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ABSTRACT

Background Limited data are available on the predictors and implications of gastro-
intestinal (GI) bleeding in ST-segment elevation myocardial infarction (STEMI) patients 
treated with primary percutaneous coronary intervention (PPCI) and dual antiplatelet 
therapy. 
Methods and results Predictors of and clinical outcome after GI bleeding were as-
sessed in 2002 STEMI patients undergoing PPCI between 1-1-2003 and 31-07-2008. 139 
patients suffered GI bleeding during a median follow up of 4.9 years. Predictors of GI 
bleeding were age, history of bleeding, anemia, baseline thrombocytopenia, previous 
coronary artery bypass grafting, cardiogenic shock, anterior infarction and the use of GP 
IIb/IIIa inhibitor. By multivariable analysis, a first occurrence of GI bleeding was associ-
ated with a twofold increase in risk of subsequent GI bleeding (hazard ratio (HR)  2.19; 
95% confidence interval (CI) 1.15 – 4.17). GI bleeding was not significantly associated 
with subsequent major adverse cardiac events (HR 1.33; 95% CI 0.98 – 1.79), cardiac 
mortality(HR 1.40; 95% CI 0.97 -  2.02) and all-cause mortality (HR 1.34; 95% CI 0.96 – 
1.85), recurrent MI (HR 0.97; 95% CI 0.58 – 1.63), stroke (HR 1.26; 95% CI 0.57 – 2.79) or 
stent thrombosis (HR 0.71; 95% CI 0.33 – 1.69). 
Conclusion Among STEMI patients undergoing PPCI, the risk of GI bleeding is related 
to a number of risk factors, including advanced age, previous (GI) bleeding, GP IIB/IIIA 
inhibitors, anterior infarction and anemia. GI bleeding does not substantially increase 
the risk of subsequent recurrent ischemic events in STEMI patients undergoing PPCI, 
whereas the risk of GI bleeding after a first occurrence is more than doubled.
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INTRODUCTION

Primary percutaneous coronary intervention (PPCI) in conjunction with potent anti-
thrombotic therapy has led to significant reductions in recurrent ischemic events and 
mortality in patients with ST-segment elevation myocardial infarction (STEMI).1-3 Un-
fortunately, these reductions were paralleled by an increase in iatrogenic hemorrhagic 
complications.3 Recent analyses have shown that particularly bleeding complications not 
related to arterial access site required for PCI are associated with adverse outcome.4, 5 Of 
these non-access site bleeding complications, gastrointestinal (GI) bleedings represent 
the most frequent source.4, 5 Therefore, identifying baseline predictors of GI-bleeding 
might be useful, as hemorrhage in the intestinal tract provides an attractive target for 
preventive measures, such as gastroprotective agents (proton pump inhibitors), lifestyle 
intervention, and avoidance of agents that cause ulceration of the GI tract (high dose 
aspirin, and other non-steroidal anti-inflammatory drugs (NSAIDs)).6 Previous studies 
have focused on predictors of GI bleeding occurring during the initial hospitalization. 
However, it is of particular interest to identify patients at high risk of GI bleeding after 
the initial hospital discharge, as these patients might derive most benefit of preventive 
treatment. 

Moreover, it is currently unknown whether patients who develop a GI bleeding after 
PPCI are at increased risk of subsequent GI bleeding complications. This is an important 
issue, given the need for prolonged antithrombotic therapy after drug eluting stent im-
plantation or for secondary prevention after STEMI and the distinctive bleeding profiles 
of the different antithrombotic agents. GI bleeding has been previously associated with 
an increased risk of subsequent mortality,7-9 but the influence of GI bleeding on recur-
rent ischemic events remains to be elucidated. 

Therefore, the aims of the current analysis are fourfold: 1) to investigate the incidence 
and predictors of GI-bleeding, both in-hospital and after hospital discharge, in STEMI 
patients treated with dual antiplatelet therapy undergoing PPCI, 2) to investigate if the 
instantaneous risk of a subsequent GI bleeding was increased after a first GI bleeding, 3) 
to investigate the relationship between GI bleeding and subsequent recurrent ischemic 
and hemorrhagic events and 4) to investigate the management of in-hospital GI bleed-
ing, including its effect on the rates of discontinuation of antithrombotic therapy.

METHODS

Source population and procedures

The data analyzed in this study were obtained from consecutive STEMI patients who 
were accepted for PPCI at the Academic Medical Center–University of Amsterdam 
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between January 1, 2003, and July 31, 2008. The study complied with the Declaration 
of Helsinki, and the local ethics committee approved the study protocol. In general, 
patients qualified for PPCI if they had typical ischaemic chest pain and at least 1 mm ST-
segment elevation in 2 or more contiguous leads, a new left bundle-branch block, or a 
true posterior myocardial infarction. Patients received a standard 300 – 600 mg loading 
dose clopidogrel. If a coronary stent was implanted, clopidogrel was prescribed for at 
least one month to patients with a bare metal stent and for six to 12 months to patients 
with a drug-eluting stent.  Patients were routinely pretreated with 300 mg aspirin and 
5000 IU unfractionated heparin (UFH). An additional heparin bolus was administered at 
the catheterization laboratory if necessary to achieve a targeted activated clotting time 
(ACT) of 300 seconds followed by an infusion of 12 U/kg/h with titration to achieve a 
target activated partial thromboplastin time (aPTT) of 1.5–2.0 times the control. Glyco-
protein IIb/IIIa inhibitors (GPIs) were used at the discretion of the operator. 

Procedural and angiographic data were prospectively collected in a dedicated data-
base. Chart review for consecutive STEMI patients with available aPTT measurements 
was performed in the context of a study designed to investigate the relationship be-
tween periprocedural aPTT and clinical outcome in STEMI patients treated with PPCI. A 
detailed description of the study protocol has been previously published.10 We obtained 
clinical history and detailed information on peri-procedural treatment from in-patients 
records in the PPCI center and referring hospitals. We obtained follow-up of clinical 
outcome, including reinfarction, stroke, stent thrombosis and bleeding, by reviewing 
in- and outpatients charts in the PPCI center and referring hospitals between 2011 and 
2012. For every patient, we systematically checked in-patients charts of every hospital 
admission for the occurrence of clinical events, including hemorrhagic events and their 
location. Follow-up of clinical events was censored at the actual date of chart review. 
Patients whose whereabouts could not be traced were considered lost to follow-up from 
the date of last known medical contact. Follow-up information regarding vital status 
was obtained from computerized, long-term mortality records from the National Death 
Index.  If a patient could not be identified in these records (e.g. foreign patients), censor-
ing was at the date of last contact. 

Study design

The study cohort consisted of all STEMI patients included in our study database, who 
were alive at the end of the procedure. This cohort has been previously described.5, 11  A 
GI bleeding was defined as an episode of hematemesis, blood in the nasogastric tube 
aspirate, melena, or red blood loss per anum. GI bleeding events were classified accord-
ing to the Bleeding Academic Research Consortium (BARC), Thrombolysis In Myocardial 
Infarction (TIMI), and Global Utilization of Streptokinase and Tissue Plasminogen Activa-
tor for Occluded Arteries (GUSTO) classifications12-14. For each gastrointestinal bleed-
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ing the following items were recorded in the database: the date of the bleeding, the 
hemoglobin decrease associated with the GI bleeding event (adjusted for the amount 
of transfusions), the number of blood transfusions, discontinuation of antithrombotic 
therapy associated with bleeding (including the date of discontinuation and the date of 
re-initiation), whether endoscopy was performed (including the date of the procedure), 
complications during endoscopic procedures, surgery to control GI bleeding, the use 
of vasoactive agents for GI bleeding, and the source of gastrointestinal bleeding (con-
firmed by endoscopy and imaging techniques). 

Cardiac mortality, recurrent MI, stent thrombosis (definite) and target lesion revas-
cularization (TLR) were defined according to the Academic Research Consortium (ARC) 
criteria.15 Stroke was defined as an irreversible neurological deficit, as classified by the 
treating neurologist, on the basis of supporting information, including brain images 
and neurologic evaluation. Chronic kidney disease (CKD) was defined as an estimated 
creatinine clearance < 60 ml/min/1.73m2. 16 

Statistical Analysis

Kaplan Meier analyses were used to estimate the cumulative GI bleeding rates at dif-
ferent time points and to plot time to GI bleeding curves. Predictors of in hospital GI 
bleeding were identified by performing a stepwise backward elimination logistic regres-
sion model. Predictors of GI bleeding occurring after discharge and predictors of all GI 
bleedings were identified using stepwise backward elimination Cox regression analyses. 
Candidate covariables considered for inclusion in these models were all the variables 
in table 1 with a significant relationship by univariate analysis (p < 0.10). In the model 
investigating predictors of GI bleeding after discharge we also included in-hospital 
GI bleeding and antithrombotic treatment at discharge (aspirin, thienopyridine and 
vitamin-K antagonist) as candidate covariables. 

To investigate the relationship between the occurrence of a GI bleeding and the risk 
of subsequent clinical outcome (major adverse cardiac events (MACE, a composite 
of cardiac mortality, recurrent MI, stroke and TLR), cardiac and non-cardiac mortality, 
recurrent MI, stent thrombosis, stroke and TLR), we developed 2 sets of Cox proportional 
hazards models for each outcome measure: unadjusted models and models adjusted 
for relevant predictors of these clinical outcomes. In these models, GI bleeding was 
treated as a time-updated covariate. Relevant predictors were identified by performing 
stepwise backward elimination Cox regression analyses. Entry criterion was set at p < 
0.05 and exit criterion was set at p = 0.10.

To analyze if a first GI bleeding would increase the instantaneous risk of a subsequent 
GI bleeding, we developed 2 additional regression models according to the method 
formulated by Andersen and Gill:17 unadjusted and adjusted for the previously identified 
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predictors of a first GI bleeding. In this model GI bleeding was treated both as outcome 
as well as a time updated covariate. 

Data were complete for all outcomes and for 18 out of 33 variables. Missing patient-
level covariates were assumed to be missing at random and were imputed with the use 
of multiple imputations. The imputation procedure and subsequent Cox proportional 
hazards regression estimation (including the regression according to Andersen and Gill) 
were performed according to Rubin’s protocol.18 All tests were 2-sided and a p value 
below 0.05 was considered statistically significant. Analyses were performed with Statis-
tical Package for Social Sciences software (SPSS version 19.0, Chicago, Illinois) and R (R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Of the 2002 patients investigated in the present analysis, a total of 139 suffered a GI 
bleeding during a median follow up of 4.9 years (IQR 3.4 – 6.4). The time to first occur-
rence of GI bleeding is depicted in figure 1. Median time from the day of PPCI to first 
occurrence of GI bleeding was 13 days (IQR 0 - 279). 77 patients (3.9 %) suffered a GI 
bleeding within 30 days, 104 patients (5.4 %) suffered a GI bleeding within one year, 115 
patients (6.1 %) suffered a GI bleeding within 3 years  and 137 patients (7.8%) suffer a GI 
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Figure 1. Cumulative incidence of gastrointestinal bleeding. 
Kaplan Meier curve showing time since primary percutaneous coronary intervention (PPCI) to first occur-
rence of gastrointestinal bleeding. The insert on the top right hand corner shows the Kaplan Meier curve 
for gastrointestinal bleeding in the first 30 days after PPCI in greater detail.
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bleeding within 6 years follow-up after PPCI. None of the GI bleeding events were fatal. 
The classification of GI bleeding events according to the BARC, TIMI and GUSTO bleeding 
classifications is given in Table 1. The source of GI bleedings is given in Table 2. Baseline 
clinical and procedural characteristics for patients with and without GI bleeding are 
given in Table 3. 

Table 1 Classification of gastrointestinal bleeding
Bleeding classification % n/N

BARC

BARC type 1 5.0 7/139

BARC type 2 32.3 45/139

BARC type 3a 46.0 64/139

BARC type 3b 16.5 23/139

TIMI

TIMI minimal 59.0 82/139

TIMI minor 28.1 39/139

TIMI major 12.9 18/139

GUSTO

GUSTO mild 51.4 71/139

GUSTO moderate 33.8 47/139

GUSTO severe 15.1 21/139

BARC indicates Bleeding Academic Research Consortium; TIMI: Thrombolysis In Myocardial Infarction; and 
GUSTO: Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Arteries.

Predictors of GI bleeding

Independent predictors of GI bleeding are presented in Table 4. GI bleeding was inde-
pendently predicted by advanced age, history of bleeding, anemia, baseline thrombo-
cytopenia, previous CABG, cardiogenic shock, anterior infarction, and the use of GP IIb/
IIIa inhibitor. The occurrence of in-hospital GI bleeding was predicted by female gender, 
diabetes, previous CABG, cardiogenic shock, chronic kidney disease, lack of clopidogrel 
loading dose and the use of GP IIb/IIIa inhibitor.

Figure 2 shows the Kaplan Meier curves for GI bleeding occurring after discharge ac-
cording to in-hospital GI bleeding status. Patients who suffered a GI bleeding during 
the initial hospitalization were more likely to suffer a recurrent GI bleeding event (16.7% 
versus 4.3%; p<0.001). By multivariable analysis, the adjusted risk for GI bleeding after 
discharge was three times higher for patient with in-hospital GI bleeding as compared 
to those without (Table 4 lower panel). Other predictors of GI bleeding after discharge 
were age, anemia, a history of bleeding, and thienopyridine or vitamin K antagonist at 
discharge.
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Table 2 Source of gastrointestinal bleeding in STEMI patientsa

  In hospital GI Bleeding All GI Bleeding

Upper gastrointestinal tract N (%) N (%)

Gastritis 6 (8.6) 10 (7.2)

Esophagitisb 6 (8.6) 13 (9.4)

Mallory-Weiss tear 4 (5.7) 6 (4.3)

Duodenal ulcer 3 (4.3) 8 (5.8)

Gastric ulcer 2 (2.9) 9 (6.5)

Esophageal polyp 1 (1.4) 1 (0.7)

Esophageal ulcer 1 (1.4) 2 (1.4)

Angiodysplasia 1 (1.4) 4 (2.9)

Zencker’s diverticulum 1 (1.4) 1 (0.7)

Trauma 1 (1.4) 1 (0.7)

Esophageal carcinoma 1 (0.7)

Gastric carcinoma 1 (0.7)

Lower gastrointestinal tract    

Ischemic colitis 6 (8.6) 8 (5.8)

Colon ulcer 1 (1.4) 1 (0.7)

Polyp 1 (1.4) 4 (2.9)

Trauma 1 (1.4) 1 (0.7)

Rectum carcinoma 4 (2.9)

Diverticular bleeding 8 (5.8)

Hemorrhoidal bleeding 4 (2.9)

Angiodysplasia 3 (2.2)

Crohn disease 2 (1.4)

Ulcerative colitis 1 (0.7)

Infectious colitis 1 (0.7)

Anal fissure 1 (0.7)

Other 1 (0.7)

No source identified 36 (51.4) 51 (36.7)

STEMI indicates ST-segment elevation myocardial infarction; GI: gastrointestinal.
a 1 case of hemorrhagic gastritis was confirmed by autopsy. 1 case of ischemic colitis was confirmed by CT 
abdomen and one other case of ischemic colitis was confirmed by autopsy. 
In the remaining cases the source of gastro intestinal bleeding was confirmed by endoscopy.
b Includes one case with an erosion at the Z-line.



55

Gastrointestinal bleeding in STEMI patients

Table 3 Baseline characteristics for patients with and without gastrointestinal bleeding

GI Bleeding (n = 139) No GI Bleeding (n = 1863) p-value

 Characteristic n/N (%) n/N (%)  

Age (yrs),mean (± SD) 66.6 (± 12.5) 61.7 (± 13.0) < 0.001

Male sex 96 (69.1) 1310 (70.3) 0.76

Bodymass index, median (IQR) 26.1 (23.9 - 29.4) 26.1 (24.2 - 28.8) 0.86

History of

Diabetes 29 (20.9) 248 (13.3) 0.013

Hypertension 54 (38.8) 704 (37.8) 0.80

Dyslipidemia 23 (16.5) 439 (23.6) 0.058

Current smoker 53 (38.1) 820 (44.0) 0.18

Previous stroke or TIA 14 (10.1) 111 (6.0) 0.053

History of bleeding 13 (10.4) 68 (3.7) 0.001

Chronic kidney diseasea 39 (32.0) 283 (16.7) < 0.001

Pre-existent malignant disease 15 (10.8) 140 (7.5) 0.16

Peripheral vascular disease 16 (11.5) 115 (6.2) 0.014

Recent surgery 4 (2.9) 18 (1.0) 0.037

Previous MI 24 (17.3) 225 (12.1) 0.074

Previous PCI 17 (12.2) 170 (9.1) 0.23

Previous CABG 11 (7.9) 34 (1.8) < 0.001

Family history of CAD 42 (30.2) 703 (37.7) 0.077

Laboratory values

Anemiaa 41 (29.5) 278 (14.9) < 0.001

Leucocyte count ≥ 11 x 109/L 71 (51.4) 968 (52.5) 0.81

Trombocyt count. x 109/L 0.030

<150 11 (7.9) 64 (3.5)

150-400 123 (88.5) 1713 (91.9)

>400 5 (3.6) 66 (3.6)

Procedural characteristics

Cardiogenic shock 25 (18.1) 127 (6.9) < 0.001

IABPc 28 (20.1) 231 (12.4) 0.009

Total ischemic time -  min 193 (126 - 271) 180 (130 - 262) 0.40

Clopidogrel loading dose 0.007

None 12 (8.7) 62 (3.4)

300 mg 91 (65.9) 1149 (63.7)

600 mg 35 (25.4) 583 (32.3)

other 0 (0.0) 11 (0.6)

PCI access site 0.55

femoral 134 (96.4) 1776 (95.4)

radial 5 (3.6) 69 (3.7)

Other or combinations 0 (0.0) 16 (0.9)
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Table 3 Baseline characteristics for patients with and without gastrointestinal bleeding (continued)

GI Bleeding (n = 139) No GI Bleeding (n = 1863) p-value

GP IIb/IIIa inhibitor 54 (38.8) 510 (27.4) 0.004

Infarct related artery 0.012

RCA/LCx 62 (45.9) 1028 (54.1)

LM/LAD 73 (54.1) 774 (43.0)

TIMI flow pre procedure 0.81

0/1 90 (72.0) 1223 (73.0) 0.47

2/3 35 (28.0) 453 (27.0)

TIMI flow post procedure 0.15

0/1 7 (5.4) 54 (3.1)

2/3 123 (94.6) 1707 (96.9)

Multivessel disease 64 (47.8) 651 (36.3) 0.048

Chronic total occlusion 23 (17.2) 247 (13.8)

Stenting 0.57

DES 4 (3.5) 41 (2.6)

BMSd 111 (96.5) 1544 (97.4)

Number of lesions treated 0.72

0 7 (5.0) 73 (3.9)

1 128 (92.1) 1752 (94.0)

2 4 (2.9) 35 (1.9)

3 0 (0.0) 3 (0.2)

GI indicates gastrointestinal; SD: standard deviation; IQR: interquartile range; TIA: transient ischemic at-
tack; MI: myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery bypass 
grafting; CAD: coronary artery disease; IABP indicates intra-aortic balloon pump; LM: left main artery; LAD: 
left anterior descending artery; LCx: left circumflex artery; RCA: right coronary artery; TIMI: thrombolysis in 
myocardial infarction; IRA: infarct related artery; BMS: bare metal stent; DES: drug eluting stent; other ab-
breviations as in table 1.
a Chronic kidney disease was defined as an estimated creatinine clearance < 60 ml/min/1.73m2.(16) Creati-
nine clearance was estimated using the Cockcroft Gault equation.
b Anemia was defined as baseline hemoglobin less than 13 g/dL for males and less than 12g/dL for females 
c Includes 15 patients who received hemodynamic support with the Impella percutaneous left ventricular 
assist device.
d Includes 10 patients who were treated with an endothelial progenitor cell capturing stent.
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Table 4 Multivariable predictors of gastro-intestinal bleeding after STEMI 

Characteristic HR 95 % CI p-Value

Any GI bleeding

Previous CABG 2.94 1.56 5.55 0.001

Cardiogenic shock 2.29 1.46 3.61 < 0.001

History of bleeding 2.07 1.14 3.73 0.016

Baseline thrombocyte count. x 109/L

< 150 2.07 1.10 3.91 0.024

150 - 400 - - -      -

> 400 1.13 0.46 2.79 0.793

Anemiaa 1.87 1.26 2.79 0.002

Glycoprotein IIb/IIIa inhibitor 1.62 1.14 2.31 0.007

Infarct related artery

RCA/LCx - - - -

LM/LAD 1.55 1.10 2.17 0.012

Age (per 10 year increment) 1.29 1.13 1.49 < 0.001

Predictors of in hospital GI bleeding OR 95 % CI p-Value

Previous CABG 3.85 1.57 9.46 0.003

Cardiogenic shock 3.77 2.10 6.78 < 0.001

Clopidogrel loading dose

300 mg - - -    -

600 mg 1.14 0.64 2.03 0.653

No loading doseb 3.38 1.54 7.38 0.002

Chronic kidney disease 2.80 1.60 4.91 < 0.001

Glycoprotein IIb/IIIa inhibitor 1.99 1.19 3.34 0.009

Female gender 1.93 1.04 3.56 0.036

Diabetes 1.76 0.97 3.21 0.064

Predictors of GI bleeding after discharge HR 95 % CI p-Value

Thienopyridin at discharge 4.38 1.29 14.84 0.018

History of bleeding 3.08 1.51 6.30 0.002

In hospital GI bleeding 2.80 1.25 6.27 0.012

Vitamin K antagonist at discharge 2.41 2.36 2.46 0.002

Anemiaa 2.33 1.38 3.95 0.002

Infarct related artery

RCA/LCx - - - -

LM/LAD 1.59 1.00 2.52 0.051

Age (per 10 year increment) 1.33 1.21 1.46 0.003

STEMI indicates ST-segment elevation myocardial infarction; HR: hazard ratio; CI: confidence interval; GI: 
gastrointestinal; CABG: coronary artery bypass grafting; RCA: right coronary artery; LCx: left circumflex ar-
tery; LM: left main artery; LAD: left anterior descending artery; OR: odds ratio
a Anemia was defined as baseline hemoglobin less than 13 g/dL for males and less than 12g/dL for females.
b Includes patients previously treated with clopidogrel.
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Clinical outcome after GI bleeding

In total, 16 patients suffered 2 or more GI bleeding episodes, including 1 that  suffered 
3 GI bleeding episodes. The Kaplan Meier curve for a second GI bleeding after a first 
bleeding event is displayed in figure 3. The unadjusted and adjusted relationship be-
tween first occurrence of GI bleeding and subsequent outcomes is displayed in Table 
5. By univariate analysis, GI bleeding was associated with a higher risk of subsequent 
MACE, all-cause-, cardiac and non-cardiac mortality. After multivariable adjustment, 
the relationship between GI bleeding and subsequent MACE, cardiac, and all-cause 
mortality lost its significance by conventional statistical standards. Nonetheless, there 
was a trend towards a higher adjusted risk of MACE, cardiac and all-cause mortality. Of 
note, after a first GI bleeding the adjusted risk of a subsequent GI bleeding was more 
than doubled (HR 2.19, 95% CI 1.15 – 4.17 p=0.020).  Table 6 shows secondary outcomes 
associated with GI bleeding. Of note, in a total of 18.0% of patients, GI bleeding resulted 
in hemodynamic compromise and discontinuation of antiplatelet therapy. In almost half 
of the patients with GI bleeding, blood transfusion were administered. 

No in-hospital GI bleeding

In-hospital GI bleeding

No. at risk
In-hospital GI Bleeding

No in-hospital GI bleeding
47

1788
40

1668
37

1612
35

1540
30

1237
24

912
17

594

Log rank p < 0.001

16.7%

4.3%

Figure 2. Cumulative incidence of gastrointestinal bleeding after discharge. 
Kaplan Meier curves for gastrointestinal (GI) bleeding occurring after hospital discharge among survivors of 
the initial hospitalization according to in hospital GI bleeding status. The red line indicates the Kaplan Meier 
curve for patients with in hospital GI bleeding. The blue line indicates the Kaplan Meier curve for those 
without in-hospital GI bleeding. Patients who suffered a GI bleeding during the initial hospitalization were 
more likely to suffer a subsequent GI bleeding event (16.7% versus 4.3%; p<0.001).
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Table 5 Clinical outcome after gastrointestinal bleeding

Unadjusteda Adjustedb

Outcome
GI 

bleeding
No GI 

bleeding
HR 95% CI p-value HR 95% CI p-value

MACE 50 637 2.19 1.64 2.93 < 0.001 1.33 0.98 1.79 0.066

Death 49 394 2.95 2.19 3.98 < 0.001 1.34 0.96 1.85 0.083

Cardiac 39 300 3.22 2.31 4.52 < 0.001 1.40 0.97 2.02 0.071

Non cardiac 10 94 2.20 1.14 4.22 0.018 1.17 0.58 2.34 0.67

Recurrent MI 16 272 1.47 0.89 2.44 0.14 0.97 0.58 1.63 0.90

Stent thrombosis 2 77 0.78 0.19 3.20 0.73 0.71 0.34 1.47 0.66

Stroke 7 80 2.03 0.93 4.41 0.074 1.26 0.57 2.79 0.57

TLR 6 198 0.83 0.37 1.87 0.65 0.75 0.33 1.69 0.45

GI bleedingc 16 - 4.44 2.68 7.34 < 0.001 2.19 1.15 4.17 0.017

GI indicates gastrointestinal; HR: hazard ratio; CI: confidence interval; MACE: major adverse cardiac events; 
MI: myocardial infarction; TLR: target lesion revascularization.
a Unadjusted hazard ratios were calculated using Cox regression analyses including the occurrence of a first 
GI bleeding as a time-dependent covariate.
b Adjusted hazard ratios were calculated using Cox regression analyses including the occurrence of a first GI 
bleeding as a time-dependent covariate, adjusting for relevant predictors of the clinical outcomes. 
c Hazard ratios for subsequent GI bleeding after a first occurrence of GI bleeding were calculated using 
Andersen-Gill regression models. In these models GI bleeding was treated both as an outcome as well as a 
time-updated covariate.

Second occurrence of GI bleeding

No. at risk 139 93 48 3478 66 20

17.1%

Figure 3. Cumulative incidence of gastrointestinal bleeding after a first occurrence of gastrointestinal 
bleeding.
Kaplan Meier plot showing the time since first occurrence of gastrointestinal bleeding to second occur-
rence of GI bleeding. GI indicates gastrointestinal. 
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Management of in-hospital GI bleeding

In total, 87.0% (60/69) of patients with an in hospital GI bleeding were treated with 
a proton pump inhibitor (PPI). Of the patients with an in hospital GI bleeding, 73.5% 
(36/49) were on proton pump inhibition at discharge, as compared to 24.8% (442/1785) 
of patients who did not suffer an in-hospital GI bleeding (p<0.001). In total 36 patients 
(51.4%) underwent endoscopy. Baseline  and procedural characteristics of the bleeding 
event of those who did and those who did not undergo endoscopy are given in Table 
1 of the online supplemental data. Although most of the differences between the two 
groups did not reach statistical significance, there were notable numerical differences 
between the two groups. For instance, patients who did not undergo endoscopy more 
often had cardiogenic shock, more often required hemodynamic support and had a 
larger infarct size. Table 2 of the online data supplement shows bleeding characteristics 
of those who did and those who did not undergo endoscopy during the initial hospital 
admission. In those who underwent endoscopy, the GI bleeding resulted in a higher rate 
of blood transfusions and  antiplatelet therapy was more frequently discontinued.

Gastroscopy was performed in 31 patients, with a median time from PPCI to gastros-
copy of 2 days (IQR 0 – 7 days). All gastroscopies were performed within one day of the 

Table 6 Secondary outcomes associated with gastrointestinal bleeding according to endoscopy status.

Total No endoscopy Endoscopy p-valuea

N = 139 N = 61 N = 78  

Transfusion 0.13

None 72 (51.8) 33 (54.1) 38 (49.4)

1 PRBC 49 (35.3) 17 (27.9) 32 (41.6)

2 PRBCs 18 (12.9) 11 (18.0) 7 (9.1)

Hemoglobin decrease 1.5 (0.4 - 2.53) 1.4 (0.45-2.6) 1.5 (0.4 - 2.6) 0.91

Hemoglobin decrease 0.71

0 - 3 g/dL 81 (58.7) 36 (59.0) 45 (58.4)

3 - 5 g/dL 38 (27.5) 18 (29.5) 20 (26.0)

≥ 5 g/dL 19 (13.8) 7 (11.5) 12 (15.6)

Hemodynamic compromise 25 (18.0) 11 (18.0) 14 (17.9) 0.99

Use of Inotropes 6 (4.3) 2 (3.3) 4 (5.1) 0.60

Surgery to control bleeding 1 (0.7) 1 (1.6) 0 (0.0) 0.26

Discontinuation of antithrombotic therapy 41 (29.5) 11 (18.0) 30 (38.5) 0.009

Discontinuation of antiplatelet therapy 25 (18.0) 7 (11.5) 18 (23.1) 0.078

Aspirin 11 (7.9) 1 (1.6) 10 (12.8) 0.016

  Thienopyridin 20 (14.4) 6 (9.8) 14 (17.9) 0.18

PRBC indicates packed red blood cell; other abbreviations as in table 2.
a P-value for the comparison of endoscopy versus no endoscopy.
Values are presented as number (%), mean ± standard deviation or median and inter-quartile range (IQR). 



61

Gastrointestinal bleeding in STEMI patients

bleeding event.  Diagnostic indications for gastroscopy included hematemesis (19/31; 
61.3%), melena (18/31; 58.1%), red blood loss per anum (2/31; 6.5%) and/or blood in the 
nasogastric tube aspirate (3/31; 9.7%). Following gastroscopy, a diagnosis was made in 
24 of the patients resulting in  a diagnostic yield of 77.4%. The most common causes 
of upper GI bleeding included gastritis, esophagitis and Mallory Weiss tear.  In total 6 
patients underwent endoscopic treatment which included hemoclips (2) and electroco-
agulation with epinephrine administration (4).  Additional colonoscopy was performed 
in three patients, but this did not result in a diagnosis for the GI bleeding.

Colonoscopy was performed in 8 patients, with a median time from STEMI to colonos-
copy of 10 days (IQR 1 – 30 days)  and a median time from bleeding event to colonoscopy 
of 3 days (0 – 20 days). Diagnostic indications for colonoscopy were melena (6/8; 75.0%) 
and/or bright red blood per rectum (4/8; 50.0%). Following colonoscopy, a diagnosis 
was made in 6 of the patients yielding a diagnostic yield of 75.0%. No major complica-
tions were reported during and following any of the endoscopic procedures. However, 
in one patient the colonoscopy was prematurely stopped due to vomiting of the patient.

Aspirin and clopidogrel were each discontinued in 7 patients with GI bleeding after 
a median of 11 days after PPCI (in 6 of these patients both agents were discontinued). 
In 4 patients the antiplatelet therapy was subsequently reinitiated after a median of 
3 days. In 5 out of the 7 patients in whom aspirin or clopidogrel were discontinued a 
bare metal stent was implanted during the index procedure. In the remaining 2 no stent 
was implanted. In none of these patients a stent thrombosis or recurrent ischemic event 
occurred during the initial hospitalization. A vitamin K antagonist was discontinued in 3 
patients with in-hospital GI bleeding, and subsequently reinitiated in 2 patients after a 
median duration of  9 days.

DISCUSSION

The main findings of our study can be summarized as follows: 1) In STEMI patients under-
going PPCI, GI bleeding occurred in 3.9% of patients within 30 days and 7.8% of patients 
within 6 years follow-up. 2) Predictors of the occurrence of GI bleeding consisted of 
advanced age, characteristics associated with end organ hypoperfusion (anterior infarc-
tion, cardiogenic shock), correlates of a previous bleeding (history of bleeding, anemia), 
and coagulation abnormalities (thrombocytopenia and use of antithrombotic therapy 
(vitamin K antagonist, thienopyridine, and glycoprotein IIb/IIIa inhibitors). 3) After a GI 
bleeding the risk of a subsequent GI bleeding was more than doubled. 4) To our best 
knowledge, the present study is the first to explore the relationship between GI bleed-
ing and recurrent ischemic events including stroke, stent thrombosis and recurrent MI 
in multivariable models and found no significant relationship between GI bleeding and 
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these outcomes. Moreover, GI bleeding was only marginally associated with mortality, 
possibly because GI bleeding tends to occur in patients with a high cardiovascular risk 
profile.

Incidence and predictors of GI bleeding  

Data on the long term occurrence of GI bleeding in PPCI treated STEMI patients are 
scant. In the present analysis we found that approximately 8% of STEMI patients devel-
oped a GI bleeding within 6 years follow-up. The in-hospital occurrence of GI bleeding 
has been found to vary between 0.72% in patients undergoing PCI and 3.5% in STEMI 
patients.19, 20  The higher incidence of GI bleeding in PPCI treated STEMI patients can be 
explained by the higher prevalence of cardiogenic shock in STEMI patients as compared 
to unstable angina and NSTEMI.21 Cardiogenic shock results in hypoperfusion and isch-
emia of intestinal mucosa, which has been shown to play a key role in the pathogenesis 
of stress-related mucosal injury and precede gastric ulceration.22 Other characteristics 
common to STEMI patients that may exacerbate gastric ulceration include mechanical 
ventilation and thrombocytopenia.23 

In the present study, CKD was an independent predictor of in hospital GI bleeding. 
Several mechanisms for the relationship between CKD and GI bleeding have been pro-
posed. First, underlying upper gastrointestinal lesions such as ulcers and angiodysplasia 
are more prevalent among patients with CKD.24 Second, CKD is associated with platelet 
dysfunction, which results in an increased propensity for mucosal bleeding.25 And third, 
the interaction between platelets and the vessel wall is impaired in patients with renal 
failure, resulting in an increased risk of bleeding.26

We found that after a GI bleeding the risk of suffering a subsequent GI bleeding more 
than doubled. Accordingly, the European Society of Cardiology currently recommends 
considering gastric protection in patients with a history of GI bleeding, and those with 2 
or more of the following risk factors for GI bleeding: advanced age, use of anticoagulants, 
steroids or non-steroidal anti-inflammatory drugs including high dose aspirin, and He-
licobacter pylori infection.27 In addition to advanced age and use of anticoagulants, our 
study identified anemia and anterior infarction as risk factors for GI bleeding occurring 
after discharge. Our findings, taken together with previous studies, suggest that proton 
pump inhibition should be considered in patients with anemia, even if they have no 
known history of prior GI bleeding.7, 19 Prasugrel was associated with an increased risk of 
GI bleeding in the TRial to assess Improvement in Therapeutic Outcomes by optimizing 
platelet InhibitioN with prasugrel Thrombolysis In Myocardial Infarction 38 (TRITON-TIMI 
38) and ticagrelor was associated with a trend towards an increase in GI bleedings in the 
Study of Platelet Inhibition and Patient Outcomes (PLATO).28, 29 Since there is no pharma-
cological interaction between PPIs and these novel P2Y12 inhibitors, there might be a 
potential benefit of routine proton pump inhibition in patients treated with these P2Y12 
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inhibitors. In addition, clopidogrel might be preferred over prasugrel in patients at high 
risk of a GI bleeding, such as the elderly,  patients with anemia and those with a previ-
ous episode of GI bleeding. Other strategies aimed at minimizing recurrent GI bleeding 
could be reduced duration of dual antiplatelet therapy, and lifestyle interventions aimed 
at reducing the risk of gastric or duodenal ulceration, such as cessation of smoking or 
alcohol use.

Clinical outcome following GI bleeding

In the present study , GI bleeding was associated with long term mortality by univariate 
analysis, but lost its statistical significance after multivariable analysis. The lack of a sta-
tistical significant relationship  between GI bleeding and subsequent mortality is likely 
multifactorial. First, GI bleeding tends to occur in patients with an unfavorable baseline 
risk profile, such as anemia, poor renal function and cardiogenic shock. Second, whereas 
previous studies have reported an association between bleeding, discontinuation of 
antiplatelet therapy , recurrent ischemic events and death, in the current study none of 
the patients who discontinued their antiplatelet medication suffered recurrent ischemic 
events. Third, there were no fatal cases of GI bleeding in our dataset. In the PLATO and 
TRITON TIMI-38 GI bleeding was a frequent source of fatal bleeding.28, 30 Fourth, previous 
studies have suggested that the impact of bleeding on mortality is limited to the first 
month after the bleeding event.31 Finally, the fact that some studies have reported an 
association between GI bleeding and mortality might be the result of residual confound-
ing. 

Limitations

Several limitations of the study should be considered. First, the present analysis was 
performed in the setting of dual antiplatelet therapy with aspirin and clopidogrel. Novel 
P2Y12 inhibitors have emerged, and our results may not be directly applicable to next 
generation antiplatelet therapy. 

Second, we had no data on long term antiplatelet medication use. Therefore we were 
unable to assess the impact of long-term antiplatelet medication use on risk of subse-
quent GI bleeding. 

Finally, it is possible that we were underpowered to find a statistical significant rela-
tionship between GI bleeding and subsequent MACE and mortality. 

CONCLUSION

Among STEMI patients undergoing PPCI, the risk of GI bleeding is related to a number 
of modifiable and non-modifiable risk factors, including advanced age, previous (GI) 
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bleeding, use of oral anticoagulants, GP IIB/IIIA inhibitors, anterior infarction and ane-
mia. After a first occurrence of GI bleeding, a patient’s risk of subsequent GI bleeding 
was more than twofold increased. Therefore, physicians should be urged to identify and 
treat the underlying source of the GI bleeding. In patients at high risk of GI bleeding, 
aggressive proton pump inhibition in conjunction with less potent and shorter duration 
antiplatelet therapy might aid in minimizing the incidence and adverse consequences 
of GI bleeding.
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SUPPLEMENTARy 

Table 1. Baseline and procedural characteristics for patients with in hospital GI bleeding according to en-
doscopy status

Characteristic No endoscopy Endoscopy p-value

N=34 (48.6%) N=36 (51.4%)

Age (yrs) 68.5 (56.5-77.0) 68 (57-77.5) 0.93

Male gender 27/34 (79.4) 27/36 (75) 0.66

Bodymass index 25.7 (23.1 - 29.4) 26.8 (24.4 - 29.6) 0.38

History of

Diabetes 11/34 (32.4) 7/36 (19.4) 0.22

Hypertension 7/34 (20.6) 16/36 (44.4) 0.034

Dyslipidemia 8/34 (23.5) 2/36 (5.6) 0.032

Current smoker 10/34 (29.4) 16/36 (44.4) 0.19

Previous stroke or TIA 3/34 (8.8) 5/36 (13.9) 0.51

Bleeding 3/34 (8.8) 3/36 (8.3) 0.94

Chronic kidney disease a 18/29 (62.1) 19/32 (59.4) 0.83

Malignant disease 4/34 (11.8) 3/36 (8.3) 0.63

Peripheral artery disease 4/34 (11.8) 6/36 (16.7) 0.56

Recent surgery 1/34 (2.9) 1/36 (2.8) 0.97

Previous MI 5/34 (14.7) 8/36 (22.2) 0.42

Previous PCI 7/34 (20.6) 1/36 (2.8) 0.019

Previous CABG 3/34 (8.8) 5/36 (13.9) 0.51

Family history of CAD 10/34 (29.4) 10/36 (27.8) 0.88

Laboratory values

Anaemia b 10/34 (29.4) 10/36 (27.8) 0.88

White blood cell count ≥ 11 x 10 18/34 (52.9) 21/36 (58.3) 0.65

Trombocyt count, x 109/L 0.19

<150 7/34 (20.6) 1/36 (2.8)

150-400 27/34 (79.4) 34/36 (94.4)

>400 0/34 (0) 1/36 (2.8)

Procedural characteristics

Shock 12/34 (35.3) 9/36 (25.0) 0.35

IABP c 13/34 (38.2) 10/36 (27.8) 0.35

Ischemic time -  min 212 (124-347) 195 (157-394) 0.63

Peak CKMB release 369.7 (53.9-588.8) 193.6 (83.7-515.4) 0.72

Clopidogrel loading dose 0.50

None† 4/33 (12.1) 7/36 (19.4)

300 mg 18/33 (54.5) 21/36 (58.3)

600 mg 11//33 (33.3) 8/36 (22.2)
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Table 1. Baseline and procedural characteristics for patients with in hospital GI bleeding according to en-
doscopy status (continued)

Characteristic No endoscopy Endoscopy p-value

N=34 (48.6%) N=36 (51.4%)

PCI access site 0.33

femoral 34/34 (100) 35/36 (97.2)

radial 0/34 (0) 1/36 (2.8)

Total bolus unfractionated heparin, IU/kg 10000 (7500-13750) 10000 (9375 - 11750) 0.91

GP IIb/IIIa inhibitor 14/34 (41.2) 19/36 (52.8) 0.33

Infarct related artery 0.55

RCA/LCx 16/33 (48.5) 14/34 (41.2)

LM/LAD 17/33 (51.5) 20/34 (58.8)
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Table 2. Continued from page 1.

Characteristic No endoscopy Endoscopy p-value

N=34 (%) N=36 (%)

TIMI flow pre procedure 0.45

0/1 21/29 (72.4) 25/31 (80.6)

2/3 8/29 (27.6) 6/31 (19.4)

TIMI flow post procedure 0.49

0/1 2/29 (6.9) 4/33 (12.1)

2/3 27/29 (93.1) 29/33 (87.9)

Multivessel disease 21/33 (63.6) 15/34 (44.1) 0.11

Chronic total occlusion 7/33 (21.2) 8/34 (23.5) 0.82

Stenting 26/34 (76.4) 27/36 (75.0) 0.34

BMS d 24/34 (70.6) 27/36 (75.0)

DES 2/34 (5.9) 0/36 (0)

Number of lesions treated 0.71

0 3 (8.8) 3 (8.3)

1 26 (67.5) 27 (75)

2 4 (11.8) 6 (16.7)

3 1 (2.9) 0 (0.0)

a Chronic kidney disease was defined as an estimated creatinine clearance  < 60 ml/min/1.73m2.  Creatinine 
clearance was estimated using the Cockcroft Gault equation. 
b Anemia was defined as baseline hemoglobin less than 13 g/dL for males and less than 12g/dL for females.
c Includes 15 patients who received hemodynamic support with the Impella percutaneous left ventricular 
assist device.
d Includes 10 patients who were treated with an endothelial progenitor cell capturing stent.
GI indicates gastrointestinal; SD: standard deviation; IQR: interquartile range; TIA: transient ischemic at-
tack; MI: myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery bypass 
grafting; CAD: coronary artery disease; IABP indicates intra-aortic balloon pump; LM: left main artery; LAD: 
left anterior descending artery; LCx: left circumflex artery; RCA: right coronary artery; TIMI: thrombolysis in 
myocardial infarction; IRA: infarct related artery; BMS: bare metal stent; DES: drug eluting stent; other ab-
breviations as in table 1.
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Table 2. Secondary outcomes associated with in hospital gastrointestinal bleeding according to endos-
copy status

No endoscopy Endoscopy p-value

N=34 (%) N=36 (%)  

Transfusions, median (IQR) 0.0 (0.0 - 1.0) 1.0 (0.0-1.0) 0.028

Transfusion 0.025

None 21/34 (61.8) 14/36 (38.9)

1 PRBC 12/34 (35.3) 15/36 (41.7)

2 PRBC 1/34 (2.9) 7/36 (19.4)

Hemoglobin decrease, median (IQR) 2.2 (1.3-2.8) 2.4 (1.6-3.5) 0.29

Hemoglobin decrease 0.24

0 - 3 g/dL 13/34 (38.2) 11/36 (30.6)

3 - 5 g/dL 16/34 (47.1) 15/36 (41/7)

≥ 5 g/dL 5/34 (14.7) 10/36 (27.8)

Hemodynamic compromise, n/N (%) 5/34 (14.7) 8/36 (22.2) 0.42

Use of Inotropes, n/N (%) 2/34 (5.9) 3/36 (8.3) 0.69

Surgery to control bleeding, n/N (%) 1/34 (2.9) 0/36 (0.0) 0.30

Discontinuation of antithrombotic therapy, n/N (%) 6/34 (17.6) 11/36 (30.6) 0.41

Discontinuation of antiplatelet therapy, n/N (%) 0/34 (0) 7/36 (19.4) 0.007

Aspirin 0/34 (0.0) 5/36 (13.9) 0.024

  Thienopyridin 0/34 (0) 7/36 (19.4) 0.007

a P-value for the comparison of endoscopy versus no endoscopy.
PRBC indicates packed red blood cell.




