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ABSTRACT 
 

Objective: To assess the safety and efficacy of intracoronary (IC) versus Intralesional (IL) 
administration of   tirofiban during primary (PCI) in patients with acute ST segment elevation 
myocardial infarction. 
Patients and Methods: This research involved 95 patients who were randomly assigned to 
recieve either IC bolus plus maintenance or IL bolus plus maintenance of tirofiban. Both groups 
were compared for pre and post intervention for cardiac marker, myocardial perfusion, and Major 
composite adverse cardiac event incidence at 3 months were recorded. 
 Results: Incidence of major adverse cardiac events was not different between groups, but Post 
procedure TIMI flow III and MBG III were significant in IL group with p = 0.03*, and 0.022* 
respectively favoring distal intracoronary strategy. Peak CK-MB values were lower in IL tirofiban 
group than IC group, 172.79±18.37, 184.58 ± 19.93 respectively with significant (p=0.021). ST 
segment resolution and 3 months LVEF in IL group were significantly higher in IL group than in IC 
group (p= 0.016*) respectively. 

Original Research Article 
 



 
 
 
 

El-Ghlban et al.; JAMMR, 34(20): 141-150, 2022; Article no.JAMMR.88664 
 
 

 
142 

 

Conclusion: local intracoronary tirofiban infusion via perforated balloon technique at the time of 
PPCI was associated with reduced thrombus burden, improved immediate angiographic outcome, 
and 3-month EF, compared with intracoronary GPI bolus injection via the guiding catheter. 
 

 
Keywords: Tirofiban; no-reflow; perforated balloon. 
 

1. INTRODUCTION 
 
“TIMI III flow can be achieved in the IRA in>90% 
of patients undergoing PPCI. However, epicardial 
blood flow does not necessarily equate to 
myocardial perfusion. After the operation, angina 
pectoris, sudden death, even heart failure, and 
other serious cardiovascular adverse events are 
possible. At present, it is believed that this is 
because effective and sufficient myocardial blood 
flow perfusion is not achieved, resulting in 
myocardial stunning, hibernation, and necrosis. 
So, after successful PCI even with TIMI 3 flow, 
effective myocardial perfusion may not be 
achieved”[1-3]. 
 
“Excessive platelet activation and aggregation 
play an important role in the progression of acute 
coronary syndrome (ACS)” [4]. 
 
“Glycoprotein (GP) IIb/IIIa antagonists can 
effectively prevent the binding of fibrinogen to 
platelet glycoprotein IIb/IIIa receptor and the 
adhesion of platelets and damaged endothelial 
cells. 

 
One such antagonist, tirofiban, was shown to 
improve myocardial perfusion by inhibiting 
platelet aggregation” [5]. 

 
“Angiographic evidence of a large thrombus, 
sluggish or absent reflow, or other thrombotic 
consequences justifies the use of GPIIb/IIIa 
inhibitors (GPIs) as rescue therapy, according to 
ESC/ACCF/AHA recommendations” [6,7]. 

 
“However, the incidence of hemorrhage is also 
increased. Tirofiban is administered through both 
intravenous and intra-coronary artery delivery. It 
has been suggested that the administration of 
tirofiban by intra-coronary injection can promote 
drug absorption in the diseased region and 
enhance the inhibition of platelet aggregation, 
thereby decreasing bleeding risk”[8]. 
  
Intra-coronary administration of tirofiban can be 
achieved using either a guiding catheter or 
perforated balloon as a simple & handy 
technique, little is known about the comparative 

efficiency and safety for these two delivery 
methods. 
 

2. METHODS 
 

2.1 Study design  
 
A prospective cohort randomized comparative 
study was conducted at Cardiology Department, 
Tanta University, from 2019 till mid of 2021 
 

2.2 Study Population 
 

95 patients that fulfilled the inclusion criteria were 
recruited from Cardiology department in Tanta 
University presented with first  recent STEMI, the 
patients were divided into two groups (grouping 
was done according to Route of tirofiban 
administration for bailout indications): Group A: 
comprised 50 Patients who had primary PCI as a 
reperfusion strategy then received tirofiban 
intracoronary through guiding catheter, Group B: 
comprised 45 Patients who had primary PCI as a 
reperfusion strategy then received tirofiban in the 
distal coronary bed through perforated balloon 
technique .The exclusion criteria  was active 
bleeding, patients with known bleeding diathesis. 
History of intracerebral mass or aneurysm, 
cardiogenic shock at admission, renal 
impairment, history of hepatic disorders or 
thrombocytopenia. 
 

2.3 Methods  
 

The study sample population was subjected to 
the following: history taking, Age, sex, history of 
risk factors for (CAD), Clinical examination, 
twelve leads ECG & Routine laboratory 
investigation were done for all patients.  
 

A loading dose of dual anti platelet (Aspirin 
300mg chewable) plus P2Y12 inhibitor 
(Ticagrelor 180 mg) was given. In this study, both 
femoral and radial arterial approaches were 
used. The infarcted related artery (IRA) was 
identified. An interventional cardiologist identified 
the culprit lesion on the basis of the infarct 
location on the admission ECG and the 
angiographic findings (target vessel, lesion 
characteristics).

113
 After securing vascular 
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access through right femoral or radial arteries, a 
total of 50-70 IU/kg unfractionated heparin IV 
bolus was given, then additional weight adjusted 
unfractionated heparin was given to achieve 
approximately 250 s of activated clotting time 
(ACT).  
 
Intra-coronary injection of tirofiban was applied 
according to the event of angiographic evidence 
of a thrombus (TIMI) thrombus grade ≥ 2 in the 
infarct-related artery, slow- or no-reflow, and 
other thrombotic complications. Patients were 
randomly divided into 2 groups according to the 
method used to administer the loading dose of 
intracoronary tirofiban: the guiding catheter group 
(group A: n = 50) and the perforated balloon 
technique group (group B: n = 45) In group A , 
bolus 25 μg /kg of tirofiban was given through the 
guiding catheter in infarcted related artery 
immediately after guidewire crossed the lesion 
successfully and ante grade flow was restore 
aiming to secure maximum concentration of the 
drug at culprit lesion site and distal microvascular 
bed.  In perforated balloon group (Group B) .... 
coronary balloon catheter used for predilatation 
of the lesion was prepared. In-vitro inflation of the 
balloon catheter was performed using the 
inflation device filled with loading dose of 
tirofiban. We performed four punctures in 
different areas of inflated balloon segment using 
a needle and it is important to not cross the 
opposite layer of the balloon. Once that was 
done, we allowed the solution to ooze from the 
perforated segments to remove all possible 
micro-bubbles by maintaining 1–2 atmospheric 
pressure with inflation device. The balloon was 
inserted over the coronary wire into the guide 
catheter The balloon was then advanced into 
distal segment of the culprit coronary artery. IC 
instillation of drug was performed. Additionally, 
all patients received intracoronary cocktail 
(Nitrate 50-200 mic + verapamil (300 mic)75% of 
the dose after wire passage; 25% after stent 
deployment), either via the Guiding catheter 
group (A), or through the perforated balloon 
(group B). Aspiration thrombectomy catheter was 
used if needed ((TIMI) thrombus grade ≥ 3 in the 
infarct-related artery) and finally, a suitable drug 
eluting stent (FDA approved) was employed in 
IRA in most of patients [9,10]. Maintenance IV 
tirofiban 0.15 μg /kg/min for 24 hours was started 
in both groups after bolus dose.   
 
The following were recorded from the offline 
angiographic analysis of the whole procedure; 
post-procedural (TIMI) flow grades and 
Myocardial blush grade in the culprit vessel 

(MBG), 12-lead ECGs were acquired 
immediately after admission and every 30 min 
after primary PCI. ST resolution was assessed 
and was categorized as 50% or less. All ECG 
recordings were analyzed by an experienced 
physician blinded to treatment groups. Peak 
CKMP level was recorded 24 H after symptom 
onset. Maximum CRP level was estimated 48 h 
after symptom onset [11]. 
 
- Echocardiography were performed using (a GE 
vivid seven Cardiac ultrasound phased array 
system with tissue Doppler imaging using M4S 
transducer 4 M. HZ). Assessment of ejection 
fraction by modified Simpson method done 
during admission after successful PCI. Clinical 
follow-up of each patient was obtained from 
hospital records and interviews. MACE included 
cardiovascular death, heart failure, recurrent 
myocardial infarction, stent thrombosis, or target 
vessel revascularization and bleeding 
complication. during hospitalization, at 3-month. 
Safety endpoints in the form of Major, Minor 
bleeding & thrombocytopenia.  
 

2.4 Statistical Analysis 
 
The collected data were revised, organized, 
tabulated and statistically analyzed using 
statistical package for social sciences (SPSS) 
version 24.0 for windows. Data are presented as 
the Mean ± standard deviation (SD), frequency, 
and percentage. Categorical variables were 
compared using the chi-square (χ2) and Fisher's 
exact tests (if required). Continuous variables 
were compared by the student t test (two-tailed) 
and one – way ANOVA test for parametric data 
with Bonferroni post hoc test to detect 
differences between subgroups. Mann-Whitney 
U and Kruskal – Wallis tests for nonparametric 
data. The level of significance was accepted if 
the P value < 0.05 [12,13]. 
 

3. RESULTS 
 
The two groups showed No statistically 
significant differences in baseline characteristics. 
The mean age was 58.5 ± 10.18 years in group 
A and 55.90 ± 11.66 years in group B. with P-
value 0.249. 
 
Patients in group A were divided into 27 male 
(54%) and 23 female (46%), while in group B 
there were 23 male (51.1%) and 22 female 
(48.9%) with no statically significant difference 
between 2 groups with P value 0.778.There was 
no difference between two groups in 
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cardiovascular risk profile (Figure 1), door-to-
balloon times were not significantly different 
(p=0.198) (Table 1). Frequency of patients with 
Killip class 1 was 70% in group A and 77% in 
group B, (p=0.691). Angiographic characteristics 
of the groups are presented in Table 2, No 
significant differences were found between 
groups in distribution of culprit lesion. 
 
Post procedure TIMI flow III and MBG III were 
significantly in favor to intralesional (IL) group 
with p = 0.03*, and 0.022* respectively. 

Percentage of patients with 50% resolution of ST 
segment was significantly higher in IL group than 
in IC group with (p= 0.035*), Peak CK-MB value 
was significantly lower in IL Glycoprotein IIb/ IIIa 
group than IC group, 172.79±18.37, 184.58 ± 
19.93 respectively (p=0.021). maximum CRP 
Mean level was significantly lower in group B 
rather than group A. There was no significant 
difference in LVEF between both groups 48 
hours after PCI (p= 0.116). However, after 3 
months of PCI, the average LVEF in IL group 
was higher than in the IC group (p= 0.016*).  

 

  Identification of the culprit  artery

  Wiring with BMW wire

  Pre-dilatation with undersized balloon

  Identification of the thrombus Grade

Thrombus Grade   2

Bolus tirofiban IC through guiding catheter Bolus tirofiban IL through perforated balloonIntracoronary 

vasodilators

Revaluation of the thrombus Grade

Thrombus Grade   2                          

Stenting if visible distal target

 Thrombus Grade  3  

Manual Thrombus Aspiration

Passed   Not passed>>> preparation of the lesion with larger balloon

Revaluation of the 
thrombus Grade

Thrombus Grade  3

Deferred stenting 

Thrombus Grade   2   

Stenting if visible distal target

 
 

Chart 1. Schematic algorism for the methodology 
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There were no significant differences between 
groups with respect to incidence of MACE, major 
bleeding and minor during hospitalization and at 
3-month follow-up as shown in Table 5.  
 
In group A, 1 patient developed major bleeding 
due to upper gastrointestinal system bleeding 

and 5 patients developed minor bleeding (3 
patients developed access site bleeding, and 2 
patients developed hematuria). In group B, 1 
patient developed major bleeding due to lower 
gastrointestinal system, and 4 patients 
developed hematuria. Bleeding events are 
summarized in Table 5. 

 

 
 

Fig. 1. Comparison between the two studied groups according to risk factors 
 

Table 1. Comparison between the two studied groups according to clinical presentation 
 

 Group A 
(n = 50) 

Group B 
(n = 45) 

P 

 No. % No. % 

Time from onset of symptoms to FMC (hours)    
Min. – Max. 0.50 – 12.0 1.0 – 12.0 0.348 
Mean ± SD. 5.63 ± 3.61 4.98 ± 3.28 
Pulse (beat/min.)    
Min. – Max. 40.0 – 115.0 50.0 – 125.0 0.108 
Mean ± SD. 81.58 ± 18.19 76.55 ± 12.25 
Killip Class      
1 35 70.0 35 77.8 0.691 
2 12 24.0 8 17.8 
3 3 6.0 2 4.4 
Systolic blood pressure (mmHg)    
Min. – Max. 100.0 – 170.0 110.0 – 150.0 0.257 
Mean ± SD. 135.62 ± 21.47 131.52 ± 13.62 
Diastolic blood pressure (mmHg)    
Min. – Max. 60.0 – 110.0 60.0 – 100.0 0.236 
Mean ± SD. 81.56 ± 12.26 78.91 ± 9.84 
Rhythm      
 Normal Sinus Rhythm 48 96.0 40 88.9 0.185 
Other 2 4.0 5 11.1 
Door to reperfusion method (minutes)    
Min. – Max. 30-90 20-100 0.198 
Mean ± SD. 58.63 ± 19.41 64.39 ± 24.72 
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Table 2. Comparison between the two studied groups according to angiographic procedure 
 

 Group A 
(n = 50) 

Group B 
(n = 45) 

P 

 No. % No. % 

Access site      
Femoral 37 74 35 77.8 0.668 
Radial 13 26 10 22.2 
Infarct-related artery      
LAD 34 68.0 27 60.0 0.717 
LCX 6 12.0 7 15.6 
RCA 10 20.0 11 24.4 
Stenting      
No  6 12.0 2 4.4 0.185 
DES 44 88.0 43 95.6 
Stent length (mm) 26.5± 5.9  24.3± 4.5  0.039* 
 Thrombus aspiration 20 40 17 38 0.824 

 
Table 3. Comparison of interventional data between group A and group B 

 

Variables  Group A (N = 50)  Group B (N = 45)  p  

TIMI Pre  0  9 (18.0%)  8 (17.7%)  0.623  
I  16 (32.0%)  12 (26.7%)  
II  14 (28.0%)  18 (40.0%)  
III  11 (22.0%)  7 (15.6%)  

TIMI Post  0  4 (8.0%)  0 (0.0%)  0.03*  
I  4 (8.0%)  1 (2.2%)  
II   7 (14.0%)  2 (4.4%)  
III  35 (70.0%)  42 (93.3%)  

Myocardial Blush 
post  

I  7 (14.0%)  2 (4.4%)  0.022*  
II  9 (18.0%)  2 (13.6%)  
III  34 (68.0%)  41 (82.0%)  

ST segment resolution  33 (66.0%)  20 (44.4%)  0.035* 

 
Table 4. Comparison of ejection fraction between group A and group B 

 

Variable  Group  M ± SD  p  

EF (48 hrs.)  Group A  39.65 ± 4.82  0.116  
Group B  41.36 ± 5.91  

EF (3 months)  Group A  42.14 ± 7.17  0.016*  
Group B  45.93 ± 7.84  

 

4. DISCUSSION 
 

“The main cause of slow flow and no-reflow is 
thrombosis and microvascular embolization, 
these microvascular complications is higher in 
AMI and primary PCI. Imperfect platelet 
aggregation inhibition during PCI may increase 
the MACE. The use of adjuvant medical drugs 
like GPIs considerably decrease the incidence of 
distal embolization and thrombotic outcomes in 
STEMI patients” [14,15], “some experimental 
studies showed that GPIs exert additional 
antiplatelet, antithrombotic, and anti-inflammatory 
effects when local drug concentrations are 
higher” [16]. These reports eventually gave rise 

to the logical hypothesis of choosing the 
intracoronary route for GPIs aiming increased 
local concentrations with higher levels of platelet 
GPI receptor occupancy leading to more rapid 
dissolution of thrombus with improved 
disaggregation of newly formed platelet 
aggregates, which might be eventually 
associated with improved myocardial perfusion. 
 
“This study demonstrates that intracoronary 
administration of high dose bolus of intralesional 
tirofiban leads to accelerated myocardial 
reperfusion, improved coronary flow, and 
reduced infarction size, improve ejection fraction 
in STEMI patients undergoing PCI but 
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Table 5. Comparison of MACE in-hospital and 3-month after procedure and bleeding between 
group A and group B 

 

Variables  Group A (N = 50)  Group B (N = 45)  p  

In-hospital  
MACE  

Death  2 (4.0%)  1 (2.2%)  0.621  
Stroke  0 (0.0%)  0 (0.0%)  - 
Reinfarction  1 (2.0%)  0 (0.0%)  0.340 
Stent thrombosis  1 (2.0%)  0 (0.6%)  0.340 
TVR  1 (2.0%)  0 (0.6%)  0.340 
HF  3 (6.6%) 1 (3.3%) 0.307 

3-month 
MACE  

Death  1 (2.0%)  0 (0.0%)  0.340 
Stroke  0 (0.0%)  0 (0.0%)  - 
Reinfarction  1 (2.0%)  1 (2.2%)  1.0 
Stent thrombosis  1 (2.0%)  1 (2.2%)  1.0 
TVR  1 (2.0%)  1 (2.2%)  1.0 

Bleeding  Major  1 (2.0%)  1 (2.2%)  1.0  
Minor  5 (10.0%)  4 (8.8%)  0.854 
Thrombocytopenia  2 (4.0%)  2 (4.4%)  1.0 

 
Table 6. Comparison between the two studied groups according to laboratory investigation 

 

Laboratory investigation Group A 
(n = 50) 

Group B 
(n = 45) 

P 

Hb (mg/dl)    
Min. – Max. 7.0 – 15.0 11 – 16 0.525 
Mean ± SD. 12.9 ± 2.7 12.7 ± 1.3 
WBCc (number/mm

3
)    

Min. – Max. 7500 – 22700 7100-22200 0.132 
Mean ± SD. 18470± 3069 19530 ± 3725 
Platelets(number/mm

3
)    

Min. – Max. 140000 – 252000 148000- 276000 0.135 
Mean ± SD. 196200± 24423 203543 ± 22885 
Serum creatinine (mg/dl)    
Min. – Max. 0.6-1.8 0.6 – 1.9 0.691 
Mean ± SD. 1.04 ± 0.38 1.07 ± 0.35 
Blood urea(mg/dl)    
Min. – Max. 23-45 35 – 51 0.133 
Mean ± SD. 37.3 ± 8.9 40.1 ± 9.1 
Random blood sugar(mg/dl)     
Min. – Max. 114-412 90 – 600 0.122 
Mean ± SD. 186.7 ± 80.4 218.6 ±117.3 
CKMB (Peak) 
 Mean ± SD. 

184.58 ± 19.93 172.79±18.37 0.018* 

Maximum CRP level Mean ± SD. 8.2 ± 3.6  6.7 ± 1.9 0.014*  

 
unfortunately, these findings did not translate into 
improved MACE at 3 months follow up. Our 
findings also in concordance with recent studies 
which proved that IC” [17] and “intra-lesion 
delivery of tirofiban through aspiration catheter 
has better myocardial perfusion and less 
complications even in complex PCI” [18]. These 
results contradicted with our findings which 
significantly favored local coronary route as the 
intralesional group exhibited lower peak levels of 
post-procedural cardiac enzymes associated with 
a smaller enzymatic infarct size with statistically 

significant between both group with mean values 
of Peak CKMP and improved TIMI flow and 
Myocardial blush scores in our study as there 
was statistically significant improvement of TIMI 
Flow and MBG favor the intralesional route. 
Furthermore, restoration of microvascular blood 
flow assessed by ST-segment resolution was 
significantly accelerated besides that statistically 
significant resolution of ST segment in ECG 30 
minutes after intervention towards intralesional 
route .We also showed that IL tirofiban has 
decreased inflammation during myocardial 



 
 
 
 

El-Ghlban et al.; JAMMR, 34(20): 141-150, 2022; Article no.JAMMR.88664 
 
 

 
148 

 

infarction which is evidenced by significant 
reduction of peak CRP level with mean values± 
SD  of both groups. Previous studies have 
reported on the predictive value of CRP in 
determining the risk of future cardiovascular 
events [19]. It was not a surprise that the 
potential beneficial effects of intralesional high 
dose administration became evident after 3 
month in our study and translated into a better 
recovery of left ventricular function as our result 
revealed no statistically significant difference of 
the left ventricular ejection fraction  between both 
groups at the time of discharge, but it is of worth 
to notice that EF of patients in Perforated balloon 
strategy was slightly higher than those in Guiding 
catheter group, while in follow up of  the patients, 
there was statistically significance of                      
measuring EF% between Group A &                 
Group B. 
 
“The fact that improved TIMI flow and MBG blush 
scores and ST segment resolution did not 
necessarily translate into better clinical outcomes 
( MACE) at 3 month  follow up might have been 
due to combination of successful primary PCI 
and high-dose bolus of tirofiban in both groups, 
as both of them are powerful-enough 
confounders to effectively blunt MACE findings at 
3 month, and it is very well-known that 
myocardial blush grade best describes the 
effectiveness of myocardial reperfusion and is an 
independent predictor of long-term mortality rate” 
[20].  This came in agreement with M. Osman et 
al which concluded that IC administration of 
tirofiban enhance left ventricular systolic function 
over IV route, however no distinction between 
two strategies on MACE or bleeding risk [21]. 
However, intracoronary administration of GPI via 
the guiding catheter would eventually lose much 
of the dose inside branches before reaching the 
site of thrombus. Local intracoronary infusion of 
GPI at the site of thrombus formation via a 
perforated balloon catheter would achieve much 
higher concentration of the drug, and 
consequently better thrombus dispersal and 
improved microvascular perfusion. In the 
COCTAIL study by Prati et al., bolus abciximab 
via coronary perfusion catheter reduced 
thrombus burden as assessed by optical 
coherence tomography in patients with acute 
coronary syndrome (38% STEMI) and culprit 
lesion thrombosis, compared with bolus 
abciximab delivered via guiding catheter 
injection. The administration of intracoronary 
vasodilator may have further contributed to 
improving the final angiographic outcome in the 
current study. 

Resolution of thrombus before stent implantation 
in patients with STEMI undergoing PPCI allows 
for a better angiographic assessment of the 
infarct-related segment; and therefore, a better 
selection of the size (length) of the stent to be 
implanted which was obvious in less mean stent 
length in IL group with significant difference 
between both groups. Nevertheless, more often 
use of thrombectomy device with local 
intracoronary infusion of tirofiban might have 
contributed to the better angiographic results. 
 
Platelet count mildly decreased in 4 patients in 
our study without significant difference between 
both groups and without any significant impact 
on the rate of hemorrhagic complications. We 
suppose that our technique would to be lower in 
the bleeding risk, unfortunately that was not 
obvious in the study Mostly as we did give a 
maintenance IV infusion of tirofiban in both 
groups after the bolus dose. 
 

5. CONCLUSION 
 
In patients with acute STEMI with slow flow, no-
reflow or thrombotic complication, local 
intracoronary tirofiban infusion via perforated 
balloon technique at the time of PPCI was 
associated with reduced thrombus burden, 
improved immediate angiographic outcome, and 
3-month EF, compared with intracoronary GPI 
bolus injection via the guiding catheter. 
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