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Abstract. The aim of this study was to investigate the effect of 
different routes of tirofiban injection on the function of the left 
ventricle and the prognosis of patients with myocardial infarc-
tion (MI) treated with percutaneous coronary intervention (PCI). 
Ninety‑five patients with MI treated with PCI were divided into 
two groups [coronary (n=49) and intravenous (n=46)] according 
to the injection route. A comparison of the left ventricular func-
tion and prognosis was made between the two groups following 
PCI. The success rate of PCI in the coronary group was 97.96%, 
which was higher than that in the intravenous group (P<0.05). 
No significant differences were identified in the platelet 
count (PLT) and platelet aggregation rate (PAR) between the 
two groups prior to the tirofiban injection. Following the tiro-
fiban injection, the PLT decreased markedly in both groups, 
with no significant differences between them. The PAR also 
decreased significantly in the two groups; however, the value in 
the coronary group was lower than that in the intravenous group 
(P<0.05). The improvements in the thrombolysis in MI grades, 
left ventricular ejection fraction and left ventricular diastolic 
function were greater in the coronary group than those in the 
intravenous group (P<0.05). All patients received follow‑up for 
30 days and the incidence of bleeding in the coronary group 
was lower than that in the intravenous group (P<0.05). No 
significant differences were recorded in the recurrence rates of 
MI, arrhythmia, myocardial ischemia, thrombocytopenia and 
mortality between the two groups. In conclusion, the admin-
istration of tirofiban into the coronary artery could effectively 
improve the blood flow, left ventricular function and prognosis 
of patients with MI treated with PCI.

Introduction

Percutaneous coronary intervention (PCI), also known as 
coronary angioplasty, is a nonsurgical technique for treating 
obstructive coronary artery disease (CAD), including unstable 
angina and multivessel CAD. PCI is the main treatment for 
patients with acute myocardial infarction (MI), since it can 
improve myocardial reperfusion and induce coronary artery 
recanalization (1). PCI can effectively decrease the mortality 
rate of patients with MI; however, some patients have exhib-
ited hemodynamic instability following PCI treatment, and 
this instability can aggravate the ischemic necrosis of cardiac 
muscle cells and increase the incidence of arrhythmia and 
heart failure  (2). The most commonly used treatment for 
hemodynamic instability is the arterial injection of verapamil, 
adenosine or nitroglycerin; however, the effects of these treat-
ments are poor (3).

Excessive platelet activation and aggregation plays a pivotal 
role in the disease progression in patients with MI following 
PCI. Glycoprotein IIb/IIIa is a key factor influencing throm-
bosis and platelet aggregation (4). A recent study showed that 
glycoprotein IIb/IIIa antagonists could improve myocardial 
perfusion and clinical outcomes by inhibiting platelet aggrega-
tion (5). Tirofiban, as an antagonist of glycoprotein IIb/IIIa, is 
considered to be one of the most effective drugs in inhibiting 
platelet aggregation (6). The commonly used administration 
routes of tirofiban are intravenous and intra‑arterial injection. 
It has been suggested that the administration of tirofiban by 
intra‑arterial injection could promote drug absorption in the 
diseased region and enhance the inhibition of platelet aggrega-
tion (7). The present study investigated the effects of the two 
different methods of tirofiban administration on the function 
of the left ventricle as well as on the prognosis of patients with 
MI treated with PCI.

Subjects and methods

Subjects. Ninety‑five patients that had been admitted to the 
Department of Cardiology in the First Affiliated Hospital of 
Zhengzhou University (Zhengzhou, Henan, China) between 
January 2011 and March 2014 with the clinical diagnosis 
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of MI were enrolled in the study (8). PCI was performed 
12 h after the onset of acute MI. The following exclusion 
criteria were used: i) Aneurysm, ii) arteriovenous malfor-
mation, iii) intracranial tumor, iv) intracranial hemorrhage, 
v) platelet count (PLT) ≤100x109/l, vi) cardiogenic shock, 
vii)  enterorrhagia, viii)  allergy to tirofiban and ix) preg-
nancy/lactation in women. The patients were divided into 
two groups according to the method used to administer the 
loading‑dose of tirofiban: Coronary (n=49) and intravenous 
(n=46). No significant differences were observed between 
the two  groups in the baseline characteristics such as 
gender, age, complications, PCI treatment region, number 
of interventional stents and time interval from the onset of 
MI to surgery (Table I). The present study was conducted 
in accordance with the Declaration of Helsinki and was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Zhengzhou University. Written informed consent 
was obtained from all patients.

Treatment methods. Patients in the two groups received oral 
administration of 300 mg aspirin (Bayer AG, Leverkusen, 
Germany; batch no.  J20080078), 300  mg clopidogrel 
(Sanofi‑Aventis, Paris, France; batch no.  J20130083) 
and an injection of 8,000  units heparin (Wanbang 
Biopharmaceuticals, Xuzhou, China; batch no. H32020612) 
prior to the PCI treatment. The patients from the intravenous 
group then received an intravenous injection of 10 µg/kg tiro-
fiban (Grand Pharmaceutical Group, Wuhan, China; batch 
no. H20041165) while those from the coronary group received 
an intracoronary injection of tirofiban (also 10  µg/kg). 
Tirofiban was then infused at a dose of 0.15 µg/kg/min for 
24‑36 h after PCI to maintain a steady dose.

Observation indexes. The evaluation standards for PCI 
success were as follows: Good stent apposition, no coronary 
artery dissection, no vascular occlusion, no thrombosis, no 
clinical adverse events and residual stenosis <20%. The 
efficacy of tirofiban was assessed using the platelet aggrega-
tion rate (PAR) and was inversely proportional to the PAR 
value. The PAR was measured using the AggRAM™ system 
(Helena Biosciences Europe, Gateshead, UK).

The thrombolysis in MI (TIMI) grades were used to 
assess the forward blood flow and were graded as follows: 
Grade 0, no blood perfusion in the infarction‑related artery 
and occlusion of distal vessels without blood flow; grade 1, 
distal stenosis of the coronary artery without blood flow; 
grade 2, distal stenosis of the coronary artery with blood 
flow, but complete filling is slow; grade 3, blood flow is 
similar to normal coronary artery blood flow. TIMI grades 2 
and 3 suggested an improved blood flow and, therefore, a 
better prognosis (9).

The assessment of left ventricular function was performed 
by echocardiography 1 month after surgery. The left ventric-
ular ejection fraction (LVEF) was used to assess the left 
ventricular systolic function and was proportional to systolic 
function. The ratio of the early to late ventricular filling 
velocities (E/A value) was used to assess the left ventricular 
diastolic function, and an E/A >1 suggested a better diastolic 
function.

The patients were followed up for 30 days after PCI and 
the recurrence of MI, arrhythmia, myocardial ischemia, 
minor bleeding, thrombocytopenia and mortality in the 
two groups was assessed. Minor bleeding was diagnosed if 
the drop in hemoglobin was 30‑50 g/l. Thrombocytopenia 
was defined as PLT <100x109/l.

Table I. Baseline characteristics of the patients.

	 Intravenous	 Coronary
Characteristics	 group, n=46	 group, n=49	 T/χ2	 P‑value

Gender
  Male	 32	 33	 1.19	 >0.05
  Female	 14	 16		
Age (years)
  Range	 54-81	 53-78	 1.35	 >0.05
  Mean	 64.34±4.21	 63.27±5.07		
Complications (n)
  Hypertension	 18	 19	 1.10	 >0.05
  Diabetes	 17	 16	 1.10	 >0.05
  Hyperlipidemia	 10	 12	 1.24	 >0.05
PCI treatment region (n)
  Left anterior descending branch	 23	 25	 1.34	 >0.05
  Left circumflex artery	   9	 10		
  Right coronary artery	 14	 15		
Time from onset of MI to surgery (h)	   5.81±0.67	   5.92±0.76	 1.21	 >0.05
Number of interventional stents	   1.83±0.57	   1.79±0.61	 1.17	 >0.05

PCI, percutaneous coronary intervention; MI, myocardial infarction.
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Table II. Comparison of TIMI flow grades between the 2 groups.

	 TIMI flow grades, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 Cases, n	 Grade 0	 Grade 1	 Grade 2	 Grade 3

Intravenous	 46	 0 (0)	 3 (6.52)	 17 (36.96)	 26 (56.52)
Coronary	 49	 0 (0)	 0 (0)	 12 (24.49)	 37 (75.51)
χ2		    0.00	   2.03	   4.06	   5.04
P‑value		  >0.05	 >0.05	 <0.05	 <0.05

TIMI, thrombolysis in myocardial infarction.

Table III. Comparison of left ventricular function between the 2 groups.

	 E/A value, n (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 Cases, n	 LVEF (%)	 >1	 ≤1

Intravenous	 46	 54.19±4.37	 13 (28.26)	 33 (71.74)
Coronary	 49	 63.58±4.52	 26 (53.06)	 23 (46.94)
T/χ2		    3.62	   5.73	   6.89
P‑value		  <0.05	 <0.05	 <0.05

LVEF, left ventricular ejection fraction; E/A value, ratio of the early to late ventricular filling velocities.

Table IV. Incidence of adverse clinical events in the 2 groups.

		  Recurrence	 Arrhythmia,	 Myocardial	 Minor 	 Thrombocytopenia,	 Mortality,
Groups	 Cases, n	 of MI, n (%)	 n (%)	 ischemia, n (%)	 bleeding, n (%)	 n (%)	 n (%)

Intravenous	 46	   0 (0)	 3 (6.52)	 4 (8.70)	 10 (21.74)	   0 (0)	   0 (0)
Coronary	 49	   0 (0)	 3 (6.12)	 4 (8.16)	 5 (10.20)	   0 (0)	   0 (0)
χ2		    0.00	 1.06	 1.30	 4.09	   0.00	   0.00
P‑value		  >0.05	 >0.05	 >0.05	 <0.05	 >0.05	 >0.05

MI, myocardial infraction.

Figure 1. Comparison of (A) PLT and (B) PAR between the 2 groups. *P<0.05. Data are presented as the mean ± standard deviation. PLT, platelet count; 
PAR, platelet aggregation rate.
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Statistical analysis. All data were analyzed using SPSS 18.0 
software (SPSS Inc., Chicago, IL, USA) and are expressed as 
the mean ± standard deviation. The data were analyzed using 
the unpaired Student's t‑test to compare the two groups and 
the χ2 test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Clinical outcomes. The success rates of PCI in the intravenous 
and coronary groups were 86.96 and 97.96%, respectively, 
with significant difference between the groups (χ2=3.91, 
P<0.05). Prior to the tirofiban injection, no significant differ-
ence was recorded in the PLT between the two groups (Fig. 1). 
Following the tirofiban injection, the PLT decreased markedly 
in both groups (T=2.68, P<0.05) but there remained no signifi-
cant difference between them (T=2.07, P>0.05). Prior to the 
tirofiban injection, no significant difference was identified in 
the PAR between the two groups (T=1.02, P>0.05); however, 
10 min after the tirofiban injection, the PAR in the coronary 
group was significantly lower than that in the intravenous 
group (T=2.68, P<0.05), although marked decreases were 
observed in both groups. As shown in Table II, the proportion 
of patients with TIMI grades 2 and 3 in the coronary group 
was higher than that in the intravenous group (P<0.05).

Left ventricular function. As shown in Table III, the LVEF 
and E/A value of the coronary group improved significantly 
compared with the same value in the intravenous group 
(P<0.05).

Prognosis. The incidence of bleeding in the coronary group 
was considerably lower than that in the intravenous group 
(P<0.05). As shown in Table  IV, no significant difference 
was found in the incidence of adverse clinical events such as 
recurrence of MI, arrhythmia, myocardial ischemia, throm-
bocytopenia and mortality between the two groups (P>0.05).

Discussion

PCI is an effective treatment for acute MI. Slow blood flow is 
one of the main factors affecting the prognosis of patients with 
MI treated with PCI. Slow flow refers to the recanalization of 
the vasculature without effective reperfusion in the myocardial 
cells. The incidence of slow flow in patients with MI treated 
by PCI has been reported to be 18%, with this slow flow being 
caused by distal‑end thrombosis during PCI due to the athero-
sclerotic plaque or thrombosis (10,11). Antiplatelet therapy is 
the key factor in ensuring the success of the PCI and effective 
reperfusion in patients with MI (12). Aspirin, a commonly used 
antiplatelet drug, is said to be capable of decreasing thrombosis 
by inhibiting cyclooxygenase (13), while clopidogrel prevents 
platelet aggregation by inhibiting adenosine diphosphate 
receptor expression and activity on the platelet surface (14); 
however, clinical research has shown that neither aspirin nor 
clopidogrel on their own can effectively improve the slow blood 
flow of patients with MI (15). Therefore, enhancing antiplatelet 
therapy could play a crucial role in improving the prognosis, 
heart function and reperfusion in patients with MI treated 
with PCI. The involvement of glycoprotein IIb/IIIa receptors 

in platelet aggregation suggests that glycoprotein  IIb/IIIa 
antagonists could be used to effectively prevent platelet aggre-
gation (16,17). In the present study, a comparison was made 
between the effects of different routes of tirofiban administra-
tion on the function of the left ventricle and the prognosis of 
patients with MI treated with PCI, based on the premise of 
aspirin and clopidogrel administration prior to PCI.

The present study demonstrated that intra‑arterial admin-
istration of tirofiban could increase the success rate of PCI 
(97.96 vs. 86.96%) compared with intravenous administra-
tion. Following the tirofiban injection, the PLT dropped to 
145x109/l in both groups, which did not meet the diagnostic 
criteria for thrombocytopenia, suggesting drug safety, while 
the PAR was lower in the coronary group than that in the 
intravenous group, suggesting a high level of drug absorp-
tion and an enhanced ability to inhibit platelet aggregation 
in the coronary group. The TIMI grade, LVEF and E/A of 
the coronary group showed greater improvements than those 
of the intravenous group. In addition, the incidence of minor 
bleeding was lower in the coronary group than that in the 
intravenous group. No significant differences were identi-
fied in the recurrence rates of MI, arrhythmia, myocardial 
ischemia, thrombocytopenia and mortality between the 
two groups. As reported, tirofiban could decrease the PAR 
and thrombosis and improve the microcirculation and 
reperfusion of myocardial cells by antagonizing glycopro-
tein IIb/IIIa receptors (18‑21). In conclusion, intra‑arterial 
administration of tirofiban could effectively result in an 
improvement in the blood flow, left ventricular function and 
prognosis of patients with MI treated with PCI by inhibiting 
platelet aggregation.
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