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Aim: This study aimed to compare the efficacy and safety between standard and low-dose tirofiban in the treatment of 
elderly high-risk non-ST-segment elevation acute coronary syndrome (NSTE-ACS) patients who underwent percutaneous 
coronary intervention (PCI).
Methods: Ninety-four very elderly (≥80 years) high-risk patients with NSTE-ACS were randomly assigned to the standard 
or the low-dose group.  Upstream tirofiban was administered intravenously with a bolus dose of 0.4 µg·kg-1·min-1 over 
a period of 30 min after the diagnosis had been confirmed, and was followed by a 36−48 h infusion of 0.10 µg·kg-1·min-1 
or 0.075 µg·kg-1·min-1.  PCI was performed within 24 h of admission.  Platelet aggregation inhibition and thrombolysis in 
myocardial infarction (TIMI) grade flow were assessed.  The major adverse cardiac events (MACEs), including death, myo-
cardial infarction, recurrent angina and urgent target-vessel revascularization (TVR), were documented at 7 d, 30 d, and 6 
months, and bleeding events were recorded at 7 d.
Results: Although a significantly higher inhibition of platelet aggregation was observed in the standard-dose group 
(P<0.05), angiographic PCI success was similar between the two groups (P>0.05).  The rate of MACEs was not significantly 
different at 7 days (2.1% vs 4.4%, P=0.61), 30 days (6.3% vs 8.7%, P=0.71) and 6 months (14.6% vs 17.4%, P=0.71).  Major 
bleeding events were significantly higher in the standard-dose group (10.4% vs 0.0%, P=0.03).
Conclusion: In very elderly high-risk patients with NSTE-ACS undergoing PCI, low-dose tirofiban offered about the same 
level of protection from major ischemic events that standard doses did, with less associated bleeding.  
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Introduction 

The use of antithrombotic therapies has led to a signifi-
cant reduction in morbidity and mortality, and several such 
agents, including aspirin, clopidogrel and heparin, have 
become the mainstays of treatment for patients with acute 
coronary syndrome (ACS)[1].  Treatment with percutane-
ous coronary intervention (PCI) plus GP IIb/IIIa platelet 
receptor antagonist has been proven to provide further ben-
efits for high-risk non-ST-segment elevation acute coronary 
syndrome (NSTE-ACS) patients[2–4] and is recommended 
in recent guidelines[5, 6].  Although the elderly are known to 
be at high risk[7], they are underrepresented in many clini-

cal trials.  Compared with younger patients, the elderly 
would gain absolute benefits from an early invasive strategy 
and antithrombotic regimens, but at the cost of increased 
bleeding[8–10], which has been associated with increased rates 
of mortality[11].  GP IIb/IIIa receptor inhibitors (GPI) such 
as tirofiban have been demonstrated to decrease the num-
ber of ischemic events for high-risk ACS patients in several 
clinical trials[2–4]. However, few studies have been conducted 
to investigate the efficacy and safety of tirofiban in very old 
patients, and, importantly, further studies are needed to 
determine the optimal dosing and timing of tirofiban in such 
patients.

 The current study aimed to evaluate the safety and 
efficacy of standard-dose versus low-dose tirofiban in very 
elderly (over 80 years) patients with NSTE-ACS who under-
went PCI.
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Materials and methods

Inclusion and exclusion criteria  Consecutive patients 
with NSTE-ACS were enrolled into this single-center open-
label randomized study from January 2005 to January 2008.  
Patients were considered eligible for enrollment if they satis-
fied all of the following criteria: (1) were elderly (age 80 or 
older); (2) had angina at rest lasting >10 min within 24 h 
of hospital admission; (3) showed unequivocal changes on 
ECG during angina: ST-segment depression 0.1 mV or tran-
sient ST-segment elevation 0.1 mV in at least 2 contiguous 
ECG leads; and (4) had coronary arteries with one or more 
significant lesions suitable for PCI according to coronary 
angioplasty.  

Exclusion criteria were as follows: (1) ST-segment eleva-
tion lasting more than 20 min; (2) absence of significant 
coronary artery disease (CAD) at the angiogram or lesions 
unsuitable for PCI; (3) relative or absolute contraindications 
to therapy with aspirin, clopidogrel, or heparin, or known 
hypersensitivity to any component of tirofiban; (4) concom-
itant non-cardiac life-threatening disease; (5) severe hemo-
dynamic impairment, cardiogenic shock, or systolic blood 
pressure of greater than 180 mmHg unresponsive to therapy; 
or (6) severe renal insufficiency (glomerular filtration rate 
less than 30 mL/min per 1.73 m2), liver failure, or other seri-
ous disease.

Study protocol  When the diagnosis of high-risk NSTE-
ACS was confirmed, patients eligible for the study were 
enrolled and randomized in a 1:1 ratio into the standard-
dose group or the low-dose group via a sealed-envelope 
system.  Upstream tirofiban (Wuhan Grand Pharmaceutical 
Group Co Ltd, China) was administered intravenously with 
a bolus dose of 0.4 µg·kg-1·min-1 over a period of 30 min and 
followed by a 36−48 h infusion of 0.10 µg·kg-1·min-1 (in the 
standard-dose group) or 0.075 µg·kg-1·min-1 (in the low-dose 
group).  All patients underwent PCI within 24 h of admis-
sion.  Of the 100 patients initially randomized in the study, 3 
were excluded at the time of coronary angiography because 
of three-vessel CAD requiring coronary artery bypass graft-
ing (CABG) (1 in the standard-dose group, 2 in the low-dose 
group).  Another 3 patients were excluded owing to absence 
of significant CAD at the angiogram (2 in the standard-dose 
group, 1 in the low-dose group).  The infusion of tirofiban 
was discontinued in patients triaged to CABG surgery.  Thus, 
there were 94 patients in each of the final study groups.

The study protocol was approved by the hospital’s ethics 
committee, and informed written consent was obtained from 
all patients before catheterization.

Catheterization procedures and medications  PCI was 

performed according to institutional standards.  All coronary 
angiograms were evaluated by two readers blinded to the 
clinical status of the patient and the treatment modality.  All 
patients received a loading dose of 300 mg aspirin and 300 
mg clopidogrel when tirofiban was administered and were 
then given 100 mg aspirin and 75 mg clopidogrel every day 
after PCI.  Heparin was given at 40 to 70 U/kg, targeting 
an activated clotting time of at least 200 s.  Enoxaparin (1  
mg/kg per 12 h) was administered subcutaneously twice 
daily after PCI for 5 d.

Angiographic analysis included initial and final TIMI 
grade flow[12].  These were performed off-line and by at least 
2 blinded independent observers; the TIMI scores were aver-
aged if they were not in agreement.

Laboratory analyses  Creatine kinase-MB (CK-MB) and 
troponin I (cTnI) levels were measured before and 24 h after 
PCI.  Inhibition of platelet aggregation was measured imme-
diately before the tirofiban bolus and 30 min, 2 h, 6 h, and 
24 h after administration of tirofiban.  Platelet aggregation 
was measured by standard light transmission aggregometry 
using 5 μmol/L adenosine diphosphate as an agonist.  Inhibi-
tion of platelet aggregation (IPA) was calculated as follows: 
[(aggregation at baseline-aggregation at time t)/aggregation 
at baseline]×100.

Endpoints and definitions  The efficacy endpoint was 
the rate of MACEs, defined as all causes of death, myocardial 
infarction, recurrent angina and target-vessel revasculariza-
tion (TVR) at 7 d, 1 month and 6 months of follow-up.  The 
safety endpoint is the incidence of bleeding events at 7 d.  

Myocardial infarction (MI) was defined as follows: (1) 
typical chest pain for longer than 30 min with ECG changes 
(electrocardiographic ST-segment elevation of 1 mm or 
greater in 2 or more contiguous electrocardiogram leads, or 
with new left bundle-branch block) and an elevated CK-MB 
level or (2) a CK-MB level 3 times the upper limit of nor-
mal or a cTnI level above the 99th percentile of the upper 
reference limit, unaccompanied by chest pain and/or ECG 
changes.  Recurrent ischemia was defined as an ischemic 
type of discomfort at rest and lasting at least 10 min and is 
associated with new, horizontal, or downsloping ST-segment 
deviations.  Clinically driven TVR was defined as any CABG 
surgery or a second PCI of the original target vessel, driven 
by clinical symptoms of myocardial ischemia with either 
a positive stress test or electrocardiographic evidence of 
ischemic changes at rest attributable to the target vessel and 
the presence of luminal stenosis of more than 70% of the 
reference luminal diameter by visual estimate.  Bleeding 
(decrease in hemoglobin concentration of at least 3 g/dL 
or in hematocrit of at least 10%) was classified as major or 
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minor according to the TIMI criteria[13].  Major bleeding was 
defined as intracranial bleeding or a decrease in the hemoglo-
bin concentration of 5 g/dL or more or a decrease in hema-
tocrit of 15% or more.  Bleeding was considered minor if 
the hemoglobin concentration decreased by <5 g/dL or the 
hematocrit decreased by <15%.

Statistical analysis  Assuming a 25% lower total bleeding 
rate in the low-dose group compared with the standard-dose 
group, we estimated that 90 patients would provide ≥80% 
statistical power (1–β≥0.80; α=0.05) to detect such differ-
ence.  SPSS 12.0 software was used for statistical analysis.  

All continuous variables were presented as mean± 
standard deviation (SD) or median and interquartile range 
according to their distribution; the Student’s t-test was used 
for variables with a normal distribution and the Wilcoxon 
rank test was used for variables with a non-normal distribu-
tion.  Categorical variables were presented as percentages 
and analyzed by the chi-square test or Fisher’s exact test.  
Kaplan-Meier methods were utilized to estimate endpoints 
at 7 d, 1 month and 6 months.  P values of less than 0.05 were 
considered statistically significant.

Results

Patient characteristics  The clinical characteristics of the 
94 patients enrolled in the study are summarized in Table 1.  
No statistically significant differences in the baseline distri-
bution of clinical and demographic characteristics between 
the two groups were found.

The angiographic characteristics of the patients are 
shown in Table 2.  No significant differences were found in 
the distribution of the culprit lesion or pre- and post-PCI 
TIMI-grade flow (TGF) between the two groups.  All the 
patients in the two groups underwent implantation of bare-
metal or drug-eluting stents.  There was no significant differ-
ence in the type of stents between the two groups.

Platelet aggregation testing  Platelet aggregation 
decreased shortly after tirofiban infusion, with a significantly 
higher platelet aggregation inhibition in the standard-dose 
group than in the low-dose group (P<0.05, Figure 1).  

Efficacy endpoint  The ischemic events are summarized 
in Table 3, and the rates of MACEs are shown in Figure 
2.  The incidence of MACEs was not significantly different 
between the standard-dose group and the low-dose group 
at 7 days (2.1% vs 4.4%, P=0.61), at 1 month (6.3% vs 8.7%, 
P=0.71) and at 6 months (14.6% vs 17.4%, P=0.71).  

Safety endpoint  The incidence of major and minor 
bleeding, bleeding sites, and frequency of transfusion 
thrombocytopenia are listed in Table 4.  The total bleeding 

Table 1. Baseline characteristics of the patients.

Characteristic	                      Standard dose            Low dose               P value
                                                        (n=48)	                 (n=46)	
 
Age, years	 82.5±4.3	 82.0±3.1	 0.27
Male sex, n (%)	 40 (83.3%)	 37 (80.4%)	 0.43

Risk factors			 
  Smoker, n (%)	 18 (37.5%)	 14 (30.4%)	 0.47
  Hypertension, n (%)	 16 (30.0%)	 14 (30.4%)	 0.76
  Diabetes, n (%)	   9 (18.8%)	 10 (21.7%)	 0.72
  Dyslipiemia, n (%)	 15 (31.3%)	 16 (34.8%)	 0.72

Medical history			 
  PCI, n (%)	   4 (8.3%)	   3 (6.5%)	 0.74
  MI, n (%)	   2 (4.2%)	   3 (6.5%)	 0.61
  Stoke, n (%)	   1 (2.1%)	   0 (0.0%)	 0.33

Creatinine clearance, median
  (IQR), mL/min	 67.5 (62.8–67.4)	 68.6 (63.7–73.5)	 0.92
  Elevated CK-MB, n (%)	 11 (22.9%)	 12 (26.0%)	 0.81
  Elevated cTnI, n (%)	 23 (47.9%)	 23 (50.0%)	 0.83

TIMI risk score 			 
  0–2	   0 (0.0%)	   0 (0.0%)	 0.49
  3–4	 28 (58.3%)	 30 (65.2%)	
  5–7	 20 (41.7%)	 16 (34.8%)	

Concomitant medications at discharge			 
  Aspirin, n (%) 	 48 (100.0%)	 46 (100.0%)	 1.00
  Clopidogrel, n (%) 	 48 (100.0%)	 46 (100.0%)	 1.00
  β-blocker, n (%)	 12 (25.0%)	 10 (21.7%)	 0.71
  Statin, n (%) 	 47 (97.8%)	 45 (97.8%)	 0.74
  ACEI inhibitor, n (%) 	 10 (21.7%)	 11 (23.9%)	 0.45

Time to PCI (h)	 10.6±3.0	 10.1±2.8	 0.41

PCI, percutaneous coronary intervention; MI, myocardial infarction. 
IQR: interquartile range.

Figure 1.  Mean platelet aggregation inhibition (%)±SD at different 
time points.  IPA, inhibition of platelet aggregation.



556

 www.nature.com/apsLin YL et al

rate (29.2% vs 10.8%, P=0.03) and the major bleeding rate 
(10.4% vs 0%, P=0.03) were significantly higher in the stan-
dard group than in the low-dose group.  There was no statisti-

cally significant difference in minor bleeding events between 
the two groups.

Discussion 

In this single-center study, we compared the efficacy and 
safety of two different doses of tirofiban on elderly patients 
with high-risk NSTE-ACS undergoing PCI.  A bolus dose 
of 0.4 µg kg-1·min-1 over a period of 30 min was applied in 
both groups, but the subsequent maintenance infusion dose 
varied.  To our knowledge, this is the first study to compare 
different maintenance doses of tirofiban in very elderly 

Table 2.  Angiographic characteristics and procedures results of the 
patients.

Characteristic	                             Standard dose          Low dose          P value
                                                               (n=48)	   (n=46)	
 
Culprit vessel, n	 84	 79	
    LAD, n (%)	 47 (55.9%)	 36 (45.6%)	 0.47
    LCX, n (%)	 20 (23.8%)	 25 (31.6%)	
    RCA, n (%)	 17 (20.2%)	 18 (22.7%)	

Type of stent			 
    Total number of stents, n	 76	 70	
    Bare-metal stent, n (%)	   9 (11.8%)	   8 (11.5%)	 0.85
    Drug-eluting stent, n (%)	 67 (88.2%)	 62 (88.5%)	

Initial TGF, n (%)			 
    0	   3 (6.5%)	   2 (4.3%)	 0.95
    1	 11 (22.9%)	 12 (26.1%)	
    2	 18 (37.5%)	 16 (34.8%)	
    3	 16 (33.3%)	 16 (34.8%)	

Final TFG after PCI, n (%)			 
    0	   0 (0%)	   0 (0%)	 0.82
    1	   1 (2.1%)	   1 (2.1%)	
    2	   1 (2.1%)	   2 (4.2%)	
    3	 46 (95.8%)	 43 (93.5%)	

LAD, left anterior descending coronary artery; LCX, left circumflex 
artery; RCA, right coronary artery; TGF, TIMI-grade flow.

Table 3.  Major adverse cardiac events at 7 days, 1 month and 6 month.

                                                            Standard dose        Low dose         P value
                                                                  (n=48)	   (n=46)	
 
Results at 7 days	 1 (2.1%)	 2 (4.4%)	 0.61
	 Death, n (%) 	 1 (2.1%)	 1 (2.2%)	
	 MI, n (%)	 0 (0.0%)	 1 (2.2%)	
	 Recurrent angina, n (%) 	 0 (0.0%)	 0 (0.0%)	
	 TVR, n (%)	 0 (0.0%)	 0 (0.0%)	

Results at 1 month	 3 (6.3%)	 4 (8.7%)	 0.71
	 Death, n (%) 	 1 (2.1%)	 1 (2.2%)	
	 MI, n (%)	 0 (0.0%)	 1 (2.2%)	
	 Recurrent angina, n (%) 	 1 (2.1%)	 1 (2.2%)	
	 TVR, n (%)	 1 (2.1%)	 1 (2.2%)	

Results at 6 month	 7 (14.6%)	 8 (17.4%)	 0.71
	 Death, n (%) 	 1 (2.1%)	 1 (2.2%)	
	 MI, n (%)	 1 (2.1%)	 1 (2.2%)	
	 Recurrent angina, n (%) 	 3 (6.3%)	 4 (8.7%)	
	 TVR, n (%)	 2 (4.2%)	 2 (4.3%)	

MI, myocardial infarction; TVR, target-vessel revascularization.

Table 4.  Bleeding events at 7 days.

                                                       Standard dose          Low dose             P value
                                                              (n=48)	                  (n=46)	
 
Major bleeding	 5 (10.4%)	 0 (0.0%)	 0.031
Intracranial 	 0 (0.0%)	 0 (0.0%)	 1.000
Minor bleeding	 9 (18.8%)	 5 (10.8%)	 0.283
Location of bleeding			   0.920
Instrumented site	 5 (35.7%)	 2 (40.0%)	
Retroperitoneal site	 0 (0.0%)	 0 (0.0%)	
Gastrointestinal site	 4 (8.3%)	 1 (2.2%)	
Other site	 5 (10.4%)	 2 (4.3%)	
Transfusion 	 4 (8.3%)	 0 (0.0%)	 0.064
Thrombocytopenia 	 0 (0.0%)	 0 (0.0%)	 1.000

Figure 2.  Cumulative Kaplan-Meier estimates of the rates of the 
efficacy endpoint during the follow-up period.  MI, myocardial 
infarction; TVR, target-vessel revascularization.
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people.  Our major findings show that, when compared to 
the standard dose of tirofiban, the low dose provided similar 
protection from MACEs in very elderly patients with NSTE-
ACS who underwent PCI.  In addition, the low dose was 
associated with fewer total bleeding events overall and fewer 
major bleeding events over 6 months of follow-up.  

According to recent guidelines, the use of GPI is strongly 
recommended in high-risk NSTE-ACS patients when PCI 
is planned, and eptifibatide or tirofiban is recommended 
for upstream use (before diagnosis angiography) in these 
patients.  However, in patients not treated upstream, so-
called downstream treatments, eptifibatide or abciximab, are 
recommended instead of tirofiban[1, 5, 6].  As detailed in these 
guidelines, tirofiban (bolus dose of 0.4 µg·kg-1·min-1 for 30 
minutes, followed by 0.1 µg·kg-1·min-1 of infusion) should be 
administered before the invasive procedure.  The use of tiro-
fiban in patients with ACS further reduces the incidence of 
death and MI[2–4].  However, compared with heparin alone, 
tirofiban plus heparin increased major and minor bleeding 
significantly[2].  In the ACUITY trial[15], which compared 
upstream with downstream approaches, upstream GPI (epti-
fibatide or tirofiban) initiation before angiography decreased 
the rate of the composite ischemia endpoint (although not 
by a statistically significant amount) but resulted in signifi-
cantly higher rates of major bleeding, minor bleeding, and 
blood transfusions.

Age is an important determinant of outcomes for patients 
with ACS.  Platelets isolated from older people were more 
inhibited by antiplatelet therapy[16] than those of younger 
patients.  Elderly patients benefit from the invasive strat-
egy of PCI at the cost of an increased number of bleeding 
events[9, 10].  In a study designed to evaluate the safety profile 
of GPI in octogenarians undergoing PCI, the incidence of 
bleeding and the need for transfusion were higher in the very 
elderly patients treated with GPI.  In NSTE-ACS patients, 
there is a strong, consistent and dose-related association 
between bleeding and death[11]; the mortality was 7.3% in 
patients with major bleeding compared with 1.1% in patients 
without major bleeding (RR , 6.71; 95% CI, 4.64−9.71; 
P<0.001)[15].  In the clinical reality, guideline-recommended 
therapies are used less frequently in the elderly[17–19], which 
is probably based on a generalized consideration of protect-
ing elderly patients from overuse of GPI during invasive 
interventions.  This unjustified treatment paradox prompts 
an adjustment of the drug dose to maximize the net clinical 
outcome for the elderly.  

Because the coronary anatomy and suitability for PCI are 
unknown in most patients presenting with ACS, and GPIs 
decrease adverse events prior to angiography, current guide-

lines recommend their initiation in patients with ACS either 
upstream to all patients or selectively in the cardiac cath-
eterization laboratory after angiography has identified those 
appropriate for PCI, with no clear preference (class I, level 
of evidence: B).  Among the three available GPIs — abcix-
imab, eptifibatide, and tirofiban — only tirofiban is available 
in China.  In our current study, a low dose of tirofiban has 
been confirmed to yield a net benefit comparable to that of 
the standard dose, ie, a similar rate of prevention of ischemic 
events and fewer bleeding events.  To obtain more benefit 
but less risk from the invasive strategy, this adjustment to the 
standard dose of tirofiban would be more appropriate and 
practical for elderly patients with high-risk NSTE-ACS in 
China.

There are several limitations in this study.  First, the 
open-label design may have raised the possibility of bias.  We 
attempted to minimize this potential with the requirement 
that all ischemic and hemorrhagic events be adjudicated by 
observers blinded to the treatment assignation.  Second, this 
is a small study, so the results obtained should be further 
tested in larger randomized blind trials in the future.  

Conclusions 

In very elderly Chinese patients with high-risk NSTE-
ACS, a low dose of tirofiban provides protection from 
ischemic events similar to that of the standard dose over a 6 
month follow-up period, but it significantly reduces the num-
ber of major bleeding events.  
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