The Effect of High bolus dose Tirofiban Versus Conventional dose on angiographic complication and microvascular perfusion as detected by ST segment resolution and TIMI flow after PCI in patients with acute ST elevation myocardial infarction.
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Abstract
Background :To overcome the suboptimal platelet inhibition induced by tirofiban in the first hour after percutaneous coronary interventions, a new regimen 25 mcg/kg bolus followed by an infusion of 0.15 mcg/kg /min has been proposed.

Objective:   Our aim is to detect the effect of high bolus dose tirofiban on microvascular Perfusion as detected by ST segment resolution and TIMI flow after PCI.

Methods:  A total of 30 patients with recent STEMI undergoing primary PCI were  alternatively randomized to high bolus dose High Bolus Dose (HBD) tirofiban (25 mcg/kg over 3 min, and infusion of 0.15 mcg/kg /min for 24-48 hs) vs conventional dose (10 mcg/kg over 3 min, and infusion of 0.15 mcg/kg /min for 24-48 hrs), standard 12-lead ECG on admission, after PCI and 6 hourly for 24 hrs, then daily and whenever indicated, the first sum of ST segment elevation in millimeters was obtained immediately before PCI and 60 min after intervention, the difference between the two measurements was taken as resolution of ST segment which either > 50% or < 50% resolution. 

Diagnostic coronary angiography and PCI of the target vessel when indicated, with determination of angiographic complication with a special interest on TIMI flow post PCI.

Results:   Thirty pts (mean age 52±9.8, 28 Males, 2 Females) with comparable risk factors between both groups. 
In group A, ST elevation pre PCI compared to ST elevation post PCI (11.5±8.9 vs 4.1±3.3, P value: 0.001) while ST resolution was 7.3±7.  In group B, ST elevation pre PCI compared to ST elevation post PCI (10.8±9.3 vs 4.9±4.1, P value: 0.009) while ST resolution was 5.9±7.4.
            Angiographic complications was more prevalent in group B (1 vs 7, P value: 0.013) also TIMI flow III was observed in all patient in group A and 11 patient in group B (P value: <0.032).
Conclusion:  The use of a HBD of tirofiban in patient undergoing 1ry PCI is associated with reduced rate of angiographic complications also had better effect on preserving micro-vascular perfusion.
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 Introduction

Coronary plaque fissuring or rupture is the initiating event of acute MI. rupture of the fibrous cap of a coronary atheroma exposes the underlying subendothelial matrix to formed elements of circulating blood, leading to activation of platelets, thrombin generation and thrombus formation.(1). Platelet aggregation requires the activation of glycoprotein IIb/IIIa receptors on the platelet surface. The IIb/IIIa receptors of adjacent platelets bind fibrinogen molecules that allow cross-linking of the platelets, which subsequently initiates thrombus formation. Blocking the IIb/IIIa receptor inhibits platelet aggregation and reduces thrombus formation (1). The most recent guidelines for the management of patients presenting with a non ST segment elevation acute coronary syndrome strongly recommend the use of glycoprotein (GP) IIb/IIIa receptor antagonists for high risk patients when percutaneous coronary intervention is planned (2, 3). Although several randomized trials with different GP IIb/IIIa antagonists have convincingly demonstrated the usefulness of this therapeutic strategy, a number of lingering unsolved issues concerning which agent should be used and the most appropriate timing and dosage remain to be explored (4). Tirofiban may be less effective than abciximab within 60 min after administration (5). Recently, Schneider et al. (6) have identified a tirofiban bolus of 25 μg/kg (followed by maintenance infusion of 0.15 μg/kg/min) that achieves inhibition of platelet aggregation > 85% through 60 min. The role of this regimen on patients with recent ST elevation myocardial infarction treated by primary angioplasty and effect of this new bolus dose on myocardial reperfusion and in modifying the inflammatory markers remains to be established.

Aim of the Work:      to detect effect of high bolus dose Vs conventional dose tirofiban      on microvascular perfusion as detected by ST segment resolution and TIMI flow after PCI.

Patients & Methods:   between the period of January 2006 to January 2007, 30 pts with acute ST elevation myocardial infarction who were amenable to primary coronary intervention were admitted to critical care department at Cairo university, and were randomized alternatively into 2 groups; group A: received high bolus dose tirofiban 25 mcg/kg followed by infusion of 0.15 mcg/kg/min: group B: received conventional dose tirofiban 10 mcg/kg followed by infusion of 0.15 mcg/kg/min.

Inclusion criteria:  Patients were presenting with symptoms of recent MI fulfilling the following criteria, typical chest pain, ECG: criteria of evolving recent MI, ST-elevation ≥ 1 mm in  2 or more  limb leads or  ≥2 mm in  2 or more  contagious pre-cordial leads, typical rise and  fall  of biochemical markers indicating myocardial necrosis.

Exclusion Criteria: · patients with following criteria are excluded from the study:-

ongoing bleeding or bleeding diathesis; previous stroke in last month or any history of hemorrhagic stroke; major surgery within the previous month; platelets count <100.000/cmm ; and serum creatinine >2.5 mg/dl

Methods:  following admission all patients were subjected to the following after randomization into groups A & B alternatively:
1. Full medical history and clinical examination 
2. Standard 12-lead ECG on admission, after PCI and 6 hourly for 24 hrs, then daily and when ever indicated. To assess the extent of microvascular reperfusion injury in STEMI, ST segment was analyzed on a standard 12- lead ECG recording just before and 60 minutes after coronary intervention. The sum of ST segment elevations were taken 20 ms after the end of the QRS complex from leads I, aVL and V1 through V6 for LAD occlusions and leads II, III, aVF, V5, V6 and reciprocal ST segment depression inV1 and V2 for RCA and LCx occlusions.  ST segment elevations < 50% of initial value indicated good myocardial reperfusion (ST segment resolution > 50%) while persistent ST segment elevation >50% was defined as a marker of impaired microvascular reperfusion (ST segment resolution < 50%) (7).
3. Routine laboratory investigations, cardiac enzymes (CK, CK-MB, LDH) on admission and 6hrs and 24hrs after intervention and when needed , 
4. All patients received 150 mg aspirin PO; statins and heparin infusions; Other drugs e.g. IV nitroglycerin, ACEI,B-blockers, Ca-channel blockers, antiarrhythmics, vasopressor and inotropes were given when indicated 

5. Cardiac catheterization and perceutaneous coronary intervention to culprit lesion with determination of angiographic complication with a special interest on TIMI flow post PCI. 
Angiographic complication and Determination of TIMI post PCI  
	Grade  III (complete reperfusion)
Anterograde flow into the terminal coronary artery segment through a stenosis is as prompt as anterograde flow into a comparable segment proximal to the stenosis. Contrast material clears as rapidly from the distal segment as from an uninvolved, more proximal segment.

	Grade II (partial reperfusion)
Contrast material flows through the stenosis to opacity the terminal artery segment.

However, contrast enters the terminal segment perceptibly more slowly than more proximal segments. Alternatively, contrast material clears from a segment distal to a stenosis noticeably more slowly than from a comparable segment not preceded by a significant stenosis.

	Grade I (penetration with minimal perfusion)
A small amount of contrast flows through the stenosis but fails to fully opacity the artery beyond.

	Grade 0 (no perfusion)
No contrast flow through the stenosis.


Tab. (1): TIMI Flow  (8)
Statistical analysis:
Data were collected and coded prior to analysis using the professional statistical Package for Social Science (SPSS 12). All data were expressed as mean and standard deviation (SD).

1. Frequency tables for all categorical data.

2. Student t-test (unpaired) after checking normality for all continuous data.

3. Mann Whitney test was used when the value of standard deviation was violated.

4. Chi-square test for all categorical data to test for the presence of an association. For small sample size fisher exact test was calculated.

5. A P value < 0.05 was considered significant.

Results:
Baseline clinical and demographic data were comparable in both groups regarding age, sex, risk factors and previous history of ischemic heart diseases. (table2)
	
	GroupA
	Group B
	   P value

	Males  
	13(86.7%)
	15 (100%)
	       0.14

	Females
	2 (13.3%)
	0 (0%)
	

	Age
	49.7±9.7
	54.3 + 9.7
	        0.2

	Diabetes 
	5 (33%) 
	3 (20%)
	        0.4

	Hypertension 
	5 (33%) 
	5 (33%)
	        0.71

	Dyslipidemia 
	7 (47%)
	7 (47%)
	        0.55

	Smoking 
	12 (80%) 
	15 (100%)
	        0.06 

	Family history 
	4 (27%) 
	2 (13%)
	        0.36

	previous history of IHD
	5 (33%) 
	6 (40%)
	        0.71

	MAP (mmHg) 
	80.2 ± 22.5
	84.6 ± 19.5
	        0.57

	HR (ppm) 
	78.1 ± 16.5 
	78.1 ± 16.5
	        0.96

	Site of MI by ECG

Anterior

Inferior

Both
	5 (33%) 

9 (60%) 

1 (7%)
	9 (60%)

5 (33%)

1 (7%)
	         0.13




Table (2)
Surface ECG: comparing the sum of ST segment elevation in both groups.
· In group A, mean ST elevation pre PCI was 11.5±8.9 compared to mean ST elevation of 4.1±3.3 post PCI while ST resolution was 7.3±7.   P value 0.001

· In group B, mean ST elevation pre PCI was 10.8±9.3 compared to mean ST elevation of 4.9±4.1 post PCI while ST resolution was 5.9±7.4 . P value 0.009
	Item    
	Group A
	Group B

	ST-pre PCI 
	11.5±8.9 
	10.8±9.3

	ST-post PCI
	4.1+3.3
	4.9+4.1

	ST-resolution 
	7.3+7 
	5.9+7.4

	P value 
	0.001 
	0.009


Table (3)
Twelve patients (80%) had > 50% ST segment resolution and 3 (20%) patients had < 50 % resolution in group A while in group B, 8 (53%) patients had > 50% ST segment resolution and 7 (47%) patients had < 50 % resolution ( P value 0.25).
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Figure (1)
A: ECG tracing before PCI.

B : ECG tracing after PCI with > 50% ST segment resolution .
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Figure (2):
A: ECG tracing before PCI.

B: ECG tracing after PCI with < 50% ST segment resolution.

Angiographic data

Infarct related artery was LAD 6 (40%) in group A and 10 (67%) in group B, P value: NS, Lt Cx was 3 (20%) in group B and 0 (0%) in group B, P value: NS and RCA was 6 (40%) in group A and 5 (33%) in group B, P value: NS.


Lesion site was Osteal 2 (13%) in group A, 1 (7%) in group B, P value: NS, Proximal 8 (53%) in group A, 9 (60%) in group B, P value: NS, Mid 5 (33%) in group A, 5 (33%) in group B, P value: NS.

	
	               Group A
	                          Group B
	                                  P value

	Infarct related artery

LAD

Lt CX

RCA
	6 (40%)

3 (20%)

6 (40%)
	10 (67%)

0 (0%)

5 (33%)
	NS

NS

NS

	Lesion site

Osteal

Proximal

Mid
	2 (13%)

8 (53%)

5 (33%)
	1 (7%)

9 (60%)

5 (33%)
	NS

NS

NS

	RVD (mm) 
	3.43 ± .37 
	3.49 ± .36
	NS


Table (4)
PCI data

Symptom to balloon (9.6+4.5) in group A vs (9.7+4.5) P Value: NS.  Stent Length was (24.6+4.21 vs 23.93+4.13), P value: NS and Diameter (3.37+0.35 vs 3.48+0.4) P value: NS.  One stent in 14 patient (93%) vs 13 (87%), P value: NS, the two stent in one patient (7%) vs 2 (13%), P value: NS. MLD (post PCI) (3.15+0.36 vs 3.18+0.45), P value: NS. TIMI flow III in 15 (100%) vs 11 (73%), P value: 0.03, Angiographic complications 1 (7%) vs 7 (47%), P value: 0.01.
	
	Group A
	Group B
	   P value

	Symptom to balloon
	9.6 ± 4.5
	9.7 ± 4.5 
	.94

	Stent

Length (mm)

Diameter (mm)
	24.6 ± 4.21

3.37 ± .35
	23.93 ± 4.13

3.48 ± .4
	.66

.4

	No stent/pt

One

Two
	14 (93%)

1(7%)
	13 (87%)

2   (13%)
	.55



	MLD (post PCI) (mm) 
	3.15 ± .36 
	3.18 ± .45
	.86

	TIMI flow

II

III
	0 (0%)

15 (100%)
	4 (27%)

11 (73%)
	.03

	Angiographic Complications
	1 (7%) 
	7 (47%)
	0.013


Table (5)

Angiographic complications:
Slow flow was observed in non of group A (0%) of group A and 4 patients (27%) of group B. (P value 0.032) while distal embolization was observed in one patient of group A and three patients of group B.

Dissection and no-reflow phenomenon were not observed in any patients of both groups. 
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Fig. (3): Different angiographic complications  in both groups

Angiographic complications were observed in one patient in group A and seven patients in group B (P value 0.013) table (6) figure (4)

	
	Group A
	Group B
	P value

	Angiographic complications
	1 (7%)
	7 (47%)
	0.013


Table (6): Angiographic complications in group A and group B
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Fig. (4): Total angiographic complications in both groups
TIMI flow
In group A: All patients had TIMI flow 0 before PCI and all patients had TIMI flow III post PCI.
In group B : All patients had TIMI flow 0 before PCI  and eleven patients had TIMI III while 4 patients had TIMI II post PCI. 
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Fig. (5): TIMI flow post PCI in both groups
Discussion

             Almost all myocardial infarctions result from coronary atherosclerosis, generally with superimposed coronary thrombosis. Angiographic studies performed in the earliest hours of STEMI revealed an approximately 90% incidence of total occlusion in the infarct related vessel (3). 
           Platelet aggregation requires the activation of glycoprotein IIb/IIIa receptors on the platelet surface. The GP IIb/IIIa receptors of adjacent platelets bind fibrinogen molecules that allow cross-linking of the platelets, which subsequently initiates thrombus formation. Blocking the GP IIb/IIIa receptor inhibits platelet aggregation and reduces thrombus formation.(1)

              GP IIb/IIIa inhibitors include tirofiban, abciximab and eptifibatide.It has been shown that GP IIb/IIIa inhibitors reduce the composite incidence of death, myocardial infarction and the need for target vessel revascularization after PCI (9).

              Suboptimal platelet inhibition was probably responsible for the greater incidence of peri-procedural complications observed in the TARGET trial after treatment with tirofiban in-comparison with abciximab (10).

              A number of studies have demonstrated marked differences in the inhibitory effects of the two agents 15-60 min after 10 mcg/kg bolus of tirofiban (11).

Schneider et al 2002 (12) used light transmission aggregometry and flow cytometry to demonstrate that nearly maximal platelet aggregation inhibition can be obtained (from 15 to 60 min) by infusing a higher bolus dose of tirofibran (25 mcg/kg vs 10 mcg/kg) (12).

            Our prospective randomized study was conducted in the critical care department, Cairo University from January 2006 to January 2007. The study included 30 patients with recent ST elevation myocardial infarction submitted to primary PCI and received either high bolus dose tirofiban 25 mcg/kg ( group A) or conventional bolus dose 10 mcg/kg (group B) and maintained on 0.15 mcg/kg /min infusion for a mean duration of 32±11.7hrs in group A and 29±12.9 hrs in group B (P value 0.55) and maintained on infusion 0.15 mcg/kg /min. 

            Baseline clinical characteristics were comparable in both groups regarding age, sex and risk factors for coronary artery disease (hypertension, diabetes mellitus, smoking, dyslipidemia and family history of ischemic heart diseases) and previous history of ischemic heart diseases. Angiographic complications as regard infarct related artery and lesion site were comparable in both group table (4).  Our discussion will deal with the effects of high bolus dose tirofiban on microvascular circulation as detected by ST segment analysis and TIMI flow. In group A, mean ST elevation pre PCI was 11.5±8.9 compared to mean ST elevation of 4.1±3.3 post PCI, while ST resolution was 7.3±7. P value 0.001. In group B, mean ST elevation pre PCI was 10.8±9.3 compared to mean ST elevation of 4.9±4.1 post PCI while ST resolution was 5.9±7.4. P value 0.009

In a trial done in Huseyin U, 2006 (13) to assess effect of tirofiban on ST segment resolution in 1ry PCI including 115 pts with < 12 hrs acute STEMI who underwent successful primary percutaneous coronary intervention and were grouped according to wether they received tirofiban therapy or not, it was found that there was a significant and positive correlation between pts who received tirofiban and ST resolution (mean ST resolution was 7.2 + 2.8) than those who did not(4.2+2.4) (13). 

        Our results are matched with this trial as regard ST resolution in group A. In group A, ST segment resolution >50% was observed in 12 patients (80%). While in group B, ST segment resolution >50% was observed in only 8 patients (53%). 

            In a trial investigating effect of tirofiban versus abciximab on ST segment resolution in patients undergoing angioplasty for ST-elevation myocardial infarction (STEMI), showed that treatment with tirofiban high bolus dose (ST segment resolution 85.3%) led to non-inferior ST-segment resolution compared to abciximab (ST segment resolution 83.6%) (14). 
            Our results are matched with this recent study as regard ST segment resolution in high bolus dose tirofiban. From previous data, we can conclude that high bolus tirofiban has better effect in preserving micro vascular perfusion after restoring coronary TIMI III flow.

TIMI flow III was obtained in all patients of group A and 11 patients of group B, while TIMI II was obtained in no patient in group A and 4 patient in group B (P value 0.032).  In the EVEREST trial 2006, comparing upstream tirofiban versus downstream high bolus dose tirofiban or abciximab on tissue level perfusion, all patients of 3 groups had successful PCI with TIMI flow III after the procedure but up stream tirofiban in associated with improved tissue level perfusion and attenuated myocardial damage. (15)
While in Danzi et al 2004 comparing recovery of left ventricular function in 1ry PCI after tirofiban and abciximab. After PCI 88% of patient receiving tirofiban and 86% of those receiving abciximat achieved  TIMI grade III. (16)
Our better TIMI flow III in high bolus tirofiban group may be due to lower number of patient in our study compared to Danzi et al.trial (100 patients).

Conclusion

          High bolus dose tirfiban has more effective role in preserving microvascular circulation as detected by more ST segment resolution, better TIMI flow and less angiographic complications.
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مقارنة أثر الجرعات المختلفة لعقار التيروفيبان على المضاعفات المصاحبة للقسطرة التداخلية والتروية الدقيقة للقلب عن طريق تحديد معدل هبوط مقطع الـ أس -ت فى رسم القلب السطحى ومعدل سريان الدم بأستخدام مقياس تمى  فى مرضى الأحتشاء الحاد لعضلة القلب
· تعتبر العقاقير المضادة للصفائح الدموية ذات أهمية كبيرة فى علاج الأحتشاء الحاد لعضلة القلب وقد ظهرت مجموعات مختلفة من هذه العقاقير بدأ بالأسبرين ومرورا بعقار الكلوبيدوجريل وأنتهاءا بالعقاقير المثبتة للمتسقبلات طراز 2 ب/3أ جليكوبروتين.
· وقد أختلفت النتائج الأكلينيكية لنوعين من العقاقير المثبطة لمستقبلات 2 ب/3أ جليكوبروتين وهما التيروفيبان والأبسيكسيماب حيث أوضحت هذه الدراسات تدنى نتائج عقار التيروفيبان وقد أرجع هذا التدنى الى قلة جرعة التيروفيبان مما أدى الى عدم كفاءة التأثير على وظائف الصفائح الدموية وقد أدى ذلك الى أقتراح جرعة أعلى من عقار التيروفيبان.
· وقد قمنا بإجراء دراسة لمقارنة الجرعة الأعلى لعقار التيروفيبان مقارنة بالجرعة الأقل لدى مرضى الأحتشاء الحاد لعضلة القلب مع عمل قسطرة تداخلية مبكرة لتحديد مدى كفاءة وآمان الجرعة الأعلى ومدى تأثيرها على الدورة الدموية الدقيقة للقلب.
تضمنت الدراسة مجموعتين من المرضى:
· مجموعة أ:متضمنة خمسة عشر مريضا تم أعطائهم الجرعة الأعلىمن عقار التيروفيبان 25 ميكروجرام  /كجم.
· مجموعة ب: متضمنة خمسة عشر مريضا تم أعطائهم الجرعة الأقل من عقار التيروفيبان 10 ميكروجرام/كجم
· بعد التقييم الأكلينيكى والأختبارات المعملية وتخطيط القلب الكهربائى تم عمل قسطرة تداخلية لجميع المرضى وتوسيع بالبالون وتركيب الدعامات المناسبة.
· وقد أظهرت الدراسة ما يلى:
1. وجود تأثير أيجابى للمجموعة الأعلى لعقار التيروفيبان على مدى هبوط مقطع الـ س ت فى تخطيط القلب حيث بلغت 80% من المرضى فى حين كانت 53% فىالمرضى المعالجين بجرعة أقل من عقار التيروفيبان.
2. أنخفاض معدل المضاعفات المصاحبة للقسطرة التداخلية للمرضى المعالجين بالجرعة الأعلى (7%) عن المرضى المعالجين بالجرعة الأقل (47%).
ونخلص مما سبق:

إلى فعالية الجرعة الأعلى لعقار التيروفيبان فى مرضى الأحتشاء الحاد لعضلة القلب والمعالجين بالقسطرة التداخلية المبكرة.
P: < 0.03
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