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Abstract: Objective: To study the effect of different dose and duration of clopidogrel on the efficacy of drug-eluting 
stent (DES) implantation in coronary heart disease patients complicated with diabetes mellitus. Methods: A total of 
345 coronary heart disease patients admitted to our hospital from January 2014 to December 2016 were included 
in this study and randomly divided into the normal treatment group, double dose group and double courses group. 
Patients in the normal treatment group were given 300 mg clopidogrel 2 hours before operation and 75 mg per 
day postoperatively for 1 year; patients in the double dose group were given 600 mg clopidogrel 2 hours before 
operation and 150 mg per day postoperatively for 1 year; patients in the double courses group were given 300 mg 
clopidogrel for 2 hours before operation and 75 mg per day postoperatively for 2 years. The clinical data and 2-year 
major cardiac adverse events (MACEs), 1-year vascular restenosis rate and the rate of platelet aggregation inhibition 
and adverse effect after the surgery were compared and analyzed in patients of each group. Results: Compared 
with the normal treatment group, the double courses group and double dose group showed significantly reduction 
in the 2-year MACEs of the subjects after DES implantation (P=0.005, P=0.008). Besides, the double dose clopido-
grel could obviously increase postoperative platelet aggregation inhibition rate (P=0.013) and decrease the 1-year 
postoperative vascular restenosis rate (P=0.007), which showed no apparent change when applied clopidogrel 
for two courses (P=0.524, P=0.479). There was no statistically significant difference in the incidence of 2-year 
MACEs between the two clopidogrel treatment groups (P=0.137), but the difference was statistically significant in 
the inhibition of platelet aggregation (P=0.015) and the 1-year vascular restenosis rate after operation (P=0.004). 
Meanwhile, the basic clinical data, the relevant characteristics of stent implantation and adverse effect between 
the three groups presented no statistically significant difference. Conclusion: The long-term use of clopidogrel after 
DES implantation is effective and safe. It can achieve a better long-term result by increasing the dosage and course 
appropriately.
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Introduction

Percutaneous coronary intervention (PCI) is the 
first choice for the treatment of coronary heart 
disease [1]. Drug-eluting stent (DES) can signifi-
cantly reduce the incidence of in-stent resteno-
sis and target vessel revascularization [2, 3], 
but the risk of stent thrombosis after surgery 
limits its further application. Currently, clopido-
grel and aspirin are commonly used anti-plate-
let drugs in clinical treatment, which are applied 
to prevent adverse reactions after DES implan-

tation. Some studies have shown that clopido-
grel withdrawal after DES implantation over 6 
months significantly increased the risk of DES 
thrombosis [4, 5]. However, there has been con-
troversy over the treatment duration and dose 
of clopidogrel following stent implantation.

Some research have suggested that diabetes, 
which may be a risk factor for coronary heart 
disease, can significantly increase the inci-
dence of ischemic events and restenosis after 
the implantation of coronary stent [6], thereby 
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for patients who have coronary heart disease 
with diabetes should pay more attention to pre-
vention and treatment of the postoperative 
complications after stent implantation. At pres-
ent, there are few reports about whether anti-
platelet drugs can improve the long-term effi-
cacy of stent implantation in patients with 
comorbidities of coronary heart disease and 
diabetes mellitus, and most of them are retro-
spective. In order to better confirm the safety 
and efficacy of clopidogrel in patients with coro-
nary heart disease and diabetes after stent 
implantation, this study performed a random-
ized controlled trial to compare the clinical 
curative effects among normal treatment 
group, the clopidogrel double dose group and 
the double courses of clopidogrel treatment 
group.

Materials and methods

General information

A total of 345 patients with coronary heart dis-
ease and diabetes mellitus treated in our hos-
pital from January 2014 to December 2016 
were selected, including 205 males and 140 
females with the average age of 52.3±2.48 
years old and the average BMI index of 
25.17±3.97 kg/m2. Among them, 26 cases had 
the family history of coronary heart disease, 55 
cases had smoking history, 63 cases had a his-
tory of hyperlipidemia, 116 cases had a history 
of hypertension, and the mean of left ventricu-
lar ejection fraction (LVEF) was (56.8±8.5)%. All 
the subjects were randomly divided into three 
groups: the normal treatment group, double 
dose group and double courses group with 115 
cases for each. There were no significant differ-
ences in the general data between the groups, 
as shown in Table 1.

Inclusion criteria: patients whose symptoms 
conformed to the diagnostic criteria of coronary 
artery disease: coronary angiography (CAG) 
showed that at least 1 coronary stenosis de- 
gree was over 50%, meanwhile, these patients 
were also in line with the diagnostic criteria of 
diabetes [7]; patients with stable angina or 
unstable angina or acute myocardial infarction; 
patients who had no history of coronary stent 
implantation; patients who had operative indi-
cation for coronary artery stent implantation: 
CAG confirmed that at least one coronary artery 
vessel diameter appeared stenosis and the 
degree was greater than 70%. Exclusion crite-
ria: patients who had antiplatelet drug toler-
ance or allergy; patients who could not reach 
the treatment effect of complete revasculariza-
tion; patients who had severe liver, kidney and 
other organ diseases, or hemorrhagic stroke, 
intracranial hemorrhage, alimentary tract hem-
orrhage and active ulcer; patients who had ven-
tricular dysfunction or whose echocardiography 
showed that LVEF was less than 30%. This 
study was approved by the Hospital Ethics 
Committee, all patients signed the informed 
consent.

Methods

DES implantation

All patients were managed with the method of 
DES implantation [8]. First, all patients under-
went routine CAG and then, the release pres-
sure of the rapamycin eluting stent was adjust-
ed to 8-16 atm. Next, the length of the stent 
was adjusted according to the lesion of each 
patient so that the stent could adequately cover 
the lesion of the entire vessel and the balloon. 
Stent implantation success was defined as the 
residual stenosis of target vessel less than 

Table 1. Comparison of general information of patients in each group

Group The normal treatment 
group

Double course 
group

Double dose 
group

Gender (male/female) 68/47 67/48 70/45
Age (years old) 52.55±3.28 53.09±2.54 51.26±2.35
BMI index (Kg/m2) 25.25±2.65 24.76±5.11 25.52±3.36
Family history of coronary heart disease (n, %) 8 (6.96) 9 (7.83) 9 (7.83)
Smoke history (n, %) 18 (15.65) 20 (17.39) 17 (14.78)
Blood glucose (mmol/L) 10.2±1.23 9.8±0.93 10.6±1.37
Hyperlipidemia history (n, %) 22 (19.13) 21 (18.26) 20 (17.39)
Hypertension history (n, %) 37 (32.17) 40 (34.78) 39 (33.91)
LVEF (%) 56.4±9.3 57.2±8.7 56.9±8.1
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20%, no complication, TIMI grade 3 flow, com-
plete revascularization, and no cardiac death, 
nonfatal myocardial infarction, or repeated 
revascularization while hospitalized.

Concomitant medications

All the enrolled patients were given normal 
medical therapy including aspirin, low molecu-
lar weight heparin, ester nitrate, statins and 
other drugs, additionally, calcium antagonists, 
beta-blockers, angiotensin converting enzyme 
inhibitors and etc. according to the condition of 
them. Meanwhile, the administration of drugs 
for diabetes treatment, such as Glucobay, met-
formin, diamicron or insulin, was performed to 
control the blood glucose in the normal level at 
2 hours after a meal and the there was no sig-
nificant differences in blood glucose levels 
among the three groups (P>0.05).

Two hours before the surgery, patients were 
given 300 mg of aspirin (J20080078, Bayer 
Health Care Ltd.), and 100 mg of it was admin-
istered daily after the surgery. Patients in dif- 
ferent groups were treated with clopidogrel 
(J20130083, Sanofi-Aventis Pharmaceutical 
Co., Ltd.) in different ways: the normal treat-
ment group received 300 mg clopidogrel 2 
hours before surgery, and 75 mg per day for 1 
year postoperatively; the double dose group 
received 600 mg clopidogrel 2 hours before 
surgery, and 150 mg per day for 1 year postop-
eratively; the double courses group received 
300 mg clopidogrel 2 hours before surgery as 
well, and 75 mg per day for 2 years posto- 
peratively.

Observation indexes

Clinical data such as the diameter of the ves-
sel, the number and length of the stents, and 
the degree of stenosis before and after the 
operation were collected and recorded. After 
discharge, the patients were followed up once 
each month by outpatient appointment or 

phone call for 2 years. CAG was reviewed at 1 
year after operation.

In the follow-up period, the occurrences of 
MACEs, in-stent restenosis and adverse reac-
tions were diagnosed and recorded. The major 
adverse cardiac event was defined as the com-
posite endpoint of noncardiogenic death, non-
fatal myocardial infarction and re-target vascu-
lar intervention. In-stent restenosis was defined 
as CAG showed there were thrombosis and 
blockage in the site of stent implantation or on 
the edge of the stent. And the adverse reac-
tions included gastrointestinal reaction, hemor-
rhagic events and rash reactions.

Vein blood samples were took 3 ml from the 
elbows of subjects in each group at 24 hours 
before the operation and 48 hours after the 
operation. The SC-2000 platelet aggregation 
instrument was applied to detect the inhibitory 
rate of blood platelet aggregation at different 
time points. Then, calculate and compare the 
inhibitory rate of blood platelet aggregation of 
the three groups. The inhibitory rate of blood 
platelet aggregation = the inhibitory rate before 
the treatment-the inhibitory rate after the 
treatment.

Statistical methods

Data were statistically analyzed using the SPSS 
19.0 software. Enumeration data were shown 
as frequencies, and the comparison among 
groups used the chi-square test; measurement 
data were presented as mean ± standard devi-
ation, and one-way analysis of variance (ANOVA) 
was used to analyze the differences among 
groups. P<0.05 was considered statistically 
significant.

Results

Comparison of stent implantation characteris-
tics of patients in each group

All patients were given a 2-year follow-up visit 
and were successfully implanted with more 

Table 2. Comparison of the treatment condition among the 3 groups

Group Vessel diameter 
(mm)

Number of 
stents

Stent length 
(mm)

Degrees of vascular stenosis 
before and after operation (%)

The normal treatment group 3.13±0.24 1.52±0.24 25.5±2.4 86.69±4.24/13.59±2.15
Double courses group 3.11±0.32 1.49±0.254 26.1±2.2 88.36±4.57/14.03±2.35
Double dose group 3.12±0.22 1.53±0.32 25.4±4.3 87.26±5.22/13.71±2.16



Impact of clopidogrel on postoperative efficacy of DES implantation

10707	 Int J Clin Exp Med 2017;10(7):10704-10710

than one DES. There was no statistical differ-
ence among patients in the aspects of stents 
quantity, vessel diameter, stent length and 
degrees of vascular stenosis before and after 
the operation (P>0.05). As shown in Table 2.

Comparison of the incidence of MACEs of 
patients in each group

During the 2-year follow-up period, 14, 6 and 9 
cases of MACEs were observed in the normal 
treatment group, double courses group and 
double dose group respectively. Compared with 
the normal treatment group (12.17%), the inci-
dence of MACEs in double courses group 
(5.22%) and double dose group (7.83%) was 
significantly decreased (P=0.005, P=0.008), as 
shown in Figure 1.

Comparison of in-stent restenosis rate and 
platelet inhibition rate of patients in each 
group

One year after PCI, CAG was performed for 
reexamination of patients in each group. The 
results showed that the incidence of in-stent 
restenosis was significantly reduced in double 
dose group compared with the normal treat-
ment group (P=0.007), but the comparison of 
in-stent restenosis between double courses 
group and the normal treatment group was not 
considered statistically different, as shown in 
Figure 2A.

Compared with the normal treatment group, 
the platelet inhibition rate was significantly 

higher than that in double dose group (P= 
0.013). There was no statistical difference in 
the platelet inhibition rate between double 
courses group and the normal treatment group, 
as shown in Figure 2B.

Comparison of the adverse reactions of clopi-
dogrel between each group

During the follow-up period, in the normal treat-
ment group, 3 patients appeared hemorrhagic 
events, 2 patients were presented with gastro-
intestinal reactions and 2 patients with rash. In 
double dose group, 4 patients appeared hem-
orrhagic events, 2 patients were presented 
with gastrointestinal reactions and 2 patients 
with rash. In double courses group, 3 cases 
appeared hemorrhagic events, 3 patients were 
presented with gastrointestinal reactions and 3 
patients with rash. There was no statistical dif-
ference in the incidence of adverse reactions 
among the groups (P=0.315), as shown in 
Figure 3.

Discussion

DES is a major clinical method for treating coro-
nary heart disease and achieving coronary 
revascularization, of which principle is fully 
exerting the drug efficiency mainly via the stent 
carrying and releasing the drugs in local coro-
nary and the stent has a supporting role, which 
can prevent from elastic recoil properties of the 
blood vessels at the end of the operation and 
vascular remodeling in the late stage, thus 
greatly reducing the occurrence of vascular 
restenosis after intracoronary stent implanta-
tion [9]. However, with the extensive use of DES 
in clinic, its in-stent thrombosis has been wide-
ly concerned by scholars. Study has shown that 
there were false understandings of the DES 
application, including underestimating the risk 
of its in-stent thrombosis and overestimating 
its role in reducing intravascular restenosis 
after PCI [10].

Clopidogrel is an antiplatelet drug commonly 
used after coronary stent implantation. Some 
studies have shown that early discontinuation 
of antiplatelet drugs or irregular application of 
antiplatelet agents will increase probability of 
stent thrombosis [11]. The main functional 
mechanism of clopidogrel is to bind to the ADP 
receptors on the surface of platelets to reduce 
its suppress effect on adenyl cyclase and there-

Figure 1. Comparison of the incidence of MACE in 
each group, compared with the normal treatment 
group, *P<0.05.
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by inhibit platelet aggregation [12, 13]. In addi-
tion, clopidogrel can reduce the expression of 
platelet selectin and affect the process of 
platelet activation. Moreover, study has shown 
that more than one year after implantation of 
DES, dual antiplatelet agents can effectively 
reduce the risk of late stent thrombosis [14]. 
But it is unclear whether the increase in dose 
of clopidogrel or the increase in the course of 
treatment can further reduce stent thrombosis 
or increase cardiovascular adverse events.

Another study has suggested that diabetes 
mellitus is one of the risk factors for coronary 

heart disease, and is a risk factor for coronary 
in-stent restenosis and thrombosis, because 
diabetics usually are associated with increased 
level of clotting factors and decreased activity 
of anticoagulant factors, which leads them 
more prone to suffer thrombosis [15]. Other 
studies have reported that diabetes mellitus 
can also cause the emergence of antiplatelet 
drug therapy resistance [16, 17]. Meanwhile, 
patients with coronary heart disease and dia-
betes mellitus may have an increase in vascu-
lar restenosis rate and revascularization rate 
after coronary stent implantation [18, 19]. 
Therefore, the improvement of the efficacy of 
DES after coronary stent implantation in these 
patients has become the focus and difficulty in 
the study and the study of antiplatelet therapy 
after DES implantation in patients with coro-
nary heart disease and diabetes mellitus has a 
great significance [20].

The studies about the application of clopidogrel 
in patients with coronary heart disease and dia-
betes mellitus after DES surgery are mostly ret-
rospective studies, and currently there are still 
lacks of randomized controlled trials. In this 
study, we performed a randomized controlled 
trial and found that compared with the the nor-
mal treatment group, the double dose clopido-
grel significantly increased the inhibition rate  
of platelet aggregation, reduced the MACEs 

Figure 2. Comparison of in-stent restenosis rate and platelet inhibition rate in eachgroup, compared with the normal 
treatment group, *P<0.05.

Figure 3. Comparison 
of the incidence of ad-
verse reactions in each 
group.
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within two years and the vascular restenosis 
rate within one year after drug-eluting stent 
implantation (DES) in subjects. Compared to 
the the normal treatment group, double cours-
es clopidogrel could also reduce the MCAEs 
within two years after DES implantation in sub-
jects, and these two kinds clopidogrel treat-
ment groups did not show the rising risk of 
adverse reactions, indicating that theduration 
and dose of clopidogrel treatment could indeed 
affect the prognosis of patients. But judging 
from this study, the double dose clopidogrel 
has better efficacy, which might be due to high 
clopidogrel concentration that could raise the 
drug sensitivity in subjects, thus achieving the 
purpose of the improvement of efficacy.

In summary, for patients with coronary heart 
disease and diabetes mellitus, long-term use of 
clopidogrel is effective and safe after DES 
implantation, and the appropriate increase in 
drug dose and duration can get better long-
term efficacy. However, there were some limita-
tions in this study as well, such as the small 
sample size, single-center, and some interfer-
ing factors, which need to be further confirmed 
through a large, multicenter, randomized con-
trolled study.

Disclosure of conflict of interest

None.

Address correspondence to: Lei Lv, Department of 
Geriatric Cardiology, Nanjing Jinling Hospital, No. 
305 East Zhongshan Road, Nanjing 210000, 
Jiangsu, China. Tel: +86-025-80863173; Fax: +86-
025-80863173; E-mail: lvleiressc@126.com

References

[1]	 Ujueta F, Weiss EN, Shah B and Sedlis SP. Ef-
fect of percutaneous coronary intervention on 
survival in patients with stable ischemic heart 
disease. Curr Cardiol Rep 2017; 19: 17.

[2]	 Lai CC, Lin TH, Yip HK, Liu CP, Li AH, Shyu KG, 
Chang SC and Mar GY. One-year cardiovascular 
outcomes of drug-eluting stent versus bare-
metal stent implanted in diabetic patients with 
acute coronary syndrome. J Chin Med Assoc 
2016; 79: 239-247.

[3]	 Lai CC, Yip HK, Lin TH, Wu CJ, Lai WT, Liu CP, 
Chang SC and Mar GY. Drug-eluting stents ver-
sus bare-metal stents in Taiwanese patients 
with acute coronary syndrome: an outcome re-
port of a multicenter registry. Acta Cardiol Sin 
2014; 30: 553-564.

[4]	 Sharma A, Sharma SK, Vallakati A, Garg A, La-
vie CJ, Mukherjee D and Marmur JD. Duration 
of dual antiplatelet therapy after various drug-
eluting stent implantation. Int J Cardiol 2016; 
215: 157-166.

[5]	 Bittl JA, Baber U, Bradley SM and Wijeysundera 
DN. Duration of dual antiplatelet therapy: a 
systematic review for the 2016 ACC/AHA 
guideline focused update on duration of dual 
antiplatelet therapy in patients with coronary 
artery disease: a report of the American col-
lege of cardiology/American heart association 
task force on clinical practice guidelines. J Am 
Coll Cardiol 2016; 68: 1116-1139.

[6]	 Das RN. Relationship between diabetes melli-
tus and coronary heart disease. Curr Diabetes 
Rev 2016; 12: 285-296.

[7]	 Kerner W and Bruckel J. Definition, classifica-
tion and diagnosis of diabetes mellitus. Exp 
Clin Endocrinol Diabetes 2014; 122: 384-386.

[8]	 Silber S, Albertsson P, Aviles FF, Camici PG, Co-
lombo A, Hamm C, Jorgensen E, Marco J, Nor-
drehaug JE, Ruzyllo W, Urban P, Stone GW and 
Wijns W. Guidelines for percutaneous coronary 
interventions. The task force for percutaneous 
coronary interventions of the european society 
of cardiology. Eur Heart J 2005; 26: 804-847.

[9]	 Sung SH, Chen TC, Cheng HM, Lee JC, Lang HC 
and Chen CH. Comparison of clinical outcomes 
in patients undergoing coronary intervention 
with drug-eluting stents or bare-metal stents: a 
nationwide population study. Acta Cardiol Sin 
2017; 33: 10-19.

[10]	 Tung R, Kaul S, Diamond GA and Shah PK. Nar-
rative review: drug-eluting stents for the man-
agement of restenosis: a critical appraisal of 
the evidence. Ann Intern Med 2006; 144: 913-
919.

[11]	 Tanzilli G, Greco C, Pelliccia F, Pasceri V, Barilla 
F, Paravati V, Pannitteri G, Gaudio C and Mang-
ieri E. Effectiveness of two-year clopidogrel + 
aspirin in abolishing the risk of very late throm-
bosis after drug-eluting stent implantation 
(from the TYCOON [two-year ClOpidOgrel need] 
study). Am J Cardiol 2009; 104: 1357-1361.

[12]	 Dash D. Current status of antiplatelet therapy 
in acute coronary syndrome. Cardiovasc He-
matol Agents Med Chem 2015; 13: 40-49.

[13]	 Bozzi LM, Mitchell BD, Lewis JP, Ryan KA, Her-
zog WR, O’Connell JR, Horenstein RB, Shuldin-
er AR and Yerges-Armstrong LM. The pharma-
cogenomics of anti-platelet intervention (PAPI) 
study: variation in platelet response to clopido-
grel and aspirin. Curr Vasc Pharmacol 2016; 
14: 116-124.

[14]	 Webster TD, Vaishnava P and Eagle KA. Periop-
erative management of dual anti-platelet ther-
apy. Hosp Pract (1995) 2016; 44: 237-241.

mailto:lvleiressc@126.com


Impact of clopidogrel on postoperative efficacy of DES implantation

10710	 Int J Clin Exp Med 2017;10(7):10704-10710

[15]	 Konya H, Hasegawa Y, Hamaguchi T, Satani K, 
Umehara A, Katsuno T, Ishikawa T, Miuchi M, 
Kohri K, Suehiro A, Kakishita E, Miyagawa J 
and Namba M. Effects of gliclazide on platelet 
aggregation and the plasminogen activator in-
hibitor type 1 level in patients with type 2 dia-
betes mellitus. Metabolism 2010; 59: 1294-
1299.

[16]	 Santilli F, Simeone P, Liani R and Davi G. Plate-
lets and diabetes mellitus. Prostaglandins 
Other Lipid Mediat 2015; 120: 28-39.

[17]	 Anfossi G and Trovati M. Pathophysiology of 
platelet resistance to anti-aggregating agents 
in insulin resistance and type 2 diabetes: im-
plications for anti-aggregating therapy. Cardio-
vasc Hematol Agents Med Chem 2006; 4: 
111-128.

[18]	 Loutfi M, Sadaka MA and Sobhy M. Outcomes 
of DES in diabetic and nondiabetic patients 
with complex coronary artery disease after risk 
stratification by the SYNTAX score. Clin Med In-
sights Cardiol 2016; 10: 103-110.

[19]	 Li N, Yang YG and Chen MH. Comparing the ad-
verse clinical outcomes in patients with non-
insulin treated type 2 diabetes mellitus and 
patients without type 2 diabetes mellitus fol-
lowing percutaneous coronary intervention: a 
systematic review and meta-analysis. BMC 
Cardiovasc Disord 2016; 16: 238.

[20]	 Soffer D, Moussa I, Harjai KJ, Boura JA, Dixon 
SR, Grines CL, O’Neill WW, Roubin GS and Mo-
ses JW. Impact of angina class on inhibition of 
platelet aggregation following clopidogrel load-
ing in patients undergoing coronary interven-
tion: do we need more aggressive dosing regi-
mens in unstable angina? Catheter Cardiovasc 
Interv 2003; 59: 21-25.


