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Abstract. Background. Adequate protection of myocardium from anoxic ishemia during “open heart” 

surgeries, including aortocoronary bypass surgeries (bypass) performed for ischemic heart disease (IHD) 

is one of the important issues in the cardiac surgery (Bockeria et al., 2007; Bubnov & Chernyak, 2011; 

Guru et al., 2006; Tarkka, 2004). It is currently one of the widely discussed topics in the medical 

literature and scientific forums. Present research is designed to identify key risk factors that negatively 

affect adequacy of cardioplegia and contribute to the myocardial ischemic injury at various stages of 

bypass surgery. Methods and materials. We conducted retrospective analysis of clinical data of 75 

patients with LV EF<35% (32,7±0,15%) treated in Scientific Surgery Center named after 

M.A.Topchubashov during 2015-2017 years. 94,7% of patients were males (71 patients) and only 5,3% 

were females (4 patients). Mean age was 56,8±0,47 years (range: 40–74 years), mean height - 170,4±0,53 

cm (range: 150-188 cm), mean weight - 79,9±0,79 kg (range: 53-110 kg) and mean body surface  was 

1,76±0,07 m
2
 (range: 1,53-2,09 m

2
). Based on results of clinical, laboratory, diagnostic imaging, 

including ECG, ECHO and coronary angiography, all patients were in functional class III-IV by 

American Cardiology Association, 55 patients (73.3%) had previous MI, 16 patients (21.3%) - 

hypertension and 34 patients (45.3%) - type II diabetes mellitus. Results. It was revealed that risk of 

myocardial ischemic injury in pre-perfusion period is directly related to an increase in myocardial energy 

demand and appearance of factors (brady- and tachyarrhythmias and arterial hypotony) that worsen 

coronary blood supply as well as psychoemotional stress resulting in angina episodes. As a result, in most 

patients (82.4%)  timely institution of relevant preventive and treatment modalities (nitroglycerin, 

lydocaine, beta-blockers, amiodaron and cardiotonic medications, crystalloid and colloid solutions and 

electrolytes infusion, cardioversion and others) were sufficient to mitigate the negative affect of the risk 

factors specific for this stage. The analysis of clinical data showed that myocardial ischemic injury during 

bypass surgery is mostly encountered or worsen in the post-perfusion period. During this stage, multiple 

unsuccessful attempts to wean off the CPB related to the development of myocardial heart failure, varoius 

types of rhythm disturbances (tachy-bradyarrhythmias), sustained arterial hypotension and acute 

dilatation of heart chambers, further worsen the coronary blood supply. During such cases, delay with 

timely institution of IABC as supplementary blood circulation method and continuation of inefficient 

infusion of high doses of cathecholamines will increase the myocardial oxygen demand and worsen 

ischemic injury. Conclusion. Reliable protection of myocardium from ischemic injury is closely related 

to the method of  cardioplegia, cardioplegic solution, infusion intervals and temperature regimen, as well 

as negative affect of various risk factors that arise during bypass surgery. Identification of risk factors 

specific to each stage of surgery and timely institution of relevant preventive and treatment measures can 

significantly improve the immediate postoperative results. 
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1. Introduction   

 

Provision of adequate protection of myocardium from anoxic ishemia during 

“open heart” surgeries, including aortocoronary bypass surgeries (bypass) performed for 

ischemic heart disease (IHD) is one of the important issues in the cardiac surgery 

(Bockeria et al., 2007; Bubnov & Chernyak, 2011; Guru et al., 2006; Tarkka, 2004). It 

is currently one of the widely discussed topics in the medical literature and scientific 

forums. There is even a variation in a position of and clinical protocols currently in use 

by leading cardiac surgery centers of the world in relation to method of cardioplegy, 

content of the cardioplegic solution and temperature regimens to be used (Pionek, 2011; 

Yagafarov et al., 2015; Bhakri et al., 2014; Guru et al., 2006; Zenq et al., 2014; 

Abbasov, 2018a).  

The main criteria for methods of cardioplegia is the provision of full cessation of 

cardiac electromechanical activity within short period of time, maximum decrease in 

metabolic requirements and enhancement of tolerance to hypoxia (Bubnov& Chernyak, 

2011; Pionek, 2011; Almdahl et al., 2012). With various degree of coronary artery 

stenosis or occlusion related to ischemic heart disease (IHD), an adequate perfusion of 

different segments of LV myocardium with cold cardioplegic solution and reliable 

protection of myocardium from anoxic ischemia is not always possible.  

Given the fact that current methods of cardioplegia can not provide complete 

cessation of metabolic processes in myocardium with high metabolic activity, it is 

inevitable that limited energy reserve of myocardium will be quickly drained following 

even the brief stop of coronary blood flow during bypass surgery.  

It is thus understandable why so many efforts and so much interest is vested by 

researchers to improve the current cardioplegia methods and to develop new ones 

(Andreev, 2003; Nadiradze, 2006; Bhakri, 2014; Modi et al., 2004; Ugurlucan et al., 

2004).  

Review of literature showed that research is carried out in three directions: 

addition of various ingredients into the cardioplegia solutions to improve their 

characteristics to better protect myocardium from ischemia; correct choice of temerature 

regimens and improvement of methodological and tactical aspects related to application 

of cardioplegia.  

Results of multicenter clinical trials conducted in leading cardiac surgery centers 

of the world shows that none of the current methods of cardioplegia has any specific 

advantage in provision of adequate protection of myocardium from ischemia during 

bypass surgeries (Bubnov& Chernyak,2011; Barassi et al., 2004; Bessho & Chambers, 

2001; Dobson & Jones, 2004; Kim et al., 2016; Abbasov, 2018b). However, there is an 

advantage to the use of blood containing cardioplegia in patients with systolic 

dysfunction of left ventricle as it is shown to improve spontaneous recovery of  cardiac 

function and significantly decreases an incidence of myocardial infarction in 

perioperative period (Albacker et al., 2009; Koramaz et al., 2016; Ota et al., 2016; 

Tarkka, 2004). 

We believe that it is not correct to think that protection of myocardium from 

anoxic ischemia can be possible only through an improvement of cardioplegia methods 

without considering the risk factors contributing to the myocardial ischemic injury at 

various stages of aortocoronary bypass surgery. It is well known that functional reserve 

of coronary circulation and myocardial contractility in patients with EF<35% is very 

low. And the influence of these risk factors can not protect the myocardium from anoxic 
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ischemia with the application of cardioplegia, but may also negatively affect the end 

results of surgery (Bubnov & Chernyak, 2011; Nadiradze, 2006; Pionek, 2011; 

Ugurlucan et al., 2010; Zenq et al., 2014). 

Therefore, timely identification of risk factors specific for different stages of 

bypass surgery carried out under cardioplegia and cardiopulmonary bypass as well as 

development of targeted preventive measures and specific treatments is believed to have 

a significant scientific and practical value.  

Aims. Identification of key risk factors negatively affecting adequacy of 

cardioplegia and contributing to the myocardial ischemic injury at various stages of 

bypass surgery.  

 

2. Methods and materials 

 

The research included 75 patients with LV EF<35% (32,7±0,15%) treated in 

Scientific Surgery Center named after M.A.Topchubashov during 2015-2017 years. 

94,7% of patients were males (71 patients) and only 5,3% were females (4 patients). 

Mean age was 56,8±0,47 years (range: 40–74 years), mean height - 170,4±0,53 cm 

(range: 150-188 cm), mean weight - 79,9±0,79 kg (range: 53-110 kg) and mean body 

surface was 1,76±0,07 m
2
 (range: 1,53-2,09 m

2
).  

Based on results of clinical, laboratory, diagnostic imaging, including ECG, 

ECHO and coronary angiography, all patients were classified as being in functional 

class III-IV per American Cardiology Association; 55 patients (73.3%) had previous 

MI; 16 patients (21.3%) had hypertension and 34 patients (45.3%) had type II diabetes 

mellitus. 

According to the results of coronary angiography 4 patients had varying degree of 

stenosis or occlusion of 1 vessel, 17 patients - of 2 vessels, 39 patients – of 3 vessels, 15 

patients – of 4 vessels. Among all patients only 4 (5.3%) had nondominant RCA.  

Left main coronary artery stenosis was found only in 19 patients (6,5%). In most 

cases there was varying degree of stenosis of LAD and LCx branches of LCA (25,4% 

and 18,2% respectively) and RCA (21,3%). In total, there was varying degree of 

stenosis or occlusion of 191 vessels in 75 patients. Among them, 218 vessels (75%) had 

over 80% stenosis: including in 64 patients (22,0%) – 81-90%, and in 154 patients 

(52,9%) – 91-100 %.  

82.7% of bypass surgeries (62 patients) were performed under cardiopulmonary 

bypass, mild hypothermia (30-32C) and with cold-blood cardioplegia; in 8 patients 

(10,6%) surgery was performed on beating heart, in 5 patients (6,7%) – with 

cardiopulmonary bypass but without aortic clamping. Cardioplegia was instituted in 

antegrade fashion by infusing cold (4-8
0
C) blood cardioplegic solution into aortic root 

every 15-20 minutes and by local cooling (application of ice slush solution into 

pericardium). The duration of surgical procedure, cardiopulmonary bypass and aortic 

crossclamping were 103,5±1,74, 60,0±1,56 and 207,6±5,0 minutes, respectively. 

In total, bypass was performed in 215 vessels with >60-65% stenosis. All but one 

patient had bypass grafting to LAD, including by LIMA in 70 patients. And in 4 

patients the venous grafting was accomplished instead for objective reasons (in 2 cases 

the LIMA was short, in other 2 – LIMA was injured and could not be used).  

Thus, out of all 215 bypass grafts done in 75 patients (average: 2,9±0,02 grafts), 

72 were from LIMA (33,5%) and the rest 143 (66,5%) were from superficial femoral 
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vein. In total, 4 patients (5,3%) received 1 bypass graft, 17 patients (22,6%) - 2 grafts, 

39 patients (52,0%) - 3 grafts, and 15 patients (20,0%) received 4 bypass grafts. 

The aortocoronary bypass procedure conducted under CPB (cardiopulmonary 

bypass) and CP (cardioplegia) can be conditionally divided into three periods: pre-

perfusion period (starts from taking patient onto the operating table and ends with 

initiation of CPB), perfusion period and post-perfusion period (from end of CPB til 

patient’s transfer to intensive care unit).  

The adequacy of protection of myocardium from ischemic injury during surgery 

was assessed based on the followings: spontaneous recovery of cardiac function, ST 

segment changes, new high grade rhythm disturbances, need for inotropic support and  

introaortic balloon contrapulsation, and troponin level in the blood.  

During postop day 1 the cardiac function, SO2 level, diuresis, body temperature, 

acid-base ballance and electrolytes were monitored. ECG and chest Xray were taken 

and troponin level was assessed the next day.  

 

3. Discussion 

 

Based on retrospective analysis of clinical data, the risk factors specific for every 

stage of aortocoronary bypass surgery and ones that contribute to the myocardial 

ischemic injury were identified, their incidence rate and clinical significance objectively 

evaluated (Table 1).  

It was revealed that risk of myocardial ischemic injury in pre-perfusion period is 

directly related to an increase in myocardial energy demand and factors (brady- and 

tachyarrhythmias and arterial hypotony) that worsen coronary blood supply as well as 

psychoemotional stress resulting in angina episodes. As a result, in most patients 

(82.4%) timely institution of relevant preventive and treatment interventions 

(nitroglycerin, lydocaine, beta-blockers, amiodaron and cardiotonic medications, 

crystalloid and colloid solutions and electrolytes infusion, cardioversion and others) 

were sufficient to mitigate the negative affect of the risk factors specific for this stage.  

Special attention was given to ensure an adequate premedication and continuous 

intravenous infusion of crystalloid and 5% dextrose (in non-diabetic patients) solutions 

to mitigate the stress of obligatory fasting and psychoemotional stress of expecting the 

surgery.  

Refractory rhythm disturbances with serious hemodynamic compromise occured 

in 3 patients (4.0%) and was treated with quick cannulation and initiation of CPB. In 1 

patient (1.3%) the surgery was continued despite the ST elevation.  

Management of volume status, acid-base ballance and electrolytes before 

initiation of general anesthesia is crucial to prevent the occurance of these risk factors. 

It is well known that in IHD the  energy reserve of myocardium during chronic 

hypoxia is very limited. And any factor increasing the myocardial demand, including 

specifically tachycardias (atrial fibrillation and paroxysman atrial and ventricular 

tachycardias) and arterial hypertension can cause myocardial ischemic injury.  

None of the current CP methods can completely cease all metabolic prosesses in 

the myocardium. Therefore, before initiation of antegrade coronary perfusion and before 

aortic crossclamping during perfusion period, it is important to correct the above-

mentioned rhythm disturbances with medications or cardioversion. 

As such, by adherance to this principle one can protect the limited energy reserve 

and hypoxia tolerance of myocardium during the anoxic hypoxia condition.   
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Table 1.Risk factors contributing to the myocardial ischemic injury during the various stages 

 of bypass surgery 

 

PRE-PERFUSION PERFUSION POSTPERFUSION 

1.Occurance of angina episodes 

(coronary spasm) related to stress 

of expecting the surgery and 

obligatory fasting in cases when 

premedication was not adequate;  

 

2.Cardiodepressive and 

vasodilator effect of neurotropic 

medications and myorelaxants 

used for anesthesia initiation in 

case of hypovolemia;  

 

3.Occurance of hemodynamically 

significant new rhythm 

disturbances (bradyarrhythmias, 

atrial fibrillation, paroxysman 

ventricular tachycardias, A-V 

blocks, ventricular extrasystolic 

arrhythmias); 

 

4.Taking to surgery the patients 

on long-term diuretic treatment 

without initial correction of 

electrolytes.  

 

1.Crossclamping of aorta and 

initiation of cardioplegy without 

first addressing the new high 

grade rhythm disturbances;  

 

2.Inability to create sufficient 

perfusion pressure in CP system 

and acute dilatation of LV in 

patients with grade II aortic 

valve insufficiency; 

 

3.Inability to conduct adequate 

antegrade coronary perfusion in 

cases of concurrent critical 

stenosis or occlusion of LMCA 

or its main brances (LAD and 

LCx) and RCA.  

 

1.Multiple unsuccessful attempts 

to wean off CPB in patients with 

heart failure, different 

bradycardias, arterial 

hypotension and dilatation of 

cardiac chambers; 

 

2.Delayed use of introaortic 

balloon contrapulsation amid the 

high doses and continuous 

infusion of cathecholamines; 

 

3.Initiation of protamine-sulfate 

infusion and closure of chest 

wall before attainment of 

relative hemodynamic stability 

and fully addressing these 

causes; 

 

4.Not timely institution of 

necessary measures to prevent 

reperfusion syndrome. 

 

The second important factor affecting the adequate CP is clinically significant aortic 

regurgitation. In these patients it is not possible to provide adequate perfusion and 

cooling of myocardium, especially of subendocardial zone, during antegrade CP. This is 

related to the inability to create sufficient perfusion pressure in aortic root on one side 

and acute dilatation of LV secondary to passage of some part of perfusion solution into 

LV on the other.  Therefore, while taking patients with >II degree aortic insufficiency 

and diastolic BP of over 70 mm Hg to surgery, it is important to be prepared for 

aortotomy and direct coronary perfusion. Not doing so will lead to time loss after aortic 

crossclamping and result in myocardial ischemic injury. In 3 patients that we had to 

perform aortotomy and direct CP, this was the cause of postperfusion ST elevation and 

development of signs of acute myocardial heart failure. In these patients despite the 

return of ST segment to isoline on postoperative day one, the level of troponins however 

remained 5-8 times high above normal.  

Despite the little attention in the medical literature, the concurrent critical 

stenosis or occlusion of LMCA or its main branches (LAD and LCx) and RCA is yet 

another risk factor with significant clinical implications. As a result, due to increased 

coronary resistance in these patients, it is not always possible to provide an adequate 

cooling of myocardium during antegrade coronary perfusion, which is especially true in 

case of equal perfusion of myocardial mass corresponding to areas supplied by different 

arteries. 

We developed an individualised approach to such patients in our clinic. Initially, 

based on coronary angiography results, we identify the grade of vessel stenosis, assess 
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the extend of collateral communication of each vessel with those supplying other areas 

as well as determine the retrograde filling.  

By conduction of ategrade CP and intrapericardial topical cooling during the 

surgery and achieving complete cessation of cardiac electromechanical activity, we put 

venous graft into the artery with the most developed collateral flow and institute the 

next coronary perfusion parallel to graft with the help of multiflow system.   

After that we place next venous graft and connect it to the coronary perfusion 

system. Subsequently, the CP is conducted via both grafts. At the end, LIMA-LAD graft 

is placed and aortic crossclamping is removed. By institution of this CP method, it was 

possible to achieve the recovery of cardiac function and adequate hemodynamic 

parameters with only low dose of cardiotonic medications and without the need for 

introaortic balloon contrapulsation.  

The analysis of clinical data showed that myocardial ischemic injury during 

bypass surgery is mostly encountered or worsen in the post-perfusion period. During 

this stage, multiple unsuccessful attempts to wean off the CPB related to the 

development of myocardial heart failure, varoius types of rhythm disturbances (tachy-

bradyarrhythmias), sustained arterial hypotension and acute dilatation of heart 

chambers, further worsen the coronary blood supply.  

During such cases, delay with timely institution of IABC as supplementary 

blood circulation method and continuation of inefficient infusion of high doses of 

cathecholamines will increase the myocardial oxygen demand and worsen ischemic 

injury. 

Other risk factor specific for this period is the development of “reperfusion 

syndrome”. This syndrome is characterised by repeated contact of free radicals 

generated in the tissues affected by ischemia with oxygen that causes the peroxydation 

and leads to mitochondrial and cell membrane dysruption (Barassi et al., 2004; 

Koramaz et al., 2006; Tarkka, 2004). As pathogenetic mechanisms responsible for 

development of reperfusion syndrome have been studied in experiments, there is a need 

for human clinical trials (Liu et al., 2009). As other researchers, we also believe that 

partial recovery of myocardial blood supply via LIMA-LAD graft along with antegrade 

coronary perfusion with warm blood for 5-7 minutes with subsequent removal of aortic 

crossclamping, can help with recovery of coronary blood flow and in most cases protect 

myocardium from ischemic injury.  

Although not given enough attention, initiation of protamine-sulfate infusion 

(cardiodepressive affect, anaphylaxis) and chest wall closure before complete 

hemodynamic stability is attained, is yet another factor contributing to the myocardial 

ischemic injury during postperfusion period.  

Retrospective analysis of clinical data revealed the following results in relation 

to the adequacy of myocardial protection from anoxic ischemia during postperfusion 

period and during first 1-3 days following aortocoronary bypass surgery in 75 patients 

with EF<35%:  in 21 patients (20.8%) it was good, in 27 (49.3%) - satisfactory, and in 

17 (22.7%) patients it was unsatisfactory.  

In all 17 patients of the latter group the myocardial ischemic injury was 

confirmed on next postoperative day by an increase in troponin levels to 6,28±1,31 

ng/ml (normal value ≤ 0,3 ng/ml) (P<0,001). Myocardial ischemic injury was found in 3 

patients (17.6%) in pre-perfusion period, in 6 patients (35.3%) in perfusion period, in 8 

patients (47.1%) in postperfusion period. In 6 patients concurrent negative influence of 

two and more risk factors was noted.  
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4. Results 

 

1. Reliable protection of myocardium from ischemic injury is closely related to the 

method of  cardioplegia, cardioplegic solution, infusion intervals and temperature 

regimen, as well as negative affect of various risk factors that arise during bypass 

surgery.  

2. Identification of risk factors specific to each stage of surgery and timely institution 

of relevant preventive and treatment measures can significantly improve the 

immediate postoperative results.  
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