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BACKGROUND: Bleeding and myocardial infarction (MI) after percutaneous coronary intervention are independent risk factors 
for mortality. This study aimed to investigate the association of all-cause mortality after percutaneous coronary intervention 
with site-reported bleeding and MI, when considered as individual, repeated, or combined events.

METHODS: We used the data from the GLOBAL LEADERS trial (GLOBAL LEADERS: A Clinical Study Comparing Two Forms 
of Anti-Platelet Therapy After Stent Implantation), an all-comers trial of 15 968 patients undergoing percutaneous coronary 
intervention. Bleeding was defined as Bleeding Academic Research Consortium (BARC) 2, 3, or 5, whereas MI included 
periprocedural and spontaneous MIs according to the Third Universal Definition.

RESULTS: At 2-year follow-up, 1061 and 498 patients (6.64% and 3.12%) experienced bleeding and MI, respectively. Patients 
with a bleeding event had a 10.8% mortality (hazard ratio [HR], 5.97 [95% CI, 4.76–7.49]; P<0.001), and the mortality of patients 
with an MI was 10.4% (HR, 5.06 [95% CI, 3.72–6.90]; P<0.001), whereas the overall mortality was 2.99%. Albeit reduced 
over time, MI and even minor BARC 2 bleeding significantly influenced mortality beyond 1 year after adverse events (HR of MI, 
2.32 [95% CI, 1.18–4.55]; P=0.014, and HR of BARC 2 bleeding, 1.79 [95% CI, 1.02–3.15]; P=0.044). The mortality rates 
in patients with repetitive bleeding, repetitive MI, and both bleeding and MI were 16.1%, 19.2%, and 19.0%, and their HRs for 
2-year mortality were 8.58 (95% CI, 5.63–13.09; P<0.001), 5.57 (95% CI, 2.53–12.25; P<0.001), and 6.60 (95% CI, 3.44–
12.65; P<0.001), respectively. De-escalation of antiplatelet therapy at the time of BARC 3 bleeding was associated with a lower 
subsequent bleeding or MI rate, compared with continuation of antiplatelet therapy (HR, 0.32 [95% CI, 0.11–0.92]; P=0.034).

CONCLUSIONS: The fatal impact of bleeding and MI persisted beyond one year. Additional bleeding or MIs resulted in a poorer 
prognosis. De-escalation of antiplatelet therapy at the time of BARC 3 bleeding could have a major safety merit. These 
results emphasize the importance of considering the net clinical benefit including ischemic and bleeding events.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCT01813435.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: bleeding ◼ myocardial infarction

Dual antiplatelet therapy (DAPT) in patients under-
going percutaneous coronary intervention (PCI) 
reduces residual ischemic risk but increases the risk 

of bleeding. In an effort to reduce ischemic events without 
increasing bleeding events, P2Y12 inhibitor monotherapy 
after PCI has been proposed.1 It has been recently shown 
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that both bleeding and myocardial infarction (MI) after 
PCI are independent risk factors for mortality and the risk 
of major bleeding is comparable to, or sometimes even 
greater thans that of MI.2–5 Bleeding and MI can some-
times occur repeatedly, although both can also occur in the 
same patient.2,3 Notably, the impact on mortality of these 
secondary (repetitive) bleeding or MI events, after the first 
bleeding or MI event, has not been fully evaluated.

We aimed to investigate the association of all-cause 
mortality with any site-reported bleeding or MI, when 
occurring as individual, repeated, or combined events 
after PCI using the GLOBAL LEADERS trial (GLOBAL 
LEADERS: A Clinical Study Comparing Two Forms of 
Anti-Platelet Therapy After Stent Implantation) database.

METHODS
The authors declare that all supporting data are available within 
the article.

Study Design and Participants
The GLOBAL LEADERS trial was a prospective random-
ized, open-label trial, designed to compare 23-month ticagre-
lor monotherapy following one-month DAPT and 12-month 
DAPT followed by 12-month aspirin monotherapy after PCI in 
an all-comers population.6 The details of antiplatelet therapy 

are described in Methods in the Data Supplement. The study 
enrolled 15 991 patients, and a total of 15 968 patients 
remained in the study because 23 patients withdrew consent 
and requested data deletion from the database. The survival 
status of the patients lost to follow-up was obtained through 
public civil registry and 99.95% of the vital status at 2 years 
was available.6 All patients provided informed consent. The trial 
was approved by the institutional review board at each center 
and followed the ethical principles of the Declaration of Helsinki.

End Points
All-cause mortality, which is a reliable end point that does not 
require adjudication, was used as the end point of interest for 
the present analysis. The association of all-cause mortality with 
any site-reported Bleeding Academic Research Consortium 
(BARC) 2, 3, or 5 bleeding,7 MI, and their repetition and combi-
nation during the 2-year follow-up was evaluated. MI included 
both periprocedural and spontaneous MI according to the Third 
universal definition of MI.8 BARC 2, 3, or 5 bleeding was cat-
egorized into periprocedural or spontaneous bleeding, and peri-
procedural bleeding was defined as bleeding within 2 days of 
PCI. Regarding antiplatelet therapy, de-escalation of antiplate-
let therapy was defined as a switch from a potent antiplatelet 
agent (ticagrelor or prasugrel) to clopidogrel/aspirin, or a stop 
of any antiplatelet agent for >5 days, within 2 days from the 
onset of the adverse event.

Statistical Analysis
The effect of experiencing bleeding or MI on all-cause death 
was quantified through hazard ratios (HRs) with 95% CIs on 
the basis of Cox proportional hazards regression. In these anal-
yses, the time of the index procedure was treated as time 0. 
To investigate the associations of bleeding and MI events with 
the incidence and timing of all-cause mortality, bleeding and 
MI events were treated as time-updated binary covariates.4 In 
the analysis for repeated or combined events, these were also 
treated as time-updated binary covariates. Prespecified base-
line characteristics (age >75, sex, body mass index, impaired 
renal function, geographic region, hypertension, hypercholes-
terolemia, diabetes mellitus, previous MI, previous PCI, previous 
coronary artery bypass grafting, previous stroke, established 
peripheral vascular disease, chronic obstructive pulmonary dis-
ease, previous bleeding)6 were included in adjustment covari-
ates. To further evaluate the time-dependent risk of bleeding 
and MI on mortality, additional Cox proportional models were 
developed with different time-updated binary covariates for 
discrete time intervals (ie, 0–30 days, 31–365 days, and 
366–730 days after the event). Antiplatelet therapy status was 
categorized as on DAPT or off DAPT. Patients who were receiv-
ing aspirin and P2Y12 antagonist were included in on DAPT, 
and those who were receiving antiplatelet monotherapy (either 
aspirin or ticagrelor) or not receiving an antiplatelet agent were 
categorized to off DAPT. In Cox proportional hazards regres-
sion analyses comparing the rates of subsequent bleeding or 
MI associated with de-escalation or continuation of antiplatelet 
therapy at the time of the first bleeding, the time of the first 
bleeding was treated as time 0.

The cumulative incidence of all-cause death at 2 years 
was calculated using the Kaplan-Meier method, in which 
the time of the index procedure was treated as time 0. 

Nonstandard Abbreviations and Acronyms

BARC  Bleeding Academic Research 
Consortium

DAPT dual antiplatelet therapy
HR hazard ratio
MI myocardial infarction
PCI percutaneous coronary intervention

WHAT IS KNOWN
• Major bleeding and myocardial infarction after per-

cutaneous coronary intervention are independent 
risk factors for mortality.

WHAT THE STUDY ADDS
• Myocardial infarction and even minor Bleeding Aca-

demic Research Consortium 2 bleeding after percu-
taneous coronary intervention significantly influenced 
mortality beyond one year after adverse events.

• Additional bleeding or myocardial infarction events 
resulted in an even poorer prognosis.

• De-escalation of antiplatelet therapy at the time of 
Bleeding Academic Research Consortium 3 bleed-
ing was associated with a lower rate of subsequent 
bleeding or myocardial infarction when compared 
with continuation of antiplatelet therapy.
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Kaplan-Meier survival curves were analyzed using the log-
rank test and the Holm test for pairwise multiple compari-
sons. Continuous variables were expressed as mean±SD and 
were compared using Student t test or Mann-Whitney U test. 
Categorical variables were reported as numbers and percent-
ages and were compared using χ2 or Fisher exact test as 
appropriate. A 2-sided P<0.05 was considered statistically 
significant. Analyses were performed using JMP Pro14 (SAS 
Institute, Cary, NC) and R version 3.6.0 (R Foundation for 
Statistical Computing, Vienna, Austria).

RESULTS
In the GLOBAL LEADERS trial, there were 1804 bleed-
ing (BARC 2, 3, or 5) or MI events in 1501 patients 
(9.40%). The number of patients experiencing bleeding 
was 1061 (6.64%), whereas 498 (3.12%) experienced 
an MI (Figure 1A and 1B). The patient and procedural 
characteristics, according to the occurrences of bleed-
ing and MI, are shown in Table I in the Data Supplement. 
Patients with bleeding and those with MI had more fre-
quently lower left ventricular ejection fraction, impaired 
renal function, peripheral vascular disease, and acute 
coronary syndrome at presentation. Patients who experi-
enced bleeding were older, were more frequently women 
and current smokers, and were likely to have a history of 
chronic obstructive pulmonary disease and major bleed-
ing compared with those without bleeding, whereas 
patients who experienced MI events were likely to have 
a history of diabetes mellitus, MI, PCI, and coronary 
artery bypass grafting compared with those without MI. 
Antiplatelet therapy strategy randomly assigned in the 
GLOBAL LEADERS trial was not significantly different 
neither in patients with/without bleeding nor in patients 
with/without MI (Table I in the Data Supplement).

All-Cause Mortality Following Bleeding or MI
Overall, 477 patients (2.99%) died during the 2-year 
follow-up (Figure 1B). Of the 1061 patients who expe-
rienced BARC 2, 3, or 5 bleeding, 114 (10.8%) died, 
whereas 52 out of the 498 patients having an MI died 
(10.4%, Figure 2A and 2B). Bleeding (BARC 2, 3, or 5) 
and MI were associated with HRs for subsequent mor-
tality of 5.97 (95% CI, 4.76–7.49; P<0.001) and 5.06 
(95% CI, 3.72–6.90; P<0.001), respectively (Figure 2C). 
Both periprocedural and spontaneous bleeding and MI 
events were significantly associated with mortality (Fig-
ure 2C). HRs of mortality risks within the first 30 days 
after bleeding (BARC 2, 3, or 5) and MI were 34.92 
(95% CI, 25.27–48.26; P<0.001) and 27.68 (95% CI, 
18.09–42.35; P<0.001), respectively, and the mortality 
risk after experiencing a bleeding or MI event was signifi-
cantly sustained beyond 1 year after the adverse events 
(HR, 2.85 [95% CI, 1.84–4.42]; P<0.001 and HR, 2.32 
[95% CI, 1.18–4.55]; P=0.014, respectively, Figure 2D). 

Even BARC 2 bleeding significantly influenced mortality 
beyond 1 year (HR, 1.79 [95% CI, 1.02–3.15]; P=0.044).

Regarding the impact of bleeding, 146 (13.8%) 
patients required a blood transfusion among 1061 
patients experiencing bleeding. Bleeding with or without 
transfusion was significantly associated with all-cause 
mortality, and bleeding with transfusion was associated 
with a higher mortality risk than bleeding without transfu-
sion (HR, 9.03 [95% CI, 6.04–13.50]; P<0.001, and HR, 
5.38 [95% CI, 4.18–6.91]; P<0.001, respectively; P for 
interaction, 0.021; Figure 3A and 3B). As far as bleed-
ing events were concerned, the following sites, intracra-
nial, cardiac, gastrointestinal, urogenital, and access-site, 
were significantly associated with all-cause mortality 
(Figure 3C). Among these sites, gastrointestinal bleed-
ing (32.7%) was the most frequent source (Figure 3C). 
At the time of bleeding, ≈40% of patients were receiving 
DAPT with aspirin plus ticagrelor, and the type of anti-
platelet treatment before the bleeding was not different 
between gastrointestinal bleeding and bleeding from 
other sites/causes (Table II in the Data Supplement).

Impact of Additional Bleeding or MI
Numbers of subsequent events after the first bleed or MI 
during 2-year follow-up are shown in Table III in the Data 
Supplement. During 2-year follow-up, among the 1061 
patients with bleeding (BARC 2, 3, or 5), 150 (14.1%) 
experienced >1 bleeding event, and these patients had 
a significantly higher all-cause mortality rate, compared 
with patients experiencing only one bleed (16.1% ver-
sus 9.9%, P=0.027, Figure 4A). Of the 498 patients with 
an MI during follow-up, 47 (9.44%) experienced >1 MI, 
and similarly, these patients also had a higher all-cause 
mortality rate, compared with those experiencing only 
one MI during 2-year follow-up (19.2% versus 9.5%, 
P=0.05, Figure 4B). In addition, there were 58 patients 
(3.86%) experiencing both bleeding and MI among the 
1501 patients with bleeding or MI, and those patients 
tended to have a poorer prognosis than patients expe-
riencing either only bleeding or only an MI (Figure 4C). 
Adjusted HRs for repeated bleeding, repeated MI, and 
combination of bleeding and MI were 8.58 (95% CI, 
5.63–13.09; P<0.001), 5.57 (95% CI, 2.53–12.25; 
P<0.001), and 6.60 (95% CI, 3.44–12.65; P<0.001), 
respectively (Figure 2C).

Influence of Antiplatelet Therapy Status at the 
Time of Events
Influences of bleeding and MI on mortality were significant 
irrespective of antiplatelet therapy status at the time of the 
adverse event (Figure 5). When experiencing recurrent 
bleeding, the mortality risk was much higher in patients 
off DAPT (HR, 16.09 [95% CI, 9.74–26.57] P<0.001) 
than in those on DAPT (HR, 3.65 [95% CI, 1.62–8.21]; 
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P=0.002), with evidence of interaction (P for interaction, 
0.002, Figure 5). In addition, we investigated the impact 
of antiplatelet therapy management at the time of first 
BARC 2 or 3 bleeding on subsequent MI and BARC 2, 
3, or 5 bleeding. Statuses of antiplatelet therapy pre and 
post first BARC 2 or 3 bleeding were available in 1011 
patients (99.1%; Table IV in the Data Supplement). Of 
256 patients with BARC 3 bleeding, 48 patients (18.8%) 
de-escalated antiplatelet therapy, whereas, among the 
755 patients with BARC 2 bleeding, 69 patients (9.1%) 
de-escalated their antiplatelet therapy. The types of anti-
platelet treatment before a BARC 3 bleeding were not 
different between patients who de-escalated their anti-
platelet therapy and those who continued their antiplate-
let therapy after a BARC 3 bleeding. Among patients 
who de-escalated their antiplatelet therapy after a BARC 
2 bleeding, over 70% were receiving DAPT with aspirin 
plus ticagrelor. De-escalation of antiplatelet therapy at the 
time of BARC 3 bleeding was associated with a lower 
rate of subsequent BARC 2, 3, or 5 bleeding, or MI, when 
compared with continuation of antiplatelet therapy (HR, 
0.32 [95% CI, 0.11–0.92]; P=0.034), and did not result 
in subsequent MI (Figure 6). De-escalation at the time of 
BARC 2 bleeding did not change the rate of subsequent 
BARC 2, 3, or 5 bleeding, or MI. Among these patients 
with de-escalation of antiplatelet therapy for a BARC 2 
bleeding, only one patient who had stopped ticagrelor 
monotherapy suffered a subsequent MI.

DISCUSSION
The main findings of this study are that the occur-
rence of MI and even minor BARC 2 bleeding after PCI 

substantially impact on mortality beyond 1 year and that 
serial bleeding or MI results in an even poorer prognosis. 
Furthermore, de-escalation of antiplatelet therapy at the 
time of BARC 3 bleeding is associated with a lower rate 
of subsequent bleeding or MI events, when compared to 
continuation of antiplatelet therapy.

MI and bleeding occurring after PCI have been con-
sistently demonstrated to have a direct correlation with 
mortality.4,9 In addition, periprocedural and spontaneous 
MI and bleeding have been implicated as independent 
risk factors for mortality.5,10 The lethality of either bleeding 
or MI was shown not only in acute coronary syndrome 
patients but also in the all-comers population and real-
world clinical practice.2–4 In the present analysis from the 
all-comers GLOBAL LEADERS trial, the time-dependent 
adjusted hazard ratios of BARC 2, 3, or 5 bleeding and 
MI were 5.97 (95% CI, 4.76–7.49) and 5.06 (95% CI, 
3.71–6.90), respectively. The significant effects of bleed-
ing and MI on mortality in the GLOBAL LEADERS trial 
confirm previous reports from all-comers trials and real-
world clinical practice.2–4 We also evaluated the effects 
of different categories of bleeding as per the BARC cri-
teria (BARC 2, BARC 3a, BARC 3b, BARC 3c) as previ-
ous performed in the TRACER trial (Thrombin Receptor 
Antagonist for Clinical Event Reduction in Acute Coro-
nary Syndrome).5 The time-dependent adjusted hazard 
ratios of bleeding for subsequent death were in order of 
severity of bleeding and BARC 2 minor bleeding dem-
onstrated significant effect on mortality (HR, 2.88 [95% 
CI, 2.12–2.91]; P<0.001), which were consistent with the 
TRACER trial.5 Regarding the lethality of MI and bleed-
ing, both spontaneous and periprocedural events were 
associated with mortality. This result was also consistent 
with previous reports.3,4,10 When analyzing the impact of 

Figure 1. Incidence of bleeding (Bleeding Academic Research Consortium [BARC] 2, 3, or 5) and myocardial infarction (MI).
A, The Venn diagram shows patients experiencing BARC 2, 3, or 5 bleeding (in red) and MI (in blue). Dark smaller circles represent patients 
experiencing >1 event during follow-up. The intersection represents patients experiencing both bleeding and MI during follow-up. Figures 
described in the Venn diagram refer to the numbers of patients. B, Cumulative incidence of BARC 2, 3, or 5 bleeding, MI, and all-cause death.
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bleeding, it appeared that blood transfusion was asso-
ciated with a higher mortality risk when compared with 
bleeding without transfusion. Although adjusted hazards 
for mortality of bleeding with/without transfusion were 

similar in the ADAPT-DES study (Assessment of Dual 
Antiplatelet Therapy With Drug Eluting Stents),2 impact 
of blood transfusion after PCI on mortality was subse-
quently demonstrated by a meta-analysis.11 These results 

Figure 2. Influence of experiencing bleeding or myocardial infarction (MI) on mortality risk.
A and B, Kaplan-Meier estimates of all-cause mortality for the patients who experienced Bleeding Academic Research Consortium (BARC) 2, 
3, or 5 bleeding (A) and MI (B). C, Hazard ratios (HRs) for all-cause mortality after bleeding and MI. Rates of death were reported as numbers 
and percentages. D, HRs for all-cause mortality according to the time interval after bleeding and MI.
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suggest that higher-risk patients tend to receive transfu-
sion, and bleeding which requires transfusion could be a 
marker of higher-risk patients. Among the bleeding sites, 
gastrointestinal bleeding was the leading cause (Fig-
ure 3C), which is consistent with previous reports albeit 
the rate of events was smaller.2,3 At the time of gastro-
intestinal bleeding, ≈40% of patients were receiving 
DAPT with aspirin plus ticagrelor, a rate higher than the 
rate estimated from the protocol design of the GLOBAL 
LEADERS trial. Aspirin was associated with a 59% rela-
tive increase of gastrointestinal bleeding in a systematic 
review.12 The gastrointestinal bleeding risk was not dif-
ferent between the aspirin and ticagrelor arms in the 
SOCRATES study (Acute Stroke or Transient Ischaemic 
Attack Treated With Aspirin or Ticagrelor and Patient 
Outcomes).13 Both aspirin and ticagrelor increase the 
risk for gastrointestinal bleeding, therefore DAPT with 
aspirin plus ticagrelor should increase the gastrointesti-
nal bleeding risk compared with aspirin monotherapy or 
ticagrelor monotherapy. A meta-analysis of the gastroin-
testinal bleeding risk comparing potent P2Y12 inhibitors 
(ticagrelor or prasugrel) to clopidogrel demonstrated that 
potent P2Y12 inhibitors were associated with a higher 

risk.14 Taken together, it seems plausible that the predom-
inant type of antiplatelet strategy at the time of gastroin-
testinal bleeding was DAPT with aspirin plus ticagrelor, 
although the same assumption applied to bleeding other 
than gastrointestinal bleeding. Gastrointestinal bleeding 
was significantly associated with mortality, a fact that has 
encouraged us to discriminate the high gastrointestinal 
bleeding risk patients (eg, patients with previous gastro-
intestinal bleeding, patients with abnormal findings on 
gastroscopy and colonoscopy) and treat them appropri-
ately (eg, proton pump inhibitors, short DAPT).

Next, we evaluated the time-association between 
bleeding or MI events and death. The impact of bleeding 
or MI on mortality was greatest in the first 30 days after 
the event and then decreased. However, the impact of 
bleeding and MI on mortality persisted beyond 1 year. Of 
note, although BARC 2 bleeding is regarded as minor, it 
has a significant impact on death which persists beyond 
1 year. The duration of the detrimental effects on mor-
tality after bleeding or MI is still a matter of debate,5,9 
and the mortality effect after bleeding or MI beyond 1 
year was especially not fully evaluated. In a meta-analysis 
of randomized control trials comparing short to longer 

Figure 3. Mortality risk according to the characteristics of bleeding (Bleeding Academic Research Consortium [BARC] 2, 3, or 5).
A, Kaplan-Meier estimates of all-cause mortality according to BARC 2, 3, or 5 bleeding with or without transfusion. B, Hazard ratios (HRs) 
for all-cause mortality according to BARC 2, 3, or 5 bleeding with or without transfusion. C, Incidence and impact on all-cause mortality of 
bleeding according to bleeding sites. NA indicates not applicable.
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durations of DAPT after PCI, bleeding and MI were pre-
dictors of all-cause mortality occurring within 1 year, but 
not beyond 1 year, after adverse events.9 In the PARIS 
registry (Patterns of Non-Adherence to Antiplatelet 

Regimens in Stented Patients), BARC 2 or 3 bleeding 
was impacted on death beyond 1year, but thrombosis 
was not.4 These discrepancies may be due to differences 
in populations and definitions of events. A large number 

Figure 4. Cumulative mortality rates according to the number of bleeding (Bleeding Academic Research Consortium [BARC] 2, 
3, or 5) and myocardial infarction (MI) events.
A, B, and C, Kaplan-Meier estimates of all-cause mortality according to the number of BARC 2, 3, or 5 bleeding events (A), the number of MI 
events (B), and experiencing BARC 2, 3, or 5 bleeding or MI events (C).

Figure 5. Influence of antiplatelet therapy status on mortality risk associated with bleeding (Bleeding Academic Research 
Consortium [BARC] 2, 3, or 5) or myocardial infarction (MI).
Hazard ratios (HRs) for all-cause mortality associated with antiplatelet therapy status and clinical events. Rates of death were reported as 
numbers and percentages. DAPT indicates dual antiplatelet therapy.
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of patients were enrolled in the all-comers GLOBAL 
LEADERS trial, and the fact that MI and even minor 
bleeding (BARC 2) impacted on death beyond 1 year 
after adverse events clearly indicated that patients with 
adverse events have to be carefully followed-up beyond 
1 year after adverse events.

Furthermore, we evaluated the influence of additional 
bleeding and MI events on subsequent mortality. The 
mortality rates in patients experiencing repeated events 
were higher than patients without additional events, 
especially in the analysis of bleeding events. The num-
ber of cases with repetitive bleeding and MI events was 
small, and the follow-up time relatively short to fully eval-
uate the effect on mortality of repeated events. Further 
research is required to confirm the impact of additional 
events on mortality.

Finally, we investigated the impact of antiplatelet ther-
apy at the time of bleeding or MI. There was no significant 
effect on mortality between patients who were on or off 
DAPT at the time of their first bleeding or MI event, but the 
mortality risk was much higher in patients off DAPT when 
experiencing recurrent bleeding (Figure 5). In the PARIS 
registry and CHARISMA trial, patients off DAPT at the time 
of bleeding had a higher risk of mortality than those on 
DAPT.4,15 Taken together, recurrent bleeding in the setting 
of off DAPT was a marker of higher-risk patients. Regard-
ing the management of the antiplatelet therapy at the time 
of bleeding, the number of subsequent events was small; 
however, de-escalation of antiplatelet therapy at the time of 
BARC 3 bleeding was associated with a low rate of sub-
sequent bleeding or MI and did not result in subsequent 
MI (Figure 6), a fact that suggests that de-escalation of 
antiplatelet therapy at the time of BARC 3 bleeding could 
have a major safety merit and should be considered in the 
decision making of the physician.

Limitations
Bleeding and MI events were site-reported, as the trial 
did not have a central clinical adjudication committee for 
serious adverse events due to limited financial resources. 

However, 7 on-site monitoring visits were performed in 
each participating center, and 20% of the reported events 
were checked according to source documents. In addi-
tion, the trial was monitored for event under-reporting and 
event definition consistency. Furthermore, the GLASSY 
(GLOBAL LEADERS Adjudication Sub-Study) was per-
formed to implement an independent adjudication process 
of reported as well as unreported potential end points, in a 
representative sample of patients from the 20 top-enroll-
ing participating sites in the GLOBAL LEADERS trial.16 
The GLASSY demonstrated that there were no significant 
differences between site-reported and adjudicated rates 
of MI (3.47% versus 3.20%, P=0.061) and BARC 3 or 5 
bleeding (2.21% versus 2.48%, P=0.052).16 One of the 
reasons for these nonsignificant different rates is differ-
ent definitions used for periprocedural MI. The GLOBAL 
LEADERS trial used the Third Universal Definition,8 and 
the GLASSY used the definition from the Society for 
Cardiovascular Angiography and Interventions.17 In the 
GLOBAL LEADERS trial, periprocedural MI was reported 
categorically, and there was no specific information about 
the value of cardiac enzyme.16 Finally, in the Kaplan-Meier 
estimates for mortality, bleeding and MI were treated as 
time-invariant variables. Death could occur after bleed-
ing or MI in patients with bleeding or MI; in other words, 
they were free from death until bleeding or MI occurred. 
Therefore, their cumulative mortality rates and accordingly 
log-rank P values obtained by the comparison between 
patients with bleeding or MI and those who had no adverse 
events could be underestimated.

Conclusions
In the all-comer GLOBAL LEADERS trial, both bleeding 
and MI after PCI significantly influenced mortality, and 
additional bleeding or MI events were associated with 
an even poorer prognosis. MI and even minor BARC 2 
bleeding significantly impacted on mortality beyond one 
year after adverse events, although the impact was less. 
Regarding the management for bleeding, de-escalation 
of antiplatelet therapy at the time of BARC 3 bleeding 

Figure 6. Hazard ratios (HRs) for subsequent bleeding or myocardial infarction (MI) associated with de-escalation of 
antiplatelet therapy at the time of bleeding.
Patients with subsequent adverse events were reported as numbers and percentages. BARC indicates Bleeding Academic Research 
Consortium; and NA, not applicable.
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was associated with a lower rate of subsequent bleed-
ing or MI, when compared with continuation of antiplate-
let therapy. The strong relationship between both MI 
and bleeding and subsequent mortality emphasizes the 
importance of including ischemic and bleeding events in 
the assessment of net clinical benefit.

ARTICLE INFORMATION
Received March 6, 2020; accepted June 9, 2020.

Affiliations
Department of Cardiology, Academic Medical Center, University of Amsterdam, 
the Netherlands (H.H., K.T., N.K., L.S.M.K., M.O., H.K. J.J.W., R.J.d.W.). Department 
of Cardiology, Erasmus Medical Center, Erasmus University, Rotterdam, the Neth-
erlands (M.T.). First Department of Cardiology, Medical University of Warsaw, Po-
land (M.T.). Department of Cardiology, Radboud University, Nijmegen, the Nether-
lands (R.W., C.G.). Division of Cardiology and Angiology II, University Heart Center 
Freiburg, Bad Krozingen, Germany (F.-J.N.). Division of Cardiology, Department 
of Medicine, Southlake Regional Health Center, Newmarket, ON, Canada (S.P.). 
Heart Institute (InCor), University of Sao Paulo Medical School, Brazil (P.A.L.N.). 
Department of Cardiology, Royal Blackburn Hospital, Blackburn, United Kingdom 
(S.G.). Applied Health Research Centre, Li Ka Shing Knowledge Institute, St Mi-
chael’s Hospital, University of Toronto, Canada (P.J.). Department of Cardiology and 
Critical Care, Jessa Ziekenhuis Hasselt, Faculty of Medicine and Life Sciences,  
University of Hasselt, Belgium (P.V.). Department of Cardiology, Bern University 
Hospital, Switzerland (S.W., M.V.). Department of Cardiology, Kerckhoff Heart Cen-
ter, Campus University of Giessen, Bad Nauheim, Germany (C.H.). FACT, Univer-
sité Paris Diderot, Hôpital Bichat, Assistance Publique-Hôpitaux de Paris, France 
(P.G.S.). Department of Cardiology, National University of Ireland, Galway (NUIG), 
Ireland (Y.O., P.W.S.). NHLI, Imperial College London, United Kingdom (P.W.S.).

Acknowledgments
Dr Serruys had full access to all the data in the study and takes responsibility for 
the integrity of the data and the accuracy of the data analysis.

Sources of Funding
GLOBAL LEADERS study was sponsored by the European Clinical Research 
Institute, which received funding from Biosensors International, AstraZeneca, and 
the Medicines Company.

Disclosures
Dr Hara reports a grant for studying overseas from Japanese Circulation Society 
and a grant from Fukuda Foundation for Medical Technology. Dr Neumann reports 
grants from European Clinical Research Institute, during the conduct of the study; 
personal fees from Amgen, personal fees from AstraZeneca, personal fees from 
Boehringer Ingelheim, personal fees from Daiichi Sankyo, grants and personal fees 
from Pfizer, grants and personal fees from Biotronic, grants and personal fees from 
Edwards Lifesciences, grants from Medtronic, grants and personal fees from Bayer 
Healthcare, personal fees from Novartis, grants from GlaxoSmithKline, grants and 
personal fees from Boston Scientific, personal fees from Ferrer, personal fees from 
The Medicines Company, outside the submitted work. Dr Ju﻿̈ni serves as unpaid 
member of the steering group of trials funded by Astra Zeneca, Biotronik, Biosen-
sors, St. Jude Medical and The Medicines Company, has received research grants 
to the institution from Astra Zeneca, Biotronik, Biosensors International, Eli Lilly, and 
The Medicines Company, and honoraria to the institution for participation in advisory 
boards or consulting from Amgen, Ava, and Fresenius but has not received personal 
payments by any pharmaceutical company or device manufacturer. Dr Vranckx re-
ports personal fees from AstraZeneca and the Medicines Company during the con-
duct of the study and personal fees from Bayer Health Care, Terumo, and Daiichi 
Sankyo outside the submitted work. Dr Windecker reports research and educa-
tional grants to the institution from Abbott, Amgen, Biotronik, Bayer, BMS, Boston 
Scientific, CSL Behring, Edwards Lifesciences, Medtronic, Polares, and Sinomed. 
Dr Valgimigli reports personal fees from Astra Zeneca, grants and personal fees 
from Terumo, personal fees from Alvimedica/Carbostent and Implantable Devices 
(CID), personal fees from Abbott Vascular, personal fees from Daiichi Sankyo, per-
sonal fees from Opsens, personal fees from Bayer, personal fees from CoreFLOW, 
personal fees from IDORSIA PHARMACEUTICALS LTD, personal fees from Uni-
versität Basel | Dept. Klinische Forschung, personal fees from Vifor, personal fees 
from Bristol-Myers Squib (BMS) SA, personal fees from iVascular, personal fees 
from Medscape, outside the submitted work. Dr Hamm reports personal fees from 

AstraZeneca. Dr Steg reports grants and personal fees from Bayer/Janssen, grants 
and personal fees from Merck, grants and personal fees from Sanofi, grants and 
personal fees from Amarin, personal fees from Amgen, personal fees from BMS, 
personal fees from Boehringer Ingelheim, personal fees from Pfizer, personal fees 
from Novartis, personal fees from Regeneron, personal fees from Lilly, personal 
fees from AstraZeneca, grants and personal fees from Servier, personal fees from 
Idorsia, outside the submitted work. Dr Serruys reports personal fees from Biosen-
sors, Micel Technologies, Sinomedical Sciences Technology, Philips/Volcano, Xeltis, 
and HeartFlow, outside the submitted work. The other authors report no conflicts.

REFERENCES
 1. Mehran R, Baber U, Sharma SK, Cohen DJ, Angiolillo DJ, Briguori C, Cha JY, 

Collier T, Dangas G, Dudek D, et al. Ticagrelor with or without aspirin in 
high-risk patients after PCI. N Engl J Med. 2019;381:2032–2042. doi: 
10.1056/NEJMoa1908419

 2. Généreux P, Giustino G, Witzenbichler B, Weisz G, Stuckey TD, Rinaldi MJ, 
Neumann FJ, Metzger DC, Henry TD, Cox DA, et al. Incidence, predictors, and 
Impact of post-discharge bleeding after percutaneous coronary intervention. 
J Am Coll Cardiol. 2015;66:1036–1045. doi: 10.1016/j.jacc.2015.06.1323

 3. Kazi DS, Leong TK, Chang TI, Solomon MD, Hlatky MA, Go AS. Asso-
ciation of spontaneous bleeding and myocardial infarction with long-term 
mortality after percutaneous coronary intervention. J Am Coll Cardiol. 
2015;65:1411–1420. doi: 10.1016/j.jacc.2015.01.047

 4. Baber U, Dangas G, Chandrasekhar J, Sartori S, Steg PG, Cohen DJ, 
Giustino G, Ariti C, Witzenbichler B, Henry TD, et al. Time-dependent asso-
ciations between actionable bleeding, coronary thrombotic events, and mor-
tality following percutaneous coronary intervention: results from the PARIS 
registry. JACC Cardiovasc Interv. 2016;9:1349–1357. doi: 10.1016/j. 
jcin.2016.04.009

 5. Valgimigli M, Costa F, Lokhnygina Y, Clare RM, Wallentin L, Moliterno DJ, 
Armstrong PW, White HD, Held C, Aylward PE, et al. Trade-off of myocardial 
infarction vs. bleeding types on mortality after acute coronary syndrome: 
lessons from the Thrombin Receptor Antagonist for Clinical Event Reduc-
tion in Acute Coronary Syndrome (TRACER) randomized trial. Eur Heart J. 
2017;38:804–810. doi: 10.1093/eurheartj/ehw525

 6. Vranckx P, Valgimigli M, Ju﻿̈ni P, Hamm C, Steg PG, Heg D, van Es GA, 
McFadden EP, Onuma Y, van Meijeren C, et al; GLOBAL LEADERS Investi-
gators. Ticagrelor plus aspirin for 1 month, followed by ticagrelor monother-
apy for 23 months vs aspirin plus clopidogrel or ticagrelor for 12 months, 
followed by aspirin monotherapy for 12 months after implantation of a drug-
eluting stent: a multicentre, open-label, randomised superiority trial. Lancet. 
2018;392:940–949. doi: 10.1016/S0140-6736(18)31858-0

 7. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, Kaul S, 
Wiviott SD, Menon V, Nikolsky E, et al. Standardized bleeding definitions 
for cardiovascular clinical trials: a consensus report from the Bleeding 
Academic Research Consortium. Circulation. 2011;123:2736–2747. doi: 
10.1161/CIRCULATIONAHA.110.009449

 8. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, 
Katus HA, Lindahl B, Morrow DA, Clemmensen PM, et al; Joint ESC/
ACCF/AHA/WHF Task Force for the Universal Definition of Myocardial 
Infarction. Third universal definition of myocardial infarction. Circulation. 
2012;126:2020–2035. doi: 10.1161/CIR.0b013e31826e1058

 9. Palmerini T, Bacchi Reggiani L, Della Riva D, Romanello M, Feres F, Abizaid A, 
Gilard M, Morice MC, Valgimigli M, Hong MK, et al. Bleeding-related deaths 
in relation to the duration of dual-antiplatelet therapy after coronary stenting. 
J Am Coll Cardiol. 2017;69:2011–2022. doi: 10.1016/j.jacc.2017.02.029

 10. Lindsey JB, Marso SP, Pencina M, Stolker JM, Kennedy KF, Rihal C, 
Barsness G, Piana RN, Goldberg SL, Cutlip DE, et al; EVENT Registry 
Investigators. Prognostic impact of periprocedural bleeding and myocar-
dial infarction after percutaneous coronary intervention in unselected 
patients: results from the EVENT (evaluation of drug-eluting stents and 
ischemic events) registry. JACC Cardiovasc Interv. 2009;2:1074–1082. doi: 
10.1016/j.jcin.2009.09.002

 11. Kwok CS, Sherwood MW, Watson SM, Nasir SB, Sperrin M, Nolan J, 
Kinnaird T, Kiatchoosakun S, Ludman PF, de Belder MA, et al. Blood trans-
fusion after percutaneous coronary intervention and risk of subsequent 
adverse outcomes: a systematic review and meta-analysis. JACC Cardiovasc 
Interv. 2015;8:436–446. doi: 10.1016/j.jcin.2014.09.026

 12. Whitlock EP, Burda BU, Williams SB, Guirguis-Blake JM, Evans CV. Bleeding 
risks with aspirin use for primary prevention in adults: a systematic review 
for the U.S. preventive services task force. Ann Intern Med. 2016;164:826–
835. doi: 10.7326/M15-2112

D
ow

nloaded from
 http://ahajournals.org by on June 20, 2022



Hara et al Bleeding, Myocardial Infarction, and Mortality

Circ Cardiovasc Interv. 2020;13:e009177. DOI: 10.1161/CIRCINTERVENTIONS.120.009177 September 2020 28

 13. Easton JD, Aunes M, Albers GW, Amarenco P, Bokelund-Singh S, Denison H, 
Evans SR, Held P, Jahreskog M, Jonasson J, et al; SOCRATES Steering 
Committee and Investigators. Risk for major bleeding in patients receiving 
ticagrelor compared with aspirin after transient ischemic attack or acute 
ischemic stroke in the SOCRATES study (Acute Stroke or Transient Ischemic 
Attack Treated With Aspirin or Ticagrelor and Patient Outcomes). Circula-
tion. 2017;136:907–916. doi: 10.1161/CIRCULATIONAHA.117.028566

 14. Guo CG, Chen L, Chan EW, Cheung KS, Isshiki T, Wong ICK, Leung WK. 
Systematic review with meta-analysis: the risk of gastrointestinal bleeding 
in patients taking third-generation P2Y12 inhibitors compared with clopido-
grel. Aliment Pharmacol Ther. 2019;49:7–19. doi: 10.1111/apt.15059

 15. Berger JS, Bhatt DL, Steg PG, Steinhubl SR, Montalescot G, Shao M, 
Hacke W, Fox KA, Berger PB, Topol EJ, et al. Bleeding, mortality, and anti-
platelet therapy: results from the clopidogrel for high atherothrombotic risk 

and ischemic stabilization, management, and avoidance (CHARISMA) trial. 
Am Heart J. 2011;162:98–105.e1. doi: 10.1016/j.ahj.2011.04.015

 16. Franzone A, McFadden E, Leonardi S, Piccolo R, Vranckx P, Serruys PW, 
Benit E, Liebetrau C, Janssens L, Ferrario M, et al; GLASSY Investigators. 
Ticagrelor alone versus dual antiplatelet therapy from 1 month after drug-
eluting coronary stenting. J Am Coll Cardiol. 2019;74:2223–2234. doi: 
10.1016/j.jacc.2019.08.1038

 17. Moussa ID, Klein LW, Shah B, Mehran R, Mack MJ, Brilakis ES, Reilly JP, 
Zoghbi G, Holper E, Stone GW. Consideration of a new definition of clini-
cally relevant myocardial infarction after coronary revascularization: an 
expert consensus document from the Society for Cardiovascular Angiogra-
phy and Interventions (SCAI). J Am Coll Cardiol. 2013;62:1563–1570. doi: 
10.1016/j.jacc.2013.08.720

D
ow

nloaded from
 http://ahajournals.org by on June 20, 2022




