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Abstract
Aims: We sought to describe the differential effect of bleeding events in acute coronary syndromes (ACS) on 
short- and long-term mortality according to their type and severity.

Methods and results: The PLATO trial randomised 18,624 ACS patients to clopidogrel or ticagrelor. Post-
randomisation bleeding events were captured according to bleeding type (spontaneous or procedure-related), 
with PLATO, TIMI, and GUSTO definitions. The association of bleeding events with subsequent short-term 
(<30 days) and long-term (>30 days) all-cause mortality was assessed using time-dependent Cox propor-
tional hazard models. A model was fitted to compare major and minor bleeding for mortality prediction. Of 
18,624 patients, 2,189 (11.8%) had at least one PLATO major bleed (mean follow-up 272.2±123.5 days). 
Major bleeding was associated with higher short-term mortality (adjusted hazard ratio [HR] 9.28; 95% con-
fidence interval [CI]: 7.50-11.48) but not with long-term mortality (adjusted HR 1.28; 95% CI: 0.93-1.75). 
Spontaneous bleeding was associated with short-term (adjusted HR 14.59; 95% CI: 11.14-19.11) and long-
term (adjusted HR 3.38; 95% CI: 2.26-5.05) mortality. Procedure-related bleeding was associated with short-
term mortality (adjusted HR 5.29; 95% CI: 4.06-6.87): CABG-related and non-coronary-procedure-related 
bleeding were associated with a higher short-term mortality, whereas PCI or angiography-related bleeding 
was not associated with either short- or long-term mortality. Similar results were obtained using the GUSTO 
and TIMI bleeding definitions.

Conclusions: Major bleeding is associated with high subsequent mortality in ACS. However, this associa-
tion is much stronger in the first 30 days and is strongest for spontaneous (vs. procedure-related) bleeding.
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Introduction
Bleeding events in patients with an acute coronary syndrome (ACS) 
are relatively frequent and appear to be associated with a poor prog-
nosis1,2. However, while this poor prognostic effect is well docu-
mented for short-term outcomes1-4, the long-term effect of bleeding 
events in ACS is much more controversial3,5. Moreover, the prog-
nostic effect of bleeding may differ according to the severity3 and 
the type (spontaneous vs. procedure-related) of bleeding6. The pre-
sent analysis, based on the Platelet Inhibition and Patient Outcomes 
(PLATO) trial cohort7, aims to describe the differential effect of 
bleeding events in ACS patients on short-term and long-term mor-
tality according to their type – either spontaneous or induced by 
percutaneous coronary intervention (PCI), angiogram or coronary 
artery bypass graft (CABG) surgery – and severity.

Methods
The methods, patient population, and main results of the PLATO 
trial have been described previously7,8. Briefly, PLATO was a mul-
ticentre double-blind trial in which 18,624 patients with an ACS 
were randomised to clopidogrel or ticagrelor. Patients were eligible 
for inclusion if they had been hospitalised for an ACS with or with-
out ST-segment elevation. Patients with non-ST-segment eleva-
tion ACS were moderate-to-high-risk individuals with at least one 
risk factor. For patients with ST-elevation myocardial infarction, 
the intention to perform primary PCI was required. Out-patient vis-
its were scheduled at one, three, six, nine, and 12 months (except 
for those recruited later in the study who completed treatment after 
a minimum of six months), with a safety follow-up visit one month 
after the end of treatment. The trial demonstrated that ticagre-
lor, compared with clopidogrel, significantly reduced the primary 
endpoint (a composite of death from vascular causes, myocardial 
infarction, or stroke) without an increase in the rate of overall major 
bleeding, but with an increase in the rate of non-procedure-related 
bleeding.

Definitions
Major bleeding, according to the PLATO definition8, included major 
life-threatening bleeding or other major bleeding. Major life-threat-
ening bleeding was defined as fatal bleeding, intracranial bleeding, 
intrapericardial bleeding with cardiac tamponade, hypovolaemic 
shock or severe hypotension due to bleeding and requiring pressors 
or surgery, a decline in the haemoglobin level of ≥5.0 g/dL, or the 
need for transfusion of ≥4 units of packed red blood cells. Other 
major bleeding events were defined as bleeding that led to clinically 
significant disability (e.g., intraocular bleeding with permanent 
vision loss) or bleeding either associated with a drop in haemoglo-
bin concentration of ≥3.0 g/dL but <5.0 g/dL or requiring transfu-
sion of two to three units of packed red blood cells. Minor bleeding 
was defined as any bleeding requiring medical intervention but not 
meeting the criteria for major bleeding. Minor bleeding, accord-
ing to the PLATO definition, included bleeding requiring medical 
intervention to stop or treat bleeding, but not fulfilling the criteria 
for major bleeding8.

Severe bleeding, according to the Global Utilization of 
Streptokinase and Tissue Plasminogen Activator for Occluded 
Coronary Arteries (GUSTO) criteria, was defined as either an intrac-
erebral haemorrhage or bleeding resulting in substantial haemody-
namic compromise requiring treatment9. In practice, a bleeding 
event was defined as GUSTO severe if at least one of the following 
items was captured in the case report form: fatal, intracranial, intra-
pericardial bleed with cardiac tamponade, hypovolaemic shock or 
severe hypotension due to bleeding and requiring pressors or sur-
gery, haemodynamic compromise, or surgical intervention required 
to stop or treat bleeding.

Thrombolysis In Myocardial Infarction (TIMI) major bleeding 
was defined as any intracranial bleeding or clinically overt signs of 
haemorrhage associated with a drop in haemoglobin concentration 
of ≥5 g/dL or fatal bleeding. In the main PLATO analysis7, bleed-
ing was defined as a safety event and only counted when patients 
were on the study drug or within seven days of stopping study drug 
treatment. In the present analysis, bleeding occurring at any time 
after randomisation, regardless of treatment with study drug, was 
taken into account.

Bleeding events were further categorised into spontaneous or 
procedure-related. Procedure-related bleeds were defined as either 
angiogram- or PCI-related, CABG-related, or non-coronary-proce-
dure-related (the latter category included all bleeding events associ-
ated with any type of procedure or surgery except those performed 
on the coronary arteries). Occurrence of PCI- or angiography-
related bleeding was recorded at the discretion of the treating phy-
sician, without a specified time interval following the procedure.

Statistical analysis
Baseline characteristics of patients are described overall and accord-
ing to whether individuals experienced at least one PLATO major 
bleed during the study period. Categorical variables are described 
as counts and percentages and continuous variables are described 
as medians with interquartile ranges (IQRs). A p-value, calculated 
by fitting a univariable Cox proportional hazards model for time to 
bleed or censoring, is provided for each variable.

The association between bleeding and subsequent all-cause mor-
tality was assessed using time-dependent Cox proportional hazards 
models following patients from randomisation. Previous publications 
have suggested a non-proportional hazard following bleeding in ACS 
patients. Thus a decision was made a priori based on literature and 
investigator opinion to study separately the short-term and long-term 
associations of bleeding with mortality, where the short-term period 
would extend from the date of bleed to +30 days and long-term would 
be the remainder of available follow-up. Thus, bleeding is treated as 
a time-varying indicator during the study period, where all patients 
start with the indicator “off” at randomisation. Among patients with 
a bleed, the variable switched “on” a short-term indicator at the time 
of bleed and switched to a long-term indicator at +30 days. In patients 
who had more than one bleed during follow-up, all available bleeding 
events were analysed, returning to the short-term indicator following 
each sequential bleed.



739

Bleeding and prognosis in ACS
E

uroIntervention 2
0

1
5

;11
:737-745

The relationship between bleeding and all-cause mortality was 
also evaluated according to bleeding type (spontaneous or pro-
cedure-related). A separate comparison was made to evaluate the 
relationship between all-cause mortality and procedure-related 
bleeding, divided into four types: spontaneous, angiogram- or PCI-
related, CABG-related, and non-coronary-procedure-related. The 
relationship between major bleeding and mortality, according to 
randomised treatment, was assessed using interactions. Finally, 
a model was fitted to compare major and minor bleeding for all-
cause mortality within the short-term and long-term periods fol-
lowing bleeding. Each model used a time-varying formulation for 
bleeds, similar to the method described above.

Adjusted models were previously developed for all-cause mor-
tality, based on backward selection repeated in 1,000 bootstrap 
samples where a significance level of 0.05 was required to stay in 
the model. Variables chosen in at least 75% of bootstrap samples 
were included in the final model. Candidate variables included 
baseline demographics, medical history, medications, laboratory 
values and disease characteristics. Continuous variables were 
assessed for linearity on the log-hazard scale for mortality and, 
when appropriate, linear splines were used. Two-way interac-
tions were also considered. Covariates chosen for the adjustment 
model included age, region, history of myocardial infarction, 
non-haemorrhagic stroke, peripheral artery disease, diabetes mel-
litus, congestive heart failure, baseline heart rate, systolic blood 
pressure, Killip class, time from symptom onset to randomisa-
tion, white blood cell count, haemoglobin concentration, electro-
cardiographic changes at entry, ST-segment depression, elevated 
troponin, and final ACS diagnosis.

Analyses were repeated using the TIMI and GUSTO bleeding 
definitions for models relating bleeding to risk of mortality. All 
tests were two-sided and a p-value <0.05 was considered to be sta-
tistically significant. All analyses used SAS version 9.2 or higher 
(SAS Institute Inc., Cary, NC, USA), or R version 3.0 or higher.

Results
The median time between randomisation and death or censoring 
was 303.4 (IQR 190.9-368.0) days. Mean time was 272.2±123.5 
days. Among the 18,624 patients in the PLATO trial, 2,189 (11.8%) 
experienced at least one major bleeding event, according to the 
PLATO criteria. Most of these (2,014 patients) had only one major 
bleeding event during the study period; 148 patients had two major 
bleeding events, 20 patients had three events, and seven patients 
had four or more events. The median time between randomisation 
and the first major bleed was 12.8 (IQR 3.9-55.9) days.

Baseline characteristics
Baseline characteristics of patients, overall and with and without 
major bleeding, according to the PLATO definition, are shown in 
Table 1. Patients with major bleeding were at higher ischaemic 
risk, with a greater median age, higher median TIMI risk score, 
and higher prevalence of diabetes. They were also more likely to be 
male and to be enrolled at sites in North America.

Relationship between PLATO major bleeding 
and mortality
Among 2,189 patients with major bleeding, 236 (10.8%) subse-
quently died, whereas 669 of the 16,435 (4.1%) patients without 
a bleeding event died during follow-up (p<0.001). PLATO major 
bleeding was associated with a more than 12-fold increased risk in 
immediate short-term all-cause mortality (unadjusted hazard ratio 
[HR] 12.48; 95% confidence interval [CI]: 10.43-14.94; p<0.001). 
This increase persisted after adjustment (HR 9.28; 95% CI: 7.50-
11.48; p<0.001). In comparison, major bleeding was associated 
with a modest increase in all-cause long-term mortality (unadjusted 
HR 1.57; 95% CI: 1.19-2.06; p=0.001), which was no longer signif-
icant after adjustment for baseline differences (adjusted HR 1.28, 
95% CI: 0.93-1.75; p=0.128).

Relationship between PLATO major bleeding 
and mortality according to bleeding type
Among 2,189 patients with major bleeding events, there was a total 
of 485 spontaneous major bleeds and 1,796 procedure-related 
bleeds. The latter category included 1,503 CABG-related major 
bleeds, 236 PCI-related or angiography-related major bleeds (180 
PCI-related and 56 angiography-related), and 86 non-coronary-
procedure-related major bleeds (including any intervention or sur-
gery). Of note, a patient could have had several types of bleeding; 
these categories are therefore overlapping.

Baseline characteristics of patients, overall and with or with-
out spontaneous and procedure-related major bleeding events are 
detailed in Online Table 1. The relationship between mortality 
and PLATO major bleeding according to the type of bleeding is 
detailed in Table 2, Figure 1, and Online Figure 1. Briefly, 122 
of 485 (25.2%) patients with spontaneous bleeding vs. 139 of 
1,796 (7.7%) with procedure-related bleeding died during follow-
up. After adjustment, spontaneous bleeding was associated with 
both short-term and long-term large increases in all-cause mortal-
ity, whereas procedure-related bleeding was only associated with 
increased short-term mortality.

Procedure-related bleeding deaths after PLATO major bleed-
ing were distributed as follows: 100 of 1,503 (6.7%) patients with 
CABG-related bleeding; 25 of 236 (10.6%) patients with cathe-
ter-related (PCI or angiography) bleeding; and 22 of 86 (25.6%) 
patients with non-coronary-procedure-related bleeding.

When detailing the relationship between type of procedure-
related bleeding and all-cause mortality, it appeared that CABG-
related and non-coronary-procedure-related bleeding were only 
associated with a higher short-term mortality, whereas PCI- or angi-
ography-related bleeding was not associated with either short-term 
or long-term mortality (Table 3).

Relationship between bleeding and mortality 
according to bleeding definition
The previous analyses were repeated using the GUSTO and TIMI 
classifications for bleeding and yielded similar results (Online 
Figure 2, Online Figure 3, Online Table 2-Online Table 5).
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Table 1. Baseline characteristics according to occurrence of PLATO major bleed.

Characteristic All patients (n=18,622) No major bleed (n=16,433) Major bleed (n=2,189)
p-value (no major 

vs. major)
Age, years 62 (54-71) 62 (54-70) 65 (57-72) <0.001
Women 5,288/18,624 (28.4) 4,707/16,435 (28.6) 581/2,189 (26.5) 0.09
Enrolment region <0.001a

Asia and Australia 1,714/18,624 (9.2) 1,531/16,435 (9.3) 183/2,189 (8.4)
Central and South America 1,237/18,624 (6.6) 1,063/16,435 (6.5) 174/2,189 (7.9)
Europe, Middle East, and Africa 13,859/18,624 (74.4) 12,320/16,435 (75.0) 1,539/2,189 (70.3)
North America 1,814/18,624 (9.7) 1,521/16,435 (9.3) 293/2,189 (13.4)

Race 0.35a

White 17,077/18,623 (91.7) 15,071/16,434 (91.7) 2,006/2,189 (91.6)
Black 229/18,623 (1.2) 195/16,434 (1.2) 34/2,189 (1.6)
Asian 1,096/18,623 (5.9) 975/16,434 (5.9) 121/2,189 (5.5)
Other 221/18,623 (1.2) 193/16,434 (1.2) 28/2,189 (1.3)

Smoking status <0.001a

Non-smoker 7,256/18,610 (39.0) 6,426/16,421 (39.1) 830/2,189 (37.9)
Ex-smoker 4,676/18,610 (25.1) 3,992/16,421 (24.3) 684/2,189 (31.2)
Habitual smoker 6,678/18,610 (35.9) 6,003/16,421 (36.6) 675/2,189 (30.8)

Weight, kg 80 (70-90) [18,568] 80 (70-90) [16,385] 80 (70-90) [2,183] 0.025
Body mass index, kg/m2 27.4 (24.7-30.4) [18,532] 27.4 (24.8-30.4) [16,352] 27.2 (24.5-30.4) [2,180] 0.19
Systolic BP, mmHg 133 (120-150) [18,416] 133 (120-150) [16,280] 132 (120-150) [2,136] 0.91
Diastolic BP, mmHg 80 (70-90) [18,416] 80 (70-90) [16,280] 80 (70-87) [2,136] <0.001
Heart rate, bpm 73 (64-84) [18,416] 73 (64-83) [16,280] 74 (65-85) [2,136] 0.002
Final diagnosis of ACS <0.001a

Unstable angina 3,112/18,582 (16.7) 2,793/16,394 (17.0) 319/2,188 (14.6)
STEMI 7,026/18,582 (37.8) 6,412/16,394 (39.1) 614/2,188 (28.1)
NSTEMI 7,955/18,582 (42.8) 6,754/16,394 (41.2) 1,201/2,188 (54.9)
Other diagnosis or missing datab 489/18,582 (2.6) 435/16,394 (2.7) 54/2,188 (2.5)

Planned invasive treatment approach 13,408/18,624 (72.0) 11,779/16,435 (71.7) 1,629/2,189 (74.4) 0.004

Risk factors
Positive troponin I test 15,089/18,057 (83.6) 13,193/15,936 (82.8) 1,896/2,121 (89.4) <0.001
ST depression (>1 mm) 9,486/18,590 (51.0) 8,235/16,404 (50.2) 1,251/2,186 (57.2) <0.001
TIMI risk score >2 13,474/18,093 (74.5) 11,648/15,959 (73.0) 1,826/2,134 (85.6) <0.001

Medical history
Angina pectoris 8,358/18,613 (44.9) 7,267/16,424 (44.2) 1,091/2,189 (49.8) <0.001
Myocardial infarction 3,824/18,613 (20.5) 3,338/16,424 (20.3) 486/2,189 (22.2) 0.045
Coronary artery disease 5,126/18,613 (27.5) 4,521/16,424 (27.5) 605/2,189 (27.6) 0.91
PCI 2,492/18,612 (13.4) 2,211/16,423 (13.5) 281/2,189 (12.8) 0.37
CABG 1,106/18,613 (5.9) 1,018/16,424 (6.2) 88/2,189 (4.0) <0.001
Transient ischaemic attack 499/18,613 (2.7) 432/16,424 (2.6) 67/2,189 (3.1) 0.25
Non-haemorrhagic stroke 722/18,612 (3.9) 621/16,423 (3.8) 101/2,189 (4.6) 0.035
Hypertension 12,183/18,613 (65.5) 10,675/16,424 (65.0) 1,508/2,189 (68.9) <0.001
Dyslipidaemia 8,689/18,612 (46.7) 7,519/16,423 (45.8) 1,170/2,189 (53.4) <0.001
Diabetes mellitus 4,662/18,613 (25.0) 3,971/16,424 (24.2) 691/2,189 (31.6) <0.001
Family history of premature CHD 5,949/18,601 (32.0) 5,164/16,414 (31.5) 785/2,187 (35.9) <0.001
Pacemaker 156/18,613 (0.8) 129/16,424 (0.8) 27/2,189 (1.2) 0.020
COPD 1,085/18,613 (5.8) 912/16,424 (5.6) 173/2,189 (7.9) <0.001
Chronic renal disease 785/18,613 (4.2) 658/16,424 (4.0) 127/2,189 (5.8) <0.001

Medications on randomisation day
Aspirin 17,428/18,601 (93.7) 15,402/16,412 (93.8) 2,026/2,189 (92.6) 0.012
Unfractionated heparin 9,460/18,601 (50.9) 8,392/16,412 (51.1) 1,068/2,189 (48.8) 0.07
Low-molecular-weight heparin 7,317/18,601 (39.3) 6,403/16,412 (39.0) 914/2,189 (41.8) 0.032
Glycoprotein IIb/IIIa inhibitor 4,580/18,601 (24.6) 4,076/16,412 (24.8) 504/2,189 (23.0) 0.07
Beta-blocker 13,000/18,601 (69.9) 11,436/16,412 (69.7) 1,564/2,189 (71.4) 0.15
Angiotensin receptor blocker 1,645/18,601 (8.8) 1,426/16,412 (8.7) 219/2,189 (10.0) 0.038
Statin 14,705/18,601 (79.1) 12,962/16,412 (79.0) 1,743/2,189 (79.6) 0.82
Calcium channel blocker 2,709/18,601 (14.6) 2,371/16,412 (14.4) 338/2,189 (15.4) 0.23
Diuretic 4,323/18,601 (23.2) 3,740/16,412 (22.8) 583/2,189 (26.6) <0.001
Nitrate 13,032/18,601 (70.1) 11,447/16,412 (69.7) 1,585/2,189 (72.4) 0.012
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Relationship between PLATO bleeding and 
mortality according to severity
At least one minor bleeding event was reported in 879 (4.7%) 
patients: 811 had only one minor bleeding event, 65 had two minor 

bleeding events, and three patients had three or more minor bleed-
ing events. Among these 879 patients (with minor bleeding events), 
158 also presented with a major bleed at some point during the 
study. The association of minor bleeding with short-term mortality 

Table 1. Baseline characteristics according to occurrence of PLATO major bleed. (continued)

Characteristic All patients (n=18,622) No major bleed (n=16,433) Major bleed (n=2,189)
p-value (no major 

vs. major)
Biochemistry
eGFR (Cockcroft-Gault) (mL/min/1.73 m2) 80.3 (63.0-98.9) [15,202] 81.0 (63.6-99.6) [13,473] 75.1 (58.5-92.8) [1,729] <0.001
Creatinine (μmol/L) 80.0 (71.0-97.0) [15,256] 80.0 (71.0-97.0) [13,520] 88.0 (71.0-97.2) [1,736] <0.001
Glucose (mmol/L) 6.8 (5.7-8.8) [15,250] 6.8 (5.7-8.8) [13,514] 6.9 (5.7-9.2) [1,736] <0.001
HbA1c (%) 6.0 (5.7-6.6) [15,150] 6.0 (5.6-6.6) [13,419] 6.1 (5.7-6.9) [1,731] <0.001
Haemoglobin (g/L) 140 (129-149) [14,901] 140 (129-149) [13,205] 139 (126-148) [1,696] <0.001
Total cholesterol (mmol/L) 5.1 (4.3-6.0) [15,241] 5.1 (4.3-6.0) [13,505] 5.1 (4.3-6.0) [1,736] 0.56
Low-density lipoprotein cholesterol (mmol/L) 3.1 (2.4-3.9) [14,640] 3.1 (2.4-3.9) [12,970] 3.1 (2.3-3.8) [1,670] 0.35
High-density lipoprotein cholesterol (mmol/L) 1.2 (1.0-1.4) [15,250] 1.2 (1.0-1.5) [13,514] 1.2 (1.0-1.4) [1,736] 0.23
Data are expressed as median (25th to 75th percentiles) [n] or n/N (%). aFor categorical variables with several levels (e.g., region, race, smoking status), the p-value is a global 
value (with multiple degrees of freedom). bThis category includes patients with unspecified ACS or no ACS. ACS: acute coronary syndromes; BMI: body mass index; BP: blood 
pressure; bpm: beats per minute; CABG: coronary artery bypass graft; CHD: coronary heart disease; COPD: chronic obstructive pulmonary disease; eGFR: estimated glomerular 
filtration rate; HbA1c: haemoglobin A1c; NSTEMI: non-ST-segment elevation myocardial infarction; PCI: percutaneous coronary intervention; PLATO: PLATelet inhibition and patient 
Outcomes; STEMI: ST-segment elevation myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction

Table 2. Relationship between PLATO major bleeding and all-cause mortality according to bleeding type.

Exposure

Unadjusted (n=18,624) Adjusted (n=14,509)
Short-term bleeding effect

(≤30 days post bleed)
Long-term bleeding effect

(>30 days post bleed)
Short-term bleeding effect

(≤30 days post bleed)
Long-term bleeding effect

(>30 days post bleed)
HR 

(95% CI)
p-valuea Compare 

p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

Major bleeding: spontaneous 
(non-procedure-related)

25.01
(19.86-31.49) <0.001 <0.001 5.79

(4.07-8.23) <0.001 <0.001 14.59
(11.14-19.11) <0.001 <0.001 3.38

(2.26-5.05) <0.001 <0.001

Major bleeding: 
procedure-related

5.57
(4.46-6.97) <0.001 0.92

(0.66-1.29) 0.6 5.29
(4.06-6.87) <0.001 0.86

(0.58-1.27) 0.45

ap-value for the estimated HR. bp-value for the comparison of spontaneous versus procedure-related major bleeding. Adjustment model includes: age, region, history of myocardial infarction, 
non-haemorrhagic stroke, peripheral artery disease, diabetes mellitus, congestive heart failure, baseline heart rate, systolic blood pressure, Killip class, time from symptom onset to 
randomisation, white blood cell count, haemoglobin concentration, electrocardiographic changes at entry, ST-segment depression, elevated troponin, and final ACS diagnosis. CI: confidence 
interval; HR: hazard ratio; PLATO: PLATelet inhibition and patient Outcomes

Overall PLATO major bleeding HR (95% CI) p-value Comparison
   p-value

Overall short-term 9.28 (7.50-11.48) <0.001

Overall long-term 1.28 (0.93-1.75) 0.128 
<0.001

According to type

Spontaneous short-term 14.59 (11.14-19.11) <0.001 
<0.001

 

Procedure-related short-term 5.29 (4.06-6.87) <0.001

Spontaneous long-term 3.38 (2.26-5.05) <0.001 
<0.001

Procedure-related long-term 0.86 (0.58-1.27) 0.451

0 5 10 15 20

 Hazard ratio

Figure 1. Relationship between PLATO major bleeding and mortality according to bleeding type. Adjusted HR, 95% CI, and relevant 
comparison p-values shown. PLATO: PLATelet inhibition and patient Outcomes. Adjustment model includes: age, region, history of 
myocardial infarction, non-haemorrhagic stroke, peripheral artery disease, diabetes mellitus, congestive heart failure, baseline heart rate, 
systolic blood pressure, Killip class, time from symptom onset to randomisation, white blood cell count, haemoglobin concentration, 
electrocardiographic changes at entry, ST-segment depression, elevated troponin, and final ACS diagnosis.
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was less marked than that of major bleeding (respectively, adjusted 
HR 2.12, 95% CI: 1.37-3.28 vs. HR 9.07, 95% CI: 7.33-11.23; 
p<0.001). The relationship between major and minor bleeding and 
long-term mortality was similarly low (respectively, adjusted HR 
1.25, 95% CI: 0.91-1.72 vs. HR 1.57, 95% CI: 1.06-2.33; p=0.39).

Relationship between bleeding and mortality 
according to study drug
The association of major bleeding with mortality was similar in 
patients treated with clopidogrel or ticagrelor for both short-term 
mortality (clopidogrel: HR 9.05, 95% CI: 6.68-12.26; ticagrelor: 
HR 9.50, 95% CI: 7.22-12.51; p-value for interaction=0.81) and 
long-term mortality (clopidogrel: HR 1.02, 95% CI: 0.62-1.68; tica-
grelor: HR 1.51, 95% CI: 1.02-2.25; p-value for interaction=0.22).

Discussion
In the present analysis based on the PLATO trial population, major 
bleeding, regardless of the definition used, was associated with 
a marked increase in short-term but not long-term mortality. There 
was, however, substantial variation according to the type of bleed-
ing: spontaneous bleeding was associated with both short-term and 
long-term mortality whereas procedure-related bleeding was asso-
ciated only with short-term mortality. Finally, compared with major 
bleeding, minor bleeding was associated with a modest increase in 
short-term mortality and similar long-term mortality.

It is well established that bleeding has detrimental consequences 
on subsequent outcomes1-3,10-15. However, the present analysis is 
based on a large contemporary cohort in which modern antithrom-
botic treatments and techniques were employed. This study pro-
vides a systematic analysis of the short- and long-term effects of 
bleeding, covering the full spectrum of bleeding types (spontane-
ous, PCI- or angiogram-related, CABG-related, non-coronary-
procedure-related major bleeding), severities (major, minor), 
definitions (PLATO, GUSTO, TIMI), ACS types (STEMI, non-
STEMI), and management approaches (medical, PCI, CABG).

A detrimental effect of bleeding on short-term outcomes has already 
been described in patients with an ACS. In the Global Registry of 

Acute Coronary Events (GRACE) registry, Moscucci et al described 
an association between major bleeding and hospital death1. The effect 
of major bleeding on long-term outcome is much more controversial. 
Based on the analysis of several randomised trials published in the 
early 2000s, Eikelboom et al2 described a strong association between 
bleeding and death, with a higher risk of death in the first 30 days 
in patients with bleeding (HR 5.37) and a weaker risk after 30 days 
(HR 1.54). Rao et al3 reported a similar short- and long-term effect of 
severe bleeding in an analysis pooling data from several randomised 
trials conducted in the 1990s. More recently, Ndrepepa et al14 found 
that bleeding was the strongest correlate of 30-day mortality after 
PCI, whereas for the increased risk long-term mortality was mediated 
mostly by cardiovascular risk factors. Kikkert et al11 reported that 
after a serious bleed (vs. no bleed) the subsequent risk of death was 
not significantly increased beyond one month. Based on an analysis 
of the TRITON-TIMI 38 trial, Hochholzer et al10 found an associa-
tion between serious bleeding and a higher risk of death. However, 
the risk was no longer increased beyond 40 days. Conversely, based 
on the CRUSADE registry, Lopes et al12 described that, in elderly 
patients, in-hospital major bleeding was associated with short-, inter-
mediate-, and long-term mortality. Similarly, an association between 
bleeding defined according to the BARC classification and one-year 
mortality was described in several cohorts13,15. In the present analysis, 
we found a higher risk of death in the first 30 days following major 
bleeding (adjusted HR 9.28) but no association between major bleed-
ing and long-term mortality.

The impact of minor bleeding on mortality is controversial. 
Giugliano et al16 found that, in the ExTRACT-TIMI 25 trial, minor 
bleeding was not associated with short-term mortality. Rao et al, in 
a pooled analysis, found a modest but significant impact of GUSTO 
mild and moderate bleeding3. Another pooled analysis from Mehran 
et al17 found a more pronounced effect of TIMI minor bleeding on 
mortality. In the present analysis, we observed that minor bleed-
ing had a modest effect on both short- and long-term mortality; yet 
long-term risk was not significantly different from long-term risk 
following a major bleed. However, minor bleeding events were rel-
atively rare in the PLATO study, and it is difficult and probably 

Table 3. Relationship between PLATO major bleeding and all-cause mortality according to the type of procedure-related bleeding, 
adjusted for time-dependent spontaneous bleeding.

Exposure

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-value for 
difference 
(short vs. 

long)

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-value 
for 

difference 
(short vs. 

long)

HR  
(95% CI)

p-value
HR  

(95% CI)
p-value

HR  
(95% CI)

p-value
HR  

(95% CI)
p-value

Major bleeding: 
CABG-related

4.69 
(3.62-6.09) <0.001 0.86 

(0.59-1.26) 0.45 <0.001 5.60 
(4.13-7.58) <0.001 0.84 

(0.53-1.33) 0.45 <0.001

Major bleeding: cath (PCI  
or angio)-related

2.84 
(1.73-4.64) <0.001 1.27 

(0.63-2.55) 0.51 0.06 1.78 
(0.91-3.48) 0.10 1.23 

(0.61-2.49) 0.57 0.46

Major bleeding: non-
coronary-procedure-related

12.42 
(7.34-21.01) <0.001 3.58 

(1.69-7.61) <0.001 0.007 6.89 
(3.60-13.19) <0.001 2.00 

(0.82-4.91) 0.13 0.026

Adjustment model includes: age, region, history of myocardial infarction, non-haemorrhagic stroke, peripheral artery disease, diabetes mellitus, congestive heart failure, baseline heart rate, 
systolic blood pressure, Killip class, time from symptom onset to randomisation, white blood cell count, haemoglobin concentration, electrocardiographic changes at entry, ST-segment 
depression, elevated troponin, and final ACS diagnosis. PLATO: PLATelet inhibition and patient Outcomes.
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clinically irrelevant to analyse minor bleeds separately from major 
bleeding events.

A differential effect of bleeding according to the site of bleeding 
has been suggested previously. In an analysis combining the popu-
lations from several randomised trials evaluating bivalirudin, it was 
found that the effect of non-access-site bleeding on one-year mor-
tality was twofold that of access-site bleeding. The effect of access-
site bleeding on mortality was, however, still significant6. An 
analysis of the Multicenter Evaluation of Single High-Dose Bolus 
Tirofiban Versus Abciximab With Sirolimus-Eluting Stent or Bare-
Metal Stent in Acute Myocardial Infarction (MULTISTRATEGY) 
trial found a higher 12-month risk of myocardial infarction or death 
associated with non-access-site-related bleeding but no association 
with access-site-related bleeding18. Kikkert et al19 drew similar con-
clusions after analysis of a cohort of 2,002 STEMI patients under-
going PCI. However, in a pooled analysis of 14,180 patients from 
seven randomised trials, both access- and non-access-site bleeds 
were independently associated with increased one-year mortality, 
even if non-access-site bleeding was a stronger correlate20. Finally, 
the STEEPLE trial21 did not find any effect of access-site haema-
toma ≥5 cm on mortality.

The relationship between bleeding and mortality in patients 
undergoing CABG is one of the most controversial: a recent analy-
sis from the TRITON trial found an increased rate of bleeding but 
a reduced mortality in patients undergoing CABG who were treated 
with prasugrel compared with those on clopidogrel22. We found 
a stronger short-term effect on mortality for spontaneous bleeding, 
no effect for PCI- or angiogram-related bleeding, and an interme-
diate effect for CABG-related and non-coronary-procedure-related 
bleeding. Only spontaneous bleeding had an effect on long-term 
mortality. As it is descriptive, the present analysis does not provide 
any explanation for the association between spontaneous bleeding 
and long-term mortality. Beyond a direct effect of bleeding, the 
higher baseline risk of patients with spontaneous bleeding seems 
likely to play a role. Despite the use of multiple adjustments in the 
analysis, residual confounding cannot be excluded, particularly 
as some important covariates (such as history of cancer) were not 
captured in PLATO. Another possible reason could be that bleed-
ing can lead to reduction or even discontinuation of antithrombotic 
treatment and delay or preclude invasive management, exposing 
the patient to an increased risk of ischaemic events.

In the current bleeding classifications, and more specifically in 
the Bleeding Academic Research Consortium bleeding classifica-
tion23, only CABG-related bleeding events are individualised, with 
the rest of the classifications depending on the intensity of bleed-
ing23. In the present analysis, the type of bleeding is at least as 
important as the intensity of bleeding. Based on this observation, 
bleeding type should be taken into consideration in future revisions 
of bleeding classifications.

Limitations
The present analysis presents some limitations. First, the obser-
vation of an association between bleeding and a higher mortality 

rate does not necessarily imply causality. Bleeding events may 
only be a marker of higher baseline risk. This is confirmed when 
analysing the baseline characteristics of patients showing older 
age, higher TIMI risk scores, and higher prevalence of diabetes. 
Furthermore, because of the time-dependent nature of post-baseline 
bleeding, many events or changes to patients could have occurred 
between randomisation and bleed that we are unable to account 
for. However, higher mortality persisted after multiple adjustments 
and, even if we cannot fully control for all confounders, bleeding 
can be plausibly perceived as directly affecting mortality. Second, 
this descriptive analysis of the effect of bleeding does not provide 
direct information about the optimal procedural or pharmacological 
strategies to manage ACS. A differential effect of bleeding accord-
ing to antiplatelet treatment has been described24. In the present 
analysis, we did not observe any difference in the effect of bleed-
ing in patients on clopidogrel compared with patients on ticagrelor. 
However, in this study we analysed the separate impact of bleeding 
on mortality; the overall impact of a given antithrombotic agent on 
mortality is the net result of lives saved by preventing ischaemic 
events and lives lost by causing fatal bleeding. The relative fre-
quency of the two is often very different. Some procedural aspects, 
such as the use of radial access for PCI in STEMI patients, have 
been shown to be associated with improved survival. However, data 
on the radial or femoral approach were not collected in the PLATO 
trial.

Conclusion
Major bleeding is associated with high subsequent mortality in 
patients with an ACS. However, this association is much stronger 
in the first 30 days and is strongest for spontaneous (as opposed 
to procedure-related) bleeding. These observations should be taken 
into consideration when analysing the balance of risk and benefit of 
therapies for ACS.

Impact on daily practice
Bleeding events in patients with an acute coronary syndrome 
are relatively frequent and appear to be associated with a poor 
prognosis. In the present analysis based on the PLATO trial 
population, major bleeding, regardless of the definition used, 
was associated with a marked increase in short-term but not 
long-term mortality. There was, however, substantial variation 
according to the type of bleeding: spontaneous bleeding was 
associated with both short-term and long-term mortality whereas 
procedure-related bleeding was associated only with short-term 
mortality. When detailing the relationship between type of pro-
cedure-related bleeding and all-cause mortality, it appeared that 
CABG- and non–coronary-procedure-related bleeding were only 
associated with a higher short-term mortality, whereas PCI- and 
angiography-related bleeding were not associated with either 
short-term or long-term mortality These observations should be 
taken into consideration when analysing the balance of risk and 
benefit of therapies for ACS.
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Online Figure 1. Time from bleed to mortality or censoring according to spontaneous vs. procedure-related bleeding. Patients are classified 
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Overall TIMI major bleeding HR (95% CI) p-value Comparison
   p-value

Overall short-term 9.11 (7.15-11.61) <0.001

Overall long-term 0.93 (0.60-1.43) 0.740 
<0.001

According to type

Spontaneous short-term 19.12 (13.93-26.26) <0.001 
<0.001

 

Procedure-related short-term 4.67 (3.40-6.40) <0.001

Spontaneous long-term 2.72 (1.49-4.98) 0.001 
<0.001

Procedure-related long-term 0.66 (0.39-1.11) 0.116
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Online Figure 2. Relationship between TIMI major bleeding and mortality according to bleeding type. Adjusted hazard ratio, 95% confidence 
interval, and relevant comparison p-values are shown. TIMI: Thrombolysis In Myocardial Infarction. Adjustment model includes: age, region, 
history of myocardial infarction, non-haemorrhagic stroke, peripheral artery disease, diabetes mellitus, congestive heart failure, baseline 
heart rate, systolic blood pressure, Killip class, time from symptom onset to randomisation, white blood cell count, haemoglobin 
concentration, electrocardiographic changes at entry, ST-segment depression, elevated troponin, and final ACS diagnosis.

Overall GUSTO severe bleeding HR (95% CI) p-value Comparison
   p-value

Overall short-term 21.64 (16.91-27.68) <0.001

Overall long-term 1.93 (1.15-3.24) 0.013 
<0.001

According to type

Spontaneous short-term 28.62 (20.84-39.30) <0.001 
<0.001

 

Procedure-related short-term 13.07 (9.49-18.02) <0.001

Spontaneous long-term 3.79 (1.95-7.40) <0.001 
<0.001

Procedure-related long-term 0.98 (0.44-2.21) 0.964
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 Hazard ratio

Online Figure 3. Relationship between GUSTO bleeding and mortality according to bleeding type. Adjusted hazard ratio, 95% confidence 
interval, and relevant comparison p-values are shown. GUSTO: Global Utilization of Streptokinase and Tissue Plasminogen Activator for 
Occluded Coronary Arteries. Adjustment model includes: age, region, history of myocardial infarction, non-haemorrhagic stroke, peripheral 
artery disease, diabetes mellitus, congestive heart failure, baseline heart rate, systolic blood pressure, Killip class, time from symptom onset to 
randomisation, white blood cell count, haemoglobin concentration, electrocardiographic changes at entry, ST-segment depression, elevated 
troponin, and final ACS diagnosis.
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Online Table 1. Baseline characteristics for patients who bled during follow-up.

Characteristic
All patients 
(n=2,176)

Procedure-related 
(n=1,775)

Spontaneous 
(n=401)

p-value (procedure-related 
vs. spontaneous bleed)a

Age, years 65 (57-72) [2,176] 64 (57-71) [1,775] 69 (60-76) [401] <0.001

Women 577/2,176 (26.5) 439/1,775 (24.7) 138/401 (34.4) <0.001

Enrolment region 0.78

Asia and Australia 182/2,176 (8.4) 145/1,775 (8.2) 37/401 (9.2)

Central and South America 172/2,176 (7.9) 143/1,775 (8.1) 29/401 (7.2)

Europe, Middle East, and Africa 1,530/2,176 (70.3) 1,245/1,775 (70.1) 285/401 (71.1)

North America 292/2,176 (13.4) 242/1,775 (13.6) 50/401 (12.5)

Race 0.14

White 1,993/2,176 (91.6) 1,635/1,775 (92.1) 358/401 (89.3)

Black 34/2,176 (1.6) 28/1,775 (1.6) 6/401 (1.5)

Asian 121/2,176 (5.6) 89/1,775 (5.0) 32/401 (8.0)

Other 28/2,176 (1.3) 23/1,775 (1.3) 5/401 (1.2)

Smoking status 0.038

Non-smoker 828/2,176 (38.1) 653/1,775 (36.8) 175/401 (43.6)

Ex-smoker 677/2,176 (31.1) 564/1,775 (31.8) 113/401 (28.2)

Habitual smoker 671/2,176 (30.8) 558/1,775 (31.4) 113/401 (28.2)

Weight, kg 80 (70-90) [2,170] 80 (70-90) [1,770] 76 (65-88) [400] 0.001

Body mass index, kg/m2 27.2 (24.5-30.4) [2,167] 27.3 (24.6-30.4) [1,768] 26.9 (24.2-30.1) [399] 0.10

Systolic BP, mmHg 132 (120-150) [2,123] 133 (120-150) [1,726] 130 (117-150) [397] 0.025

Diastolic BP, mmHg 80 (70-87) [2,123] 80 (70-87) [1,726] 79 (67-85) [397] 0.030

Heart rate, bpm 74 (65-85) [2,123] 74 (65-84) [1,726] 74 (64-86) [397] 0.84

Final diagnosis of ACS 0.10

Unstable angina 319/2,175 (14.7) 256/1,774 (14.4) 63/401 (15.7)

STEMI 610/2,175 (28.0) 482/1,774 (27.2) 128/401 (31.9)

NSTEMI 1,192/2,175 (54.8) 994/1,774 (56.0) 198/401 (49.4)

Other diagnosis or missing datab 54/2,175 (2.5) 42/1,774 (2.4) 12/401 (3.0)

Planned invasive treatment approach 1,619/2,176 (74.4) 1,334/1,775 (75.2) 285/401 (71.1) 0.09

Risk factors

Positive troponin I test 1,883/2,108 (89.3) 1,548/1,724 (89.8) 335/384 (87.2) 0.14

ST depression (>1 mm) 1,246/2,173 (57.3) 1,034/1,773 (58.3) 212/400 (53.0) 0.052

TIMI risk score >2 1,816/2,121 (85.6) 1,484/1,732 (85.7) 332/389 (85.3) 0.87

Medical history

Angina pectoris 1,084/2,176 (49.8) 891/1,775 (50.2) 193/401 (48.1) 0.46

Myocardial infarction 481/2,176 (22.1) 377/1,775 (21.2) 104/401 (25.9) 0.041

Coronary artery disease 599/2,176 (27.5) 458/1,775 (25.8) 141/401 (35.2) <0.001

PCI 276/2,176 (12.7) 208/1,775 (11.7) 68/401 (17.0) 0.004

CABG 87/2,176 (4.0) 47/1,775 (2.6) 40/401 (10.0) <0.001

Transient ischaemic attack 67/2,176 (3.1) 55/1,775 (3.1) 12/401 (3.0) 0.91

Non-haemorrhagic stroke 101/2,176 (4.6) 77/1,775 (4.3) 24/401 (6.0) 0.16

Hypertension 1,499/2,176 (68.9) 1,213/1,775 (68.3) 286/401 (71.3) 0.24

Dyslipidaemia 1,161/2,176 (53.4) 956/1,775 (53.9) 205/401 (51.1) 0.32

Diabetes mellitus 686/2,176 (31.5) 555/1,775 (31.3) 131/401 (32.7) 0.59

Family history of premature CHD 779/2,174 (35.8) 652/1,773 (36.8) 127/401 (31.7) 0.054

Pacemaker 26/2,176 (1.2) 20/1,775 (1.1) 6/401 (1.5) 0.61

COPD 171/2,176 (7.9) 127/1,775 (7.2) 44/401 (11.0) 0.010

Chronic renal disease 127/2,176 (5.8) 83/1,775 (4.7) 44/401 (11.0) <0.001
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Online Table 1. Baseline characteristics for patients who bled during follow-up. (continued)

Characteristic
All patients 
(n=2,176)

Procedure-related 
(n=1,775)

Spontaneous 
(n=401)

p-value (procedure-related 
vs. spontaneous bleed)a

Medications on randomisation day

Aspirin 2,014/2,176 (92.6) 1,641/1,775 (92.5) 373/401 (93.0) 0.70

Unfractionated heparin 1,062/2,176 (48.8) 850/1,775 (47.9) 212/401 (52.9) 0.07

Low-molecular-weight heparin 907/2,176 (41.7) 756/1,775 (42.6) 151/401 (37.7) 0.07

Glycoprotein IIb/IIIa inhibitor 500/2,176 (23.0) 390/1,775 (22.0) 110/401 (27.4) 0.019

Beta-blocker 1,556/2,176 (71.5) 1,282/1,775 (72.2) 274/401 (68.3) 0.12

Angiotensin receptor blocker 215/2,176 (9.9) 171/1,775 (9.6) 44/401 (11.0) 0.42

Statin 1,733/2,176 (79.6) 1,411/1,775 (79.5) 322/401 (80.3) 0.72

Calcium channel blocker 336/2,176 (15.4) 255/1,775 (14.4) 81/401 (20.2) 0.004

Diuretic 577/2,176 (26.5) 423/1,775 (23.8) 154/401 (38.4) <0.001

Nitrate 1,577/2,176 (72.5) 1,292/1,775 (72.8) 285/401 (71.1) 0.49

Biochemistry

eGFR (Cockcroft-Gault) (mL/min/1.73 m2) 75.1 (58.5-92.9) [1,720] 77.0 (60.9-94.4) [1,393] 65.7 (49.1-85.3) [327] <0.001

Creatinine (μmol/L) 88.0 (71.0-97.2) [1,727] 80.0 (71.0-97.0) [1,398] 88.0 (71.0-115.0) [329] <0.001

Glucose (mmol/L) 6.9 (5.7-9.2) [1,727] 6.9 (5.7-9.1) [1,397] 7.2 (5.8-9.5) [330] 0.15

HbA1c (%) 6.1 (5.7-6.9) [1,722] 6.1 (5.7-6.9) [1,396] 6.0 (5.7-6.7) [326] 0.17

Haemoglobin (g/L) 139 (126-148) [1,687] 140 (128-149) [1,367] 133 (120-145) [320] <0.001

Total cholesterol (mmol/L) 5.1 (4.3-6.0) [1,727] 5.1 (4.3-6.0) [1,398] 5.0 (4.2-6.0) [329] 0.10

Low-density lipoprotein cholesterol (mmol/L) 3.1 (2.3-3.8) [1,661] 3.1 (2.4-3.8) [1,348] 3.0 (2.2-3.8) [313] 0.058

High-density lipoprotein cholesterol (mmol/L) 1.2 (1.0-1.4) [1,727] 1.2 (1.0-1.4) [1,398] 1.2 (1.0-1.5) [329] 0.22

Data are expressed as median (25th to 75th percentiles) [n] or n/N (%). aFor categorical variables with several levels (e.g., region, race, smoking status), the p-value is a global value (with 
multiple degrees of freedom). bThis category includes patients with unspecified ACS or no ACS. Continuous variables are compared using a Wilcoxon rank-sum test and categorical variables 
compared using a Pearson’s chi-square test. As several patients could experience both types, patients were classified according to their first bleed after randomisation.

Online Table 2. Relationship between TIMI major bleeding and all-cause mortality according to bleeding type.

Exposure

Unadjusted (n=18,624) Adjusted (n=14,509)

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-valuec

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-valuec

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

TIMI major bleeding 10.46 
(8.51-12.87) <0.001 – 0.99 

(0.68-1.45) 0.96 – <0.001 9.11 
(7.15-11.61) <0.001 – 0.93 

(0.60-1.43) 0.740 – <0.001

TIMI major bleeding: 
spontaneous 
(non-procedure-
related)

32.93 
(24.86-43.62) <0.001 <0.001 3.66 

(2.06-6.49) <0.001 0.051 – 20.95 
(15.29-28.70) <0.001 <0.001 2.66 

(1.46-4.88) 0.001 0.052 –

TIMI major bleeding: 
combined all 
procedure-related

3.31 
(1.70-6.44) <0.001 1.02 

(0.33-3.17) 0.973 – 2.26 
(1.00-5.10) 0.050 0.74 

(0.24-2.32) 0.607 –

ap-value for the estimated HR. bp-value for the comparison of spontaneous vs. procedure-related major bleeding. cp-value for the comparison of short-term and long-term major bleeding. 
CI: confidence interval; HR: hazard ratio; TIMI: Thrombolysis In Myocardial Infarction
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Online Table 3. Relationship between TIMI major bleeding and all-cause mortality according to type of procedure-related bleeding.

Exposure

Unadjusted (n=18,624) Adjusted (n=14,509)

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-value for 
difference 
(short vs. 

long)

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-value for 
difference 
(short vs. 

long)HR (95% CI) p-value HR (95%CI) p-value HR (95% CI) p-value HR (95% CI) p-value

TIMI major bleeding: 
CABG-related

4.30
(3.17-5.82) <0.001 0.66 

(0.40-1.09) 0.11 <0.001 4.70 
(3.25-6.80) <0.001 0.71 

(0.40-1.27) 0.25 <0.001

TIMI major bleeding: 
cath (PCI or 
angio)-related

2.20
(1.03-4.69) 0.042 0.36 

(0.05-2.59) 0.31 0.094 1.71 
(0.63-4.62) 0.29 0.29 

(0.04-2.10) 0.22 0.12

TIMI major bleeding: 
non-coronary-
procedure-related

28.64 
(14.24-57.60) <0.001 6.09 

(2.28-16.33) <0.001 0.012 12.62 
(5.53-28.81) <0.001 1.96 

(0.62-6.27) 0.25 0.009

angio: angiogram; CABG: coronary artery bypass graft; cath: catheter; CI: confidence interval; HR: hazard ratio; PCI: percutaneous coronary intervention; TIMI: Thrombolysis In Myocardial 
Infarction

Online Table 4. Relationship between GUSTO severe bleeding and all-cause mortality according to bleeding type.

Exposure

Unadjusted (n=18,624) Adjusted (n=14,509)

Short-term bleeding effect
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-valuec

Short-term bleeding effect
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-valuec

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

HR 
(95% CI)

p-valuea Compare 
p-valueb

GUSTO severe bleeding 28.62 
(23.32-35.14) <0.001 – 1.85 

(1.14-3.00) 0.013 – <0.001 21.64 
(16.91-27.68) <0.001 – 1.93 

(1.15-3.24) 0.013 – <0.001

GUSTO severe bleeding: 
spontaneous 
(non-procedure-related)

57.18 
(43.96-74.36) <0.001 <0.001 4.40 

(2.35-8.25) <0.001 0.20 33.32 
(24.22-45.83) <0.001 <0.001 3.78 

(1.94-7.38) <0.001 0.25

GUSTO severe bleeding: 
combined all 
procedure-related

8.14 
(4.35-15.23) <0.001 2.04 

(0.76-5.47) 0.16 5.55 
(2.46-12.53) <0.001 1.74 

(0.56-5.46) 0.339

ap-value for the estimated HR. bp-value for the comparison of spontaneous vs. procedure-related major bleeding. cp-value for the comparison of short-term and long-term major bleeding. 
CI: confidence interval; HR: hazard ratio; GUSTO: Global Utilization of Streptokinase and TPA For Occluded Arteries

Online Table 5. Relationship between GUSTO severe bleeding and all-cause mortality according to type of procedure-related bleeding.

Exposure

Unadjusted (n=18,624) Adjusted (n=14,509)

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-value for 
difference 
(short vs. 

long)

Short-term bleeding effect 
(≤30 days post bleed)

Long-term bleeding effect 
(>30 days post bleed)

p-value for 
difference 
(short vs. 

long)HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

GUSTO severe bleeding: 
CABG-related

11.22 
(7.99-15.77) <0.001 1.17 

(0.52-2.62) 0.70 <0.001 18.34 
(12.57-26.78) <0.001 1.13 

(0.42-3.04) 0.81 <0.001

GUSTO severe bleeding: cath 
(PCI or angio)-related

1.08 
(0.49-2.39) 0.850 0.44 

(0.06-3.17) 0.42 0.410 1.51 
(0.47-4.88) 0.49 0.65 

(0.09-4.66) 0.67 0.47

GUSTO severe bleeding: non- 
coronary-procedure-related

18.53 
(9.70-35.38) <0.001 1.72 

(0.24-12.38) 0.59 0.025 12.74 
(5.72-28.35) <0.001 1.64 

(0.23-12.00) 0.62 0.06

CI: confidence interval; HR: hazard ratio; GUSTO: Global Utilization of Streptokinase and TPA For Occluded Arteries


