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Abstract

Th is study has been conducted in an eff ort to establish metabolic and infl ammatory responses 

of the myocardium during aortic valve surgery on the beating heart with CPB and continu-

ous coronary sinus perfusion with normothermic blood. Twenty patients, divided into two 

groups, participated in this study. Conventional aortic valvular operations were performed on 

fi rst  patients, while the second group, consisting of  patients as well, was subjected to the 

operations with CPB on the beating heart with continuously perfusion with blood through 

coronary sinus. Th ere were total of  biological and  mechanical valves implanted in aor-

tic position. In this study, cardiac markers and infl ammatory mediators IL and TNF, were 

measured preoperatively and postoperatively. Metabolic changes were documented based on 

the levels of CK-MB, Troponin I, Mioglobin and LDH.  Infl ammatory factors we measured 

through IL- and TNF. All measurements were taken in  hour intervals during the initial 

 hours following the operations. Th e patients of "the beating heart" group had signifi cantly 

lower dose of markers and cytokines in comparison to those who had undergone the con-

ventional valvular operation (). Th e elimination of the adverse eff ects of global ischemia 

produced from reperfusion injury and the similarity to the physiological condition, suggests 

that the revival of the beating heart procedure is more reasonable. Th is procedure of valvular 

surgery on the beating heart can be one of the good surgical options for the high-risk valvular 

patients ().
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Introduction

Does myocardial perfusion with warm blood or some 

another cardioplegic solution carry the same risk as 

similar perfusion with just warm blood without arrest-

ing cardiac function? Th ere is some evidence that con-

tinuous warm blood perfusion off ers good myocardial 

protection. First successful operation on the aortic valve, 

using continuous retrograde perfusion on the beating 

heart through catheter placed in the coronary sinus, 

was performed by Lillehei and his colleagues in  

(). As we know, after aortic declamping some general 

reperfusion occurs resulting in adequate infl ammatory 

response at the same time. Th is infl ammatory response 

depresses cardiac function and the activation of neutro-

philes, which represents the main problem, reperfusion 

injury, for it allows cytokines to exert direct negative 

inotropic effects on the heart (,). This method can 

be one of the approaches for aortic valve patients be-

cause it prevents reperfusion injury and prevents myo-

cardial ischemia while it provides the heart with more 

physiologic condition for duration of operation. Th is 

can be useful method for high-risk valvular patients ().

Patients and Methodology

A number of  patients had participated in this study 

and they were divided in two groups. In the first 

group, with  patients, we performed conventional 

aortic valve replacements and in the second group 

of  patients we performed beating heart procedures 

with continuous warm blood perfusion through coro-

nary sinus. All operations were done in the depart-

ment for Cardiac surgery of Hospital "G. Pasquinucci" 

Massa – Italy. All patients had routine preoperative 

and postoperative checking for all significant param-

eters for this study.  We replaced aortic valves with 

biological prosthesis (Carpentier- Edwards and Mitro-

flow) or with mechanical prosthesis- (Carbomedics)

Operations were performed in  patients ( male 

age/medium ,±, and  female age/medium 

, ± ,) (Graph ). All patients preoperatively 

were classified as NYHA functional class III-IV and 

mean left ventricular ejection fraction ± (Table ).

Surgical procedure

Conventional median sternotomy approach was per-

formed on all patients. Before CPB each patient was ad-

ministrated U/kg of heparin and all operations were 

performed in normothermia. After successful induction 

in CPB we placed coronary sinus cannula through right 

atrium without opening and previous inspection of the 

coronary sinus. We tried to place cannula in position 

where balloon of the cannula is positioned just under the 

orifi ce of the coronary sinus because we tried to prevent 

malperfusion of the right coronary vein. Th e same cath-

eter we fi xed with tourniquet and another stitch, which 

we put through the right atrium wall over the cannula 

with two big pledges. After that the perfusion cannula 

line was connected to the CPB oxygenated blood per-

fusion line. All patients have been left with ventricular 

venting. After cross clamping of aorta, we started with 

one dose of cardioplegic solution and we spent only few 

minutes for valve inspection, in order to avoid possible 

unexpected problems. After that we started with con-

tinuous normothermic blood perfusion through coro-

nary sinus. Th e entire time of operations coronary sinus 

flow was maintained at more than  ml/min with 

intracoronary sinus pressure of approximately  to 

 mm Hg. Substitution of aortic valve was performed 

under good visual conditions which was supported 

with normal coronary sucker during the procedure. 

All valves were replaced in accord with standard tech-

niques of our hospital. After closure of aortic wall, can-

nula was removed and we started to wean the patient 

from the CPB. Th e fi rst blood sample was taken from 

the coronary sinus cannula immediately after decan-

nulation. Th e second sample was taken from coronary 
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ostium before closure of aorta. Finally peripheral venous 

samples were obtained in the intensive care units ev-

ery  hours. Transoesophageal echocardiography was 

routinely performed on all patients, preoperatively and 

postoperatively, for signifi cant changes in parameters.

Results 

Th is study has been conducted in the time period be-

tween December  and December , and it 

included  patients all of which underwent isolated 

aortic valve replacement. Intraoperatively, the visual 

on the retrograded coronary sinus perfusion was just 

as good as the operative fi eld itself. All operations were 

performed without any difficulty. Mean retrograde 

flow was - ml/min at a coronary sinus pres-

sure of - mm/Hg. There were no differences in 

total cardiopulmonary bypass time and aortic clamp-

ing time between two groups of patients (Table ).

All patients were hemodinamically stable with no 

need for inotropic support. There was not any post-

operative deterioration of organ functions. For meta-

bolic changes we controlled levels of CK-MB, Tro-

ponin I, Mioglobin and LDH. All measurements 

were performed every  hours after the operation.

Among patients in beating heart group CK-MB con-

centration were within normal limit (±,) and were 

signifi cantly lower than those of conventional valvular 

operations (,±,) P-value ,. Th e level of troponin 

was also lower in group of the beating heart surgery than 

those in conventional approach. Th e same diff erences 

were with LDH concentrations and lactates. Lactate 

release during reperfusion was found to be multivari-

able predictor of low cardiac output syndrome. Other 

authors, such as the ones from Center for Cardiovas-

cular research in Toronto, Ontario Canada, believe that 

myocardial lactate release during reperfusion is sign of 

inadequate myocardial protection during cardiople-

gic arrest. All of these results we can see in Table .

Inflammatory mediators

In the given study we controlled level of signifi cant cyto-

kines IL- and TNF. All of them were signifi cantly lower 

in the beating heart group than in conventional group 

as it shown in Table -a and Table -b. Measurement 

tests were performed with EASIA TEST-(Biosource 

Europe S.A- Belgium). On each patient right ventricu-

lar function was assessed by transesophageal echocar-

diography and we did not fi nd any pathological changes. 

There was no operative mortality and no occurrence 

of major complications such as low output syndrome, 

bleeding requiring reexploration, cerebral infarction, 

perioperative myocardial infarction and mediastinitis.

Discussion 

Th e opinion that the most hold is that continuous warm 

blood cardioplegia is the best form of myocardial pro-

tection because it keeps the heart in an aerobic state 

but some degree of postoperative myocardial stunning 

still occurs (,,). Cardiac dysfunction may be caused 

by myocardial oedema intrinsic to the diastolic state of 

the arrested heart and every cardioplegic arrest tech-

nique will inevitably produce some degree of reperfu-

sion injury (,,). In contrast, keeping the heart 

beat results in less myocardial edema and better cardiac 

function. To perform beating heart valvular operations 

we adopted a procedure in which oxygenated blood is 

supplied to the heart in a retrograde fashion through the 

coronary venous system from the coronary ostium. Ox-

ygenated blood is perfused from the coronary sinus and 
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fl ows through the coronary venous system, capillaries 

and arterial system just as retrograde blood cardioplegia.

Th is study shows that postoperative levels of creatinine 

kinase MB, troponin and LDH are signifi cantly lower 

in beating heart group. Consistent with these results, 

the present fi ndings indicate that the maintenance of 

a heart in a beating state, throughout the operation, re-

sults in less damage than cardioplegic arrest. One of the 

most important things is that retrograde coronary sinus 

perfusion maintained myocardial SO at levels almost 

identical to preoperative physiologic values as we can 

see in the study by dr. Matusumato and coll.(Kanazawa 

University of Medicine – Japan –). Despite the mo-

tion of the heart, the on – pump and well decompressed 

state of the heart caused by cardiac venting resulted in 

fair quality of visual fi eld equal to that of conventional 

valvular operation. Th e advantages of retrograde coro-

nary sinus perfusion include avoidance of injury and 

postcannulation ostial stenosis of the coronary arteries; 

performance of valve surgery procedures without inter-

ruption; a long period of continuous oxygenated blood 

delivery which maintains beating of the heart and ap-

propriate pH, and allows eff ective delivery of substrates 

or drugs and removal of acid metabolites and more 

uniform oxygenated blood distribution in the presence 

of coronary artery stenosis or obstruction. Th e optimal 

level of retrograde coronary sinus perfusion fl ow is un-

known to date. As previously mentioned, our fl ow was 

maintained at  ml/min to avoid adverse eff ects of 

hypoperfusion. Since patients with a hypertrophied 

heart require high fl ow rates of retrograde perfusion for 

adequate myocardial protection, it was, thus, necessary 

to use high pressures during retrograde coronary sinus 

perfusion. Th e optimal safe perfusion pressure during 

retrograde coronary sinus perfusion is closely related to 

coronary sinus fl ow. Among our patients there was no 

failure of coronary sinus perfusion. However, if myocar-

dial malperfusion is suspected, it may be better to use 

antegrade infusion of cardiopegia. Th e most important 

points of this procedure are to maintain high coronary si-

nus perfusion fl ow rate and to keep adequate venting. Of 

course, the sample of patients in our study was not nu-

merous enough for drawing a conclusive statement. Th e 

reasons for such a small pool of patients included in this 

study are mainly due to the high expenses related to the 

procedures for measurement of infl ammatory factors. 

Conclusion

Th e obtained results indicate that an on pump beating heart valvular operation is a sound surgical alternative for valvular 

disease. Th e advantages of this procedure include: avoidance of injury and postcannulation ostial stenosis of the coro-

nary arteries, performance of surgical procedure without interruption, a long period of continuous oxygenated blood 

delivery in addition to the fact that the heart itself can then function in conditions more closely related to its natural, 

physiologic conditions, than is the case in operations involving cardioplegic arrest (with left ventricular beating tonus). 

Furthermore, implementation of this procedure ensures elimination of adverse eff ects of global myocardial ischemia 

produced from reperfusion injury which are all good reasons to revive this surgical alternative. However, the effi  ciency 

of this procedure requires further study and more thorough comparison with cardioplegic arrest method. In any case, 

this procedure should be considered as one of the most appropriate ones when it comes to the high-risk valvular patients.
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