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Abstract

Objective: The optimal timing of coronary revascularization after acute myocardial infarction (MI) remains a matter of debate. We examined the influence of time elapsed between acute MI and isolated CABG surgery on hospital mortality and morbidities.
Methods: We examined the results of isolated CABG after acute MI in 60 patients between July 2009 and January 2011, two groups were evaluated: group A, 30 patients with early (0-2 days) CABG after MI; group B, 30 patients with late (>2 days) CABG after MI. Demographics, intraoperative, and postoperative variables were collected and compared among both groups.
Results: Groups were well-matched demographically. Intraoperative, the use of LIMA was less in the early surgery and the use of SVG as the only grafts was more in the early surgery group. Analysis of   postoperative variables revealed, increased need for IABP (P value=0.011), and more incidence of low cardiac output syndrome after early CABG (P value = 0.01). Other complications and postoperative mean ventilation time, mean ICU stay, and the mean hospital stay were more in the early group but without statistical significant difference. The hospital mortality was more in group A (6.6%) than in group B (3.3%), with no significant statistical difference. The use of IABP and LCOS were identified as independent risk factors for mortality by logistic regression analysis. (P value = 0.039 and 0.049 respectively).

Conclusion: We detected significant increase in postoperative complications in the patients undergoing coronary artery bypass grafting within 2 days after acute MI, indicating higher risk after early surgical revascularization, and surgery may best be delayed for 3 or more days after acute myocardial infarction.
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Introduction 
The role of surgical revasculari-zation in the treatment of acute myocardial infarction has changed considerably over the past 30 years. The only absolute indications for emergent operative intervention treatment of acute myocardial infarctions during this period were papillary muscle rupture, ventricular septal defect, and left ventricular rupture. For these entities, surgery was the only hopeful option(1).
Thrombolytic therapy and interventional procedures were emerging as alternative options for acute MI(2). There continue to be several scenarios that require emergent or urgent surgical revascularization, such as; unsuccessful PCI, when hemodynamic compromise occurs or when there is evidence of ongoing ischemia(3).
Coronary artery bypass surgery (CABG) for postinfarction angina has become a critical step in the pathway of treating acute myocardial infarction(4). CABG following MI has been associated with conflicting levels of risk of reperfusion injury with mortality ranging between 5 and 30%(5).
The appropriate timing of elective CABG following an acute myocardial infarction remains uncertain, some studies indicate that early bypass surgery following infarction can be safe(6). Others indicate that a waiting period may be beneficial for the stunned myocardium to recover(7).       
However, many surgeons do not consider timing as an independent variable and believe that factors such as ejection fraction and cardiogenic shock are stronger variables in determining morbidity and mortality(8). 
Materials and Methods:  
This study was conducted in the period between July 2009 and January 2011, in the Department of Cardiothoracic and Vascular Surgery in Marburg University hospital, Germany, in collaboration with the Department of Cardiothoracic Surgery in Sohag University hospital, Egypt, on 60 patients who underwent isolated Coronary artery bypass graft after AMI with the main purpose to evaluate the effect of timing of CABG after acute MI on hospital mortality and morbidity. The study population was divided into two groups: Group A represented early CABG after AMI (day 0-2) and included 30 patients and Group B represented late CABG after AMI (day 3 or later) and included 30 patients.

Patients who underwent concomitant procedures, such as valve replacement or repair, ventricular assisted devices or aortic surgery were excluded from the analysis. 
Patients diagnosed with Acute MI were referred for surgical revascularization under special indications including: Failed or unsuitable PCI, and patients with persistent ischemia refractory to nonsurgical therapy. Emergency CABG was done for those with 1) left main disease 2) hemodynamic instability refractory to medical therapy 3) mechanical complications of MI and 4) cardiogenic shock or life-threatening ventricular arrhythmias.

Information regarding demogra-phic, preoperative, intraoperative, and postoperative variables was collected for all groups from the medical record of the hospital. Preoperative data included medical history (Smoking, Diabetes, Hypertension, dyslipidemia, COPD, peripheral vascular disease, and family history of IHD), the number of diseased vessels, and ejection fraction (EF) were examined. The time between AMI and surgery was also examined. Operative data included cardiopulmonary bypass time, aortic cross-clamp time, number of grafts, number of distal anastomosis, use of IMA, RA and vein grafts, and need for IABP. Postoperative complications examined were hospital mortality, post operative MI, arrhythmias, low cardiac output, need for reexploration, respiratory complications, neurological and renal problems, and ICU and postoperative hospital stay. 

Operative revascularization included Standard cardiopulmonary bypass (CPB) and moderate systemic hypothermia (28–32°C) for all patients. Intermittent administration of antegrade cold blood cardioplegia with booster doses were delivered selectively through vein grafts after each distal anastomosis, and topical cooling with 4°C saline solution repeatedly throughout the procedure. Distal anastomoses were performed during a single crossclamp period with continuous 8/0 proline sutures for IMA and 7/0 for RA or vein grafts. During the rewarming period, proximal anastomoses were performed under partial aortic occlusion using 6/0 proline sutures. If patients could not be weaned successfully from CPB with inotropes, an intra-aortic balloon pump (IABP) was placed.

Statistical Methods

The data were coded and processed using Statistical package for Social Science (SPSS version 16). Continuous data were expressed as mean±SD. Discrete variables were presented as numbers and percentages. Student T test was used to assess the statistical significance of the difference between two study group means. Chi-Square test was used to examine the relationship between two qualitative variables. P value was considered significant at p<0.05.
Results
Table 1: Demographic data

	P-value
	Group(B)
	Group(A)
	

	0.3
	68.8±11.1
	66.1±8.7
	Age

	0.09
	12(40%)
	6(20%)
	Gender(females)

	0.42
	81.00±14.9
	84.1±15.4
	Body wieght

	0.1
	169±9.6
	173.07±9.04
	Height

	0.33
	1.91±0.21
	1.96±0.18
	BSA (m²)


BSA=body surface area
  Table 2: Preoperative risk factors

	P-value
	Group(B)
	Group(A)
	

	0.23
	28(93.3%)
	25(83.3%)
	Hypertension

	0.17
	27(90%)
	23(76.6%)
	Dyslipidemia

	0.60
	12(40%)
	14(46.6%)
	diabetes mellitus

	0.77
	9(30%)
	8(26.6%)
	Smoking

	0.17
	7(23.3%)
	3(10%)
	family history of CAD

	0.06
	15(50%)
	8(26.6)
	Obesity

	0.56
	9(30%)
	7(23.3)
	PVD


CAD=coronary artery disease, PVD=peripheral vascular disease

Study of demographic and preoperative data did not reveal significant differences between both groups, except in type of MI in both groups, with more patients with NSTEMI were reported in both groups (19 patients in group A, 63.3%, and 26 patients in group B, 86.6%) with P value = 0.037.

Intraoperative, the average number of grafts and the average number of distal anastomosis were more in the late group but without significant statistical differences, P value = 0.13 and 0.24 respectively. 

As regard the use of internal mammary artery, LIMA was used in 66.6% and 93.3% in the early and late groups respectively, and there was a statistical significant difference between both groups with less use in the early group, P value = 0.017.

Table 3. Preoperative data

	P-value
	Group(B)
	Group(A)
	

	0.037
	26(86.6%)

4(13.3%)
	19(63.3%)

11(36.6%)
	Type of MI:

NSTEMI

STEMI

	0.43
	0

3(10%)

27(90%)
	1(3.3%)

5(6.6%)

24(80%)
	Number of diseased vessels:

1

2

≥3

	0.18
	14(46.6)
	9(30%)
	Left main stem lesion

	> 0.99
	1(3.3%)

10(33.3%)

19(63.3%)
	1(3.3%)

10(33.3%)

19(63.3%)
	Preoperative EF %:

<30%

30-50%

>50%


NSTEMI=non ST segment elevation  myocardial infarction
STEMI= ST segment elevation  myocardial infarction
Table 4. Operative data

	P-value
	Group(B)
	Group(A)
	

	0.13
	2.43±0.63
	2.3±0.88
	Graft number

	0.24
	2.63±0.76
	2.36±0.93
	Distal anastomosis

	0.017*
	2(6.6%)

28(93.3%)


	10(33.3%)

20(66.6%)


	use of IMA:

no

yes



	0.021*
	2(6.6%)
	10(33.3%)
	All vien grafts

	0.793
	86.1±18.01
	84.6±24.6
	CPB

	0.435
	50.0±13.6
	46.9±16.7
	CXT

	0.298
	212.4±42.5
	200.4±46.3
	Operative time


IMA= internal mammary artery, CPB=cardiopulmonarybypass, CXT=cross clamp time   

Use of SVG as the only grafts were more in the early group 33.3% versus 6.6% in the late group with statistical significant difference between both groups, P value = 0.01 (table 4).  The use of LIMA and SVG can describe the critical acute status of the patients in early group.

In all patients, CPB was conducted with no statistical significant difference between both groups as regard the CPB time, the aortic cross clamp time or the operative time.

Use of IABP was recorded in 8 patients (26.6%) of the early group and only 1 patient (3.3%) of the late Group. There was a significant statistical difference between both groups with increased need to IABP in the patients underwent early CABG (P value=0.011) (figure 1). 
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Figure (1): presentation of use of IABP

Postoperative arrhythmias were reported in 26.6% of the study population. We reported arrhythmias in 10 patients (33.3%) of group A and 6 (20%) of group B. Although there was a trend towards higher incidence of postoperative arrhythmias in group A, but there was no significant statistical difference between both groups (P value=0.243). Also as regard postoperative MI, there was higher incidence in the early group, three patients (10%) versus one patient (3.3%) but without significant statistical difference (P value=0.301) (table 5).  
Table 5. Postoperative data 

	p-value
	Late
	Early
	

	0.65
	6(20%)
	10(33.3%)
	Arrhythmia                         

	0.301
	1(3.3%)
	3(10)
	PMI

	0.01
	2(6.6%)
	10(33.3%)
	low COP

	0.011
	1(3.3%)
	8(26.6%)
	IABP

	0.554
	1(3.3%)
	2(6.6%)
	Mortality


PMI= perioperative myocardial infarction, COP=cardiac output, IABP=intraaortic balloon pump

We reported postoperative low cardiac output syndrome in 10 patients (33.3%) of the early group, and in 2 patients in the late group, with a significant statistical difference between both groups indicating significant morbidities after early surgery (P value = 0.01).

The mean ventilation time (hours) was 14.34±9.57 and 12.2±5.9 for group A and B, the mean ICU stay (days) was 4.43±3.05 and 3.43±2.26, and the mean hospital stay (days) was 10.73±4.97 and 9.40±5.62 for group A and B, respectively. We found mild increase in the early group but without statistical significant difference. 

As regard blood product transfusion, there was a statistical significant difference in the need for platelet transfusion with more transfusion in group A (P value=0.024).

Other postoperative complications including, reexploration for bleeding, respiratory complications, need for dialysis, and wound infection were recorded with more incidence after early CABG but without statistical significant difference. Also we had (5%) hospital mortalities in the study population, more in group A (6.6%) than in group B (3.3%), with no significant statistical difference. 
Discussion 

The optimal timing of coronary revascularization after acute myocard-ial infarction remains a matter of debate. There are theoretical advantages for a “waiting period” before surgery including giving time for the recovery of stunned myocardium. However, too long waiting period may allow for ventricular remodeling and infarct expansion(9,10). This increase the load on the viable myocardium and the possibility for ventricular aneurysm formation and ventricular rupture(11,12).

On the other hand, early reperfusion may be complicated with hemorrhagic infarction, resulting in infarct extension, impaired healing, and scar formation(13).

Advances in technology and myocardial protection strategies with intensified hemodynamic support , as well as improved use of intra-aortic balloon pumps, have contributed to help cardiac surgeon for facing early revascularization and to do open heart procedures in patients who are acutely ill(14,15,7). 

We reported significant morbidities and postoperative complications including increased use of IABP, increased incidence of postoperative LCOS and more need for platelet transfusion with early surgical revascularization, indicating higher risk with early CABG.

As regard the mortality, we had higher, but statistically insignificant, mortality after early CABG, (6.6%) in group A and (3.3%) in group B.

Compared to our results, Stone et al, 2000(16), reported 6.4% for the early group, 2.0% for the late group, and 5.0% overall mortality which is close to our study, and multivariate analysis revealed that reduced systolic function and advanced age were the predictors of operative mortality. Wasvary et al, 1997(17), concluded that timing of  CABG has no significant effect on hospital mortality of patients within 3 weeks of an MI, and other factors were predictors of higher mortality: LVEF <30%, cardiogenic shock, and age > 70 years. Every et al, 1996(6), reported hospital mortality as 8.3% and 7.2% in the early and late groups with no significant difference indicating safe CABG in the early period after MI.

Creswell et al, 1995(7), had 8.3% and 5.2% mortality in the early and late groups with significant statistical difference between both groups. Weiss et al, 2008(18), puplished a study revealed that early CABG was highly associated with an increased risk of mortality (5.6% versus 3.8%, with P=0.001), they showed that the risk of early CABG is substantially higher before day 3, with a doubling of mortality risk compared with patients who underwent later surgery. Ajeet Bana et al  1999(4), found surgery within 48 h of MI as an independent predictor of operative mortality.

Sintek et al, 1994(19), demons-trated that timing of emergency coronary artery revascularisation after AMI mainly after 72 h is not associated with increased operative mortality. By multivariant analysis Kennedy et al, 1989(20), identified the time interval between infarction and surgery as an important predictor of operative mortality. Curtis et al, 1991(21), noted that recent MI did significantly affect operative mortality, this was predominantly in the first 24 h after infarction.

Other retrospective studies by Lee et al, 2003(1), and Voisine et al, 2006(5), revealed that CABG should be deferred, when possible, for 3 or more days after AMI 

 This study bears important limitations. One of which is small sample size. Also procedures were performed by different surgeons. And no difference was made between transmural and non-transmural MIs, while there is evidence that the latter are associated with a better prognosis with respect to timing of surgery (Braxton et al 1995)(22). 

Conclusion:
In this study, we tried to determine the optimal CABG timing in patients with AMI. Although, there was no significant difference found in mortality among groups, we detected significant morbidities and postoperative complications indicating that patients undergoing coronary artery bypass grafting within 2 days after acute MI experienced higher risk, and that surgery may best be delayed for 3 or more days after acute myocardial infarction.  
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الملخص العربي

جراحة ترقيع الشرايين التاجيه بعد الاحتشاء الحاد لعضلة القلب: التوقيت المثالى
ط. طارق محمد عفيفي ،د. كرم مسلم عيسى ، خالد محمد عبد العال ،د. أيمن محمد عبدالغفار ،ا.د. عصام أحمد مختار، ا.د. راينر موسدورف
المقدمة والهدف من البحث:

تم عمل هذه الدراسة في قسم جراحة القلب و الصدر بجامعة ماربورج في ألمانيا على ستين مريض أجريت لهم جراحات ترقيع للشرايين التاجية عقب إصابتهم باحتشاء عضلة القلب الحاد، و الهدف الرئيسي من هذه الدراسة هو معرفة تأثير توقيت جراحة ترقيع الشرايين التاجية بعد حدوث الإحتشاء القلبي الحاد على احتمالات حدوث المضاعفات أوالوفاة. 

المرضى وطريقة البحث:

في هذه الدراسة تم تقسيم المرضى الى مجموعتين:
المجموعة أ : و هي تمثل المرضى الذين أجريت لهم جراحة ترقيع الشرايين التاجية خلال يومين من إصابتهم باحتشاء عضلة القلب الحاد و عددهم ثلاثون مريضاً
المجموعة ب : و هي تمثل المرضى الذين أجريت لهم الجراحة بعد يومين من حدوث الإحتشاء.
لم تثبت دراسة التوزيع الديموجرافي و تحاليل و أشعات المرضى قبل الجراحة أية فروق جوهرية بين المجموعتين.

النتائج:
فيما يخص استخدام الشريان الثديي الداخلي كرقعة تم استخدامه في ٦.٦٦٪ من الحالات في المجموعة أ و في ۹٣.٣٪  من الحالات في المجموعة الثانية و هو ما يشكل فارق احصائي كبير.
لوحظ أيضاً أن استخدام الوريد الصافن فقط لترقيع الشرايين التاجية كان أكثر في المجموعة أ مع فارق إحصائي كبير. استخدام الشريان الثديي الداخلي و الوريد الصافن يمكن أن يصف مدى خطورة الحالة في المجموعة أ.
تم استخدام جهاز البالون من خلال الشريان الابهر لتدعيم عضله القلب في ثمان مرضى من المجموعة أ و مريض واحد فقط من المجموعة ب  مع فارق احصائي كبير في زيادة الحاجة الى جهاز البالون من خلال الشريان الابهر في المجموعة أ .
فيما يخص حدوث احتشاء في عضلة القلب بعد اجراء الجراحة لوحظ حدوثه في ثلاثة مرضى من المجموعة أ بينما حدثت في مريض واحد من المجموعة ب و هو لا يشكل فارق جوهري من الناحية الاحصائية.
النتاج القلبي المنخفض كأحد مضاعفات جراحات ترقيع الشرايين حدثت في عشرة مرضى من المجموعة أ وفي مريضين فقط من المجموعة ب و هو يشكل فارق احصائي جوهري و يدل على الفارق الواضح في المضاعفات بعد اجراء الجراحة لمرضى الاحتشاء القلبي خلال أول يومين.
اما فيما يخص متوسط الوقت الذي احتاجه المرضى على جهاز التنفس الصناعي عقب الجراحة و متوسط المكوث في العناية المركزة و في المستشفى للمجموعتين ، لوحظ أنها أكثر في المجموعة أ لكن دونما فارق احصائي جوهري. 
فيما يخص نقل الدم و مشتقاته لوحظ فارق احصائي جوهري بين المجموعتين فيما يخص الحاجة لنقل الصفائح الدموية حيث احتاج مرضى المجموعة أ نقل الصفائح الدموية أكثر من المجموعة ب . 
في يخص حدوث الوفاة في المستشفى عقب الجراحة فقد حدث ذلك في ٥٪ من المرضى حيث حدث في مريضين من المجموعة الأولى و مريض واحد من المجموعة ب و هو ما لا يشكل فارقا جوهريا بين المجموعتين.

الاستناج:

من الدراسة لوحظ ان اجراء عملية زراعة الشرايين بعد الاحتشاء القلبى الحاد فى اول يومين مصحوب بمضاعفات اكبر عن ما اذا اجريت الجراحة بعد ذلك, ولذلك ينصح بتاجيل الجراحة لما بعد اليوم الثانى فى حالات الاحتشاء القلبى الحاد.
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