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Introduction
Acute myocardial infarction (AMI) is the clinical syndrome leading 

to sudden and prolonged occlusion of a coronary branch, which leads to 
the ischemic necrosis of myocardial cells. Despite enormous advances 
in the diagnosis and treatment, coronary artery diseases (CAD) still 
remain a major health problem in the Western world. Moreover, more 
than a million patients, only in the United States, are hospitalized with 
suspected AMI annually in coronary care units [1]. Over the years, 
progressive improvement in the treatment of patients with AMI has 
resulted in reduced mortality. It has evolved from “clinical observation” 
that characterized the first half of the 20th century, the “staged coronary 
unit” that began in the mid-70th and has played an important role in 
the study and treatment of arrhythmias through to the modern “era of 
reperfusion” introducing thrombolysis and later primary percutaneous 
transluminal coronary angioplasty (PTCA), stent implantation and 
coronary artery bypass grafting (CABG) [2].

Etiopathogenesis of Myocardial Ischemia
Almost all cases (>90%) of AMI are caused by atherosclerosis. 

Histological studies of the atherosclerotic plaques often reveal, as 
a triggering cause of the ischemic process, the sudden change in the 
morphology of the plaque, such as hemorrhage, erosion, ulceration, 
fissuring or rupture [2-5].

The platelets are in contact with subendothelial collagen, adhering to 
the vessel wall and releasing powerful aggregators such as thromboxane 
A2, serotonin and platelet factors, which stimulate the vasospasm. At 
the same time released tissue thromboplastin, which activates the 
intrinsic pathway of coagulation, initiates clot formation. In most 
cases, within a few minutes, the thrombus occludes the lumen of the 

coronary vessel. The result of occlusion of arteries is the loss of blood 
supply to the myocardium downstream of the occlusion. The ischemic 
myocardium undergoes progressive changes in biochemical, functional 
and morphological properties, whose severity is related to the amount 
and duration of the flow interruption. 

The main consequence of myocardial ischemia is anaerobic 
glycolysis, which produces an inadequate quantity of high-energy 
phosphates (creatine phosphate, adenosine triphosphate) and causes 
accumulation of potentially harmful catabolites such as lactic acid 
[6,7]. The function of the myocardium is affected immediately after 
(60 seconds) the acute event and causes a loss of contraction. The 
early change is reversible and does not cause cell death in a short time. 
The irreversible ultrastructural changes of myocytes occur after 20-40 
minutes. This irreversible damage begins in the subendocardial region; 
if ischemia is more extensive cell necrosis spreads like a wave front to 
involve a larger thickness of the ischemic area [5-7].

The timing of the intervention to reverse ischemia therefore 
represents one of the factors favorable to the survival of patients. 
Within 6 hours, 70% of patients will develop a transmural AMI; this 
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Abstract
Despite more than 30 years of experience with coronary artery bypass grafting (CABG), controversy still exists 

on the optimal timing of surgical revascularization after acute myocardial infarction (AMI). Systemic fibrinolytic 
treatment and primary percutaneous coronary intervention (PCI) are both effective and represent the first-choice 
treatment for acute ST-segment elevation myocardial infarction (STEMI), although several randomized studies have 
shown that primary PCI is superior to thrombolytic therapy achieving early reperfusion and reducing mortality. In 
the last 2 decades, CABG during AMI was performed only in patients with mechanical complications or refractory 
cardiogenic shock (high mortality and morbidity rates). Emergency CABG in patients with STEMI is still associated 
with high mortality and morbidity, and the early outcome is poor compared with the outcome in patients with stable 
angina. Furthermore, it may be advisable to delay surgery whenever possible. However, in patients with STEMI, 
early surgery (within the first hours) is indicated. Current indications for emergency CABG in patients with STEMI 
are limited to those presenting with evolving myocardial ischemia refractory to optimal medical therapy, presence 
of left main stenosis or 3-vessel disease, ongoing ischemia despite successful or failed PCI, complicated PCI, or 
cardiogenic shock accompanied by complex coronary anatomy. 

Operative mortality for these patients using conventional OPCABG (On-pump coronary artery bypass grafting) is 
from 1.6% to 32% and strongly depends on the preoperative hemodynamic condition. The use of off-pump strategies 
for CABG is being still debated at present. Several retrospective studies have suggested the benefits of off-pump 
surgery in terms of in-hospital mortality and postoperative outcomes. This chapter focuses on the impact of off-pump 
surgery in patients with STEMI who undergo urgent CABG.
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percentage reaches 100% after 24h. Therapeutic approach for this group 
of patients is early reperfusion so as to ensure limitation of the infarcted 
area; reduce the risk of ventricular dysfunction; and increase early and 
long- term survival.

Surgical Myocardial Revascularization for AMI
The time between onset of symptoms and intervention is still the 

key of the treatment. The improvement of thrombolytic and PTCA 
therapies, and the reduction of mortality following AMI, has reduced 
the interest in CABG as a first choice for early reperfusion, relegating 
such a therapeutic approach only in well-defined conditions [8]. 
However, with the improvement of surgical techniques, anesthetic 
management and myocardial protection, the role for revascularization 
by CABG has evolved [9].

Until 30 years ago, CABG surgery in patients with a diagnosis of 
AMI was only indicated as a concomitant procedure while tackling 
acute mechanical complications of AMI. Mortality and morbidity in 
the short and long term for these patients were high, both for those 
who underwent surgery during the acute phase of the AMI as well as for 
those in whom surgery was delayed as a strategy to wait for evolution 
of the lesion. 

In 1979 Steven Phillips et al. considered emergency CABG 
using saphenous vein bypass grafts as a possible technique of early 
reperfusion to effectively stop the progressive deterioration of the 
infarcted heart muscle. Authors found that patients operated within six 
hours after onset of symptoms have an increase in ejection fraction of 
34%, a reduction in left ventricular end-diastolic pressure by 40% and a 
decrease volume of the infarcted area equal to 25% [10].

In the 1980’s two different groups published retrospective studies: 
Spokane and Des Moines. They endorsed the possible use of CABG 
as early reperfusion therapy for AMI. The surgery was preferable to 
medical therapy, as associated with lower mortality in the short and 
long term. 

De Wood et al. reported outcomes of 701 patients who underwent 
CABG surgery, within 24 hours after onset of symptoms of AMI, 
including 440 diagnosed with STEMI and 261 with a diagnosis of non 
ST-segment elevation myocardial infarction (NSTEMI). Authors found 
a hospital mortality of 5.2% for STEMI group and 3% for NSTEMI 
group [11]. 

The study also identified cardiogenic shock, critical preoperative 
state and left main stem disease as predictors of mortality [11]. Phillips 
et al. in 1986 published a retrospective study of 592 patients reperfused 
by CABG (261 patients) or PCI (331 patients), versus 146 treated 
medically [12].

The results obtained in terms of mortality were: 4.9% for patients 
undergoing reperfusion compared with 17% for patients treated with 
medical therapy alone. 

Authors recommended the choice of thrombolysis and/or PTCA 
as the most appropriate method for early myocardial reperfusion for 
patients with single-vessel disease and CABG for patients with three 
vessels disease [12]. During the last 2 decade only few centers focused 
their research on preoperative stratification, predictors of outcomes 
and mortality, timing and management of surgery, in patients with AMI 
considered as candidates for CABG for early complete reperfusion.

Hochberg et al. performed a retrospective study of 174 patients. 
They reported a mortality rate for those operated within 1 week by 46% 

compared with 6% of those operated after 5 weeks [13]. They showed 
that in the first group, 50% of patients who died were admitted in shock. 
Therefore they concluded that CABG was safe at any time provided that 
the ejection fraction (EF) was not less than 50% [13]. In 1986, Katz et 
al. performed another study on 145 patients identifying EF and cardiac 
shock as risk factors predictive of mortality. They concluded that 
waiting for surgery does not reduce the risk of ventricular dysfunction 
and mortality rate [14]. Kouchoukos et al. performed a prospective study of 
240 patients operated within 30 days after onset of symptoms [15]. 

In this study EF and left main coronary artery disease were 
predictive of mortality. They further concluded that the timing and 
status of emergency CABG surgery were factors that increase the 
operative risk [15].

In 1989, Kennedy et al. published a retrospective study of 793 
patients undergoing CABG within 30 days from diagnosis of AMI, 
compared with a group of patients undergoing elective CABG surgery 
[16]. Authors found a mortality of 5.7% for the first group and 1.9% for 
the second, identifying EF, age and state of emergency as risk factors 
predictive of mortality [16]. Floten et al. analyzed 832 patients, with a 
diagnosis of AMI, focusing on the timing of surgery [17]. They reported 
a mortality of 7.6% for surgery within 24hour from onset of symptoms 
and 4% for those between 1 and 7th days and concluded that delayed 
CABG does not provide benefit in the long-term survival and also exposes 
patients to increased risk of extension of AMI and mortality [17]. 

Between 1990 and 1993 Sintek et al. performed a prospective study 
of 530 patients, reporting a mortality of 4.4% for those undergoing 
surgery within 24hours, 2.1% for those operated on between the 3rd 

and 7th day and 1.4% for those operated between 1 and 4 week [18]. 
They identified age, site and type of AMI as risk factors predictive of 
mortality.

They concluded that for patients with a diagnosis of AMI in non-
emergency conditions, it is possible to perform CABG surgery at any 
time, without an increase in mortality [18]. Recently, Lee et al. [19] 
published two retrospective studies of patients undergoing CABG, post-
AMI. They reported a mortality rate of 11.8% for patients undergoing 
surgery within 6 hours after onset of symptoms, 9.5% for those 
operated between 6 and 24hours and 2.8% for patients who underwent 
surgery after 1 day. The authors concluded that CABG, performed with 
a diagnosis of AMI, is burdened by a high risk, with a higher mortality 
than the control group (treated with medical therapy). 

These data confirmed that surgical intervention in patients 
diagnosed with AMI is legitimate. Lee et al. concluded that surgery can 
benefit, if delayed by at least 24 h, especially in the presence of an AMI 
[19]. All data from these studies confirm the effectiveness of CABG in 
patients diagnosed with AMI, compared to conservative treatment, 
especially as regards the long-term mortality.

Many authors think that CABG for patients with early diagnosis of 
AMI may be performed safely especially if the patient has a condition 
of hemodynamic stability.

Off-Pump CABG as an Early Myocardial Reperfusion 
Therapy

In the past two decade, the enthusiasm for emergency CABG in 
evolving AMI was dampened due to the advent of thrombolytic and 
PTCA therapies but the failure of these measures in several cases and 
the appearance of post-infarction angina revived the interest in CABG 
both with and without CPB (cardiopulmonary bypass) in this cohort 
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of patients. Recently, the use of off-pump beating heart surgery versus 
conventional on-pump surgery with cardioplegic cardiac arrest for 
myocardial revascularization is being intensively debated.

Theoretically, off-pump CABG seems to be an ideal procedure for 
patients with AMI because it preserves the coronary flow during surgery 
avoiding global myocardial ischemia characteristic of cardioplegic 
arrest period and post ischemia-reperfusion myocardial damage. 
Moreover, the superiority of off-pump technique versus conventional 
CABG in short-term cardiac outcome is well demonstrated by several 
randomized controlled studies [20,21]. However, it must be mentioned 
that most of these excluded emergency patients with AMI. 

Currently, few reports are available on the postoperative outcomes 
of off-pump CABG in AMI patients. Mohr et al. [22] found in a 
group of 57 patients who underwent off-pump CABG within first 
week following AMI that CABG without cardiopulmonary bypass is a 
relatively low risk procedure. Locker et al. [23] in a series of 225 patients 
who underwent CABG within 7 days from onset of AMI showed that 
early mortality of patients operated within the first 48 hours with CPB 
was significantly higher compared to off-pump CABG (16.5% vs. 4.3%, 
p=0.044) but the mortality rate in patients who underwent surgery after 
48 hours became similar in both groups (5.8% vs. 3.4%, p=0.44). They 
concluded that CPB can be used safely for most patients within the first 
week of AMI but for patients operated on within 48 hours from onset 
of symptom advocated avoiding CPB because it associated with high 
operative mortality. 

In an another publication the same authors found that emergency 
off-pump CABG for AMI results in lower mortality compared with 
conventional CABG (5% vs 24%); however, the long-term results 
of patients operated on without CPB were no better than the results 
of those operated with CPB, which might have been related to the 
incomplete revascularization or inferior patency rate of anastomoses 
performed on the beating heart [24]. Rastan et al. studied 638 
consecutive patients with acute coronary syndrome who received 
emergency CABG (240 patients without CPB and 398 patients with 
CPB) [25]. These authors concluded that beating heart surgery was 
associated with improved in-hospital outcomes and comparable long 
term results for high-risk patients presenting with acute coronary 
syndrome with or without cardiogenic shock. Similarly, Sergeant et al. 
[26] found in 269 consecutive patients with AMI that CABG can be
performed with acceptable early and long-term risk in selected patients 
with evolving myocardial infarction, whatever the hemodynamic state.
Another recent study which was performed in 2012 by Hong S et al.
compared the early and the long term results of off-pump coronary
artery bypass grafting between patients with STEMI (group I, n=83),
and NSTEMI (group II, n=237). There were no significant differences
in 30-day mortality and major adverse cardiac and cerebrovascular
event (MACCE) between groups. Overall 8-yr survival was 93% and
87% in groups I and II, respectively. Freedom from MACCE after 8 yr
was 92% and 93% in groups I and II, respectively. After propensity score 
matching analysis, there were no significant differences in preoperative
parameters, postoperative in-hospital outcomes, and long-term clinical 
outcomes.

In our experience, overall in-hospital mortality rate was 4.7%. Five 
patients (7.7%) died in on-pump group and 1 patient (1.6%) died in 
off-pump group (p=0.04). 

We found that in-hospital mortality was significantly higher in on-
pump versus off-pump group in patients with preoperative cardiogenic 
shock (27% vs. 7.5%, p=0.0018) and in those who underwent CABG 
within 6 hours from onset of AMI (23% vs. 7.5%, p=0.0026) [27].

Timing of Surgery
The optimal timing of operation after AMI remains controversial. 

Locker et al. [24] demonstrated that timing in itself is not a significant 
predictor of early mortality in off-pump CABG but it is a significant 
predictor in patients operated on with CPB. 

Creswell et al. [28] reported that mortality rates of patients who 
underwent surgery within 6 hours after onset of AMI symptoms was 
9.1%, 8.3% in those underwent surgery within 6 hours to 2 days, and 
5.2% within 2 to 14 days after AMI. Lee et al.[19], in a multicenter 
analysis showed that hospital mortality decreased considerably with 
increasing time interval between CABG and AMI: 11.8%, 9.5% and 
2.8% for less than 6 hours, 6 hours to 1 day, and longer, respectively. 
In a recent review Weis et al. [29] reported that patients undergoing 
CABG within 2 days of hospitalization for AMI experienced higher 
mortality rates than those undergoing CABG 3 or more days after AMI, 
independently of clinical condition and suggested that CABG may best be 
deferred for 3 or more days after admission for AMI in non-urgent cases.

In our experience, incidence of early mortality in all patients 
operated on within 6 hours from onset of AMI and 6 hours to 2 days 
was 15.5% (4/26pts) and 2% (2/101pts), respectively (p<0.0001). 

In on-pump group incidence of early death in patients operated on 
within 6 hours and longer than 6 hours was 23% (3/13pts) and 3.8% 
(2/52 pts), respectively (p=0.006). 

In off-pump group incidence of early death in patients operated 
on within 6 hours and longer than 6 hours was 7.5% (1/13 pts) and 
0% (0/49 pts), respectively (p=ns) [27]. Our results were in agreement 
with Locker et al. [24] and suggested that timing of surgery (<6 hours) 
is a significant predictor of early death in on-pump group but not in 
patients who underwent surgery off-pump.

The poor outcomes in the cohort of patients undergoing CABG 
within few hours from onset of symptoms may depend on factors 
such as acute left ventricular dysfunction in the early evolving phase 
of AMI with hemodynamic instability, appearance of post reperfusion 
life-treating arrhythmias, presence of collaterals to ensure coronaries 
run-off after acute occlusion, fibrinolytic and glycoprotein inhibitor 
administration that can lead to severe postoperative bleeding specifically 
if patients undergo on-pump CABG. 

Fortunately, most AMI patients are referred to the cardiac surgeons 
after the first 6-12 hours but for emergency patients operated on within 
6 hours from onset of symptoms, we advocate avoiding CPB because it 
is associated with low incidence of in-hospital mortality and improved 
outcomes.

Impact of Preoperative Cardiogenic Shock 
Impact of preoperative cardiogenic shock on early outcome in 

patients who undergo CABG after AMI is still controversial. Several 
authors have shown that patients with AMI presenting in cardiogenic 
shock have poor outcome after CABG [30-33]. On the other hand, 
Rastan et al. [25] and Sergeant et al. [26] reported that CABG can be 
performed with acceptable outcome in patients with evolving AMI, 
whatever the preoperative hemodynamic state. In our experience, 
incidence of early mortality for patients presenting with cardiogenic 
shock was 16.5% (4/24 pts) versus 1.9% (2/103 pts) for those without 
shock (p<.0001). 

In on-pump group incidence of early death in patients presenting 
in shock and in patients without shock was 27% (3/11 pts) and 3.7% 
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(2/54 pts), respectively (p=0.004). In off-pump group incidence of early 
death in patients presenting with preoperative shock and in patients 
without shock was 7.5% (1/13 pts) and 0% (0/49 pts), respectively 
(p=ns). Our data suggested that preoperative cardiogenic shock 
increase dramatically early mortality after CABG in patients with AMI 
specifically in those who underwent on-pump cardioplegic arrested 
heart CABG procedure [27]. 

Risk of Conversion and Postoperative Outcomes
In our experience, patients who underwent off-pump CABG needed 

less postoperative catecholamine drugs administration (p=0.02) and 
required shorter duration of inotropic support (p=0.001) than patients 
who had on-pump CABG. 

Incidence of postoperative low cardiac output syndrome (p=0.001) 
and reoperation for bleeding (p=0.04) were significantly higher in on-
pump group versus off-pump group. Moreover, patients in on-pump 
group had longer duration of mechanical ventilation support (p=0.006), 
intensive care unit (ICU) stay (p=0.01) and in-hospital stay (p=0.02) 
compared to patients in off-pump group [27,34,35]. 

Our data are in agreement with the work of Kerendi et al. [36] who 
reported that off-pump patients received fewer blood transfusions and 
had a significantly shorter postoperative ICU stay compared with on-
pump patients.

In our experience, the significant improvement of myocardial 
contractility and reduction of postoperative serum cardiac troponin I 
(cTnI) release in the off-pump group compared to the on-pump group 
may indeed be attributed to avoidance of CPB, since complete and 
effective myocardial revascularization was performed in all patients in 
both groups (measured by intraoperative grafts flow) and all baseline 
characteristics of the two study groups were comparable with no 
statistically significant differences concerning preoperative extent of 
acute myocardial ischemia (measured by preoperative serum levels of 
cTnI and CK-MB), LVEF%, wall motion score index, and preoperative 
clinical presentation being present [27].

It is known that off-pump CABG is essentially associated with an 
acute conversion risk, which causes death and serious complications 
[37,38]. The conversion risks are difficult to quantify and suggested 
predictors of conversion have included previous CABG, congestive 
heart failure, AMI, low ejection fraction and a surgeon with poor 
experience [37,39,40]. 

The reported conversion is from 0.4% to 2.8% [41,42]. In our study, 
one patient (1.6%) in off-pump group was converted to on-pump 
beating heart technique during revascularization of marginal ramus for 
severe systemic hypotension and CABG was completed on CPB with 
good result [27]. 

Graft Patency and Incidence of Cardiac-Related Events 
after Off-Pump CABG

Completeness of revascularization and long-term graft patency are 
important related to off-pump CABG. Some authors found an inferior 
graft patency rate and recurrent symptoms for patients who underwent 
off-pump CABG compared with the conventional technique. Several 
prospective randomized trials comparing graft patency in on-pump 
versus off-pump surgery are available in the literature [21,43-46]. A 
recent meta-analysis of those trials is reported by Takagi and colleagues 
who found a non-statistically significant benefit of conventional 
CABG over off-pump CABG for overall graft patency; a pooled 

analysis demonstrated a statistically significant increase in overall graft 
occlusion with off-pump CABG relative to on-pump a sub-analysis 
showed a significant increase in venous graft occlusion [47].

In our experience, we found that the overall grafts patency rate 
were 90.7% and 91% in on-pump versus off-pump groups, respectively 
[34]. Furthermore, the patency rate was also similar between the two 
groups for arterials and saphenous vein grafts. In our series we did not 
observe any difference in terms of graft patency between off-pump and 
on-pump even of vein graft patency. 

Our results are contrary to the conclusions of the two met-analyses 
that reported a reduction in postoperative patency of graft performed 
during off-pump CABG [47,48]. Recently the ROOBY trial did not 
report any difference in terms of adverse events within 30 days between 
off-pump and on-pump CABG but at one year the composite outcome 
(reoperation, new mechanical support, cardiac arrest, stroke, and renal 
failure) was higher in the off-pump group and also the graft patency 
was inferior [49].

On the other hand, our data gives similar results compared with the 
results of trials published by Kobayashi and colleagues Al-Ruzzeh and 
colleagues and an updated trial published by Lingaas and colleagues that 
showed same graft patency rates between off-pump and conventional 
CABG [44,50,51]. 

Recently, Kuss et al. published a systematic review and meta-
analysis of propensity score analyses showing that off-pump surgery 
was superior to on-pump CABG in all of the assessed short-term 
outcomes [52]. Our early results for the present cohort of patients were 
in line with the collected evidence from the randomized trials included 
in this recent study. Finally our results were closer to Angelini’s series 
that showed no differences between off-pump and on-pump CABG in 
terms of graft occlusion and similar long term health outcome [53].

Anesthetic Management and Surgical Technique
Monitoring

The patient is positioned on a water-heating mattress in the 
operating room. A 5-channel ECG is recorded. The combination of 
leads II/V4-V5 is continuously displayed and used for ST-segment 
trend analysis. Capillary pulse oximetry is recorded. After local skin 
infiltration, one peripheral line is inserted to secure intravenous access 
and arterial canulation of the radial artery is performed. A pulmonary 
artery catheter is inserted. After induction of general anesthesia 
the continuous cardiac output (CO) and mixed venous oximetry is 
monitored. Recorded variables include cardiac index (CI), mean arterial 
pressure (MAP), central venous pressure, and mean pulmonary arterial 
pressure (mPAP), pulmonary capillary wedge pressure (PCWP), mixed 
venous oxygen saturation and heart rate. Hemodynamic data is obtained 
during conduits harvesting, after stabilizer tentacles positioning, and at 
5 minutes-interval throughout the procedure. Central and peripheral 
temperatures are measured with nasal and rectal temperature probes. A 
urinary catheter is introduced to monitor urinary output.

Intraoperative transesophageal echocardiographic (TEE) 
control is performed in all patients to evaluate global and regional 
myocardial function. A 2-dimensional cardiac ultrasound from 
Hewlett Packard (Sonos 4500, Palo Alto, Calif) equipped with a 
transesophageal echocardiographic probe is used. Myocardial kinesia 
is evaluated in according to the guidelines of the American Society of 
Echocardiography.
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Anesthesia

Standard anesthesia is induced with fentanyl (20-50 mg/kg), 
midazolam (0.1 mg/kg), and pancuronium bromide (0.1 mg/kg), and 
maintained with a continuous infusion of fentanyl (0.5-1 mg/kg/h) 
and propofol (50-200 mg/kg/h). Moderate dose of opioids is used to 
attenuate the operative stress response.

Surgical management

Off-pump CABG is a technique that not needs a cardiopulmonary 
bypass. It is performed during beating heart using a commercially 
available suction stabilizer (Octopus, Medtronic Inc, Minneapolis, 
Minnesota). To reach the anterior wall for left anterior descending or 
diagonal arteries grafting, the surgeon places 2 to 3 moistened gauze 
pads behind the left ventricle to elevate and to rotate the left ventricle into 
the midline. In some cases, this caused compression of the right heart, 
which is squeezed between the thick, bulky left ventricle and the right 
pericardium. These results in a drop in right ventricle output, which is 
reflected in a decrease of mPAP, MAP, and CO. Treatment consists of 
filling of the heart and Trendelenburg position. In some patients with 
AMI who undergo early off-pump CABG, the left ventricle function 
is very poor and acute filling may be dangerous. In this case, the right 
pericardium is opened to aid heart displacement into the right pleura. 
A vertical incision of the pericardium at the level of the right atrium to 
the inferior cava vein is also applied to avoid right atrial compression. 

The most challenging site to graft on the beating heart and 
specifically in patients with acute ischemia is the posterior wall. In 
order to view this invisible area from sternotomy approach, the heart 
must be tilted out of the pericardial cradle. Slow manipulation of the 
heart is necessary to avoid ventricular arrhythmias and hemodynamic 
deterioration. Four Lima stitches are placed deeply in the pericardium 
from the left pulmonary veins to the diaphragm (in midline) to push 
up the heart avoiding complete heart verticalization that leads to 
hypotension. The same procedures for the anterior wall exposure must 
be performed in more pronounced way. A slow apical suction cardiac 
positioning device (Starfish, Medtronic Inc, Minneapolis, Minnesota) 
can be used for revascularization of the circumflex branch. During 
revascularization of the lateral/posterolateral wall TEE and SvO2 
monitoring are necessary because the ECG ischemia monitoring is not 
of value since the amplitude is decreased by the loss of contact between 
the heart and pericardium. Compared with LAD and right coronary 
artery grafting, coronary circulation is only impaired in the circumflex 
territory as usually the other areas have already been bypassed. 
Normalization of MAP with judicious use of vasoconstrictors will 
restore residual myocardial blood flow, as well as flow through the grafts 
on the anterior and inferior wall, and the situation of acute low output 
syndrome will disappear. It is very important to avoid overshooting with 
inotropic drugs. This may compromise local cardiac wall stabilization, 
the accuracy of the anastomosis, and cardiac performance because of 
increase oxygen demand. 

To allow a good surgical view of the right coronary artery and its 
distal branches, the operating table is placed in the head-down position. 
A slow right ventricle anterior wall suction, close to the acute margin of 
the heart, is applied to facilitate vessels exposure. The suction arms are 
placed around the target vessel and moved ventrally in order to elevate 
the target area 3 to 5 cm. This results in increase in the surgical view but 
it also caused some obstruction of the tricuspid orifice.

Transesophageal echocardiography as well as monitoring of right 
atrial pressure are helpful in identifying the limit of elevation in order 

to prevent tricuspid valve blockage or insufficiency. In this case, right 
pericardium may be opened to aid right heart displacement. 

Intra-coronary shunts may be used for all anastomoses (Clearview, 
Medtronic Inc, Minneapolis, Minnesota). Temporary proximal 
occlusion of the target vessel is performed using 5-0 polypropylene 
sutures with Teflon pledgets. The first anastomosis is routinely 
performed between the left internal thoracic artery (LITA) and the 
LAD, but the right coronary or posterior descending artery (PDA) 
may be grafted first in patients with inferior AMI who undergo surgery 
within 12 hours from onset of symptoms. The second anastomosis is 
performed between the conduit and PDA and finally obtuse marginal 
artery is grafted.

Perioperative hemodynamic management

Grafting to the inferior and the posterolateral myocardium demands 
lifting of the heart partly out of the pericardium and out of the thoracic 
cavity. This maneuver compromises cardiac output and reduces mean 
arterial blood pressure. Hypotension upon dislocation of the heart is 
resolved by increasing preload by placing the patient in Trendelenburg 
position; however caution must be exercised in patients with severe 
acute left ventricular dysfunction due to AMI, because the acute rise in 
preload can lead to hemodynamic deterioration. The decrease of cardiac 
output and MAP are mostly caused by an outflow obstruction of the 
right ventricle. This is caused by a compression of the right atrium and 
ventricle by the displacement and torsion of the heart. This is projected 
in increase in central venous pressure, decrease or unchanged mPAP 
and decrease PCWP. This situation normally restores to acceptable 
hemodynamic levels without the use of vasoactive medication. 
Unfortunately, in patients with AMI often the hemodynamic condition 
deteriorates with decrease in mPAP and increase in PCWP necessitating 
vasoactive drug administration. Judicious use of alpha agonists may be 
necessary, despite the acute ischemic phase. Judgement must be made 
quite early on in such cases for conversion as emergency conversion 
may result in suboptimal outcome.

Conclusions
Off-pump CABG surgery appears to be the optimal treatment 

strategy for patients with STEMI whenever the preoperative conditions 
permit and CABG surgery is indicated. Although, CABG is still 
associated with high mortality and morbidity in patients who undergo 
surgery within the first 6 hours from onset of AMI symptoms and in 
those with cardiogenic shock, off pump surgery improves dramatically 
the results compared to on-pump revascularization. Maintaining native 
coronary blood flow during off-pump surgery avoids global myocardial 
ischemia, a hallmark of conventional CABG with cardioplegic arrest, 
and post CPB myocardial cell damage due to ischemia-reperfusion 
injury that can contribute to more postoperative left ventricular 
dysfunction and to poor postoperative outcome.

In our experience off-pump CABG has the same late mortality, 
major adverse cardiac related events, and grafts patency rate comparing 
to conventional CABG [34]. Furthermore, in our opinion urgent or 
emergent CABG for patients with STEMI can be done either way. Based 
on the evidence of our previous studies showing reduced early mortality 
and morbidity rates for patients undergoing off-pump CABG and the 
current literature reporting a lower incidence of postoperative outcomes 
such as low cardiac output, bleeding and transfusion requirements we 
consider that off-pump CABG may have many advantages compared 
with on-pump surgery for this cohort of high-risk patients [27,34,35].

As an alternative to conventional CABG for patients with AMI, 
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few centers have recently adopted on-pump beating-heart CABG. 
On-pump beating-heart CABG is an attractive technique that keeps 
heart beating with the aid of CPB but without aortic cross-clamping or 
cardioplegic arrest. Izumi and associates demonstrated that on-pump 
beating-heart CABG reduces the mortality of patients with AMI and 
decreases the release of cTnI compared with conventional CABG [54]. 

Currently, in our opinion there are few absolute contraindications 
to off-pump surgery. The selection of patients should stem in large part 
from the operating surgeon’s beating heart experience and comfort 
level. 

Programs early in their off-pump experience should concentrate on 
patients with less demanding revascularization requirement. Optimal 
candidates for surgeons with limited experience typically include 
patients who are hemodynamically stable and require a limited number 
of bypasses located in easily accessible areas. 

When surgeons start offering STEMI patients off-pump CABG, the 
patients’ selection should include those with large target vessels free of 
diffuse calcified disease and hemodynamic stability despite ischemia 
and left ventricular dysfunction. With experience, higher risk patients 
with hemodynamic instability and technically more challenging 
procedures can be undertaken.

Difficult patients likely to benefit from off-pump surgery include 
those with severe left ventricular dysfunction, ischemic mitral 
insufficiency, or those grafted emergently after an acute myocardial 
infarction. Patients who are either severely hemodynamically or 
electrically unstable may not tolerate the manipulation required for off-
pump bypass grafting, and therefore represent a population generally 
not considered candidates for off-pump CABG. However, this subset 
of patients may be safely operated performing pump-supported beating 
heart surgery. 
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