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Abstract 
 

The objective of the present study is to investigate the effect of clopidogrel and proton pump in-
hibitors (PPIs) on upper gastrointestinal bleeding and adverse cardiovascular events in acute myo-
cardial infarction (MI) patients after percutaneous coronary intervention (PCI). A total of 240 pa-
tients receiving emergent PCI due to acute MI were recruited from January 2009 to November 
2010. After admission, patients were treated with aspirin (300 mg) and clopidogrel (600 mg) on 
the first day and then with aspirin at 100 mg/d and clopidogrel at 75 mg/d for antiplatelet therapy. 
These patients were randomly assigned into Omeprazole (40 mg/d) group (n=83), Pantoprazole 
(40 mg/d) group (n=80) and Famotidine (40 mg/d) group (n=77). Treatment was done for 5-7 
days and patients were followed up for 1 month. The gastrointestinal bleeding and in-stent 
restenosis were observed. There was no marked difference in the incidence of gastrointestinal 
bleeding between Omeprazole group and Pantoprazole group, but that in the former two groups 
was significantly higher than in the Famotidine group. No dramatic difference was observed in the 
incidence of in-stent restenosis among three groups.  Treatment with PPI may not increase the risk 
for in-stent re-stenosis in acute MI patients receiving PCI, but PPI treatment can significantly re-
duce the incidence of gastrointestinal bleeding when compared with histamine H2-receptor an-
tagonist.  
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Introduction 
 

To date, aspirin in combination with clopidogrel, a plate-
let ADP receptor antagonist, has been used as a standard-
ized anti-platelet therapy in patients receiving percutane-
ous coronary intervention (PCI), which aims to prevent 
the stent thrombosis. With the application of two anti-
platelet drugs, the incidence of gastrointestinal bleeding is 
increasing concomitantly. In 2007, American College of 
Cardiology (ACC) and American Heart Association 
(AHA) recommended in their guidelines that proton pump 
inhibitor (PPI) can be applied in patients with a history of 
gastrointestinal bleeding when the aspirin and/or clopido-
grel is used. In recent years, some studies revealed that 
PPI may not only effectively prevent the gastrointestinal 
bleeding but influence the anti-platelet therapy of clopi-
dogrel to increase the risk for adverse cardiovascular 
events (ACE) [1, 2]. In addition, a variety of studies have  

 
shown that combined use of clopidogrel and aspirin may 
not compromise the platelet function and has no influence 
on the risk for ACE [3, 4]. Currently, there is still contro-
versy on the influence of PPI on the anti-platelet effect of 
clopidogrel. In the present study, the short term influence 
of omeprazole and pantoprazole on the anti-platelet effect 
of clopidogrel was investigated aiming to explore the cor-
relation between PPI and ACE after PCI. 

 
Subjects and Methods  
 
Subjects  
A total of 240 patients receiving emergent PCI due to 
acute myocardial infarction (MI) in ICU of Beijing Chao-
yang Hospital were recruited from March 2010 to March 
2011. The inclusion criteria were as follows (Table 1): 33-
77 years; MI with or without ST segment elevation which 
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was confirmed by coronary angiography within 12 h after 
MI onset; normal platelet count. Exclusion criteria: a his-
tory of gastritis, gastrointestinal ulcer or gastrointestinal 
bleeding; cerebrovascular events within past 1 year; a 
history of coagulation disorders or coagulation related 
hematological diseases; presence of contradictions for 
anti-platelet therapy or anti-coagulation therapy. MI was 
defined as a creatine kinase MB level that was more than 
twice the upper limit of normal range and either symp-
toms consistent with acute MI or electrocardiographic 
changes in at least two contiguous leads (pathologic Q 
waves _ 0.04 sec in duration), persistent ST-segment ele-
vation, or ST-segment depression > 0.1 mV) [5,6].  
 

Methods  
Patients were randomly assigned into three groups with a 
random number table: omeprazole (40 mg/d; n=83) 
group, pantoprazole (40 mg/d; n=80) group and famo-
tidine (40 mg/d; n=77) group. Treatment was initiated 
immediately after surgery and continued for 3 days. All 
patients were treated with two anti-platelet drugs. In brief, 
300 mg of aspirin and 600 mg of clopidogrel were admin-
istered on the first day, and then patients were treated with 
aspirin at 100 mg/d, clopidogrel at 75 mg/d for mainte-
nance and subcutaneous injection of heparin. Patients 
were followed up for 30 days after surgery via hospital 
visit, hospitalization and/or telephone. The endpoints in-
cluded gastrointestinal bleeding; in-stent restenosis; acute 
or subacute thrombosis. The gastrointestinal bleeding was 
defined when the haematemesis and positive vomit occult 

blood test or hematochezia and positive fecal occult blood 
test were present. In-stent restenosis was defined when  
the coronary angiography after recurrence of ACS con-
firmed in-stent restenosis (≥ 50% luminal stenosis). Acute  
thrombosis was defined when the in-stent thrombotic oc-
clusion was present within 24 h after stent placement. 
Subacute thrombosis was defined when the coronary an-
giography confirmed the in-stent thrombotic occlusion at 
24 h to 30 days after stent placement.   
 

Statistical analysis 
SPSS version 12.0 for Windows was used for statistical 
analysis. Qualitative data were compared with chi square 
test. Quantitative data were expressed as means ± stan-

dard deviation ( X ±S) and analysis of variance was em-
ployed to compare the means among different groups. A 
value of P<0.05 was considered statistically significant.  

 
Results  
 
Characteristics of patients in three groups 
There were no marked differences in the age, gender, 
body mass index, proportion of patients with hyperten-
sion, diabetes or hyperlipidemia, proportion of patients 
with ST segment elevation MI or non-ST segment eleva-
tion MI, proportion of patients with aortic balloon coun-
terpulsation and proportion of patients treated with plate-
let membrane glycoprotein IIb/IIIa receptor antagonist 
among three groups (P>0.05) (Table 2).  

 
Table 1. Inclusion Criteria and Exclusion Criteria 
 
Inclusion criteria Exclusion criteria 
Age: 33-70 years A history of gastritis, peptic ulcer or gastrointestinal bleeding. 
Acute MI with or without ST segment elevation 
confirmed by emergency coronary angiography 
within 12 h after MI onset 

Cerebrovascular accident within 1 year  
 

Normal platelet count 
A history of coagulation disorders and coagulation  
disorder-related blood disease. 

 Contraindications of antiplatelet and anticoagulant therapy. 
 

Table 2. Characteristics of patients in three groups at baseline 
 

 Omeprazole Pantoprazole Famotidine P 
Total 83 80 77  
Male, n(%) 59 (71%) 55 (69%) 50(65%) 0.702 
Female, n(%) 24(29%) 25 (31%) 27 (35%) 0.702 
Age (yr) 62±10.7 64±9.6 63±11.3 0.45 
Hypertension , n(%) 53(64%) 61 (76%) 52(68%) 0.215 
Diabetes, n(%) 20 (24%) 24(30%) 18(23%) 0.58 
Hyperlipidemia 29 26 32 0.49 
ST segment elevation MI 58(69%) 60(75%) 49(63%) 0.296 
non-ST segment elevation MI 25(30%) 20(25%) 28(36%) 0.34 
aortic balloon counterpulsation 9 (11%) 10(13%) 12 (16%) 0.695 
IIb/IIIa receptor antagonist 21(25%) 20(25%)       (25%)                   0.998           
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Table 3. Site of MI, killip grade and coronary injury in three groups 
 
 Omeprazole Pantoprazole Famotidine P 
Site of MI     

Anterior wall, n(%) 40 (48%) 34 (43%) 38 (49%) 0.65 
Inferior wall, n(%) 17 (20%) 21 (26%) 18 (22%) 0.82 
Right ventricle 16 (19%) 13 (16%) 12 (16%) 0.62 
Lateral wall 10 (12%) 12 (15%) 9 (13%) 0.812 

killip grade 3 or higher 12 (14%) 19 (24%) 8 (10%) 0.13 
Number of stents     
1 30 (36%) 36 (45%) 29 (38%) 0.50 
2 39 (47%) 31 (38%) 32 (42%) 0.47 
≥3 14 (17%) 13 (16%) 16 (21%) 0.73 

 
Table 4. Incidence of gastrointestinal bleeding in three groups  
 

 Total Haematemesis Hematochezia 

omeprazole 83 5 2 

pantoprazole 80 5 3 

famotidine 77 14 9 

 
Table 5. Incidence of stent thrombosisin three groups 
 

 n acute thrombosis subacute thrombosis 

omeprazole 83 1 3 

pantoprazole 80 2 4 

famotidine 77 2 1 

No significant differences were observed in the site of MI, killip grade and coronary injury among three groups (P>0.05) 
(Table 3).  
 
Incidence of gastrointestinal bleeding in three groups 
Gastrointestinal bleeding was observed in 7 patients in the 
omeprazole group (haematemesis: n=5; hematochezia: 
n=2) in 8 patients in the pantoprazole group (haemateme-
sis: n=5; hematochezia: n=3) and 16 patients in the famo-
tidine group (haematemesis: n=10; hematochezia: n=9). 
All patients with gastrointestinal bleeding were positive in 
fecal or vomit occult blood test. There was no significant 
difference in the incidence of haematemesis and hemato-
chezia between pantoprazole group and omeprazole group 
(P>0.79 and P>0.95, respectively). The incidence of 
haematemesis and hematochezia in the omeprazole group 
was significantly lower than that in the famotidine group 
(P<0.006 and P<0.01, respectively). The incidence of 
haematemesis and hematochezia in the pantoprazole 
group was markedly lower than that in the famotidine 
group (P<0.008 and P<0.04, respectively) (Table 4).  
 
Incidence of stent thrombosis in three groups 
There were 6 patients with acute thrombosis and 6        
patients with subacute thrombosis in the omeprazole 
group; 4 patients with acute thrombosis and 7 patients  

 
with subacute thrombosis in the pantoprazole group; 3 
patients with acute thrombosis and 5 patients with 
subacute thrombosis in the famotidine group. There was 
no marked difference in the incidence of stent thrombosis 
among three groups (P>0.05) (Table 5).  
 
Discussion 
 

A lot of clinical studies have shown that anti-platelet ther-
apy with both aspirin and clopidogrel can significantly 
reduce the incidence of adverse cardiovascular events 
after PCI and has been a standardized therapy after PCI. 
However, Derry et al [5] found the combined use of aspi-
rin and clopidogrel could markedly increase the risk for 
gastrointestinal bleeding. To date, PPIs have been the 
most effective acid-blocking agents and mucosal protec-
tive agents. PPIs are highly specific to persistently and 
potently inhibit the acid production. Thus, they are usu-
ally used to prevent the complications such as gastrointes-
tinal bleeding secondary anti-platelet therapy. However, 
there is controversy on the adverse consequence of com-
bined use of aspirin and clopidogrel. Sibbing et al [7] 
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found that the degree of platelet aggregation in omepra-
zole treated patients was significantly higher than that in 
patients without PPI treatment after PCI and stent place-
ment. On the contrary, the degree of platelet aggregation 
was comparable between patients with pantoprazole 
treatment and those without PPI treatment. The study of 
Ho et al [8] revealed that combined use of clopidogrel and 
omeprazole could increase the risk for post-PCI mortality 
and re-hospitalization. This might be attributed to the in-
hibition of cytochrome P450 2C19 activity. The anti-
platelet activity of clopidogrel is dependent on the activa-
tion of cytochrome P450 after oxidation in which 
CYP2C19 plays an important role. A majority of PPIs can 
inhibit the CYP2C19 activity, which may lead to the re-
duction of anti-platelet effect of clopidogrel. There is evi-
dence showing that omeprazole is more potent to increase 
the risk for the recurrence of acute MI than pantoprazole, 
which may be attributed to the inhibition of CYP2C19 
activity by omeprazole but not by pantoprazole.  

 
On the contrary, Schreiner et al [9] and O’Donoghue et al 
[10] found that the combined use of PPI and clopidogrel 
failed to increase the risk for adverse cardiovascular 
events, but could markedly reduce the incidence of gas-
trointestinal bleeding when compared with placebo. This 
might be multifactorial. The oxidation of clopidogrel in 
the liver involves several CYP isoforms such as CYP3A4, 
CYP3A5, CYP1A and CYP2B besides CYP2C19. Clopi-
dogrel amy be also metabolized into active product when 
the bypass metabolism is active. In addition, the liver is 
rich in CYP2C19, and omeprazole at routine blood con-
centration is insufficient to saturate CYP2C19. Thus, it 
fails to competitively inhibit the anti-platelet effect of 
clopidogrel.  

 
Our results showed there was no marked difference in the 
incidence of stent thrombosis between omeprazole group 
and pantoprazole group (pantoprazole is unable to inhibit 
the cytochrome P450 2C19), which was consistent with 
findings in the randomized studies of Gremmel et al [11] 
and Cai et al [12]. This suggests that short term use of 
omeprazole or pantoprazole has no influence on the anti-
platelet effect of clopidogrel and aspirin in patients re-
ceiving PCI and stent placement, and combined use of 
PPI and clopidogrel fails to increase the risk for thrombo-
sis. The results from the current study suggest that the 
short-term application of omeprazole does not increase 
thrombus events and can reduce bleeding complications, 
providing a basis for clinical medication. However, some 
limitations exist in our study due to the small sample size, 
short time to taking PPI inhibitor and following up and 
other reasons. Further studies are required to confirm the 
influence of long term use of omeprazole or omeprazole 
at higher dose on the incidence of adverse cardiovascular 
events in MI patients receiving PCI.  
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