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Abstract
Background : The presence of multi-vessel disease has been found to be associated with worse prognosis in patients with STEMI. (14 ) Identification of optimal strategies for treating these patients is the subject of considerable interest and controversy.

Objective:  To compare in-hospital, long-term outcomes and LV EF ( 6 months) between complete revascularization(CR) and  culprit - only revascularization(COR) in STEMI patients with MVD undergoing p-PCI.
Methods:  A total of 40 patients with recent STEMI and MVD undergoing p-PCI were alternatively randomized to CR (group A) or COR (group B) during p-PCI and followed for 6 months with completion of PCI in group B after 1 month.   Patients were followed for incidence of MACE (in-hospital, at 1&6 months), CIN and EF improvement at 6 months.

Results:   Forty pts (mean age 55.2 ± 9.1 years, 33 Males, 7 Females) were included with comparable risk factors between both groups. In gp. A, LV EF improved significantly after 6 months [ 54.3 ± 9.1 to 58.4 ± 6.2 ( P value 0.002)] compared to gp. B [ 54.9 ± 5.2 to 55.7 ± 6.7 (P value 0.55)]. This improvement was more observed in patients with anterior wall myocardial infarctions. Incidence of MACE in both groups was comparable during hospital stay, at 1and 6 months follow up. Two cases  in group B, while no MACE in group A at 1 and 6 months follow up ( P value 0.14). Safety of aggressive strategy for complete revascularization is comparable with culprit- only strategy as regard incidence of CIN [2 cases in gp. A, while 1 case in gp. B ( P value 0.54)] and vascular complications [no cases in gp. B, while only one case in gp. A ( P value 0. 31)]. Patients with Door to baloon time less than 90 minutes are associated with better EF in comparison to those with more than 90 minutes (57.1 ± 6.3 versus 50.5 ± 7.3 P value  0.005) 
Conclusion:  Complete revascularization is safe during p-PCI and associated with better LV EF at 6 months especially in anterior MI.
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 Introduction

Primary percutaneous coronary intervention (p-PCI) has become the treatment of choice for patients presenting with ST-segment elevation myocardial infarction (STEMI) when it can be performed expeditiously by an experienced team. (1 – 3) This strategy has been found to be superior to thrombolytic therapy in improving morbidity and mortality. (4-6) The goal is restoration of flow within 90 min of presentation to a PCI-equipped centre. (7, 8 )  An important piece of information gained at the time of angiography and p-PCI is information not only about the culprit lesion but also about the extent and severity of the underlying coronary artery disease. In patients presenting with STEMI, multi-vessel coronary artery disease is found to be present from 41 to 67% of patients depending upon the baseline characteristics (especially age) of the specific population studied; (9 – 12) however, in one study only 10% of STEMI patients initially treated by p-PCI had a clinical indication for non-culprit PCI during the subsequent follow-up of up to 3 years. (13) The presence of multi-vessel disease has been found to be associated with worse prognosis in patients with STEMI. (14 ) Identification of optimal strategies for treating these patients is the subject of considerable interest and controversy. Treatment strategies vary widely from an aggressive approach which treats all significant lesions in the acute phase of p-PCI to a conservative approach with p-PCI of only the infarct-related artery (IRA) and subsequent medical therapy unless recurrent ischemia occurs. Between these two extremes are other alternatives; mainly that of staged procedures with the IRA treated acutely and other lesions treated later during the hospital stay or within the first month following discharge. There is no randomized data to definitely answer the issues about the specific scientific merits of any of these approaches. However, there are increasing data from observational series. Each approach has advantages and disadvantages.
Aim of the Work:   To compare safety , outcomes (in-hospital and long-term) and Lt ventricular ejection fraction at 6 months between complete revascularization and  culprit - only revascularization (followed by staged percutaneous coronary intervention of secondary lesions) in STEMI patients with multivessel coronary disease undergoing primary angioplasty.
Patients & Methods:   Between   October   2009  to July 2011,  one hundred and thirty patients  with acute ST elevation myocardial infarction who were amenable to primary coronary intervention were admitted to critical care department at Cairo university. Fifty five patients out of them were having multi-vessel coronary artery disease and forty patients out of  the fifty five were meeting our inclusion criteria and were  blindly randomized alternatively into 2 groups ; Group A: complete coronary revascularisation during primary percutaneous intervention. Group B: culprit-only revascularisation during primary PCI.

Inclusion criteria:  Included patients were presenting with acute STEMI and MVD fulfilling the following criteria: Acute STEMI defined as ongoing chest pain,  ≥1mm ST elevation in ≥2 contiguous leads or new left bundle branch block, presentation ≤12 hours from symptom onset. Multi-vessel CAD is defined as ≥70% diameter stenosis of ≥2 epicardial coronary arteries or their major branches.
Exclusion Criteria: Patients with cardiogenic shock, single vessel disease, left main disease (≥50% diameter stenosis), previous bypass surgery (CABG), severe valvular heart disease, instent restenosis and any contraindication to primary angioplasty.

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.

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.  Primary angioplasty was performed according to 
current standard guidelines after giving intravenous 10000 units of heparin to keep activated clotting time of 250 sec.
Our methods included the following assessments:

I)    Angiographic assessment.

II)   PCI data and angiographic complications assessment.

III)  Clinical assessment including MACE at 1 and 6 months.

IV) Echocardiographic assessment for ejection fraction. Assessment of EF was done twice, first during hospital stay and the second at 6 months
 . Both levels of EF were compared in both groups and within the group.

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. (table 1)
Tab. (1): Demographic and clinical data of the two groups.
	
	Group A 
	Group B 
	P value

	Males
	15 (75%)
	18 (90%)
	.21

	Females
	5 (25%)
	2 (10%)
	

	Age
	54.1+10.26
	56.25+8.1
	.46

	Diabetes
	10 (50%)
	9 (45%)
	.75

	Hypertension
	9 (45%)
	9 (45%)
	1

	Dyslipidemia
	11 (55%)
	10 (50%)
	.75

	Smoking
	15 (75%)
	16 (80%)
	.7

	Family history
	6 (30%)
	4 (20%)
	.46

	previous history of IHD
	3 (15%)
	5 (25%)
	.3

	MAP (mmHg)
	86.1 ± 12.6
	88.3 17
	.64

	HR (ppm)
	86 ± 14.6
	82 ± 16.2
	.41

	Site of MI by ECG

Anterior

Inferior

Both
	
	

	
	11 (55%)
	8 (40%)
	.62

	
	8 (40%)
	11 (55%)
	

	
	1 (5%)
	1 (5%)
	

	Killip class.

Class I

Class II

Class III

Class IV
	
	.34

	
	15 (75%)
	17 (85%)
	

	
	3 (15%)
	2 (10%)
	

	
	2 (10%)
	1 (5%)
	

	
	0 (0%)
	0 (0%)
	

	D to B time(mins)
	94 ± 13.6
	93 ± 13.4
	.86

	Hospital stay(days)
	5.4 ± .76
	5.5 ± 1.19
	.75

	Laboratory data

	Ck1 (u/L)
	266.6 ± 281
	261 ± 234.9
	.74

	CK2
	2317 ± 1732.7
	2129 ± 1421.7
	.95

	CK3
	1757.5 ± 1347.1
	1804 ± 779.9
	.55

	CKMB1(u/L)
	28 ± 35.4
	24.6 ± 27.3
	.56

	CKMB2
	181.4 ± 129.9
	120.9 ± 76.7
	.27

	CK MB3
	106.5 ± 81.7
	81.1 ± 50.8
	.44

	Hb1(gm/dL)
	14 ± 1.8
	13.6 ± 1.3
	.43

	Hb2
	12.9 ± 1.6
	12.8 ± 1.4
	.82

	CREAT.1 (mg/dl)
	1.05 ± .3
	1.03 ± .32
	.75

	CREAT.2
	1.1 ± .39
	1.13 ± .39
	.9

	INR
	1.07 ± .16
	1.13 ± .15
	.22

	medications data

	ACEI
	18 (90%)
	17 (85%)
	.63

	BB
	17 (85%)
	18 (90%)
	.63

	Copidogrel
	20 (100%)
	20 (100%)
	

	Statins
	20 (100%)
	20 (100%)
	

	Inotropes
	1 (5%)
	2 (10%)
	.54

	GPIIb/IIIa
	20 (100%)
	20 (100%)
	


IHD: ischaemic heart disease, MAP: mean arterial pressure, HR: heart rate, ECG: electrocardiogram, D to B time: door to balloon time, CK: creatinine kinase, CKMB: creatinine kinase-myocardial band, Hb: hemoglobin, INR: international normalized ratio, ACEI: angiotensin converting enzyme inhibitor, BB: beta blocker and GP: glycoprotein. 
Angiographic data

In group A: The IRA was LAD in 10 patients (50%) ,  RCA in 5 patients (25%),  Lt Cx and its branches in 5 patients (25%). Two-vessel disease was seen in 18 patients (90%), while three-vessel disease in 2 patients (10%).
In group B: The IRA was LAD in 9 patients (45%) ,  RCA in 9 patients (45%),  and Lt Cx in 2 patients (10%) . Two-vessel disease was seen in 16 patients (80%), while three-vessel disease in 4 patients (20%).
Lesions types were comparable between the two groups in the  three major vessels ( LAD, CX and RCA)

Tab. (2):  Angiographic and PCI data.
	
	Group A 
	Group B 
	P value

	Angiographic data

	Infarct related artery

LAD

Lt CX

RCA
	10 (50%)

5 (25%)

5 (25%)

	9 (45%)

2 (10%)

9 ( 9%)
	.37

	Diseased vessels

2 vessels

3 vessels
	18 (90%)

2 (10%)
	16 (80%)

4 (20%)
	.13

	LAD lesions      No

                          Types

                              A

                                     B           

                                     C
	17
	16
	

	
	0

10

7
	1

9

6
	.57

	CX   lesions      No

                          Types

                              A

                                     B           

                                     C
	11
	14
	

	
	0

9

2
	1

12

1
	.49

	RCA lesions      No

                          Types

                              A

                                     B           

                                     C
	14
	14
	

	
	2

8

4
	1

11

2
	.47

	PCI data

	Total stents
	42
	21
	< .0001

	BMS

DES
	36

6 
	18

3
	.92

	Contrast dose
	300 ± 72.5
	265 ± 48.9
	.08

	Procedural duration
	69.7 ± 12.5
	52 ± 11.3
	< ,0001

	Procedural success
	20 (100%)
	19 (95%)
	0.1

	Angiographic complications
	1 (5%)
	2 (10%)
	           .5


LAD: left anterior descending artery, Lt CX: left circumflex artery, RCA: right coronary artery, PCI: percutaneous coronary intervention, BMS: bare metal stent and DES: drug eluting stent.
PCI data
Door to ballon time: Mean door to balloon time was comparable between two groups ( in group A,  94 min ± 13.6 while in group B, 93 min ± 13.9 with P value  .86 ). But it was more than 90 mins which exceed the recommended time in the guidelines of primary PCI.
Patients with door to ballon time less than 90 minutes had better EF than those with a time more than 90 minutes ( 57.1 ± 6.3 versus 50.5 ± 7.3 P value  0.005).  There is a negative correlations between EF and Door to Baloon (D to B) time  ( r equal -.63 , P value < 0.001).
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Fig. (12):  EF in relation to D to B time.
Stents; The number of stents used in group A is significantly more than that used in group B (42 versus 21 stents, P value < .0001)
Contrast dose: The contrast dose used during primary intervention was higher in group A, but it was not statistically significant (300 ml ± 72.5 versus 265 ml ± 48.9, P value .08 ). 
Procedure duration : Duration of intervention was significantilly higher in group A in relation to group B ( 69.7 mins ± 12.5 versus 52 mins ± 11.3, P value < .0001 )
Procedure success and complications:

The intervention was successful in all patients of  group A and 19 patients of group B (TIMI III and residual stenosis < 30%) and the incidence of complications was not significant in both groups ( in group A, 1 distal embolisation,  2 serious arrhythmias and 2 hypotension necessitating inotropic support. While in group B,  2 distal embolisations and 1 serious arrhythmia ).
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Fig. (1): Procedure complications  in both groups.
In-Hospital MACE:  No MACE was observed in group A,  while  one case of  MACE (death) was observed in group B (P value 0.31 ). This patient had TIMI II flow after PCI and the cause death was VF.
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                                 Fig. (2 ): In-hospital MACE  in both groups.
Length of hospital stay:

         Mean hospital stay (days) was 5.4 ± .7 in group A and 5.5 ± 1.19 in group B (P value 0.75). So hospital stay was comparable between both groups and no need for more stay in case of complete revascularization.
Vascular  complications :

          There were no incidence of major bleeding nor site access complications in both groups while only one patient with minor bleeding in A group. P value  .31   

CONTRAST INDUCED NEPHROPATHY ( CIN) :
CIN was observed in two patients of group A and one patient of group B (P value  .54) . So the incidence of CIN was comparable between both groups indicating no added risk to the patient with aggressive strategy of complete revascularisation
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Fig (3): incidence of CIN  in both groups.
The incidence of CIN was statistically significant in patients with anterior myocardial infarctions (10.5 % in patients with anterior MI while 0 % in patients with inferior MI, P value 0.03)
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Fig. (4):  incidence of CIN  according to the ECG.

 MACE  at 30 days (including in-hospital MACE) ;
             In group A, there was no incidence of  MACE.  While in group B, there were 2 cases, one hospital death and the other non-fatal MI requiring reintervention in the same vessel territory as the patient stopped clopidogrel prematurely. (P value = 0.14 ).  
6 months  MACE and rehospitalisation: The incidence of  MACE and rehospitalisation at 6 months were the same as at one month follow up between both groups.
 Left ventricular EF:

During hospital stay :

 EF in group A was 54.3 ± 9.1 and group B was 54.9 ± 5.2 ( P      value .81).

At 6 months follow up: 

· EF in group A increased significantly to 58.4 ± 6.2 ( P value 0.002). 
· While in group B, it increased  non-significantly  to 55.7 ± 6.7 (P value 0.55)
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Fig. (5):   Ejection fractions in both groups.

Tab. (3): Comparison between EF in both groups.
	
	Group A
	Group B

	EF (hosp. stay)
	54.3 ± 9.1
	54.9 ± 5.2

	EF (6 months)
	58.4 ± 6.2
	55.7 ± 6.7

	P value
	0.002
	0.55


EF: ejection fraction
The increase of  EF after 6 months was significant in patients with anterior  MI ( 51.89 ± 7.5 » 55.16 ± 6.8 , P value 0.004 ). While it was not significant in patients with   inferior MI ( 57.68 ± 5.7 » 59.4 ± 5.6 , P value 0.36 ).
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Fig. (23):   The increase of EF in Anterior and Inferior myocardial infarctions.

Multi-variate regression analysis for predictors of  EF at 6 months showed that GROUPING ( CR or COR ) was found to be the only significant predictor for EF at 6months.

Tab. (6): Multi-variate regression analysis for predictors of  EF at 6 months.

	Model
	P-VALUE

	GROUP

DM

ECG

KILLIP Class

Door to balloon time
Diseased vessels
	0.014

0.59

0.6

0.17

0.36

0.12


Discussion

Primary percutaneous coronary intervention (p-PCI) has become the treatment of choice for patients presenting with ST-segment elevation myocardial infarction (STEMI) when it can be performed expeditiously by an experienced team. (1 – 6) The goal is restoration of flow within 90 min of presentation to a PCI-equipped centre. This strategy has been found to be superior to thrombolytic therapy in improving morbidity and mortality. (7, 8 )  
An important piece of information gained at the time of angiography and p-PCI is information not only about the culprit lesion but also about the extent and severity of the underlying coronary artery disease. In patients presenting with STEMI, multi-vessel coronary artery disease is found to be

present from 41 to 67% of patients depending upon the baseline characteristics (especially age) of the specific population studied; (9 – 12) however, in one study only 10% of STEMI patients initially treated by p-PCI had a clinical indication for non-culprit PCI during the subsequent follow-up of up to 3 years. (13)
The presence of multi-vessel disease has been found to be associated

with worse prognosis in patients with STEMI. (14 ) Identification of optimal strategies for treating these patients is the subject of considerable interest and controversy.
Treatment strategies vary widely from an aggressive approach which treats all significant lesions in the acute phase of p-PCI to a conservative approach with p-PCI of only the infarct-related artery (IRA) and subsequent medical therapy unless recurrent ischaemia occurs. Between these two extremes are other alternatives; mainly that of staged procedures with the IRA treated acutely and other lesions treated later during the hospital stay or within the first month following discharge. 
This study was intended to compare in-hospital and long-term outcomes ( 6 months) between complete revascularization and  culprit - only revascularization (followed by staged percutaneous coronary intervention of secondary lesions) in STEMI patients with multivessel coronary disease undergoing primary angioplasty.
Our prospective randomized study was conducted in the critical care department, Cairo University from October 2009 to July 2011. The study included 40 patients, 33 males (82.5%) and 7 females (17.5%)  with a mean age of 55.2 ± 9.1years.

The patients were divided into two groups matching in their baseline clinical and angiographic characteristics. Group A (20 patients, mean age 54.1+10.26) was subjected to complete coronary revascularization during primary PCI; while group B (20 patients, mean age 56.25+8.1) was subjected to culprit-only revascularization during primary PCI followed after one month by reintervention of secondary lesions.

Our study has shown a number of interesting findings:

1. Assessment of  left ventricular function during hospital stay and after 6 months showed that Lt ventricle EF improved significantly after 6 months in group A [ EF  increased significantly from 54.3 ± 9.1 to 58.4 ± 6.2 ( P value 0.002)] compared to group B [ it inceased non-significantly from 54.9 ± 5.2 to 55.7 ± 6.7 (P value 0.55)].
2. Incidence of MACE in both groups was comparable during hospital stay and at 1and 6 months follow up. Two cases of MACE in group B, while no MACE in group A at 1 and 6 months follow up ( P value 0.14).
3. Safety of aggressive strategy for complete revascularization is comparable for culprit- only strategy as regard incidence of
· Contrast induced nephropathy; 2 cases in group A, while 1 case in group B ( P value 0.54).
· Vascular complications; no cases in group A, while only one case in group B ( P value 0. 31).
The PRIMA trial is the first randomized multicenter comparison of the two invasive therapeutic approaches: 1-stage versus 2-stage percutaneous revascularization in patients with STEMI and MVD in relationship to the recovery of left ventricular systolic function. The principle finding of the study is that in patients randomly assigned to 1-stage percutaneous revascularization, the LVEF recovers more rapidly and more significantly in comparison to the standard 2-stage procedure.
The 1-stage complete PCI led to a significant improvement of left ventricular ejection fraction (LVEF) in AMI patients with multivessel disease after 30 days, with a trend towards further improvement at 6-month follow-up as compared to the 2-stage approach. This may be particularly significant in patients with anterior AMI with low LVEF (< 40%), since these parameters were independent predictors of primary endpoint.(15)
The restoration of normal systolic function of the left ventricle is known to be a predictor of better long-term results after AMI. Prolonged myocardial ischemia due to significant stenoses in non–IRA vessels may compromise the hemodynamic stability in the course of AMI, and may be associated with ischemia-induced myocardial hibernation. Furthermore, hibernated myocardium degenerates, so the sooner the blood-flow is restored, the greater the chance to prevent fibrosis and scar formation.(16)

The influence of MVD on the recovery of LV function was assessed by Ottervanger et al.(17) in 600 patients with AMI treated with primary PCI. They showed that despite the regained flow in the IRA, the presence of  multivessel disease was correlated with lack of a significant improvement of LVEF. 

The recovery of left ventricular function after complete multivessel one-stage PCI in patients with acute STEMI was assessed by Andrzej et al(15) in 48 patients (group A) and two-stage PCI in 44 patients (group B). In group A, the absolute LVEF increase after 30 days was significantly higher in comparison to group B (p <0.01). A similar trend was observed after 180-day follow-up and the difference was borderline significant (p = 0.052). A significantly higher percentage of patients in group A reached the primary endpoint (increase in LVEF > 5%) compared to group B (44.7% versus 32.4%, p = 0.028). 
In our study, the one-stage complete revascularization was associated with significant improvement of the LVEF throughout the 6-month follow-up. The two-stage approach is also effective in terms of LVEF improvement, but observed increase of LVEF was significant only after the complete revascularization.
Our  study was not powered to determine the incidence of clinical endpoints, however no significant differences in MACE was observed between the group undergoing 1-stage PCI and the group treated with the 2-stage procedure.
The contrast dose used during primary intervention was higher in group A, but it was not statistically significant (300 ml ± 72.5 versus 265 ml ± 48.9, P value .08 ). The higher dose in group A is due to complete revascularization of  all vessels while its insignificance may result from using most of the dose during culprit intervention and little was used during non-culprit intervention. This may reflect that there is no added risk to the patient with complete revascularisation from contrast material.
One-stage revascularization is associated with higher contrast medium load and longer procedure time in the setting of the acute phase of STEMI,  but no increased incidence of adverse events and complications were noted in long-term follow-up. Two-stage PCI is associated with additional vascular access, stress to the patient, and prolonged hospitalization which increases costs. The mean hospital stay was comparable  in patients treated with 1-stage PCI, thus no increased costs.

In our study, Patients with door to balloon time less than 90 minutes had better EF than those with door to balloon time more than 90 minutes ( 57.1 ± 6.3 versus 50.5 ± 7.3 P value  0.005). This matched   with the international guidelines for the door to balloon to be less than 90 minutes(8)
Conclusions:

Complete coronary revascularization during primary PCI in patients with multi-vessel disease is safe and associated with better improvement of  EF at 6 months especially in patients with anterior wall myocardial infarction in comparison to culprit-only revascularization. No difference in incidence of MACE between complete and culprit-only revascularizations. Door to balloon time less than 90 minutes is associated with better EF in comparison to more than 90 minutes.
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