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INTRODUCTION
Since the advent of cardiopulmonary bypass (CPB), and with it 
open-heart surgery, the main concern of surgical teams has been 
finding the best means of protecting the heart from the harmful ef-
fects of myocardial ischemia.[1] A variety of myocardial protection 
methods have been devised and used during these procedures; 
however, none has proved ideal, achieving optimal results under 
all clinical circumstances.[2] 

The myocardial protection technique most commonly used in heart 
surgery today is administration of a cardioplegic solution that quick-
ly stops mechanical and electrical heart activity in diastole (heart 
arrest), thereby creating a motionless and bloodless surgical field.
[2] These conditions are achieved at the expense of inducing a 
variable period of global myocardial ischemia, which can be well 
tolerated by the heart without evidence of cellular damage or, if 
the myocardium is already predisposed, may cause irreversible 
damage with necrosis and cell death due to reduced perfusion or 
increased metabolic demand.[1] Furthermore, contact with artifi-
cial surfaces during the blood’s passage through the CPB pump 
causes a diffuse inflammatory response that affects multiple or-
gans, principally the heart itself, as well as the liver, lungs, central 
nervous system, kidneys and gastrointestinal tract.[2]

Interest in beating heart cardiac surgery without aortic cross 
clamping and, whenever possible, without CPB, has increased in 

recent years as a means of avoiding the adverse effects of CPB. 
Myocardial revascularization with coronary artery bypass graft-
ing has been one of the major beneficiaries of this technique.
[3-6]

In general, authors have reported better results with the beat-
ing heart technique than with the arrested heart technique in 
terms of duration of mechanical ventilation support, need for 
transfusion, incidence of low postoperative output, incidence of 
postoperative arrhythmia, length of hospital stay, and procedure 
costs.[4,5,7]

Interest in beating heart surgery intensified with the development 
and popularization of minimally invasive surgical procedures in de-
veloped countries, and is now being used by a growing number of 
cardiac teams throughout the world.[8-10] Minimally invasive heart 
surgery, performed through limited incisions and, in most cases, 
without CPB, is considered the leading technological innovation of 
the last decade in the cardiac surgery field.[9] This procedure is 
characterized by the development of new tools and techniques that 
can be used to perform many different operations through smaller 
entry points and video-assisted surgery without CPB, or with CPB 
and peripheral vessel cannulation.[10] This surgical approach 
helps avoid systemic inflammatory response resulting from the use 
of CPB and helps reduce surgical trauma, which, in turn, reduces 
morbidity and speeds postoperative recovery.[9,10]
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ABSTRACT
Introduction There is growing interest in beating heart cardiac surgery 
(mainly myocardial revascularization) without aortic cross-clamping and, 
if possible, without the use of a cardiopulmonary bypass (CPB) pump, 
since better results can be obtained with this procedure than with con-
ventional myocardial protection techniques using cardioplegic solutions. 
This led us to considerer mitral valve replacement (MVR) with beating 
heart and continuous coronary perfusion as a surgical option at the Car-
diology and Cardiovascular Surgery Institute (ICCCV) in Havana, Cuba. 

Objective To assess the safety and potential benefits of beating heart 
MVR with continuous coronary perfusion compared to the conven-
tional cardioplegic arrested heart MVR procedure.

Methods A randomized, controlled intervention study was conducted 
with a sample of 64 patients referred to the ICCCV for isolated MVR 
between January 2001 and December 2002. Patients were randomly 
divided into 2 groups: control group A and study group B. Each group 
received a specific myocardial protection technique during surgery. 
Group A underwent MVR using the arrested heart technique with ad-
ministration of a cold crystalloid cardioplegic solution and with mod-
erately hypothermic CPB. Group B underwent MVR using the beat-
ing heart technique with normothermic CPB and continuous coronary 
perfusion. The following variables were assessed: serum enzyme 
(CK and CK-MB) and lactate concentrations; duration of aortic cross 

clamping, CPB, mechanical ventilation support, drainage, postopera-
tive bleeding, stay in the surgical intensive care unit (SICU), and total 
operation time; amount of blood lost, blood adminstered, and postop-
erative complications. Quantitative variables were determined using 
Wilcoxon-Mann-Whitney and Student’s t-tests. 
 
Results Differences between the two techniques were not found to be 
statistically significant, which suggests that both are equally safe. How-
ever, the differences found are clinically important and favor the beating 
heart technique, since patients who underwent beating heart MVR had 
lower serum concentrations of total CK, CK-MB and lactate; less total 
blood loss, and less need for transfusion. They also required less time 
on mechanical ventilation support in the SICU, spent fewer days in the 
hospital, and presented fewer postoperative complications compared to 
patients who underwent arrested heart MVR. 

Conclusion The beating heart technique with continuous coronary 
perfusion proved to be as safe as the conventional arrested heart 
technique with cardioplegic solutions for MVR surgery in patients with 
low surgical risk. This procedure is recommended as an alternative 
method of myocardial protection for this type of surgery in Cuba and 
may be considered as an option in other limited-resource settings.
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In Cuba, a developing country with a universal health care sys-
tem, minimally invasive off-pump beating heart coronary artery 
bypass surgery has been performed for over ten years, resulting 
in a significant reduction in ischemic damage to the myocardium, 
fewer postoperative complications and fewer postoperative blood 
transfusions compared to procedures carried out using the con-
ventional arrested heart technique and CPB.[11]

Given the satisfactory results obtained with this approach, and 
considering that other open heart surgeries using the beating 
heart technique (such as, auricular septal defect repair, pulmo-
nary artery procedures, tricuspid and aortic valve defect repair) 
have been performed successfully for some time,[9,12] the beat-
ing heart technique procedure was considered an option for mitral 
valve replacement (MVR) surgery.

Congenital or acquired heart valve disease represents a ma-
jor cardiovascular problem,[13] and the repair or replacement 
of diseased valves is the second most frequent cardiac opera-
tion after myocardial revascularization.[14] To our knowledge, 
there have been no prior studies of beating heart MVR surgery 
in Cuba. Therefore, we decided to conduct a study to assess 
the safety of beating heart MVR surgery compared with arrested 
heart MVR.

METHODS 
Type of study and sample A randomized, controlled inter-
vention study was conducted with a sample of 64 patients re-
ferred to the Cardiology and Cardiovascular Surgery Institute 
(ICCCV) in Havana for isolated MVR between January 2001 
and December 2002. The research protocol was evaluated 
and approved by the ICCCV Ethics Committee, and patients 
consented to take part in the study. Sample size was consis-
tent with recommendations in the literature consulted, which 
call for groups of 25 to 30 patients.[15-18] A two-year period 
was set for incorporating all patients who met the following in-
clusion criteria: a) diagnosis of mitral valve disease in any of its 
forms: valvular stenosis, valvular insufficiency, or double valve 
lesion; b) conformity with the surgical criteria for MVR;[19] c) 
no other associated cardiopathies, such as congenital abnor-
malities, significant coronary artery lesions, or other operable 
heart valve diseases; d) undergoing heart surgery for the first 
time; e) normal left ventricular systolic function (LVEF ≥ 50%); 
f) consent obtained.

Patients were randomly selected and evenly distributed in two 
surgical groups: control group A (arrested heart procedure) and 
study group B (beating heart procedure). Distribution of selected 
patients into one of the two groups was made using random num-
bers generated by the SIGESMU software module.[20]

The 32 patients in each group shared similar preoperative clinical 
profiles with the exception of sex (Table 1). Over two-thirds (68%) 
of patients in the study were female, a predominance consistent 
with the epidemiological behavior of mitral valve disease.[21] Af-
ter random distribution, there were six more women than men in 
Group A and 18 more women than men in Group B.

Mitral Valve Replacement Surgery (MVR) All operations were 
performed by the same surgical team. In each patient, the dis-
eased mitral valve was replaced with a mechanical bivalve pro-

thesis (Bicarbon), mitral model (Sorin Biomedica Cardio, Italy). In 
both groups, a CPB pump (Gambro, Germany) was used.

Control Group A (n = 32): A vascular cross clamp was placed 
on the ascending aorta between the arterial perfusion cannula 
and the cardioplegic cannula. A cold (0°C - 5°C) crystalloid car-
dioplegic solution was administered in proportions consistent with 
modified Stanford cardioplegia[2] to stop electrical and mechani-
cal heart activity during diastole. Repeated doses of this solution 
were administered every 20-25 minutes to maintain cardiac ar-
rest. To maintain perfusion under moderate hypothermic condi-
tions, a hyper/hypothermia machine (Hemotherm, Germany) was 
used to lower body temperature to approximately 32°C.

Study group B (n = 32): The valve replacement procedure was 
carried out with continuous perfusion under normothermic condi-
tions. A vascular cross clamp was placed on the ascending aorta 
between the arterial perfusion cannula and the cardioplegic can-
nula; however, no cardioplegic solution was administered, rather 
continuous perfusion of the coronary arteries was maintained 
with oxygenated blood from the CPB pump oxygenator through 
insertion of a Y-shaped line in the arterial perfusion line, which 
allowed the heart to continue beating during the entire operation. 
Body temperature was kept at 36°C - 37°C. 

Variables studied Data on the following variables was collected 
for each patient: age, sex, heart rate, heart-chest index, New York 
Heart Association (NYHA) functional class,[22] estimated risk of 
death using the Parsonnet risk scale,[22-24] serum creatine ki-
nase (CK) enzyme and its MB isoenzyme (CK-MB) and lactate 
values; duration of aortic cross-clamping, CPB, mechanical ven-
tilation support, drainage, and postoperative bleeding; total op-
eration time; total amount of blood loss and blood administered; 
length of stay in the surgical intensive care unit (SICU); length 
of postoperative hospital stay; and postoperative complications 
related to the valve prosthesis. This information was entered and 
stored for processing and statistical analysis in a database de-
signed in Microsoft Office Excel for Windows.

Total CK and CK-MB were used as enzymatic markers of cel-
lular damage and were measured before and after CPB, and 
on the first day after surgery. Reagents for the activated NAC 

Table 1: Preoperative Clinical Profile of Patients in Study 
Comparing Beating Heart and Arrested Heart Mitral Valve 
Replacement Surgery

Preoperative Clinical Profile Group A
(arrested heart)

Group B
(beating heart)

Number of patients 32 32
Average age (years) 43 43
Females 19 25
Males 13 7
Sinus rhythm 16 15
Auricular fibrillation 16 17
Heart-chest index (average) 0.54 0.53
NYHA Class III – IV 28 22
Risk of death 
(average Parsonnet score)

11.2% 11.0%

 
Source: Patient records. Cardiology and Cardiovascular Surgery Institute, 
Havana.  
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ultraviolet kinetic test and the immunological activated NAC 
ultraviolet kinetic test (Centis Diagnostics, Cuba) were used, 
respectively. Total CK values of 24-170 IU (women) and 24-
190 IU (men) were considered normal. CK-MB activity values 
should range from 6% to 25% of total CK values. Lactate, 
considered a product of oxidative metabolism under anaero-
bic conditions, was assessed before and after CPB using the 
Trinder/Lactate oxidase/PAP enzymatic colorimetric method 
(Centis Diagnostics, Cuba). Values equal to 0.99 - 1.77 mmol/L 
were considered normal. To facilitate data analysis, the relative 
increase (R) of each variable was calculated by dividing the 
value obtained at each point in time (after CPB and one day 
after surgery) by the initial value.

The internationally accepted guidelines and recommendations 
proposed by the Ad Hoc Liaison Committee for defining complica-
tions related to valve prostheses, and for reporting morbidity and 
mortality after heart valve operations, were followed.[25,26]

Postoperative Follow-Up After discharge, all patients were re-
ferred to the cardiovascular surgery outpatient service for ambu-
latory follow-up care, including complete clinical evaluation and 
complementary tests if necessary. All patients received at least 
five years of follow-up before the study was closed on December 
31, 2007.
 
Statistical analysis The following statistical tests were used: 
Student’s parametric t-test for comparing the mean values of 
quantitative variables in independent samples and the Wilcoxon-
Mann-Whitney non-parametric test for comparing mean averages 
in independent samples when requirements for using the para-
metric test were not met. A confidence level of 95% was used and 
all p values ≤ 0.05 were considered statistically significant.

RESULTS
Values found for the serum enzyme markers of myocardial dam-
age are shown in Table 2. Before CPB, the average values of 
Total CK and CK-MB were within normal parameters and were 
similar in both groups studied. Although none of the individuals 
presented clinical or electrocardiographic evidence of perisurgi-
cal myocardial infarction, the values of these enzymes doubled 
or tripled immediately after CPB and were three to four times 
higher on the first day after surgery. Differences in the increases 
exhibited by each group were not statistically significant (p = 0.67 
for Total CK and p = 0.75 for CK-MB); however, all values were 
lower in Group B than in Group A. Lactate in peripheral venous 
blood was the same in both groups before CPB and exhibited the 

samebehavior as the enzymes; although the difference between 
the values obtained for each group after CPB was not statistically 
significant (p = 0.90), the increase in lactate level was less in 
Group B than in Group A.

Table 3 shows a similar pattern for the remaining values stud-
ied. Average aortic cross-clamping and CPB time was the 
same for both groups. Average surgical time, amounts of 
blood loss and blood administered were all slightly less in 
the group that underwent beating heart MVR; drainage and 
bleeding times were shorter for this group than for the group 
that underwent arrested heart MVR. Group B patients also 
spent less time on mechanical ventilation support, less time in 
the SICU, and less time in the hospital following surgery than 
Group A. However, none of these differences were statistically 
significant (p > 0.05).

Although the results do not 
point to the superiority of 
one method over the other, 
the average values of these 
variables, and the differences 
found between the study and 
control groups, may be of 
importance from a clinical, 
logistical and economic 
standpoint. Taking mechanical 
ventilation support time as 
an example, in this study 
the mechanical ventilator 

Table 2: Average Increase in Serum Enzyme and Serum Lactate Variables During and After MVR Surgery

Variable* Before CPB After CPB Postoperative Day 1
Group A Group B G-A R G-B R G-A R G-B R

TOTAL CK (IU/l) 115 104 328 2.9 232 2.2 435 3.8 327 3.1
CK – MB (IU/l) 7 6 21 3 15 2.5 32 4.6 24 4
LACTATE (mmol/l) 1.2 1.2 4.6 3.8 3.5 2.9 - - - -

Group A (G-A): Control group, arrested heart technique
Group B (G-B): Study group, beating heart technique 
CPB: Cardiopulmonary bypass
R: Relative increase = increased value divided by value before CPB
*Statistical Test: Wilcoxon-Mann-Whitney p > 0.05 (not significant)
 Source: Patient records. Cardiology and Cardiovascular Surgery Institute, Havana.  

Table 3: Differences in Average Surgical and Postoperative 
Variables Measured 

Variable* Group A
average

Group B
average

VA-VB p

Aortic cross-clamping 
(minutes) 45 45 0 0.90

CPB 
(minutes) 65 65 0 0.93

Surgical time
(minutes) 185 179 6 0.49

Mechanical ventilation
(hours) 14 10 4 0.40

Drainage 
(hours) 33 27 6 0.16

Postoperative bleeding
(days) 2 1 1 0.73

Total blood loss 
(milliliters) 500 464 36 0.09

Total blood administered
(milliliters) 686 629 57 0.06

Stay in the SICU 
(hours) 44 37 7 0.30

Postoperative hospital stay 
(days) 18 12 6 0.32

 
Group A: Control group, arrested heart technique
Group B: Study group, beating heart technique
VA: Average value of the variable in Group A
VB: Average value of the variable in Group B
*Statistical test: Student’s t-test   p > 0.05 (not significant)
Source: Patient records. Cardiology and Cardiovascular Surgery Institute, 
Havana.  
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functioned 128 hours less—almost five days—for the patients in 
Group B than for those in Group A. The same applies to the lower 
volume of blood administered to Group B, representing a savings 
of almost 2 liters or 4 bags of 250 ml. Similarly, total stay in the 
SICU was 224 hours less for the 32 patients in Group B, and the 
total postoperative hospital stay for this group was 192 days less 
than for the patients in Group A.

The differences in drainage time (192 hours less for Group B) and 
postoperative bleeding time (half as long in Group B) should be 
emphasized, considering their implications from a medical ethics 
standpoint, as well as the potential for reducing risk of infection.

Postoperative complications related to the valvular prostheses 
reported during the five-year follow-up period were similar in both 
groups (Table 4). Systemic thromboembolism was the most fre-
quent complication followed by prosthetic thrombosis and hemor-
rhage due to anticoagulants. Incidence of prosthetic endocarditis 
and paravalvular leaks was minimal (only one patient with each 
complication) and reported only in Group A. Neither of these dis-
orders was reported in any of the patients in Group B.

DISCUSSION
At present, mitral valve surgery requires opening the heart cham-
bers and therefore cannot be performed without CPB;[14] it can 
be performed, however, with the beating heart continuous coro-
nary perfusion technique.[27-31] Although this procedure does 
not prevent the harmful effects of CPB, ischemic damage to the 
myocardium and the reperfusion injury observed with the cardio-
plegic arrested heart technique can be avoided while preserving 
the benefits of normothermic heart surgery.[1,2]

Given that no statistically significant differences between beating 
heart and arrested heart MVR were observed for any of the vari-
ables assessed in this study, both myocardial protection methods 
can be considered equally safe, and beating heart MVR may be 
considered an option as effective as cardioplegic arrested heart 
MVR for patients with preoperative clinical characteristics similar 
to those of the patients who participated in this study.

All the patients included in the study presented low surgical risk: 
no other cardiopathies associated with the surgical criteria, no 
depressed left ventricular function (LVEF < 50%), and no prior 
heart surgery. It would be important to conduct similar studies 
with patients at greater surgical risk—for example, those need-
ing to combine MVR with other procedures such myocardial 
revascularization, repair of congenital defects, or surgery on 

other heart valves—to determine the potential safety and ben-
efits of beating heart MVR for those patients. In 2000, Borut et 
al. performed beating heart mitral valve replacement or repair 
in combination with other procedures in 23 patients with high 
surgical risk and low LVEF, using continuous retrograde coro-
nary sinus perfusion. The authors reported good results, with 
only 13% early mortality; none of the deaths related to the surgi-
cal procedure. The authors noted that by preserving the three-
dimensional structure of the heart with this method, the surgeon 
could examine the mitral valve directly, before, during and after 
surgery, under actual physiological conditions. They therefore 
recommend the procedure for complex mitral valve reconstruc-
tion or even combined coronary and valvular operations in pa-
tients with high surgical risk.[32]

As noted above, the selection criteria and random distribution of 
patients in this study resulted in a predominance of female partici-
pants (44/64) and a greater proportion of women in both groups, 
with more than three times as many women as men in the beat-
ing heart group (Group B). Although this may be considered an 
element of bias when interpreting the results, this imbalance co-
incides with the epidemiological behavior of mitral valve disease, 
which generally affects more women than men.[21] Furthermore, 
the sex variable is not directly related to any of the variables used 
to determine the safety and benefits of each technique studied.

Both groups exhibited an increase in the cellular damage mark-
ers total CK and CK-MB following CPB and on the first day after 
surgery, which corroborates that damages to the myocardium and 
skeletal muscle always occur during on-pump MVR, regardless of 
the type of myocardial protection used. This coincides with find-
ings reported by Januzzi et al. in patients without complications 
after heart surgery.[33] However, the small differences found in our 
study may suggest that beating heart MVR offers better myocardial 
protection, since the average values for these enzymes and for se-
rum lactate were consistently lower in Group B, as was the relative 
increase obtained when comparing the postoperative increments 
of each variable with their average values before CPB.

These results may be considered significant from a clinical standpoint, 
since they suggest less severe injury or ischemic damage to the myo-
cardium, as well as lower metabolic heart activity under anaerobic 
conditions, with beating heart continuous coronary perfusion MVR 
compared to MVR performed with the cardioplegic arrested heart 
technique. Other authors have reported similar findings with off-pump 
beating heart cardiac surgery.[5,8,34] In the case of MVR surgery, 
these benefits may be due to the continuous perfusion of the heart 

proximal to the aortic cross clamp with oxygenated 
blood coming directly from the CPB pump oxygen-
ator. Blood, of course, supplies the heart with natural 
nutrients and greater quantities of oxygen than do 
crystalloid cardioplegic solutions, thus minimizing 
anaerobic metabolism and preventing cellular dam-
age. Blood also supplies cells, proteins and enzymes 
not found in the interstitial fluid and acts as a highly 
effective buffer system, removing acids and increas-
ing the oncotic activity of plasma proteins, thereby re-
ducing interstitial edema during surgery.[1,2]

It is important to note that although total CK and 
CK-MB serum levels were the markers of choice 

Table 4: Postoperative Complications Associated with Valvular Prostheses 

Complications Group A
(n=32)

Group B
(n=32)

Total
(n=64)

Patients % Patients % Patients %
Systemic thromboembolism 2 6.2 2 6.2 4 6.2
Prosthetic thrombosis 1 3.1 1 3.1 2 3.1
Hemorrhage due to anticoagulants 1 3.1 1 3.1 2 3.1
Prosthetic endocarditis 1 3.1 0 0.0 1 1.6
Paravalvular leak  1 3.1 0 0.0 1 1.6

Group A: Control group, arrested heart technique
Group B: Study group, beating heart technique
Source: Patient records. Cardiology and Cardiovascular Surgery Institute, Havana.  
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for detecting myocardial damage in the past, new biochemical 
markers, such as myoglobin and cardiac troponins T and I, have 
been developed and introduced into the diagnostic toolbox. These 
markers are nonenzymatic components of muscle tissue that are 
more sensitive and cardiospecific, and capable of earlier detection 
of cellular damage.[33-38] However, neither these new biochemi-
cal markers nor retroplegic catheters for taking samples directly 
from the coronary sinus were available to us for this study; there-
fore, we relied on the less sensitive and less cardiospecific serum 
enzymes to assess myocardial and cellular damage,[34,37] and 
on peripheral venous serum lactate to assess the metabolic activ-
ity of the myocardium during surgery. This study was therefore 
limited by our inability to more accurately assess the degree of 
ischemic damage to the myocardium by measuring troponin and 
lactate in blood drawn directly from the coronary sinus. We would 
recommend conducting similar studies using the more specific 
markers and more advanced techniques.
 
The very slight difference in average duration of surgery—six 
minutes less in the beating heart group—is an interesting finding, 
since beating heart MVR implies operating inside a moving heart 
with a surgical field constantly bathed in blood. These surgical 
conditions suggest that the procedure should require more time, 
but in this study, this was not the case in practice.

Average reductions for the other variables studied point to clinical, 
logistical and economic advantages of beating heart MVR. For ex-
ample, less mechanical ventilation time, less blood administered, 
less time in the SICU, and a shorter postoperative hospital stay all 
represent a reduction of costs during and after surgery. Patients also 
benefit directly from reduced drainage and postoperative bleeding 
time. The latter also reduces the need for blood transfusions and 
blood products, and consequently lowers the risks inherent in their 
use, which, in turn, lowers the incidence of complications, facilitat-
ing rapid postoperative recovery, which also contributes to an over-
all reduction in the costs associated with the procedure.[39] 

The 50% reduction in postoperative bleeding time in the beat-
ing heart group compared to the arrested heart group may be 
explained as one of the inherent benefits of performing the pro-
cedure with normothermic perfusion, which reduces the risk of 
thrombocytopenia, a factor associated with increased postop-
erative bleeding following surgery with CPB, particularly when 
the cold cardioplegic technique and hypothermic CPB are used. 
Normothermic perfusion helps preserve the systolic and diastolic 
heart functions; facilitates the recovery of myocardial metabolism 
levels equal or very similar to pre-aortic cross-clamping levels; 
helps prevent intracellular calcium overload (considered the pri-
mary cause of cellular damage during myocardial reperfusion); 

eliminates diaphragm paralysis due to phrenic nerve injury, and 
thus lowers incidence of respiratory complications; reduces me-
chanical ventilation support time; improves spontaneous recovery 
of the heart’s normal sinus rhythm, and reduces the need for he-
modynamic stabilization using inotropic support or an intraaortic 
counterpulsation balloon.[1,2]

Currently, implantation of an artificial heart valve can improve 
the survival and quality of life of a significant number of patients 
and is considered a routine treatment in cases of advanced heart 
valve disease.[14] However, despite continued improvement in 
designs, the perfect valve does not exist, and patients with heart 
valve prostheses are candidates for new illnesses stemming from 
eventual complications associated with these prostheses.

Complications that arise during the immediate postoperative period 
are usually related to the surgical technique applied, while those 
that appear later are more often the result of prosthetic dysfunction 
or anticoagulant treatment.[14] In this study, incidence of postop-
erative complications associated with valve prostheses observed in 
patients in both groups was similar to that reported by other authors.
[13,14] In Group B, however, no cases of infectious endocarditis or 
paravalvular leak were reported, compared to one case each in 
Group A. These valvular complications are severe, often requiring 
re-hospitalization and re-intervention with fairly high mortality.[14] 
Their absence in Group B could be related to the fact that visualiza-
tion of the different mitral valve structures is better with beating heart 
MVR and continuous coronary perfusion. Good visualization during 
valve replacement is essential for preserving ring-chorda tendinea-
papillary muscle continuity (needed to maintain good postoperative 
LVF) and for preventing technical errors or infectious contamina-
tion, which can cause endocarditis or paravalvular leakage.

Although no statistically significant differences were found in the 
variables analyzed between the two groups, the average values 
reported for Group B—the beating heart surgery group—were 
consistently more favorable from a clinical and practical stand-
point. These findings should be corroborated in further studies 
involving larger numbers of patients. 

CONCLUSIONS
Beating heart continuous coronary perfusion surgery proved to 
be an equally safe myocardial protection technique as the car-
dioplegic arrested heart procedure for MVR in patients with low 
surgical risk. The beating heart technique is recommended as an 
appropriate alternative for Cuba and for consideration in other 
limited-resource settings, based on its clinical benefits and pos-
sible advantages in terms of lower healthcare expenditures, which 
should be confirmed in future studies.
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