opment of Q waves on electrocardiography. TVR was
defined as any percutaneous or surgical revasculariza-
tion procedure in the treated vessels. Stroke was
defined as a neurologic deficit lasting more than 24 hr
and confirmed by both imaging and a neurologist.
Adverse events were considered to be meaningful if
they occurred chronologically after bleeding.

Every in-hospital bleeding event during follow-up
was adjudicated by two different classifications, the
BARC [6] and the Thrombolysis in Myocardial Infarc-
tion (TIMI) classification [10]. The BARC criteria is
composed of five hierarchical grades, 1 to 5, with
grade 4 being coronary arterial bypass graft (CABG)-
related bleeding as shown in Table I. BARC grade 2,
3, 4, and 5, and TIMI major and minor bleeding were
considered clinically significant and were assessed in
our study.

Statistical Analysis

Patient baseline characteristics and procedural find-
ings were presented as mean 6 standard deviation (SD)
and number (percentage). Differences between the in-
hospital bleeding group and the no bleeding group
were evaluated by the Student t-test for continuous var-
iables and by the chi-square test for categorical varia-
bles. All patients were censored at the time of an event
or at a fixed interval of 2 years. Cumulative event
curves were constructed using Kaplan-Meier estimates
and compared with the log-rank test. For multivariable
analysis, we selected covariates among several clinical,
angiographic, and procedural characteristics that were
statistically significant (P value< 0.05) on univariable
Cox proportional hazard model. Using these covariates,
the multivariable Cox proportional hazard model was
used to investigate adjusted hazards ratio (HR) of in-
hospital bleeding on adverse outcomes. The subgroups
of patients sorted according to various clinical and
angiographic characteristics were analyzed after adjust-
ment by the multivariable Cox model with clinical fac-
tors as covariates. A backward stepwise Cox
proportional hazard model was also used to identify in-
dependent predictors of in-hospital bleeding. The dis-
criminatory power of the multivariable models with
different bleeding definitions and grades was assessed
by performing a receiver operating characteristic curve
analysis and calculating the C-index. BARC grade 4
(CABG-related) was included in the multivariable anal-
ysis and in the Kaplan-Meyer cumulative event curves.
All reported P values were 2-sided, and P val-
ues< 0.05 were considered statistically significant.

SPSS software, version 18, and R programming lan-
guage were used for statistical analyses.

RESULTS

Baseline Characteristics

Between April 2008 and June 2010, a total of 6,166
patients were treated with EES (N¼ 3,081) and SES
(N¼ 3,085) and entered into the database. In-hospital
bleeding events occurred in 235 patients (3.8%) accord-
ing to the BARC definition and in 195 patients (3.2%)
according to the TIMI definition (Table I). The interven-
tion access site was the most common bleeding site (198
patients, 84.3%). Table II shows the differences in base-
line clinical, angiographic, and procedural characteristics
of the study population according to in-hospital bleeding
events. Patients with in-hospital bleeding were older and
more likely to have prior stroke, lower left ventricular

Fig. 1. Kaplan-Meier curves of the major adverse cardiovas-
cular events comprising all-cause death, myocardial infarc-
tion, stroke between patients with and without a Bleeding
Academic Research Consortium (BARC) grade �2 (A) and
those with and without a BARC grade �3 (B).
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ejection fraction, multi-vessel disease, total obstruction,
bifurcation lesions, and a family history of coronary arte-
rial disease. They often presented with myocardial in-
farction and are less likely to have prior PCI.

Adverse Outcomes Over 2 Years

During the 2-year follow-up on 6,166 patients in the
IRIS-DES registry, MACE occurred in 599 patients
(9.7%). Table III shows the incidence of adverse
events between patients with and without in-hospital
bleeding. Figure 1 shows the cumulative 2-year inci-
dence of events in patients with in-hospital bleeding
according to BARC grade. The 2-year incidence of
MACE was 16.7% in patients with bleeding�BARC
grade 2 and 8.3% in those without bleeding
(P< 0.001) (Fig. 1A). When comparing patients with-
�BARC 3 to those without, MACE occurred in 17.4%
of patients with�BARC 3 and in 8.3% of patients
without�BARC 3 (P< 0.001) (Fig. 1B).

Secondary outcomes of interest including all-cause
mortality, MI, stroke, and TVR are shown in Fig. 2.

Two-year mortality was higher in the BARC in-
hospital bleeding group than in the no bleeding group
(3.8% vs. 1.6%; P< 0.001). MI (12.4% vs. 6.4%,
P< 0.001), stroke (3.0% vs. 0.6%, P< 0.001), and
TVR (4.3% vs. 1.9%, P¼ 0.037) were also higher in
the in-hospital bleeding group.

Adjusted Risk of Adverse Events in Patients
With In-Hospital Bleeding

A multivariable Cox proportional hazard models
revealed that in-hospital bleeding was significantly
associated with MACE (adjusted HR, 1.6; 95% confi-
dence interval [CI], 1.2–2.3; P¼ 0.002). In the analysis
of individual end points, in-hospital bleeding increased
the risk of MI (adjusted HR, 1.7; 95% CI, 1.2–2.6;
P¼ 0.005) and stroke (adjusted HR, 2.9; 95% CI, 1.4–
6.2; P¼ 0.005). However, after adjustment, the associa-
tion between bleeding complications, the risk of mor-
tality (adjusted HR, 1.6; 95% CI, 0.9–1.6; P¼ 0.12)
and TVR (adjusted HR, 1.6; 95% CI, 0.9 to 2.9;
P¼ 0.108) lost statistical significance (Table III).

Fig. 2. Kaplan-Meier curves for adverse events of all-cause death (A), myocardial infarction
(B), stroke (C), and target vessel revascularization (D).
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Figure 3 shows the adjusted risk of in-hospital bleeding
for MACE according to variously categorized sub-
groups. An increased risk of MACE was found in all
subgroups without a significant interaction.

Patients with TIMI major or minor bleeding also had
a higher risk of MACE, MI, and stroke (Table III).
When the receiver operating characteristic curves were
calculated according to different bleeding definitions
and grades, the C-index was similar. (BARC
�2¼ 0.707, TIMI major or minor¼ 0.707) (Fig. 4).

Table IV shows the results of the multivariable Cox pro-
portional hazards model presenting several independent
clinical and angiographic factors for in-hospital bleeding.

DISCUSSION

In our study, in-hospital bleeding occurred in 3.8%
of patients according to a BARC grade� 2 in a real

world registry enrolling 6,166 consecutive patients who
underwent PCI with DES. Such patients were associ-
ated with a 1.6-fold increased risk of MACE compris-
ing death, MI, or stroke, and individual end points of
MI (1.7-fold) and stroke (2.9-fold) over 2 years after
adjusting for nonrandomized bias. Bleeding complica-
tions defined by the traditional TIMI criteria also
increased the risk of MACE with a similar risk to the
BARC definition. This finding is significant as it sug-
gests that in-hospital bleeding independently leads to a
poor long-term prognosis after daily PCI even at 2
years.

In previous studies, bleeding events in patients pre-
senting with ACS or undergoing PCI were independent
risk factors for early and late adverse outcomes, such
as mortality, MI, stent thrombosis, and stroke [1–
5,11,12]. In the acute stage of bleeding, hypovolemia
and anemia may reduce oxygen delivery to major

Fig. 3. Adjusted hazard ratios (HRs) for major adverse cardiovascular events (MACE) in sub-
groups. Interactions were not significant in any subgroup.
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organs, including the heart and brain. The action of
neurohormones such as catecholamine to maintain
blood flow to vital organs is also associated with
adverse cardiac events [13]. Blood transfusions after
bleeding have also been related to death or MI [14]. In
the later stages of bleeding, physicians are likely to
discontinue effective antithrombotic drugs, which in
turn may increase the potential risk of MI, stent throm-
bosis, stroke, and cardiovascular death [15–18].

The unified BARC definition facilitates communica-
tion regarding bleeding complications after PCI across
physicians, investigators, and research groups. The
clinical impact of bleeding complications has been
highlighted in the current practice due to the introduc-
tion of strong antithrombotics and the widespread use
of complex procedures. Our results supported a study
by Ndrepepa et al. on the validation of the BARC defi-
nition [7], in which BARC-defined bleeding was the
significant risk factor for mortality. However, the study
population was affected by direct thrombin inhibitors
and IIb/IIIa inhibitors, which may have caused bleed-

ing events. In addition, the primary outcome in Ndre-
pepa’s study was mortality alone at 1 year. Other
clinical outcomes such as MI, TVR, and stroke were
not taken into consideration. Other studies have
focused on bleeding events in ACS patients undergoing
emergency procedures [1–5]. In this respect, our study
has several strong points because we analyzed a real
world registry largely composed of elective procedures,
and we included other important outcomes that may
occur after PCI. MACE, MI, and stroke were statisti-
cally significant factors even after adjusting important
confounding factors, for example, such as presentation
with MI and total obstructive lesion. In addition, we
performed a subgroup analysis to assess the risks for
MACE according to different clinical situations. Of in-
terest is that bleeding complications inflated the risk of
adverse events across all subgroups.

We did not find that the BARC bleeding definition
was a better surrogate to predict adverse outcomes than
the traditional TIMI definition. When major and minor
TIMI bleeding was combined, the HR of MACE was
almost identical between TIMI and BARC� 2 bleed-
ings. However, even though BARC classification did
not provide stronger predictability for adverse out-
comes compared with the previous definition, unified
BARC classification can be useful and accurate tools
to classify bleeding events occurred in coronary inter-
vention.

This study has several limitations. First, it was a ret-
rospective analysis of a nonrandomized registry. There-
fore, in spite of statistical adjustments, bias cannot be
completely ruled out. Nonetheless, because a random-
ized study to assess the clinical impact of bleeding is
impossible, this study still provides valuable informa-
tion for physician. Second, in spite of aggressive moni-
toring and auditing activity, minor bleeding episodes
might have been under-reported. In fact, bleeding
defined as BARC grade 1 is not frequently reported
and was omitted from this study. In addition, because
the clinical scenarios of subsequent clinical events after
bleeding are complicated, a future study with more
vigorous protocols to pursue temporal bleeding events
is warranted. Third, the 3.8% incidence of in-hospital
bleeding was relatively low compared with previous
studies. Therefore, it may be underpowered to detect
significant differences in the risk of mortality and re-
vascularization after adjustment. However, it should be
noted that the tendency of higher risk was consistently
observed in any end points of our study. Fourth, to
reflect current real-world practice better, higher propor-
tion of radial approach and more use of new antiplate-
let agents such as prasugrel and ticagrelor should have
been included in IRIS-DES registry. Finally, we used
the TIMI definition as the sole comparator. Further

Fig. 4. Receiver operating characteristic (ROC) curves of
BARC �2 and TIMI major 1 minor model for predicting major
adverse cardiovascular events (MACE). [Color figure can be
viewed in the online issue, which is available at wileyonlineli-
brary.com.]

TABLE IV. Independent Predictors of In-Hospital Bleeding

Variables Adjusted HR (95% CI) P value

Age 1.02 (1.01–1.03) 0.002

Prior history of cerebrovascular disease 1.7 (1.2–2.5) 0.007

Left ventricular ejection fraction 0.98 (0.97–1.0) 0.029

Myocardial infarction 2.9 (2.1–3.89) <0.001

Aspirin loading 1.5 (1.1–2.1) 0.006

Total obstruction 1.4 (1.1–2.0) 0.021

Stent number 1.3 (1.2–1.5) <0.001

CI, confidence interval; HR, hazard ratio.
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studies may be required to validate the role of the
BARC definition compared with other definitions.

CONCLUSIONS

We investigated and validated the clinical impact of
in-hospital bleeding events defined by the newly pro-
posed BARC definition on the likelihood of MACE in
patients undergoing PCI. In-hospital bleeding events
defined by the BARC criteria increased the risk of sub-
sequent MACE at 2 years. Therefore, clinicians should
pay particular attention to bleeding complications in
coronary intervention and clinical practice.
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