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    Major Changes with Excellence in Quality

  

   

   

   

  Domingo M. BraileI

  IEditor-in-Chief - BJCVS

   

   

  We are quickly coming to the third quarter of this complex year 2016. The BJCVS, as you know, has implemented major changes, which will surely bring good results to the visibility of our publication, in order to fulfill its destiny to be the only journal of cardiovascular surgery in the Southern Hemisphere and in Latin America! 

  However, every change leads to some work and routine modifications required for high quality results. One of the positive changes we had was the increase in number of issues per year, with issues six instead of four. This is a great achievement, but it also increases the need for a quicker editorial process. We have a small but a very efficient staff that strives day and night so we can show that, despite the limitations, we will improve the production logistics. 

  As it is clear, if we want to remain competitive we must be adherent to the state-of-the-art trends. 

  Concerning the visibility of our articles, we have implemented, like other international journals, the “Ahead of Print” with a peculiar characteristic, everyone can include the DOI (Digital Object Identifier System). 

  Thus, articles can be viewed and cited, even if they have not yet been included in a particular issue, and they are also considered as published articles for any eventuality of curriculums updates and also to compose Qualis (CAPES), for instance. 

  With the advent of Electronic Journals, of which we are part - although we still continue with the print edition - very important changes are taking place, such as the possibility to publish colored figures in high resolution without greater cost for the authors. 

  In order for us to have figures with high quality, they must be submitted  in high resolution with at least 300 DPI (Dots per inch); figures with lower resolution will not be accepted by the submission system. 

  We also offer the option for authors to include high quality videos in the manuscripts. This is an increasingly trend, as it allows explaining techniques and other details with great precision without the need for long and tiring descriptions. 

  But be attentive: Videos should preferably be colored and have high resolution. Those produced in white and black, such as echocardiograms and angiograms, will be accepted as originated images. 

  In this issue, there are 11 articles, including 6 national and 5 international works in the original article, review article, special article and brief communication categories. 

  On page 337, there is a list of reviewers who provided their time to review manuscripts developing volunteer work, without which it would be impossible to achieve the quality we strive for to make the BJCVS even better. 

  With our adherence to ScholarOne, the Associated Editors are the ones now who select the reviewers, and I hope they will continue helping us as they did in the last 30 years. 

  At the moment we have nine Associate Editors, one of them is a Junior Editor, following the global trend of giving opportunity to young people in training period, so we can count on new ideas and create a critical mass that will replace us over time. We admitted Dr. Gabriel Liguori, who is currently in Groningen (the Netherlands), and has already been helping us with the social medias and the editorial process with great interest and knowledge enough to occupy this important position. 

  The BJCVS is a signatory of the Creative Commons attribution-type BY (CC-BY), which allows your articles to be republished without asking permission, however, the sources must be cited. This is an interesting measure; therefore it increases the distribution opportunities of our name and content of the articles. 

  This measure was made possible by the collaboration of each of you, SBCCV members and directors, assuming all the expenses of the journal, making it the legitimate representative of a proactive scientific society. 

  The article “Dexmedetomidine as an Anesthetic Adjuvant in Cardiac Surgery: a Cohort Study,” published in the issue 31.3 should be celebrated. It sparked publishers interest in reproducing the article and distribute them to the theme related professionals. We send our congratulations to the authors on this great success! 

  In these times of change, the word “transparency” has been repeated several times. 

  We cannot stay out of this necessary trend, which will be greatly facilitated by the metrics offered by ScholarOne which will show all activities related to the performances of the Editor-in-Chief, Associate Editors and Editorial Board. We will soon disclose the statistics that will attest the meritorious work developed by the Journal Staff. 

  For closing this Editorial, I have excellent news. As you can see below, the consultations of the BJCVS articles had been falling earlier this year, but we reacted with superlatives numbers: average of 4.359 consultations, with more than 6.000 requests in a peak day, showing that we are occupying the national and international space, which we desire and deserve! 

  I wish you all an excellent reading. 

  Kind regards, 

  
    Domingo M. Braile

      Editor-in-Chief - BJCVS
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    Long-term Mortality Predictors in Patients with Small Aortic Annulus Undergoing Aortic Valve Replacement with a 19- or 21-mm Bioprosthesis

  

   

   

  Jenny Lourdes Rivas de OliveiraI; Renato Tambellini ArnoniII; Magaly Arrais dos SantosII; Antonio Flávio Sanchez AlmeidaII; Mário IssaII; Antoninho Sanfins ArnoniI; Paulo ChaccurI; Luiz Carlos Bento de SouzaII
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    ABSTRACT

    INTRODUCTION: Replacement of the aortic valve in patients with a small aortic annulus is associated with increased morbidity and mortality. A prosthesis-patient mismatch is one of the main problems associated with failed valves in this patient population. 

    OBJECTIVE: To evaluate the long-term mortality predictors in patients with a small aortic annulus undergoing aortic valve replacement with a bioprosthesis. 

    METHODS: In this retrospective observational study, a total of 101 patients undergoing aortic valve replacement from January 2000 to December 2010 were studied. There were 81 (80.19%) women with a mean age of 52.81±18.4 years. Severe aortic stenosis was the main indication for surgery in 54 (53.4%) patients. Posterior annulus enlargement was performed in 16 (15.8%) patients. Overall, 54 (53.41%) patients underwent concomitant surgery: 28 (27.5%) underwent mitral valve replacement, and 13 (12.7%) underwent coronary artery bypass graft surgery. 

    RESULTS: Mean valve index was 0.82±0.08 cm2/m2. Overall, 17 (16.83%) patients had a valve index lower than 0.75 cm2/m2, without statistical significance for mortality (P=0.12). The overall 10-year survival rate was 83.17%. The rate for patients who underwent isolated aortic valve replacement was 91.3% and 73.1% (P=0.02) for patients who underwent concomitant surgery. In the univariate analysis, the main predictors of mortality were preoperative ejection fraction (P=0.02; HR 0.01) and EuroSCORE II results (P=0.00000042; HR 1.13). In the multivariate analysis, the main predictors of mortality were age (P=0.01, HR 1.04) and concomitant surgery (P=0.01, HR 5.04). Those relationships were statistically significant. 

    CONCLUSION: A valve index of < 0.75 cm2/m2 did not affect 10-year survival. However, concomitant surgery and age significantly affected mortality. 

    Keywords: Aortic Valve Stenosis. Heart Valve Prosthesis Implantation. Bioprosthesis. Mortality. 

  

   

   

  INTRODUCTION

  Prosthetic aortic valve replacement is a therapeutic option for patients with symptomatic aortic valve disease. Patients with aortic stenosis benefit from aortic valve replacement because this procedure reduces left ventricular afterload, which leads to a significant reduction in left ventricular muscle hypertrophy and marked clinical improvement[1]. 

  In the late 1970s, Rahimtoola[2] suggested that the main complications from valve replacement surgery were thromboembolism, bleeding from anticoagulation therapy, prosthetic dysfunction, the need for valve re-replacement, and prosthesis-patient mismatch (PPM). Additionally, complications arise when the effective orifice area of the implanted prosthesis is considered small in relation to the patient’s body surface. This condition leads to severe hemodynamic disorders in patients, thereby triggering the exchange of one disease for another[2]. 

  Small aortic annulus is associated with increased operative mortality due to PPM, which results in significantly increased mortality in the short- and long-term[3,4]. 

  Aortic valve replacement candidates most likely to suffer from PPM are generally elderly patients with a small aortic root diameter or patients with left ventricular hypertrophy[5]. In addition, obesity is associated with increased late mortality and a poor quality of life in patients with a small aortic valve who undergo prosthetic valve replacement[6]. 

  Enlargement of the aortic annulus is a surgical option to reduce the risk of PPM and late mortality. However, several studies have shown that this procedure is associated with a significant increase in surgical risk[7]. 

  Calculating the valve index is recommended when selecting the size and type of prosthesis that will provide an adequate effective orifice for the patient’s body surface. Studies have shown that for patients with a body surface area of less than 1.7 m2, it is safe to use a prosthesis smaller or equal to 21 mm[2,8,9]. However, studies suggest that the use of prostheses smaller than the recommended size does not result in higher residual gradients[10]. 

  Concomitant coronary artery bypass graft surgery (CABG) and advanced age are risk factors that affect the long-term survival of patients undergoing aortic valve replacement, and the risk increases when PPM occurs[11]. 

  The aim of the present study was to evaluate the long-term mortality predictors in patients with a small aortic annulus undergoing aortic valve replacement with a 19- or 21-mm bioprosthesis. 

   

  METHODS 

  Between January 2000 and December 2010, a total of 1,559 prostheses were implanted in the aortic valve position. Of those, 165 were biological and either 19 or 21 mm in size. A total of 101 patients who underwent implantation of a 19- or 21-mm bioprosthesis with or without enlargement of the aortic annulus and who had complete medical records were included in this study. 

  Mean age of the patients was 52.81±18.4 years (12-81 years old, median 57 years old). A total of 81 (80.19%) patients were women, and most patients (81-80.1%) were classified as New York Heart Association (NYHA) functional class II or III. Surgery was indicated for significant stenosis in 54 (53.41%) patients, double aortic lesions in 27 (26.5%), and bioprosthetic dysfunction in 8 (7.8%). Overall, 3 patients were excluded because they were younger than 12 years of age. Mean follow-up time was 8.16 years (95% CI 7.40-8.93 years), with a maximum of 10 years. 

  The findings in the relevant preoperative echocardiograms were left ventricular ejection fraction (LVEF), mean 65.36±9.2% (27%-87%, median 66%); transvalvular aortic systolic gradient, mean 49.10±0.54 mmHg (4-104 mmHg, median 47 mmHg); left atrium >40 mm in 77 (76.23%) patients; moderate or severe pulmonary hypertension in 30 (29.70%) patients; and moderate or severe left ventricular hypertrophy in 34 (33.66%) patients. 

  The mean EuroSCORE II finding was 5.15±4.35% (0.71%-35.50%, median 3.86%). EuroSCORE II was used to calculate risk instead of the EuroSCORE because its model is more updated, with better calibration and discrimination, especially for patients undergoing aortic valve replacement with concomitant procedures[12]. The demographics and clinical characteristics of the patients are reported in Table 1. 

  
    

    [image: Table 1. Preoperative clinical characteristics of the patients.] 

  Implantation of the 19- and 21-mm biological valve prostheses in the aortic position was performed using median sternotomy with extracorporeal circulation and moderate hypothermia of 30°C-32°C. Myocardial protection was achieved with crystalloid cardioplegia or hypothermic antegrade blood in the aortic root or directly in the coronary ostia depending on the competence of the aortic valve. In 16 (15.84%) patients, posterior enlargement of the aortic annulus was performed (Manouguian technique)[13]. The following types of bioprostheses were used: Biocor bovine pericardium in 78 patients, Biocor Epic in 15, Labcor in 4, and Braile in 2. A 21-mm prosthesis was used in 99 patients and a 19-mm prosthesis was used in 2 (Biocor bovine pericardium). 

  The valve index was calculated for all patients by dividing the internal area of the prosthesis by the body surface. An index below 0.75 cm2/m2 was indicative of a risk of PPM[2]. 

  The data were collected retrospectively from clinical, surgical, and preoperative complementary tests and postoperative records. The analysis included 30-day and longterm
    postoperative evaluations of mortality and adverse events
    related to the surgical procedures.

  The valve index in the deceased and non-deceased patients was evaluated. In addition, the final mean transvalvular aortic gradient relative to the valve index and survival for isolated aortic valve replacement and concomitant procedures were assessed.

  The data are presented as frequency distribution and simple percentages. Continuous variables are expressed as mean ± standard deviation, and median when indicated. Categorical variables are expressed as absolute  and  relative  frequencies. For the survival analysis and mortality  predictors,  we  used the Kaplan-Meier curve method (with the log-rank test), Cox regression model, and the Mann-Whitney test. The variables that were significant in the univariate analysis or  associated with clinical relevance were subsequently adjusted in the Cox multivariate analysis. The 95% confidence intervals (CIs) were calculated. P<0.05 was considered statistically significant.

    

  RESULTS

  Aortic valve replacement with a 19- or 21-mm bioprosthesis was performed without annulus enlargement in 85 (84.15%) patients and with aortic annulus enlargement using the Manouguian technique in 16 (15.84%) patients. Of those patients, 54 (53.46%) underwent concomitant surgery, including mitral valve replacement in 28 (27.50%) patients and myocardial revascularization in 13 (12.70%). Mean anoxia time was 80.52±7.15 minutes (36-160 minutes, median 76 minutes), and mean cardiopulmonary bypass (CPB) time was 114.44±48.19 minutes (45-325 minutes, median 100 minutes).

  Mean valve index was 0.82±0.08 cm2/m2 (0.65-1.18 cm2/m2, median 0.83 cm2/m2), and 17 (16.83%) patients had a valve index lower than 0.75 cm2/m2 (P=0.12).

  No differences were found between the valve indices in the deceased and non-deceased patients. The mean valve index for the deceased patients was 0.81±0.006 cm2/m2 (0.76-0.85 cm2/m2, median 0.80 cm2/m2) and the mean index for the non-deceased patients was 0.82 cm2/m2±0.007 (0.81-0.84 cm2/m2, median 0.82 cm2/m2) (P=0.33) (Figure 1).
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  Mean preoperative aortic transvalvular gradient was 49.10±20.54 mmHg (4-104 mmHg, median 47.00 mmHg). In the early postoperative period, the mean gradient was 20.54±7.55 mmHg (5-42 mmHg, median 20.00 mmHg), and the long-term mean gradient was 26.11±12.72 mmHg (5-64 mmHg, median 23 mmHg). Overall, 1 (0.99%) patient had a mean aortic transvalvular gradient greater than 40 mmHg after aortic valve replacement and a valve index of 0.72 cm2/m2, which suggests a PPM. A lower valve index was associated with a higher mean postoperative aortic transvalvular gradient. However, this finding was not significant (P=0.20).

  In the long-term analysis, when the valve index was < 0.75 cm2, the final mean aortic transvalvular valve gradient was 28.64±12.40 mmHg (13-53 mmHg, median 28 mmHg). When the valve index was >0.75 cm2, the mean gradient was 25.71±12.80 mmHg (5-64 mmHg, median 23 mmHg); however, this finding was not significant (P=0.43) (Figure 2). The 30-day postoperative results are reported in Table 2.
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  A total of 27 patients had complications during hospitalization; 8 (7.92%) patients had pneumonia, and 4 (3.96%) had atrial fibrillation with a rapid ventricular response.

  The overall 10-year survival rate was  83.17%  (Figure  3). The 10-year survival rate for patients who underwent isolated aortic valve replacement was 91.3%, and the rate for patients who underwent concomitant surgery was 73.1% (P=0.02). The difference in survival rates was detected during the first 6 months of follow-up because 15 of the 17 patient deaths occurred in the first 30 days (Figure 4).

  
    

    [image: Fig. 3 – Kaplan-Meier survival curve of patients undergoing aortic valve replacement with a bioprosthesis (19 and 21 mm).] 
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  In the univariate analysis, the main mortality predictors were preoperative ejection fraction (EF) (P=0.02; HR 0.01, 95% CI 0.0002-0.53) and EuroSCORE II results (P=0.00000042; HR 1.13, 95% CI 1.08-1.19).

  NYHA functional class (P=0.19; HR 1.87, 95% CI 0.72-4.82) and reoperation (P=0.67, HR 1.23, 95% CI 0.46-3.28) were not statistically significant.

  In the multivariate analysis, when age, valve index, concomitant surgery, and EF were analyzed simultaneously, only age (P=0.01, HR 1.04, 95% CI 1.009-1.08) and concomitant surgery (P=0.01; HR 5.04, 95% CI 1.41-18.02) were significant        predictors of mortality (Table 3).
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   During  10  years  of  follow-up,  14  patients  required  aortic valve re-replacement. Of those, re-replacement was indicated for bioprosthesis dysfunction in 10 (71.42%) patients, endocarditis in 3 (21.42%) patients, and PPM in 1 (7.14%). After 4 years of follow-up, 98% of the patients did not require aortic valve re-replacement. After 5 years of follow-up, 95.3% of the patients did not require aortic valve re-replacement, and after 10 years, 58.8% of the patients did not require valve re-replacement (Figure 5).
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  DISCUSSION

  A small aortic annulus is predominantly found in female and elderly patients; therefore, comorbidities and increased risks are associated with these patient populations[4,8,14-16].

  Bahlmann et al.[17] evaluated a total of 1,563 patients with mild to moderate aortic stenosis and found a small aortic annulus in 32% of the patients, which was twice as frequently found in women (P<0.05). A small aortic annulus is an independent predictor of mortality in patients with aortic stenosis[17].

  In our study, 80.19% of the patients were women. However, the mean age of our patients was 52.81±18.4 years, which is lower than the mean age found in other studies[14,15].

  Previous studies have shown a low frequency of patients with severe PPM and a valve index lower than 0.65 cm2/m2[10,16,18,19]. In the present study, only 17 (16.83%) patients had a valve index lower than 0.75 cm2/m2, and only 1 (0.99%) patient had severe PPM requiring aortic valve re-replacement.

  In studies that evaluated the impact of concomitant surgeries on outcomes of aortic valve replacement, CABG was the most common concomitant procedure[11,18,20,21]. In our study, the most common concomitant procedures were mitral valve replacement (27.5% of patients) and myocardial revascularization (12.7% of patients).

  A study of 148 patients who underwent isolated aortic valve replacement with a 19- or 21-mm bioprosthesis revealed a 30- day mortality rate of 6.1%[14]. Another study of 68 patients who received an 18- or 20-mm Sorin Soprano prosthetic implant showed a 30-day mortality of 4.4%[22]. In a series of 53 patients undergoing aortic valve replacement plus annulus expansion with implantation of a 19-, 21-, or 23-mm prosthesis, the 30-day mortality rate was 2%[23]. Another study found that the 30-day mortality rate was 4.3% in patients who received implanted prostheses smaller than 22 mm[7].

  In a study of 41 patients who received either a stentless aortic prosthesis or a conventional prosthesis with or without CABG, Rao et al.[20] obtained a mortality rate of 0% in patients with a stentless prosthesis versus 6% in patients with a conventional prosthesis.

  Another study that evaluated mechanical prosthetic valves implanted in the aortic position found an in-hospital mortality rate of 3.9%[24]. In a study of 11 female patients who received 17-mm Regent St. Jude metallic prostheses, Takaseya et al.[19] observed a 0% mortality rate.

  Our 30-day mortality rate for isolated aortic valve replacement (1.98%) is lower than those in other studies. This finding is most likely because the mean age of our population was lower and their etiology was usually rheumatic. However, the  mortality rate increased to 12.87% (P=0.02) in patients who underwent concomitant surgery because this patient group is at a higher risk of mortality due to longer operative and CPB times.

  In a retrospective study of elderly patients undergoing aortic valve replacement, Tagliari et al.[25] found an in-hospital mortality rate of 9.4% in the isolated aortic stenosis surgery group versus 20.9% in patients who underwent another surgical procedure. The main mortality predictors were ischemia time > 90 minutes, EF < 60%, and prior stroke.

  Regarding long-term survival rates following aortic valve replacement, a study of high-risk patients[14] found a 10-year survival rate of 40.9%. Celiento et al.[23] found a 10-year survival rate of 68±7% in patients who underwent valve replacement with aortic annulus enlargement.

  In our study, the 10-year survival rate was 83.17%. This finding was comparable with the results obtained by Walther et al.[18] who observed a survival rate of 79.6±1.3% in patients with PPM versus 84.9±0.7% in patients without PPM (P<0.01). Additionally, our study showed no statistically significant relationship between PPM and mortality (P=0.12).

  Several studies have shown a significant association between PPM and mortality[3,4,16]. A study demonstrated a correlation between the valve index and mortality: a higher mortality rate was associated with a lower valve index. In addition, the 8-year survival rates were 41%, 65%, and 74% when the valve index was <0.60 cm2/m2, between 0.60 and 0.85 cm2/m2, and <0.85 cm2/m2, respectively[4].

  Similar to our study, Howell et al.[21] showed no significant association between PPM and mortality in two different studies. In the prospective study of 1,481 patients with or without CABG, the 5-year survival was similar in the PPM and non-PPM groups (83% vs. 81%, respectively, P=0.47). In another study of 801 patients who underwent isolated aortic valve replacement, PPM was not an independent mortality risk factor in either the short- or long-term for moderate (P=0.4; HR 1.12) or severe (P=0.92; HR 0.94) PPM[16].

  In a multivariate analysis of mortality predictors in patients undergoing aortic valve replacement surgery, He et al.[11] concluded that older age (P=0.0061; HR 1.0258) and concomitant CABG (P=0.0115; HR 1.7146) were independent risk factors that affected long-term  survival. They  observed a 10-year  survival rate of 71% for valve replacement without CABG and 40% when valve replacement was associated with this procedure (P=0.02). In a Cox regression, Howell et al.[21] identified age as the only significant predictor of mortality (P=0.004; RR 2.13). In another study by Howell et al.[16], only the EuroSCORE findings were a significant short- and long-term independent risk factor.

  Those previous data are comparable to our study, in which the univariate analysis showed that preoperative EF (P=0.02; HR 0.01) and EuroSCORE II results (P=0.00000042; HR 1.13) were significant predictors of mortality, and the multivariate analysis showed that age (P=0.01, HR 1.04) and concomitant surgery (P=0.01, HR 5.04) were significant independent predictors of mortality.

  Because of limited control in obtaining the patient sample, only patients who underwent outpatient monitoring at the study institution were included. Therefore, this study represents the experience of a single institution and cannot be generalized to all patients with a small aortic annulus. In addition, the surgical procedures were performed by different surgeons with various levels of experience. 

   

  CONCLUSION 

  Implantation of a 19- or 21-mm bioprosthesis in patients undergoing aortic valve replacement is a safe procedure. A valve index < 0.75 cm2/m2 was found in 16.83% of the patients, but it was not significantly associated with increased mean aortic valve gradient in either the short or long-term nor was it associated with a higher mortality in either the short or long term. Concomitant surgery, age, EF, and EuroSCORE II findings were the main mortality predictors and significantly affected short-term survival. After 6 months of follow-up, no differences were observed in the survival rates. 
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    ABSTRACT 

    OBJECTIVE: The incidence of depression and anxiety is higher in patients with acute coronary syndrome. The aim of this study is to determine whether experiencing acute coronary syndrome prior to open heart surgery affects patients in terms of depression, hopelessness, anxiety, fear of death and quality of life. 

    METHODS: The study included 63 patients who underwent coronary bypass surgery between January 2015 and January 2016. The patients were divided into two groups: those diagnosed after acute coronary syndrome (Group 1) and those diagnosed without acute coronary syndrome (Group 2). Beck depression scale, Beck hopelessness scale, Templer death anxiety scale and death depression scale, State-Trait anxiety inventory and WHOQOL-Bref quality of life scale were applied. 

    RESULTS: There was no significant difference between the two groups in terms of the total score obtained from Beck depression scale, Beck hopelessness scale - future-related emotions, loss of motivation, future-related expectations subgroups, death anxiety scale, the death depression scale, State-Trait Anxiety Inventory - social and environmental subgroups. The mental quality of life sub-scores of group 2 were significantly higher. The patients in both groups were found to be depressed and hopeless about the future. Anxiety levels were found to be significantly higher in all of the patients in both groups. 

    CONCLUSION: Acute coronary syndrome before coronary artery bypass surgery impairs more the quality of life in mental terms. But unexpectedly there are no differences in terms of depression, hopelessness, anxiety and fear of death. 

    Keywords: Acute Coronary Syndrome. Coronary Artery Bypass. Depression. Anxiety. 

  

   

   

  INTRODUCTION

  Ischemic heart disease occurs as a result of the stenosis or occlusion of the coronary artery supplying the myocardium generally due to atherosclerosis. In most patients, the first symptom of ischemic heart disease (IHD) is acute coronary syndrome (ACS). Its typical findings are pressure sensation in the forefront of the chest and the compressing-type pain creeping the neck, jaw, shoulder and arm. Chronic ischemic coronary artery disease may progress asymptomatic in some patients and such patients are diagnosed with coronary artery disease (CAD) through examination made upon any suspicion[1]. 

  The incidence of depression and anxiety in patients with ACS is reported to be higher. Furthermore, fear of death, death-related depressive mood and accordingly a decline in quality of life (QOL) are observed in these patients[2]. Likewise, coronary artery bypass  surgery (CABG) requirement also constitutes a factor leading to depression, anxiety, development of fear of death and decreased QOL[3]. CABG is both physical and psychological stressor. Patients consider this surgery as a life-threatening condition and a source of stress which will significantly impair their normal daily life pattern[4]. This stress may lead to depression, anxiety and fear of death, and impairs the QOL. In addition to some patients experiencing the stress caused by both ACS and CABG, there are some other who do not have ACS and ACS-related stress, but suffering only from the stress of CABG. 

  There is substantial evidence that depression is associated with morbidity and mortality in cardiac patients[5]. It is reported that the prevalence of depression before CABG is in the range of 20-47%[6]. 

  During the preparation for the surgery following the decision to proceed with bypass surgery; Beck depression scale (BDS), Beck hopelessness scale, Templer death anxiety scale and death depression scale, State-Trait anxiety inventory and WHOQOL-Bref QOL scale were performed. These scales applied in the study were validated and translated into Turkish language. Turkish language is the local language of the study group. 

  BDS is among the most commonly-used scales in mental health screening and researches on depression. A high total score indicates a high level or severity of depression. The BDS scores of 17 and above would identify a depression severe enough to require treatment with 90% accuracy[7]. 

  Templer’s Death Anxiety Scale aimed at determining the level of death anxiety including a total of 15 items. Modelling some studies in the literature on his dissertation, it was transformed into a seven-point Likert scale and adapted to our population with the aim of a more robust measurement. Death Depression Scale was developed in 1990 by Templer. It aims to measure the mood states such as depression, sadness, loneliness, fear and grief experienced in relation to death. After its implementation, at least 0 and at most 17 points can be obtained. A score between 0 and 8 indicates no depressive mood whereas a score between 9 and 17 indicates a depressive mood - the higher the score, the more severe the depression[8]. 

  State-Trait Anxiety Inventory (STAI)-I, STAI-II scale was developed by Spielberger[9]. It consisted of State Anxiety Inventory and the Trait Anxiety Inventory, each with 20 items. The scores range from 20 (low anxiety) to 80 (high anxiety). It indicates no anxiety between points 36 and below, a slight anxiety between 37-42 and high anxiety between 43 and above. Overall, a high state and trait anxiety score shows a high level of anxiety, and it is stated that the individuals with scores above 60 need a professional help. 

  WHOQOL-Bref Quality of Life Scale was developed by the World Health Organization and consists of 26 items through which the overall perceived QOL is questioned. The study includes the sections of physical health, mental health, social health and environmental health. Physical health section includes the questions designated for investigating ability to perform everyday tasks, dependence on medication and treatment, vitality and fatigue, mobility, pain and discomfort, sleep and rest and ability to work whereas mental health section includes questions related to positive and negative emotions, self-esteem, body image and appearance, personal beliefs and attention, and social section includes questions related to relationships with other people, social support and sexual life, and finally, environment and national environmental section includes questions related to home environment, physical security and safety, financial resources, opportunity to receive health services, physical environment and transport. The higher the score obtained in the scale, the higher the QOL. 

  It was observed that, in terms of depression, anxiety and fear of death, there are some differences between the patients with ACS for whom a bypass surgery is projected and those who were diagnosed with IHD in consequence of their consultation due to other medical reasons and for whom a bypass surgery is projected. We hypothesized that experiencing ACS prior to open heart surgery may affect the psychiatric status of those patients. The aim of this study is to determine whether there is a statistically significant difference between these two groups in terms of depression, anxiety, level of hope for the future, fear of death and QOL. To our knowledge, our study is the first study in the literature on this subject. 

   

  METHODS 

  The study population included 63 patients who underwent a primary CABG under elective conditions between January 2015 and January 2016 in the cardiovascular surgery clinic. The patients were divided into two groups: those diagnosed after experiencing an ACS (Group 1) and those diagnosed without an ACS (Group 2). Group 1 consisted of the patients for whom a bypass surgery is to be performed after an ACS. Group 2 was, however, consisted of the patients for whom a bypass surgery is decided to be performed with the diagnosis of ischemic heart disease as a result of examinations made upon patients’ consultation to the hospital due to other medical reasons upon suspicion. 

  As a result of interviews conducted with patients, those with previous psychiatric symptoms or treatment history, those who had previously undergone a heart surgery and those for whom an emergency surgery is planned were excluded. We excluded the patients who have previous psychiatric history because of this history could confound the psychiatric states of patients and for most truly examination of the only CABG’s effect on psychiatric statement. 

  In addition, the personal information form created by researchers and containing data such as age, gender, diabetes, hypertension, hyperlipidemia, chronic obstructive pulmonary disease (COPD), smoking, peripheral arterial disease (PAD), left main coronary artery disease (LMCA), ejection fraction (EF) and the number of vessels bypassed was completed for each patient. 

  BDS is among the most commonly-used scales in mental health screening and researches on depression. A high total score indicates a high level or severity of depression. In her validity and reliability study, Hisli[10] determined the cut-off as 17 points, and reported that the BDS scores of 17 and above would identify a depression severe enough to require treatment with 90% accuracy. 

  Beck Hopelessness Scale aimed at determining the level of pessimism about the future of an individual. The high scores show that the hopelessness of the individual is high. The scale is composed of three factors including “Future-Related Emotions”, “Loss of Motivation” and “Future-Related Expectations”. Beck et al.[7] classified the subjects in four groups according to their responses and reported no hopelessness in 0 to 3, slight hopelessness in 4 to 8, moderate hopelessness in 9 to 14 and severe hopelessness in 15 to 20. The validity and reliability study was performed by Durak & Palabıyıkoğlu[11], in 1994. The high scores show that the hopelessness of the individual is high. The scale is composed of three factors, including “Future-Related Emotions”, “Loss of Motivation” and “Future-Related Expectations”. 

  Templer’s Death Anxiety Scale aimed at determining the level of death anxiety, including a total of 15 items. Modelling some studies in the literature on his dissertation, Ertufan[12] transformed it into a seven-point Likert scale and adapted to Turkish with the aim of to become a more robust measurement. 

  Death Depression Scale was developed in 1990 by Templer and the study of validity and reliability of the scale in Turkey was performed by Yaparel & Yıldız[13]. It aims to measure the mood states such as depression, sadness, loneliness, fear and grief experienced in relation to death. After its implementation, at least 0 and at most 17 points can be obtained. A score between 0 and 8 indicates no depressive mood whereas a score between 9 and 17 indicates a depressive mood - the higher the score, the more severe the depression[14]. 

  STAI-I, STAI-II scale was developed by Spielberger[9]. It consisted of State Anxiety Inventory and the Trait Anxiety Inventory, each with 20 items. Öner & LeCompte translated the scale into Turkish and performed its validity and reliability study[15]. 

  WHOQOL-Bref Quality of Life Scale was developed by the World Health Organization and consists of 26 items through which the overall perceived QOL is questioned. Eser et al.[16] performed the study of validity and reliability of the scale in Turkey. The higher the score obtained in the scale, the higher the QOL. 

  Statistical Analysis 

  The data were expressed as the mean ± standard deviation. Intergroup comparison was performed with the Mann-Whitney U-test. Comparisons of categorical variables were made using a chi-square test. Student’s t-test was used for comparison of continuous data. Spearman correlation analysis was used to measure the strength of association between variables. The data were examined using SPSS 20 for Windows (SPSS Inc., Chicago, IL, USA). Statistical differences were considered significant if P<0.05. 

  Ethical committee approval for the study was obtained from Non-Invasive Clinical Research Ethics Committee (096/2014). Guidelines on patient consent have been met and any details of informed consent were obtained. 

   

  RESULTS 

  The demographic variables were compared in Table 1. There was no significant difference in gender distribution and mean age of the groups. Except for hyperlipidemia, no significant difference was found between the groups in comparison of the preoperative demographic data with operative data. Hyperlipidemia was significantly higher in Group 2 (P<0.05). 

  
    

    [image: Table 1. Preoperative and operative patient characteristics and data.] 

  No significant difference was found between the two groups in terms of the total score obtained from BDS, Beck hopelessness scale - future-related emotions, loss of motivation, future-related expectations subgroups, death anxiety scale, the death depression scale, State-Trait Anxiety Inventory - social and environmental subgroups. During the evaluation of WHOQOL-Bref mental subgroup, the mental QOL sub-scores of group 2 were significantly higher than those with ACS (P=0.018). Patients’ assessments based on the scales are shown in detail in the Tables 2 and 3. There was no significant difference between the two groups in terms of patients’ scores of death anxiety scale (P=0.75). However, when all patients were considered together, it was found that 51.6% of patients had moderate anxiety, 24.2% had severe anxiety and 24.2% had slight anxiety. Again, there was no significant difference (P=0.90) between the two groups in terms of the scores obtained in the death depression scale and when considered in whole, a death-related depressive mood was observed in 72.6% of patients. In the group of patients with ACS, however, a significant positive correlation was found between BDS and Templer’s death anxiety scale (r=0.382, P<0.05). A significant positive correlation was also found between Templer’s death anxiety scale and death depression scale in the groups of patients both with ACS (r=0.760, P<0.001) and without ACS (r=0.502, P<0.05). 
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  Although no significant difference was found between the two groups, the patients who are prepared for a bypass surgery, regardless of whether or not they are diagnosed with ACS, were found to be depressed and hopeless about the future and their levels of anxiety were found to be high. 

  Although no significant difference was found between the two groups in terms of the means of total score’s obtained from BDS; we assessed the all patient’s depressive levels according to the BDS points. According to the BDS scores; 28 of 63 patients obtained a score 17 and above while 14 patients scored between 12 and 17. So, 42 of 63 patients have major or minor levels of depressive symptoms. These scores suggest that the majority of the patients have depressive symptoms. According to the STAI’s scores, anxiety levels were found to be significantly higher in all of the patients in both groups. 

   

  DISCUSSION 

  Most of the patients hospitalized for CABG experience various emotions ranging from a slight fear to anxiety, depression and fear of death[17]. According to Spielberger[9], anxiety is an unpleasant emotional state or condition which is characterized by subjective feelings of tension, apprehension and worry and by activation or arousal of the autonomic nervous system. Koivula et al.[2] stated that waiting for CABG makes many patients more disturbed than their chest pain. Arthur et al.[18] described that long wait for CABG can result in deterioration of patient’s emotional state and physical activity. Moderate anxiety before major surgery is a normal emotion as it prepares the organism for the coming stress situation[19]. However, intense fear and anxiety are especially detrimental to cardiac patients because of the activation of sympathetic and parasympathetic nervous systems and cardiovascular excitation[20]. 

  Psychological problems such as depression and anxiety are widely reported soon after CABG surgery and remain evident for around one-fifth of patients one year after surgery[21,22]. There are many studies assessing patients’ level of depression and anxiety[23]. However, the number of studies in which patients’ level of preoperative depression, hopelessness and deathrelated anxiety as well as their relation to the QOL are assessed, are relatively limited. In our study, the scores from death anxiety scale of both groups are high. The idea of undergoing a CABG increased patient death anxiety independent of whether they have ACS previously or not. 

  Patients in both groups have received high scores from death depression scale, in a level indicating the presence of a depressive mood. Although the total DDS score was found to be higher in the first group compared to that of the second group, there was no significant difference between the two groups. Being about to undergo a bypass surgery both increase patients’ death anxiety and creates a depressed mood related to the death. 

  Measured on the Spielberger State of Anxiety Scale (STAI-S) the prevalence of anxiety ranged between 22% and 48% in patients with CAD, prior to heart surgery[24]. Different studies show a moderate degree of anxiety (score on STAI-S 35.6-49.8) after myocardial infarction, before heart surgery[24,25]. In the study that evaluates the anxiety level of 190 patients one day before the CABG, the STAI mean score was found to be 35.8±10.4[26]. State and trait anxiety scores of our patients were found to be higher compared to this study. 

  It is known, patients experiencing level of preoperative distress were more likely to report decrements in several domains of QOL after their operation[27]. Better QOL was associated with lower anxiety level[28]. An increasing body of research evidence shows that the waiting period is difficult for patients. It has been found that waiting for surgery impairs the QOL for patients on the waiting list[29]. It has been found that during the waiting period to CABG patients suffer from impaired functional status, anxiety, depression and fear of death, and that the situation also adversely affects the patient’s family and social relations[30]. It was also determined in our study that the QOL of the patients with ACS was mentally significantly impaired compared to those who do not have ACS. 

  The sample size in our study constitutes a limitation for our study. However, this is the first study to explore whether there is a difference between the patients with ACS and those without ACS, both prepared to a CABG, in terms of depression, anxiety, and the level of hope, death-related anxiety and QOL. 

   

  CONCLUSION 

  In conclusion, depression, anxiety, hopelessness, deathrelated depression and anxiety level of the patients who will undergo an open heart surgery is high and the QOL in these patients is affected by this situation when both groups are considered together. But unexpectedly there are no differences in terms of depression, hopelessness, anxiety and fear of death. Also ACS before CABG impairs more the QOL in mental terms compared to those without ACS. 
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    ABSTRACT 

    INTRODUCTION: Ischemic postconditioning is a method that shows evidence of efficacy in minimizing reperfusion injury; however, its effectiveness in preventing injuries in distant organs is still unknown, especially in those who have undergone mesenteric ischemia and reperfusion. 

    OBJECTIVE: To evaluate the effect of ischemic postconditioning in preventing reperfusion injury in the liver of rats submitted to mesenteric ischemia and reperfusion, comparing two different methods of ischemic postconditioning. 

    METHODS: 30 Wistar male rats were used, distributed into three groups: Group A: Ten rats submitted to intestinal ischemia for 30 minutes followed by reperfusion for 60 minutes; Group B: Ten rats subjected to ischemia and reperfusion; after ischemia, two cycles of reperfusion (two minutes each) interleaved with two cycles of ischemia (two minutes each); and Group C: Ten rats subjected to ischemia and reperfusion; after ischemia, four cycles of reperfusion (30 seconds each) interspersed with four cycles of ischemia (30 seconds each). After the experiment, the left lobe of the liver was resected for subsequent histological analysis, using the following classification: grade 1 - centrilobular congestion; grade 2 - centrilobular congestion with some degeneration of hepatocytes in one or two central veins; and grade 3 - multifocal centrilobular congestion and degeneration of portal hepatocytes. 

    RESULTS: The mean degree of liver damage found was 1.8 in group A, 1.7 in group B and 1.3 in group C. There was no statistically significant difference between the groups. 

    CONCLUSION: Ischemic postconditioning was unable to minimize reperfusion injury in rats undergoing mesenteric ischemia and reperfusion. 

    Keywords: Mesenteric Vascular Occlusion. Ischemia. Ischemic Postconditioning. Rats, Wistar. Reperfusion Injury. 

  

   

   

  INTRODUCTION

  Ischemia, regardless of the affected organ, is an important cause of mortality in our country. Reperfusion, although essential, is considered a factor of clinical deterioration of the patient due to the formation of toxic reactive oxygen species, promoting cell injury, bacterial translocation and systemic inflammatory response, with no effective treatment at this time[1,2]. 

  Although intestinal ischemia accounts for only 800 in 100,000 admissions[3], it has high mortality rates, ranging from 60% to 100%[4], due to local lesions and distance, and it may occur as a result of multiple organ dysfunction. In this case, the liver is a major organ involved, thus its study in this process becomes relevant[5]. 

  Aiming to address the various situations of ischemia avoiding reperfusion lesions, a large number of substances and procedures have been studied, including its remote and local effects. Some of the published proposals obtained good experimental results, but without proven success in clinical practice[6,7]. 

  In 2003, Zhao et al.[8] proposed an alternative treatment of ischemia and reperfusion (I/R), ischemic postconditioning (IPC), which consists of performing one or more cycles of reperfusion followed by one or more cycles of ischemia, before the reperfusion phase, demonstrating a protective effect on myocardial ischemia in animals. 

  In mesenteric I/R, IPC was initially assessed by Santos et al.[9], who also observed its effectiveness in this process, which was subsequently verified and published by other authors. However, there are no studies assessing IPC’s ability to reduce liver damage in mesenteric I/R, making it necessary to carry out further studies to define its role in this condition. 

  The aim of this study is to evaluate the effect of IPC in preventing reperfusion injury in the liver of rats subjected to mesenteric I/R by comparing two different methods of IPC. 

   

  METHODS 

  The study was approved by the Ethics Committee of the Federal University of Mato Grosso do Sul. All ethical rules established by the Brazilian College of Animal Experimentation were followed. 

  Thirty rats (Rattus norvegicus albinos, Rodentia, Mammalia), Wistar male adult, were obtained from the vivarium of the Federal University of Mato Grosso do Sul and divided into three groups: 

  • Group A - I/R: comprised of ten rats subjected to intestinal ischemia by occlusion of the cranial mesenteric artery with a vascular clamp for 30 minutes, followed by reperfusion for 60 minutes. 

  • Group B - IPC 1: comprised of ten rats subjected to ischemia by occlusion of the cranial mesenteric artery with a vascular clamp for 30 minutes and reperfusion for 60 minutes. Between ischemia and reperfusion, two reperfusion cycles (two minutes each) interleaved with two ischemia cycles (two minutes each) were performed. 

  • Group C - IPC 2: comprised of ten rats subjected to ischemia by occlusion of the cranial mesenteric artery with a vascular clamp for 30 minutes and reperfusion for 60 minutes. Between ischemia and reperfusion, four reperfusion cycles (30 seconds each) interspersed with four cycles of ischemia (30 seconds each) were performed. 

  The animals were weighed on an electronic scale and anesthetized by intraperitoneal injection of 2:1 solution of 50 mg/mL ketamine hydrochloride (Cetamin®), and 20 mg/mL xylazine (Xilazin®), at a dose of 0.1 mL/100g. 

  The rats were maintained under spontaneous ventilation throughout the procedure. Median longitudinal laparotomy of about four centimeters, externalization of the small intestine, as well as identification and dissection of the cranial mesenteric artery were performed. 

  In group A, the cranial mesenteric artery was occluded by atraumatic vascular clamp for 30 minutes (ischemia phase). After placing the clamp, the small intestine was repositioned in the abdominal cavity and the wound was closed with continuous suture of the skin with nylon monofilament 4-0 (mononylon®). After the ischemia phase, the abdominal wall was opened again by removing the suture and the vascular clamp was removed, beginning the reperfusion phase, which lasted 60 minutes. In all three groups, reperfusion was initiated, the abdomen was closed once again by continuous suture of the skin with nylon monofilament 4-0 until the end of the experiment. 

  In group B, 30 minutes of ischemia and 60 minutes of reperfusion were carried out. Preceding the reperfusion, IPC was performed, by carrying out two reperfusion cycles (removal of atraumatic vascular clamp of the cranial mesenteric artery), lasting two minutes each, interspersed with two ischemia cycles (occlusion of the cranial mesenteric artery by atraumatic vascular clamp), also lasting two minutes each. 

  In group C, 30 minutes of ischemia and 60 minutes of reperfusion were carried out. Preceding the reperfusion, IPC was performed, by carrying out four reperfusion cycles (removal of atraumatic vascular clamp of the cranial mesenteric artery), lasting 30 seconds each, interspersed with four ischemia cycles (occlusion of the cranial mesenteric artery by atraumatic vascular clamp), also lasting 30 seconds each (Figure 1). 

   
    

    [image: Fig. 1 - Schematic demonstration of time used for ischemia and reperfusion in group settings.] 

  After reperfusion, in the three groups, the abdominal wall was opened again by removing the suture and the left lobe of the liver was resected, washed with saline and placed in a 10% solution of formaldehyde for subsequent histological analysis. The animals were euthanized by increasing the anesthesia level. 

  After fixation in 10% formaldehyde solution, the resected liver segments were submitted to histological processing. The slides were stained with hematoxylin-eosin and analyzed in optical microscope by a pathologist without prior knowledge of the group each rat belonged to, who then ranked them according to the degree of tissue injury. To this end, the following rating was used, according to prior publication of Takeda et al.[10]: Grade 0 - no histological changes; Grade 1 - centrilobular congestion; grade 2 - centrilobular congestion with some degeneration of hepatocytes in one or two central veins; and grade 3 - multifocal centrilobular congestion and degeneration of portal hepatocytes. 

  The results were analyzed statistically using ANOVA variance test, and were considered significant if P<0.05. 

   

  RESULTS 

  Macro and microvesicular steatosis were identified in some cases, mostly close to the terminal hepatic veins. Groups A and B showed degrees of injury between 1 and 3, corresponding to 1.8 and 1.7, respectively, whereas degrees of injury obtained in Group 3 were 1 and 2, with a mean of 1.3 (Table 1). There was no statistical difference between the groups: P=0.748 between groups A and B, P=0.068 between groups A and C, and P=0.127 between groups B and C. 
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  DISCUSSION 

  It is known that the consequences of ischemia in different tissues, depending on its duration, and many of the resulting injuries are developed during the tissue reoxygenation stage. One of the organic mechanisms of greater impact for cell homeostasis is oxidative stress and the production of free radicals, resulting from two major pathophysiological events: ischemia followed by reperfusion and the inflammatory process culminating with local and/or systemic changes[11]. 

  Mesenteric ischemia is one of the most serious diseases of the gastrointestinal tract and, depending on its development time, the process can evolve to necrosis when blood flow is restored, aggravating the damage occurred in the ischemic phase. Injury to the intestinal mucosa from I/R is well known, but little is known about the involvement of the digestive tract portions, the focus distance of the primary lesion, even though remote injury has been extensively documented in other situations of I/R[12,13]. 

  Seifi et al.[14] evaluated the protective effect of IPC on liver damage after kidney I/R. Rats underwent renal ischemia for 45 minutes and IPC was carried out in four cycles of I/R, each with a 10-second duration. It was observed that the kidney I/R caused a significant increase in liver function indices, such as increased transaminases. On the other hand, those parameters were significantly reduced in the IPC group, showing induced reduction of malondialdehyde levels in the liver and increased superoxide dismutase activity. In this study, although the organ subjected to I/R was the liver, carrying out a larger number of shorter cycles in the same IPC was not more efficient than performing a smaller number of cycles of longer duration. 

  In the evaluation of IPC in aortic I/R of rats, Dorsa et al.[15] also studied its effectiveness in protecting a distant organ, showing less damage to the lung parenchyma in this group compared to the control group. The authors performed aortic clamping for 30 minutes and reperfusion for 60 minutes, with three cycles of IPC lasting two minutes each. In this study, IPC performed with the same time span used by Dorsa et al.[15] did not result in hepatic protection, obtaining results similar to the I/R group. However, there is still a lot of controversy in the literature on the outcome of remote protection of IPC. Recently, Santos et al.[16] also evaluated the possible protective action of IPC on lung parenchyma when performing mesenteric I/R in rats and found no benefits in using this technique. Similarly, the research presented here showed no liver protection with IPC on mesenteric I/R, leaving some possibilities to be considered, still with no clear answers. First, the times employed in IPC and the number of cycles can influence the result. This would be true when comparing these two studies evaluating IPC pulmonary action, since there was a difference in the method and this has been the greatest difficulty when comparing the numerous studies of IPC - the wide variation in the method used. The second question refers to the origin of ischemia: Dorsa et al.[15] performed aortic clamping while Santos et al.[16] and the present study used mesenteric ischemia. This factor may have some influence since in the aortic clamping, the harmful products of the I/R would spread to all the organs and tissues, whereas in the intestinal I/R, all blood is primarily drained to the liver, thus leading to increased toxic concentration of reactive oxygen species on this organ. Thirdly, one should consider that there may be some differences in resistance to reperfusion injury; therefore, a valid protection mechanism for the lung tissue cannot display the same efficacy in the liver parenchyma. 

  The effectiveness of IPC in minimizing liver reperfusion injury had already been demonstrated by Santos et al.[17], through the evaluation of its effect directly on liver I/R, as opposed to this study, which analyzed its remote effect. That study showed the effectiveness of the method with three cycles of IPC lasting 30 seconds each, which corroborates the findings of this research, which also found better results with shorter cycles, although there was no statistically significant difference. 

  The literature shows evidence that there may be possible differences in response between the various organs studied for IPC. This technique has already been proven as effective in intestinal I/R protection[9], nevertheless, Nakamura et al.[18] recently demonstrated that five cycles with a duration of thirty seconds each for IPC were not able to prevent reperfusion injury in rats. Failure to protect tissue through IPC using short cycles had already been published previously by Bretz et al.[19], who performed jejunal I/R in rabbits. The authors used IPC for four cycles of 30 seconds each, as used here, without showing advantages over the control group. It is important to note, however, that both aforementioned studies only made the assessment in tissue subjected to the I/R process and not in distant organs such as the present research. 

  Although several publications have demonstrated the effectiveness of IPC in different situations of I/R since its original publication, there are still doubts about its best application in terms of the number of cycles and their duration, especially when considering their action at a distance. This research has shown that, in intestinal I/R in rats, there was no difference between the two methods of IPC applied and that they were unable to minimize reperfusion injury. Further studies should be performed in order to conclude how it could be more effective for remote I/R. 

   

  CONCLUSION 

  IPC was unable to minimize reperfusion injury in rats undergoing mesenteric ischemia and reperfusion. 
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    ABSTRACT

    OBJECTIVE: Intimal hyperplasia is associated with graft failure and vascular sutures in the first year after surgery and in postangioplasty restenosis. Allium sativum (common garlic) lowers cholesterol and has antioxidant effects; it also has antiplatelet and antitumor properties and, therefore, has great potential to reduce or inhibit intimal hyperplasia of the arteries. Our objective is to determine if the garlic has an efficacy to inhibit myointimal hyperplasia compared to cilostazol. 

    METHODS: Female New Zealand rabbits were divided into the following groups (n=10 each) according to treatment: group A, garlic, 800 µg×kg-1×day-1, orally; group C, cilostazol, 50 mg.day-1, orally; group PS, 10 ml of 0.9% physiological saline solution, orally. Our primary is the difference of the mean of myointimal hyperplasia. Statistical analysis was performed by using ANOVA and Tukey tests, as well as the Chi-square test. We calculated the 95% confidence interval for each point estimate, and the P value was set as < 0.05. 

    RESULTS: Group PS had a mean hyperplasia rate of 35.74% (95% CI, 31.76–39.71%); group C, 16.21% (95% CI, 13.36–19.05%); and group A, 21.12% (95% CI, 17.26–25.01%); P<0.0001. 

    CONCLUSION: We conclude that Allium sativum had the same efficacy in inhibiting myointimal hyperplasia when compared to the positive control, cilostazol. 

    Keywords: Hyperplasia. Garlic. Rabbits. 

  

   

   

  INTRODUCTION

  Intimal hyperplasia is the universal response of vessels to a chronic structural change that occurs in denuded arteries, arterialized veins, and in the anastomoses of prostheses used as grafts for bypass; it is also defined as an abnormal migration and proliferation of smooth vascular muscle cells associated with the deposition of extracellular connective tissue matrix, which is then accompanied by remodeling of the new tissue[1]. 

  Intimal hyperplasia has been recognized as a complication of arterial reconstructions since 1906[2]. The biology of intimal hyperplasia has many of the characteristic features of wounds, e.g., the inflammation process[3]. 

  There is a great need for ways to prevent or reverse intimal hyperplasia. The myointimal hyperplasia is reported to be reversible only in the first and second weeks after vascular injury[4], and it depends on the degree and duration of the causative injury[2]. 

  On the basis of the studies available in the literature[5-9], we found that Allium sativum has beneficial effects such as antiinflammatory, antioxidant, hypocholesterolemic, antitumoral, and antiatherosclerotic actions, which prompted us to test its protective effect against myointimal hyperplasia. Our aim is to determine the mean difference of post-angioplasty myointimal hyperplasia in the external iliac artery of rabbits with induced atherosclerosis and treated with A. sativum compared with those treated with cilostazol, since the articles found in the literature[10,11] demonstrate that cilostazol has effects of reducing the total cholesterol, triglyceride and phospholipids in serum, and moreover, the triglyceride content in the atherosclerotic arteries, so cilostazol significantly reduced the intimal atherosclerotic area. 

   

  METHODS 

  This study was approved by the research ethics committee of the State University of Health Sciences of Alagoas (UNCISAL), Maceió, AL, Brazil, under number 63-A. 

  This is an experimental study[12] in laboratory animals for 35 days, including 30 adult female New Zealand rabbits (Oryctolagus cuniculus; > 4 months old, >2 kg body weight). The animals were equally divided into 3 groups: PS group (physiological saline solution, negative control), group C (cilostazol, positive control), and group A (A. sativum, study drug). 

  The animals were underwent to experimental atherosclerosis and submitted to induction of myointimal hyperplasia in the right external iliac artery by angioplasty[13-18]. 

  The exclusion criteria were as follows: 

  
    • Older than 6 months; 

    • Animals that have acquired some disease in the quarantine period; 

    • Anatomical changes of the studied structures found during the angioplasty. 

  

  The selected rabbits comprised a nonprobability sample of convenience. The animals were grouped by using simple randomization with the help of a free research randomizer program (http://www.randomizer.org/form.htm), by using three blocks containing 10 numbers each. Each block corresponded to the drug used, and the numbers generated corresponded to the animals. Thus, each animal was assigned a letter and a number corresponding to the group and animal identification (e.g., C1=animal 1, cilostazol group; A2=animal 2, A. sativum group). This identification was written with indelible blue ink on the inside face of the base of the right ear of the animals. 

  We opted for closed animal handling, and the trial was performed in the animal house of origin, under a forced exhaust ventilation system, with periods of natural luminescence, mean temperature of 20ºC, minimum noise, and humidity of around 50%. The animals were kept in appropriate cages with an area of 0.64 m2; they had no contact with their natural secretions. The diet consisted of water and granulated commercial diet (Purina® for rabbits—15% crude protein, 2.5% ethereal extract, 16% fiber material, 10% ash, 2.5% calcium, 0.42% phosphorus, 13% humidity, 31.58% carbohydrates) given ad libitum before and during the experiment. 

  The rabbits were weighed weekly for the assessment of their nutritional status. 

  The following laws were followed in this study: 

  
    • Law 6638, May 8, 1979—Standards for Educational and Scientific Practice of Animal Vivisection; 

    • Universal Declaration of Animal Rights, UNESCO, October 15, 1978; 

    • Law of environmental crimes (Law No. 9,605/1998); 

    • The guidelines from Directive 2010/63/EU of the European Parliament on the protection of animals used for scientific purposes; 

    • The rules of the Brazilian College of Animal Experimentation - COBEA, 1991, on the Ethical Principles in Animal Experimentation. 

  

  All groups were offered 20 mL sifted yolk of chicken egg daily, administered orally in the morning with the aid of a 20 mL syringe, for a period of 100 days[16]. The diet was prepared daily, and proper hygiene was maintained to prevent contamination; the diet was given raw. 

  After 100 days of administration of the atherogenic diet, it was stopped and myointimal hyperplasia was induced by means of the following technique: rabbits were weighed and anesthetized with 10 mg.kg-1 xylazine and 40 mg.kg-1 ketamine, intramuscularly, on the proximal side to the right hindpaw, according to a technique described in the literature[13,15,16,18]. 

  Anesthesia was verified by the absence of pain reflex in the direct interdigital hold in the right ear. After anesthetic induction, trichotomy was performed in the lower abdomen and right inguinal region, followed by proper cleaning of the area, under aseptic conditions and antisepsis with polyvinyl pyrrolidone iodine degerming solution with 10% active iodine. 

  We collected 5 mL blood from the central ear vein with a syringe, to 6-mL tubes with a suitable preservative for biochemical analysis. After collection, the samples were sent for testing in the analysis laboratory of the Hospital University Lauro Wanderley at the Federal University of Paraíba (UFPB), where they were centrifuged and the low density lipoprotein (LDL), very lowdensity lipoprotein (VLDL), triglycerides, high density lipoprotein (HDL), and total cholesterol levels were analyzed. Subsequently, a 2–3-cm skin incision was made in the longitudinal direction in the inguinal fold with scalpel blade (#11) to expose the femoral artery, which was isolated with a 3-0 cotton thread. A small transverse arteriotomy was performed with a scalpel blade (#11) for the introduction of a 0.014-in metal guidewire and a semi-compliant catheter balloon (2.5 mm diameter and 20 mm long; balloon/artery ratio, 2.5:1), which was inserted in the lumen of the femoral right artery in the cranial direction and its position in the right external iliac artery was determined through visualization of the proximal balloon shoulder to the dissected inguinal ligament. The balloon catheter was inflated for 1 min until the rated burst pressure (RBP) of the angioplasty balloon (about 12 atm), leading to distension of the arterial wall. After balloon deflation and removal of all guidewire balloons, we performed ligation with a 3-0 cotton thread above and below the arteriotomy. Finally, the skin was sutured with a 4-0 nylon thread. Analgesics (10 mg.kg-1 ibuprofen orally, diluted in drinking water for 2 days) and antibiotics (20 mg.kg-1 ceftriaxone, intramuscular, single dose) were administered to all groups in the postoperative period, to prevent animal suffering. Twentyfour hours after surgery, the drug administration began in each group[13-16]. 

  Group A (A. sativum) received 800 µkg-1.day-1 of A. sativum[5,7] by garage (the garlic was crushed and mixed with drinking water to a total volume of 10 mL) for 5 weeks, the PS group (negative control) received 0.9% physiological saline by gavage 10 mL.day-1 for 5 weeks and group C (cilostazol) received cilostazol (ZHENJIANG Haisen, China) at a dose of 50 mg.day-1[19] for 5 weeks by gavage (cilostazol was diluted in 10 mL drinking water). 

  The drugs were administered during a 5-week period, ending when the animals were anesthetized by using the abovedescribed technique, and new blood samples were collected for post-dose drug lipid profile analysis. The animals were euthanized with a lethal dose of an anesthetic (150 mg.kg-1 pentobarbital[19,20]. The right external iliac artery, which received balloon injury due to the surgical procedure, was collected transabdominally. 

  Arterial blocks were fixed in 10% formalin for at least 24 h and then prepared for routine light microscopy, as follows: gradual and increasing dehydration with 70% alcohol until absolute alcohol concentration was reached; diaphonization in xylene and liquid paraffin embedding at 60°C; and preparation of paraffin blocks. The paraffin blocks were cut with a microtome in a thickness of 3 µm, and the sections were mounted on extrafine glass slides (76´ 25 mm). Next, they were stained with hematoxylineosin for general morphology study[18]; Verhoeff’s stain for the evaluation of elastic fibers; and Masson’s trichrome stain for general morphological study and characterization of elastic fibers, collagen, and muscle. Then, they were mounted with coverslips and natural resin. Also, immunohistochemistry assays were performed with the monoclonal HHF35 antibody[15,18,21] (Kit DAKO Monoclonal Mouse anti-human Muscle Actin, clone HHF35) for determining the invasive reactions in the artery layers (smooth muscle), and C4d[22,23] (Kit Spring Bioscience Rabbit Antihuman C4d Polyclonal antibody) to study the immune response in the vascular endothelium; in both immunohistochemistry tests, peroxidase was used as a developer. The slides were prepared and examined under magnifications of 2.5´, 10´, and 40´ by a duly accredited pathologist. 

  For morphometry, a Bioval® optical microscope was used, with the program ToupTekView® version ´86 3.7.2270 (copyright 2003–2013; http://www.touptek.com) and the Opticam® 14 MP digital camera. The percentage of myointimal area was calculated by using the ImageJ 64 program, where the image of the vessel was formatted as follows: 

  
    • The area of the vessel adventitia was manually removed externally bypassing the muscle layer, which is easily visible. The automatic deletion was cutting structures of the muscle layer when some areas of adventitia had the same or similar color intensity that the middle layer (muscle);

    • 	The remaining image was transformed into 8-bit; 

    • 	The rest of the image formed by the lumen of the vessel and myointimal layer was transformed into a mask, and the area in pixels was measured; this area was called the total area; 

    • 	Then, only the area of the vessel lumen was measured; 

    • 	The area of myointimal layer was calculated in pixels by subtracting the light area from the total area (area of the mean-intima layer with light); 

    • 	The percentage was then calculated by dividing the area of the myointimal layer by the total area. 

  

  For stereoscopy of the immunohistochemical results (monoclonal antibody HHF35 and C4d), we took three random field photos by using the 40X objective of microscope, and with each histological slide of each animal in each group. These photos do not suffer any further increase in its size. Then, the 36-point test[24] was used, in which the area of immunomarkers was calculated by using the formula: 

  A = Vv/2Qa μm2 

  where Vv (volume density of the immunomarker) was estimated by counting the points (36-point test). 

  Vv = Pp/Pt

   where Pp is the number of points that touch the immunomarkers, and Pt is the total number of points in the test area of 200 μm2, which in our case was 36 points. 

  Qa (number density of nuclei area) was calculated by the formula 

  Qa = N/At

   where N is the number of nuclei counted in the test area and At is our test area, which was 200 μm2. 

  Masking for microscopy was performed by changing the letter and the initial marking number with another letter and number known only to the principal investigator. The new description was stored in an opaque and sealed envelope, which was only opened at the time of data analysis. The pathologists did not know which method was being used in the target vessel. 

  The sample size was arbitrated within thirty rabbits, 10 (ten) for each group studied; since in the literature there are studies that prove acceptable statistical results with fewer animals in the experiment with similar animal model[5,15,17,20]. 

  We also measured the sample size using the online calculator LEE (Epidemiology and Statistics Laboratory), available for free on the website: http://www.lee.dante.br/pesquisa/amostragem/di_1_pro_tes.html, which resulted in n = 9 (nine) for each group. To calculate the hypothesis test for a proportion the following parameters were used: 

  
    • 	Proportion of the population: 0.5% as suggested by the calculator. 

    • Proportion suggested in the survey: 30%, a value arbitrary.

    • Significance level: 5%.

    • Test power: 95% 

    • Hypothesis testing: two-tailed. 

  

  Data were collected in a standardized form and stored in a spreadsheet (Microsoft Excel® 2011 for Mac, USA). Data entries were made independently. 

  Descriptive analysis was performed by calculating the 95% CI for each estimated point. Calculations were performed with the aid of statistical program Prism 6 for Mac OS X version 6.0b (October 3, 2012). Our hypotheses were as follows: 

  
    •  	HO: MA = MC = MS (the frequency difference of the mean myointimal hyperplasia is the same among the studied drugs); 

    •  H1: MA1 MC1 MS (the frequency difference of the mean 
      myointimal hyperplasia is different between groups.)

  

  ANOVA tests were used (one-way and two-way)[20] with confirmatory testing: Tukey (multicomparative) for quantitative data and the Chi-square test for qualitative data, both with two-tailed hypothesis. Where the two-way analysis of variance test was used for continuous temporal variables and the one-way test was used for transverse continuous variables. Furthermore, the Tukey test was used for quantitative data (continuous variables) because there was more than one group with different drugs[20], whereas the χ2 test was used for qualitative data (nominal categorical variables). 

  We use a value of alpha (α) < 0.05 in the statistical test to reject the null hypothesis. 

   

  RESULTS 

  For the primary variable (the difference of the mean myointimal hyperplasia), the following results were obtained (Figures 1 and 2): 

  
    • Cilostazol x A. sativum: mean -4.92 95% CI (-10.50 to 0.07) P=0.0928; 

    • PS 0.9% x A. sativum: mean 14.61 95% CI (9.03 to 20.20) P<0.0001; 

    • PS 0.9% x Cilostazol: mean 19.53 95% (13.94 to 25.12) P<0.0001. 

  

  
    

    [image: Fig. 1 – Mean rate of myointimal hyperplasia.] 

  
    

    [image: Fig. 2 – Difference between the means of groups (myointimal hyperplasia).] 

  Considering the area of intrusion or modification of myointimal cells in the muscle layer, characterized by the immunohistochemical marker HHF35 monoclonal antibody both hyperplasia with invasion in the intima (Figure 3A), and, in and hyperplasia without muscle invasion in the intima (Figure 3B) were observed.  The following results were obtained: 

  
    • 	Negative control group, PS: mean, 8.35 μm2; 95% CI, 5.74 - 10.96 μm2; 

    • Positive control group, cilostazol: mean, 14.47 μm2; 95% CI, 8.06–20.88 μm2;

     • Treated group, A. sativum: mean, 11.52 μm2; 95% CI, 7.09 - 15.96 μm2, with P=0.1387 and not significant in the Tukey test. 

  

  
    

    [image: Fig. 3 – A: Image showing hyperplasia with invasion in the intima, yellow arrows show the internal elastic membrane, black arrows show foam cells and red arrows show positivity to HHF35 antibody in the intimal hyperplasia. Scale 5/100 mm, 10X. B: Image showing hyperplasia without muscle invasion in the intimal, blue arrows indicate hyperplasia without muscle invasion. HHF35 monoclonal, scale 5/100 mm, 10X).] 

  Considering the inflammatory area by complement and characterized in this study by the immunohistochemical marker C4d, hyperplasia with active inflammation in the intimal (Figure 4A) and hyperplasia without active inflammation in the intima (Figure 4B) were observed. The following results were obtained: 

  
    • 	Negative control group, PS: mean, 3.50 μm2; 95% CI, varying from 2.11 to 4.89 μm2; 

    • 	Positive control group, cilostazol: mean, 3.98 μm2; 95% CI, varying from 2.83 to 5.14 μm2; 

    • 	Treated group, A. sativum: mean, 4.16 μm2; 95% CI, varying from 1.66 to 6.67 μm2; 

    • 	with P=0.8295 and not significant in the Tukey test. 

  

  
    

    [image: Fig. 4 – A: Image showing hyperplasia with active inflammation in the intimal indicated by red arrows – C4d positive, yellow arrows show the internal elastic membrane, red arrows show positivity to C4D polyclonal and blue arrows indicate hyperplasia, scale 5/100 mm, 10X. B: Image showing hyperplasia without active inflammation in the intima, yellow arrows show the internal elastic membrane and blue arrows indicate hyperplasia, scale 5/100 mm, 10X).] 

  From the morphological results, we observed that there was no standardization of myointimal hyperplasia, as in some animals, hyperplasia occurred only in the intimate layer characterized by its elevation with invasion to the vessel lumen and the presence of foam cells without muscle invasion and other animals with muscle invasion (Figure 5A). Some animals showed changes only in the muscle layer (middle), and the arterial intimal layer was spared; these changes were characterized by calcium deposition at different levels (Figure 5B). Considering the immunohistochemical analysis with the HHF35 monoclonal antibody for the muscle cells, there was also no myointimal hyperplasia pattern, because we observed that the animals had hyperplasia with muscle invasion or muscle metaplasia in the intimate vascular network (Figure 3A), as well as no muscle change (Figure 3B). 


    

    [image: Fig. 5 – A: Isolated intimal hyperplasia. The blue arrows indicate hyperplasia, black arrows indicate the foam cells. Masson staining, 10X, scale  5/100 mm). B: Calcification in the middle layer. Blue arrows show the calcifications, green arrows indicate the normal muscle. Masson staining, 4X, scale 1/10 mm).] 

  By observing the immunohistochemical marker C4d (Figure 4), it was determined that there was no inflammatory standardization in the intima layer, considering that some animals had intimal hyperplasia without inflammatory reaction by the complement system and others with inflammation

  Concerning the mean difference of total cholesterol (Table 1) between the A. sativum and the 0.9% PS groups, we obtained 32.150 mg/dL with 95% CI varying from -41.384 to 105.684 mg/dL. The mean difference between the cilostazol and 0.9% PS groups was -26.750 mg/dL, with 95% CI varying from -100.284 to 46.784 mg/dL. However, between the cilostazol and A. sativum groups, the mean difference was -58.900 mg/dL with 95% CI from -132.434 to 14.634 mg/dL. From two-way ANOVA, we obtained P=0.0165; however, the results were not significant in the Tukey test. Thus, there was no difference between groups in total cholesterol.

  
    

    [image: Table 1. Absolute values of total cholesterol (mg/dL).] 

  The difference of HDL cholesterol mean between A. sativum and 0.9% PS was 4.325 mg/dL with 95% CI varying from -6.667 to 15.317 mg/dL. The mean difference between the cilostazol and 0.9% PS groups was 0.570 mg/dL, with 95% CI of -10.422 to 11.562 mg/dL. On the other hand, between the cilostazol and A. sativum groups, the mean difference was -3.755 mg/dL with 95% CI of 7.237 to -14.747 mg/dL. From two-way ANOVA, we obtained P=0.0199; however, in the Tukey test, there was no significant difference between the groups. 

  For VLDL, the mean differences between the A. sativum and 0.9% PS, cilostazol and 0.9% PS, and cilostazol and A. sativum groups were infinitely in two-way ANOVA (P=0.8107); thus, there was no difference between groups concerning VLDL cholesterol. The Tukey test was not done, given that the ANOVA result was not significant. 

  Nevertheless, the mean difference in triglycerides between the A. sativum and 0.9% PS groups was 21.600 mg/dL, with 95% CI varying from -58.974 to 102.174 mg/dL. Between the cilostazol and 0.9% PS groups, the mean difference was -34.950 mg/dL, with 95% CI varying from -115.524 to 45.624 mg/dL. Between the cilostazol and A. sativum groups, the mean difference was -56.550 mg/dL with 95% CI of -137.124 to 24.024 mg/dL. The calculation with two-way ANOVA obtained P=0.2013, and the Tukey test was not significant; thus, there was no difference between groups.

  Concerning the effect on the liver of the tested substances, P=0.5853 was obtained for the presence of steatosis in all groups, with a mean of five animals for the 0.9% PS group, with 95% CI of -58.53 to 68.53; a mean of five rabbits for the cilostazol group, with 95% CI varying from -45.82 to 55.82; and a mean of five rabbits for the A. sativum group, with 95% CI of -45.82% to 55.82. 

  Cholangitis of the liver occurred in a mean of five animals for the 0.9% PS group, with 95% CI of -7.70 to 17.71; a mean of five animals for the cilostazol group, with 95% CI of 5; and a mean of five rabbits for the A. sativum group, with 95% CI varying from -20.41 to 30.41 (P=0.6592). 

  Portal infiltration of the liver was found in a mean five animals for the 0.9% PS group, with 95% CI of 3.59 to 6.41; a mean of five animals for the cilostazol group, with 95% CI of 0.76 to 9.24; and a mean of five rabbits for the A. sativum group, with 95% CI varying from 2.18 to 7.82 (P=0.6211). 

   

  DISCUSSION 

  We partially accepted hypothesis H1 because the results obtained in the experimental group (A. sativum) were similar to those obtained in the positive control (cilostazol), but differed from those obtained in the negative control (0.9% physiological saline solution). However, the tested drug had no effect on the inhibition of myointimal hyperplasia, since the result obtained was the same as the positive control. 

  A. sativum was chosen as the target drug in the study to inhibit myointimal hyperplasia because, according to Efendy et al.[5], Campbell et al.[7] and Yamaji et al.[9], it has an antiatherosclerotic effect. Moreover, according to Lau[8], A. sativum has a hypocholesterolemic effect; furthermore, Borek[6] reported that it has antitumor, anti-inflammatory, and antioxidant effects. Hence, there was a great possibility that A. sativum would act favorably in the inhibition of myointimal hyperplasia. The dose of 800 µg.kg-1.day-1 was chosen as the test dose in the present study, as Efendy et al.[5] reported that 800 µg.kg-1.day-1 of crude extract of garlic can inhibit the development of fat layers and the accumulation of cholesterol in the vessel walls, thus protecting them against the development of atherosclerosis. The use of A. sativum in its original form as based on the study by Borek[6], who found that allicin — a component of A. sativum — is unstable in solution, as it is a lipid-soluble, volatile organosulfur compound. Thus, it is essential that the maximum possible amount of the active substances of A. sativum is retained. 

  Rabbits were chosen for the study because, according to research performed by Ferrer et al.[25], the rabbit is a valid atherogenic vascular injury model. Takagi et al.[16] proved that the hyperplasia occurring in rabbits is similar to that occurring in human coronary arteries, besides Ylã-Herttuala et al.[26]  demonstrated that both rabbits and humans have a common pattern of inflammatory reactions in the complement system. 

  In particular, female rabbits were chosen because according to the literature, there is no difference in the use of female and male rabbits for this type of study[20,25,27]. 

  Egg yolk was chosen to induce atherosclerosis in female rabbits because Santos[17] have demonstrated that this is a cheap and effective method.

  The balloon diameter used was safe and effective, according to Ferrer et al.[25], Gellman et al.[13], and other researchers[14].

   The immunohistochemical study of specimens was performed with monoclonal HHF35[15,18,21] and polyclonal C4d[22,23] in an attempt to establish the mechanism of action of the drugs, given that the former is a marker for muscle cells and the C4d is a marker for the inflammatory process mediated by the complement system. Ylä-Herttuala et al.[26] demonstrated the action of the complement system in atherosclerotic lesions and Tsai et al.[19] identified the inhibitory activity of p38 by using cilostazol. Since the inhibition of p38 has been associated with possible therapeutic effects on autoimmune diseases and inflammatory processes[28], we chose to assess the effect of A. sativum on inflammation through the complement system; then we used the marker C4d. However, in all animals, no statistical difference was observed with regard to muscle invasion in the intima as well as the inflammatory process mediated by the complement system in the myointimal wall. Therefore, the study was not able to characterize the manner in which the inhibition or decrease of myointimal hyperplasia occurred, given that there was no statistically significant inhibition of muscle invasion or reduction of the inflammatory process, with the use of A. sativum or cilostazol. 

  In the morphometric analysis, there was no pattern of hyperplasia among the groups because some animals had hyperplasia of the muscle layer with breakdown of muscle cells and calcium deposition; others only had a change of intima such as stratification of the intimal layer and muscle invasion; and others showed change in two layers, suggesting that there are various mechanisms underlying the development of myointimal hyperplasia, even though there were only two induction mechanisms — the hypercholesterolemic diet and endothelial injury (balloon). However, these findings are in contrast with those from the literature, which states that the distribution of hyperplasia may be intimal, diffuse, focal, or within the body vessel. Furthermore, Van Craeyveld et al.[27] found that the main changes of atherosclerosis and hyperplasia actually occur in the deep layers of the vessel (muscle) and not in the intima. The staining method of Verhoeff, which is used for elastic fibers, was performed to try to define the intima and the muscle of vessel to calculate only the intimal hyperplasia; however, it was not effective in this delimitation. Therefore, we studied the myointimal layer. 

  A. sativum and cilostazol were able to inhibit myointimal hyperplasia in 40.9% and 54.64% of animals, respectively, as compared to the negative control (0.9% physiological saline solution), demonstrating the effectiveness of both substances. Although the proportion of animals exhibiting myointimal hyperplasia inhibition was 13.74% higher with cilostazol than with A. sativum, the fact that cilostazol is a drug that is already the active ingredient should be considered. Thus, even though a plant in its original form was used, without isolation of the active principle, a statistically similar result was obtained. 

  A. sativum and cilostazol were not able to reduce the 
    lipid levels, thus our results are consistent with the current 
    findings[5,7,29] and we did not observe a difference in the lipid levels following in the dose of 800 µg.kg-1.day-1 in rabbits. Others studies[29,30] indicated that the hypolipidemic action of garlic was observed only after 2 to 6 months of continuous administration of A. sativum, thus suggesting that the time used to conduct this study (35 days) was not sufficient to observe such a hypolipidemic effect, which was also reported by Ried et al.[31]. 

  With regard to the safety of A. sativum, the use of this drug in animals for the inhibition of myointimal hyperplasia was successful, without any difference in the presence of steatosis, cholangitis, and portal infiltration between groups. A. sativum has a LD50 of 3034 mg.kg-1 and maximum dosage without side effects of 2200 mg.kg-1[32]; moreover, it is not contraindicated in pregnant animals[29]. 

  The research carried out in this study paves the way for a new drug against myointimal hyperplasia, which is the main cause of failure of both coronary as well as peripheral angioplasties that lead to reinfarctions and failure of vascular grafts, and consequently to the need for amputations in many people, particularly diabetic patients. 

  This research forms the basis for further research, and allows for: 

  
    • Another study to be performed using higher doses of A. sativum, as this study used only the plant and not even an extract, and still matched the protective effect of an expensive drug, which can be useful in the third world population. 

    • Further research to be conducted with crude extract, followed by fractionation of this extract to obtain its active ingredient. 

  

   

  CONCLUSION 

  Allium sativum had the same efficacy in inhibiting myointimal hyperplasia when compared to the positive control, cilostazol. 
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    ABSTRACT 

    OBJECTIVE: To study the in-hospital outcome of adult patients who had undergone surgical repair for Tetralogy of Fallot. 

    METHODS: A retrospective descriptive study was conducted at the Punjab Institute of Cardiology searching the hospital records. All those adult patients who had undergone repair for Tetralogy of Fallot from January 2012 to December 2014 were included in the study. All the patients were operated by the same surgical team. Patients who underwent primary repair as well as those with previous palliative procedures were included in the study. Thirty days outcome was studied by recording variables from the database. Data was analysed using Statistical Package for Social Sciences version 16. 

    RESULTS: A total of 80 patients was included in the study, in which there were 48 (60%) male patients and 32 (40%) female patients. Mean age was 21±0.21 years. Those with previous palliation were 15 (18.75%). The associated problems observed were: atrial septal defect 27 (33.75%), right aortic arch 30 (37.5%), patent ductus arteriosus 6 (7.5%) and double outlet right ventricle 3 (3.75%). In-hospital mortality recorded was 7 (8%). Postoperative complications encountered were low cardiac output syndrome 9 (11.25%), pleural effusion requiring tapping 3 (3.75%), reoperation for bleeding 3 (3.8%), pulmonary regurgitation (moderate to severe) 20 (25%) which occurred in the transannular patch group only and atrial arrhythmia 4 (5%). 

    CONCLUSION: A large number of adult patients are still operated for tetralogy of Fallot in Pakistan. With increasing experience in the technique the mortality and morbidity is comparable to international literature. 

    Keywords: Tetralogy of Fallot.  Adult. Hospital Mortality. 

  

   

   

  INTRODUCTION

  Paediatric cardiac surgery started in Pakistan in the 80’s. Since then our competencies in this particular field of cardiac surgery have improved a great deal. Because of the comparatively recent introduction of congenital cardiac surgery in Pakistan, the surgery of congenital cardiac problems in adults has been an area of interest in many centers in the country. 

  Tetralogy of Fallot (ToF) is the most frequent cyanotic congenital heart disease, constituting 7 to 10% of all the congenital heart diseases[1]. It carries a very high mortality if left untreated. The 10-year survival in patients untreated is 24% only[2]. The basic anatomical defects stems from the anterior and superior deviation of the infundibular septum which results in the four main features of the disease i.e. subvalvar pulmonary stenosis with hypoplasia of pulmonary artery (PA) valve and pulmonary arteries, non-restrictive malalignment sub-arterial ventricular septal defect (VSD), overriding aorta and right ventricular (RV) hypertrophy. Cyanosis is the main physical feature of the disease whose severity is determined by the degree of right ventricular outflow tract (RVOT) obstruction stenosis, which determines the right to left shunt. Associated anomalies are secundum atrial septal defect, right aortic arch (25%), major aortopulmonary collateral arteries (MAPCAS), complete atrioventricular septal defect (AVSD), anomaly of coronary arteries with e.g. anomalous left anterior descending (LAD) from right coronary artery (RCA) crossing the RVOT (5%)[3]. Cardiac magnetic resonance is the gold standard assessment tool based on its superior imaging of the RVOT, pulmonary arteries, aorta, and aortopulmonary collateral arteries, and on its ability to quantify biventricular size and function, pulmonary regurgitation (PR), and myocardial viability[4]. Primary repair is the strategy of choice where possible in the first year of life. Patients with unfavourable anatomy, comorbidities and severe cyanosis undergo a palliative shunt procedure before the definitive corrective surgery later on in life. 

  The purpose of this report was to know the outcome of corrective surgery for ToF in our setup in terms of short-term mortality and morbidity. To the best of our knowledge, this is the largest report so far about ToF repair in adult patients in Pakistan. 

   

  METHODS 

  A retrospective descriptive study was designed to study the in-hospital outcome of all the adult patients who had undergone surgical correction for ToF from January 2012 to December 2014. The hospital database of the Punjab Institute of Cardiology was searched for this purpose and patient variables were recorded. Being a retrospective study, individual patient consent was waived by the hospital ethical review committee. 

  The basic surgical steps were identical in all the patients i.e. use of cardiopulmonary bypass and avoiding ventriculotomy in most patients. Patients who had undergone palliative procedure previously were evaluated for hemodynamic parameters and size of PA. Those without any irreversible pulmonary arterial hypertension and unfavourable pulmonary anatomy were subjected to final corrective procedure. The goal of repair was a complete relief of RVOT and closure of VSD. Patients with only subpulmonic narrowing underwent infundibular resection of the myocardium. Patients with narrowing of the pulmonary valve annulus also underwent pulmonary valvotomy or placement of a transannular patch (TAP). In these cases, a relief of pulmonary obstruction was achieved at the cost of varying degrees of pulmonary insufficiency. 

  Perioperative variables were recorded and data analysed using Statistical Package for Social Sciences version 16. Quantitative variable were presented as mean ± standard deviation and the qualitative variables were presented as frequency and percentages. For the comparison of the quantitative data, independent sample t-test was applied while for qualitative data chi-square was used. A P-value < 0.05 was considered significant. 

   

  RESULTS 

  A total of 80 patients were included in the study. Most of the patients included were male, 48 (60%), while female patients were 32 (40%). Preoperative characteristics are shown in Table 1. Mean age of the patients was 21±0.21 years with a range of 12 to 43 years. Patients were divided into 3 based on whether they received a TAP, only RVOT patch or no patch at all. Among the 80 patients, 15 patients had already undergone a palliative surgical procedure so they underwent a complete corrective surgery or two-stage procedure. Different morphological forms identified in our patients were: main PA stenosis 24 (30.0%), right PA stenosis 14 (17.5%), left PA stenosis 12 (15%), MAPCAS 5 (6.25%), right aortic arch 30 (37.5%), aberrant subclavian artery 3 (3.75%), atrial septal defect 27 (33.75%), left superior vena cava 5 (6.25%), patent ductus arteriosus 6 (7.5%), and double outlet right ventricle 3 (3.75%). A right aortic arch, atrial septal defect and main PA stenosis were the most common associated malformations observed. No pericardial RVOT or TAP was used in 23 (28.75%) patients. TAP for narrow pulmonary annulus was used in 29 (36.25%) and RVOT patch was used in 28 (35.0%) patients. Most of the patients underwent a patch enlargement of infundibular-pulmonary outflow tract. Complications noted in the postoperative period were low cardiac output syndrome 9 (11.25%), heart block 4 (5.0%), pleural effusion requiring tapping in 3 (3.75%), atrial arrhythmia 4 (5%), reoperation for bleeding 3 (3.8%) and PR (moderate to severe) 20 (25%). Mortality observed during the 30 days in the postoperative period was 7 (8%) (Table 2). 

    
    

    [image: Table 1. Patient characteristics.] 
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  DISCUSSION 

  Our study looked into the results of ToF repair in adults only in terms of in-hospital mortality and complications. The survival of patients with ToF repair has greatly improved over the years. During a period from 1955 to 1968, the mortality for primary repair of ToF in the Hospital for Sick Children in Toronto was 35%, but from then onwards, the figure dropped to 12%[5]. The mortality rates of various cardiac centers decreased with more experience in the procedure. Dittrich et al.[6] reported a mortality of 16% in the late 90’s. The mortality has greatly improved in most recent reports, largely due to improved technique as well as advances in perioperative care. In the current literature, mortality as low as 0.8% and as high as 9% has been described[7,8]. We report a mortality of 8%, which is still high compared to mortality in paediatric age group. Dittrich et al.[6] argue that this comparatively high mortality in adults may be because of the problems caused by the long-standing cyanosis. These include RV dysfunction in the form of fibrosis, cerebral complications like stroke and abscess formation and poor development of the PA. Our study does not look into the details of preoperative RV function or history of cerebral complications, but we believe that these factors play an important role in the mortality. 

  Various palliative procedures have been described in the literature. About 18.75% of our patients had undergone palliation procedures previously, which were taken down and a definitive repair performed. Published reports for repairs for ToF previously in Pakistan show a small number of patients being palliated alluding to the fact that the congenital cardiac surgery was in its initial stages in those days in this part of the world. 

  Most of the advanced centers in the world would perform a primary repair provided there are no contraindications, but there is still no consensus on this subject. Proponents of the primary repair argue that it avoids RV dysfunction and cyanotic spells which can delay developmental milestones. These patients are also prone to cerebral complications like stroke and intracerebral abscess formation. Only 15 patients in our study had undergone a previous palliative procedure and the rest underwent a primary repair in adulthood. Navabi-Shirazi et al.[9] compared results of primary repair and those who had undergone some kind of palliation previously. They concluded that older patients generally do better on 2-stage repair, because of their age, but there is no conclusive data available that demonstrate that twostage repair with improvement of oxygen saturation before correction may improve outcome in this selected group of adult patients. Our study shows no mortality in the group, which had undergone palliation procedures previously. 

  TAP is needed for a very small-sized pulmonary valve. It carries a higher risk of reoperation, but has no impact on late survival[10]. We applied TAP in a comparatively high number of patients. The reason was we did not accept high degree of right ventricle/left ventricle pressure ratio and the goal was to relieve RVOT as much as possible[11]. Some authors have reported that the use of TAP is lower in grown patients[12]. Apart from a definitive indication based on size, which patient would benefit from a TAP is not fully know. Although this question would be best answered with a prospective randomized study, our experience suggests that the severity of the RVOT, rather than age at repair, is the most important determinant of the frequency of use of TAP. 

  TAP relieves the RVOT but, at the same time, it can cause varying degree of PR, which is associated with poor short and long-term outcome[13]. PR observed postoperatively in our study was 25%, which is consistent with published reports[14]. A large study by Kirklin et al.[15] suggested that the compensatory responses to RV overload were adequate for a 20-year period, at least with respect to mortality. Our data extend these observations and do not demonstrate any difference in early survival among patients without a patch, and those with a TAP, although other investigators have implicated TAP as a risk factor for reoperation in the long term. 

  ToF repair in adults carry more postoperative morbidity rate compared to early repair[16]. Complications like low cardiac output syndrome, pericardial effusion, atelectasis, atrial arrhythmia, reoperation for bleeding and varying degree of PR were encountered in our patients. The incidence of postoperative atrial arrhythmias was higher in our adult patients compared to paediatrics as reported in the literature[17]. The incidence of junctional ectopic tachycardia and persistent complete heart block reported in literature is 2% and 1%, respectively[18]. Lungs related complications were encountered in 3.75% of our patients. Kim et al.[19] reported a 5% incidence of pleural effusion that required tapping. The surgical techniques for primary repair to preserve RV function, reduce arrhythmia, and optimize functional status that are still evolving and a definitive consensus is lacking[20]. 

  Our study is not without limitations. A retrospective design and limited follow-up are some of the drawbacks. However, on the other hand, this study gives an insight to the contemporary adult cardiac surgery being practiced in Pakistan. We hope that more centers will publish their results with long-term follow-up. Especially the fate of PR and treatment strategies in our patient population needs to be ascertained. Secondly, with improvement in expertise and perioperative management in Pakistan, more and more surgeons will opt for early primary repair of ToF. 
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    ABSTRACT

    OBJETIVE: Saline-irrigated radiofrequency ablation, which has been widely used for surgical treatment of atrial fibrillation in recent years, is 80-90% successful in achieving sinus rhythm. In our study, our surgical experience and mid-term results in patients who underwent mitral valve surgery and left atrial radiofrequency ablation were analyzed. 

    METHODS: Forty patients (15 males, 25 females; mean age 52.05±9.9 years; range 32-74) underwent surgery for atrial fibrillation associated with mitral valvular disease. All patients manifested atrial fibrillation, which started at least six months before the surgical intervention. The majority of patients (36 patients, 90%) were in NYHA class III; 34 (85%) patients had rheumatic heart disease. In addition to mitral valve surgery and radiofrequency ablation, coronary artery bypass, DeVega tricuspid annuloplasty, left ventricular aneurysm repair, and left atrial thrombus excision were performed. Following discharge from the hospital, patients’ follow-up was performed as outpatient clinic examinations and the average follow-up period of patients was 18±3 months. 

    RESULTS: While the incidence of sinus rhythm was 85.3% on the first postoperative day, it was 80% during discharge and 71% in the 1st year follow-up examination. 

    CONCLUSION: Radiofrequency ablation is an effective method when it is performed by appropriate surgical technique. Its rate for returning to sinus rhythm is as high as the rate of conventional surgical procedure. 

    Keywords: Ablation Techniques. Arrhythmia, Sinus. Atrial Fibrillation. 

  

   

   

  INTRODUCTION

  Atrial fibrillation (AF) is an arrhythmia observed in 0.4-1% of the population, with this rate rising up to 10% in advanced ages (over 65 years of age). It has an incidence of 40-60% in patients with mitral valvular disorders, and 5-10% in patients with aortic valvular disorders[1]. The prevalence of AF was reported as 0.16% in the 40-59 age group, and 2.16% in patients over 60 years of age, in Turkey[2]. 

  Medical treatment may be insufficient in controlling the rate of AF, or intolerance may develop against antiarrhythmic agents, due to their side effects. Additionally, AF is known to reduce the life quality of patients due to causes such as heart failure, hemodynamic instability, palpitations, and thromboembolic events. For this reason, in patients with AF undergoing openheart surgery, surgical ablation is performed in order to provide sinus rhythm (SR) and avoid AF-related complications that may develop in the postoperative period. Surgical ablation techniques intend to achieve SR by terminating AF, together with regaining atrioventricular synchronization and atrial contractility function. The method, described by Dr. Cox, in 1980, and developed as ‘Maze I’ thereafter, is the gold standard in surgical treatment of AF, with a success rate of 99% today[3,4]. However, since the procedure is technically difficult, the cardiopulmonary bypass and operation times are long, and the risks for complications such as postoperative bleeding are high, thus, simpler and easier techniques, which are developed by using different energy sources, have gained widespread applicability. Irrigated radiofrequency ablation is one of the frequently implemented ablation methods, and it is used as monopolar and bipolar radiofrequency (RF) ablation in our clinic. In this study, our aim was to analyze our surgical experience and results in patients who had undergone mitral valve surgery and left atrial RF ablation. 

   

  METHODS 

  Forty patients (15 males, 25 females; mean age 52.05±9.9; range 32-74) underwent surgery for AF associated with mitral valvular disease. All patients manifested AF, which started at least six months before the surgical intervention. In addition to mitral valve surgery and RF ablation, coronary artery bypass, DeVega tricuspid annuloplasty, left ventricular aneurysm repair, and left atrial thrombus excision were performed. Without considering performed surgical procedures, irrigated-monopolar RF ablation was used in 35 patients and irrigated-bipolar was used in five patients. The performed surgical procedures were as follows: mechanical valve replacement in 10 patients, bioprosthetic mitral valve replacement in 5 patients, mechanical mitral valve replacement and tricuspid commissurotomy in 2 patients, mechanical mitral valve replacement and left atrial thrombectomy in 3 patients, bioprosthetic mitral valve replacement and DeVega tricuspid annuloplasty and left atrial thrombectomy in 1 patient, bioprosthetic mitral valve replacement and splenectomy in 1 patient, bioprosthetic mitral valve replacement and tricuspid annuloplasty in 7 patients, mechanical mitral valve replacement and tricuspid annuloplasty in 3 patients, single-vessel coronary artery bypass and mechanical mitral valve replacement in 2 patients, triple-vessel coronary artery bypass and bioprosthetic mitral valve replacement and tricuspid annuloplasty in 1 patient, mechanical mitral valve replacement and aortic wrapping in 1 patient, mechanical mitral valve replacement and Bentall procedure in 1 patient, bioprosthetic mitral and aortic valve replacement in 1 patient, mechanical aortic and mitral valve replacement in 1 patient. 

  In the preoperative period, the left atrium (LA) size was measured as 53.5±6.2 mm, in average (range 33-63 mm); in seven patients, LA was 60 mm or over. The preoperative pulmonary artery pressure (PAP) was 49.8±16.4 mmHg, in average (range 30-100 mmHg); in 57 (72.2%) patients, PAP was 40 mmHg or over. In the preoperative period, EuroSCORE revealed that the standard EuroSCORE 2 value was 2.9±2.4, in average (range 0-9), and the logistic EuroSCORE 2 value was 3.1±2.1%, in average (range 0.8%-16.8%). 

  In one patient, mitral valve replacement and splenectomy were performed due to infective endocarditis. 

  The unipolar ablation technique was used in the AF treatment for the patients. Following the median sternotomy, bicaval cannulation and cardiopulmonary bypass were performed. A left atriotomy was then carried out after inserting a cross-clamp. Afterwards, the process of RF was performed using the Medtronic Cardioblate™ ablation system (Medtronic, Inc., Minneapolis, Minnesota, USA) composed of a power generator and an ablation clamp (Figure 1). In this study, 25 W power and 5 ml/min irrigation speed were used in the applications of unipolar RF with irrigation. The contact surface was cooled by providing irrigation through the holes on the tip of the catheter, and lesions were formed by reaching the effective ablation power in the deep tissues. 

  
    
[image: Fig 1 - Medtronic Cardioblate™ ablation system. A: Cardioblate Surgical ablation pens. B: Cardioblate Clamp and Surgical Ablation Probe.] 
  

  In patients in whom bipolar ablation was performed simultaneously with mitral valve surgery, the system consisted of a power generator and ablation probe. The bipolar ablation technique utilizing the same ablation system was used for the patients with bipolar RF. With this system, the tip of the ablation clamp is atraumatic, and the target tissue is stabilized between the two ends. The RF energy passes through this tissue. By providing irrigation between the clamp and tissue surface simultaneously, the tissue is cooled which maintains the tissue temperature between 45 and 55°C. Furthermore, the clamp emits a signal indicating the formation of a transmural lesion by measuring the impedance between the two electrodes. This process of generator ablation ends spontaneously through this mechanism. Thus, a safe and controlled transmural ablation line is formed. This type of system can also be used with offpump and minimally invasive techniques. By fluid irrigation through the holes in the probe tip, the tissue was cooled and deeper lesions could be created. The procedure was performed through left atrial incision, anterior to the right pulmonary veins, following administration of cardioplegic arrest. After ablation was performed circumferentially from within the left atrial appendage, it was closed with sutures from inside. Then, an ablation line extending from left atrial appendage to left superior pulmonary vein was created (Figure 2). Starting from the incision made at the interatrial groove, the vicinity of right pulmonary veins was isolated semi-circumferentially with the ablation pen. Left pulmonary veins were turned around in a single circle. Then, another line, connecting two islands involving right and left pulmonary veins was created. To avoid possible esophageal injury, this line was positioned towards the left atrial roof as much as possible. Then, another ablation line, connecting left pulmonary veins and posterior annulus of mitral valve was created. A line, starting just from the midpoint of this line, was extended to the base of the atrium; with this, it was aimed to avoid reentry waves, formed by coronary sinus between atria. While ablation was done by encircling ostia of the right and left pulmonary veins, in order to prevent cascade currents, the circular area was connected from inside. The auricle of LA was sutured from inside. 
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  In all patients, following cross-clamping, amiodarone infusion was started with a loading dose of 600-800 mg/ day. In every patient, temporary epicardial pacemaker wire was placed. In patients entering AF following decannulation, internal electromechanical cardioversion was performed. In every patient, amiodarone administration, which started during the operation, continued postoperatively in the Intensive Care Unit (ICU). In two patients in whom the heart rate slowed down, amiodarone administration was terminated and temporary pacemaker support was provided. In patients in whom PR interval was prolonged in electrocardiography (ECG), the infusion dose of amiodarone was reduced. Patients who received inotropic agents for any reason (even with low-dose or short-term) were considered as supported by inotropes. 

  In all patients, amiodarone treatment was used for three months postoperatively. Following surgery, with the aim of rhythm control, beta-adrenergic blockers (metoprolol) or digoxin was added to the treatment of patients. The first evaluations of patients’ rhythm status were made by ECG during their ICU follow-up. Following discharge from the hospital, they were followed-up by control examinations in the outpatient clinic. Patients were followed-up by ECG in the first week and in the first month. In the 3rd month of the postoperative period, besides echocardiography and ECG controls, 24-hour Holter ECG was also performed. All antiarrhythmic agents were discontinued in patients who had sinus rhythm in the control examination performed in the 3rd month. 

  Statistical Analysis 

  Kaplan-Meier analysis was performed to determine the probability of survival, and survival curves were compared using the log-rank test. All values were considered to be statistically significant with a P value of less than 0.01. 

   

  RESULTS 

  Forty patients (15 males, 25 females; mean age 52.05±9.9 years; range 32-74) underwent surgery for AF associated with mitral valvular disease. None of the patients required permanent pacemaker. The average duration of perfusion and crossclamping time were 111±10.2 min (range 54-159 min) and 81.3±19.6 min (range 33-139 min), respectively. The average durations for ICU and hospital stay were 1.9±1.3 days (range 1-11 days) and 9.6±2.5 days (range14-21 days), respectively. 

  Immediately after the operation, SR was restored in 85.3% of the patients (P=0.50). Of those patients, many had recurrence of atrial tachyarrhythmias within the first or second week after the Maze procedure. The New York Heart Association (NYHA) functional class had improved by the last follow-up as compared with the preoperative class in all patients (2.3±1.4, P<0.0001) 

  Following discharge from the hospital, patients’ follow-up was performed as outpatient clinic examinations and the average follow-up period of patients was 18±3 months. SR was present in 28 (70%) patients and AF was identified in 12 (30%) patients in their 3rd month control examination. While the incidence of SR was 85.3% on the first postoperative day, it was 80% during discharge and 71% in the 1st year follow-up examination. In terms of functionality, NYHA values showed improvement in the postoperative period. Since AF was identified in the 6th month follow-up in three patients, electrical cardioversion was performed; in two patients, the rhythm returned to normal SR and because AF persisted, one patient was discharged by planning outpatient treatment. 

   

  DISCUSSION 

  In patients with chronic AF, the rate of returning to SR following mitral valve operation is under 10%[5]. There has been a demand for less invasive procedures, such as manipulation only in the pulmonary veins and intraoperative ablation of atrial walls with alternative energy sources (cryoablation, microwave, RF, laser, and ultrasound), and thoracoscopy procedures using RF and ultrasound catheters from the epicardium in on-pump surgeries[6]. With ensuring SR and effective atrial contraction, myocardial remodeling and heart failure due to tachycardia are prevented[1]. Forlani et al.[7] reported that ensuring SR increased the survival rate and decreased the morbidities significantly in patients. For this reason, in patients having chronic AF rhythm, if cardiac surgery is planned, addition of ablation treatment is suggested. On the other hand, AF, which is present approximately in 5% of patients with coronary artery disease, may continue following recovery of myocardial ischemia[8]. Since AF was shown to reduce the long-term survival rate following coronary bypass procedures, surgical ablation is recommended in these patients[9]. AF ablation has shown a rapid progress by utilization of various energy sources such as RF, microwave, laser, ultrasound, and cryoablation. Nevertheless, the success rates vary between 76% and 92% in surgical ablation methods excluding Maze[10]. There are many studies comparing the RF ablation treatment of AF with patients in whom this procedure was not performed. Khargi et al.[11] reported that at the end of the first year, 80% of patients in whom RF was performed and 20% of patients in whom only mitral valve repair was performed had SR. Melo et al.[12] found that, in the first month, SR was present in 7% of patients in whom RF ablation was not performed. Jessurun et al.[13] found sinus, paroxysmal AF and chronic AF rhythms preoperatively in 162 patients, 71% of patients with SR, 34% of patients with paroxysmal AF, and 4% of patients with chronic AF were in SR. Brick & Braile[6] analyzing studies with immediate results (n = 5), the percentage of return to SR ranged from 73% to 96%, while those with long-term results (n = 20) (from 12 months on) ranged from 62% to 97.7%. Even with postoperative antiarrhythmic drug treatment and electrical cardioversion, returning to SR was found below 25% in the long-term follow-up[14]. Early postoperative AF originates from delayed healing processes of atrial lesions, inflammatory processes related to the procedure, and tiny macro re-entries, which have responded perfectly to the antiarrhythmic treatment; for this reason, amiodarone treatment with a dose of 200 mg/day is used during the first postoperative three months. 

  One of the most important purposes of returning the patients who were in AF preoperatively to SR is to provide atrial contraction and atrioventricular electromechanical synchrony, and additionally to reduce the risk of cardiac embolus. Waldo et al.[15] showed that thromboembolic complications were met with less frequency in AF patients who underwent Cox-Maze operation, when compared to the patients who did not undergo this operation. In our study, also, no thromboembolic event was observed in any of the patients. 

  It is suggested that the variations observed in results are related to patient characteristics, ablation lines, and technical variables. In some patients, permanent pacemaker may be required following ablation procedure. The frequency of requirement for pacemaker generally varies between 5-10% in publications[16]. Permanent pacemaker requirement is considered more frequent in patients having large LA diameter and sick sinus syndrome in the preoperative period. Postoperative drug treatments were mainly for rhythm control. We observed that in patients that SR was acquired, life quality during their daily living improved with medical treatment. The heart rates of patients having AF rhythm were observed to be under control and episodes of disturbing tachycardia were not present. 

   

  CONCLUSION 

  In conclusion, the early postoperative results of monopolar and bipolar RF ablation in patients undergoing mitral valve surgery were successful in terms of providing atrial transport function and it was observed that these procedures did not lead to additional complications in the postoperative period. Therefore, we suggest that, in patients with AF who are planned to undergo mitral valve surgery, RF ablation for AF is an effective and reliable method for eliminating postoperative risks related to AF and for increasing benefits of surgery. 
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    ABSTRACT

    OBJECTIVE: We aimed to present clinical features, surgical approaches, importance of surgical technique and long-term outcomes of our patients with cardiac myxoma who underwent surgery. 

    METHODS: We retrospectively collected data of patients with cardiac myxoma who underwent surgical resection between February 1990 and November 2014. Biatrial approach is the preferred surgical method in a large proportion of patients that are operated due to left atrial myxoma because it provides wider exposure than the uniatrial approach. To prevent recurrence during surgical resection, a large excision is made so as to include at least 5 mm of normal area from clean tissue around the tumor. Moreover, special attention is paid to the excision that is made as a whole, without digesting the fragment of tumor with gentle dissections. 

    RESULTS: Forty-three patients (20 males, mean age of 51.7±8.8 years) were included. Most common symptom was dyspnea (48.8%). Tumor was located in the left atrium in 37 (86%) patients. Resections were achieved via biatrial approach in 34 patients, uniatrial approach in 8 patients, and right atriotomy with right ventriculotomy in 1 patient. One patient died due to low cardiac output syndrome in the early postoperative period. Mean follow-up time was 102.3±66.5 months. Actuarial survival rates were 95%, 92% and 78% at five, 10 and 15 years, respectively. Recurrence was observed in none of the patients during follow-up. 

    CONCLUSION: Although myxomas are benign tumors, due to embolic complications and obstructive signs, they should be treated surgically as soon as possible after diagnosis. To prevent recurrence, especially in cardiac myxomas which are located in left atrium, preferred biatrial approach is suggested for wide resection of the tumor and to avoid residual tumor. 

    Keywords: Myxoma. Cardiac Surgical Procedures, Methods. Death, Sudden, Cardiac. 

  

   

   

  INTRODUCTION 

  Primary cardiac tumors are rare neoplasms with an autopsy incidence between 0.001% and 0.3%[1-3]. Approximately 75-80% of primary cardiac tumors are benign, and of those, more than half are myxomas[1-6]. Myxomas occur in all age groups, but are more likely to present between the third and sixth decades of life. Myxomas are predominantly present in females and, in the majority of patients, they originate from the region of fossa ovalis of interatrial septum in the left atrium[7-10]. 

  Although myxomas are histologically benign, this type of tumor carries the risk of systemic embolization with subsequent cerebral or peripheral infarctions, intracardiac obstructions, syncope, and sudden death[11,12]. Therefore, surgical treatment for cardiac myxomas should be performed as soon as possible after diagnosis. The basic principles of surgical treatment for cardiac myxomas include complete wide excision of tumor and avoidance of residual tumor. However, the most appropriate surgical approach especifically for left atrial myxomas is controversial. 

  We aimed to present clinical features, surgical approaches, importance of surgical technique and long-term outcomes of patients with cardiac myxoma who underwent surgery in this study. 

   

  METHODS 

  From February 1990 to November 2014, a total of 65 patients were operated due to primary cardiac tumors in our institution. Of those, 43 patients had undergone surgery for cardiac myxoma. In this study, the patients who had undergone surgical resection for cardiac myxoma were included in the study and their records were reviewed retrospectively. The study protocol was approved by the Ethics Committee of the Faculty of Medicine, Uludag University. As this was a retrospective study involving routine cardiac surgical procedures, informed patient consent was not required; however, the approval for screening of patient files was obtained from the Ethics Committee. 

  Preoperative Evaluation and Diagnosis 

  In the presence of clinical suspicion of a diagnosis of cardiac tumor, diagnostic studies were initiated. Preoperative diagnosis was established in all patients by two-dimensional transthoracic echocardiography (TTE). Transesophageal echocardiography (TEE) was performed in patients whose diagnosis was doubtful on TTE. Furthermore, TEE was routinely performed intraoperatively to inspect all four cardiac chambers. In some cases, additional computed tomographic scanning and magnetic resonance imaging were performed to obtain the diagnosis. Coronary angiography was performed if the patient had a history of chest pain or was older than 40 years old. Preoperative routine laboratory investigations in myxoma patients consisted of full blood count and blood biochemistry, including erythrocyte sedimentation rate and C-reactive protein. 

  Surgical Technique 

  An operation was performed in all cases as soon as possible after diagnosis of cardiac myxomas was established. Surgical resection was performed through a median sternotomy incision in all cases. Cardiopulmonary bypass was conducted with aorticbicaval cannulation, mild or moderate systemic hypothermia, aortic cross-clamping, and antegrade cardioplegic cardiac arrest. Manipulation of the heart before the aortic cross-clamping was minimized in deference to the known friability and embolic tendency of myxomas. If the tumor is in the typical location in the left atrium, left ventricular venting through the left superior pulmonary vein is not performed, to avoid dislodging tumor material. There was no requirement for deep hypothermic circulatory arrest in any of the cases with right atrial myxoma. 

  The surgical approach was selected according to the localization and size of myxoma, the preference and experience of the surgeon, the presence of concomitant cardiac diseases, and the genetic nature of the myxoma. A standard right atriotomy approach was performed for all of the right atrial myxoma cases. A right atriotomy with right ventriculotomy was performed for only one right atrial plus right ventricular myxoma case. 

  The surgical approaches for left atrial myxomas were divided into two groups, according to the number of opened atrial chambers: uniatrial and biatrial. The uniatrial approach for left atrial myxomas was classical left atriotomy. The biatrial approach group included patients who underwent right atrial transseptal approach, biatriotomy, and superior transseptal approach. With the uniatrial approach, preoperative and intraoperative echographic confirmation of the absence of contralateral myxoma was obtained. With the biatrial approach, both atria and ventricles were carefully inspected for tumor fragments or other myxomas. The uniatrial approach was preferred in a few patients with left atrial myxoma, who had particularly small tumors. The biatrial approach was the preferred form of surgery in a large proportion of the patients that were operated on due to left atrial myxoma because it provides wider exposure than the uniatrial approach. 

  The main objective of resection was complete excision of the tumor together with removal of the attachment base in order to prevent recurrence, with a full-thickness resection in all of the cases. However, in few cases, subendocardial intramural resection was utilized when a full-thickness resection would have led to disruption of structural or functional integrity. 

  The right atrial transseptal approach involved an oblique right atriotomy to approach the interatrial septum and incise the fossa ovalis initially at the limbus to expose the myxoma. The exposure through this incision in the interatrial septum was facilitated further by using small retractors and, if required, by applying gentle pressure to the lateral wall of the left atrium. The biatriotomy approach involved a longitudinal incision on the left atrial wall, posterior to the interatrial groove, and a counter incision on the right atrial wall. The right atrial incision is standard, approximately 1 cm parallel to the atrioventricular groove. This exposure usually results in adequate immediate visualization of the tumor. The superior transseptal approach involved an incision on right atrial mid-lateral wall, extending anteriorly through the midline of the right atrial appendage, then posteriorly down the back of the appendage to the superior end of the interatrial septum. The fossa ovalis was visualized and the interatrial septum was incised. The incision was extended cephalad to join the previous incision at the superior end of the septum. The left atrial dome was entered at the junction of the two previous incisions. The entire tumor mass, the attachment of the pedicle of the myxoma, as well as the mitral valve annulus were visualized clearly through these surgical approaches. Then, the tumor and its attachment was widely removed, taking care not to injure the mitral annulus, the area of conduction tissue, and the tricuspid annulus. In some cases, when the tumor was larger, gentle pressure to the right ventricular outflow tract area was applied to aid in exposing the stalk of the tumor. In order to avoid recurrence, a wide resection was carried out so as to include at least 5 mm normal area from clean tissue around the tumor. In addition, especial attention was paid to the excision that was made as a whole without digesting the tumor fragments, with minimal manipulation and gentle dissections. All cardiac chambers were meticulously inspected in order to avoid residual tumor fragments. The chambers were copiously irrigated with cold saline solution to eliminate any loose fragments that may have dislodged during the removal of the tumor. The surgically created atrial septal defects were repaired by direct suture or using a pericardial or Dacron patch (C.R. Bard Inc., Murray Hill, NJ, USA). De-airing and the remainder of the procedure were completed in the standard fashion. 

  Histopathological Examination 

  All resected tumors were sent to histopathological examination, and the diagnosis of myxoma was confirmed in all cases. Histopathological examination revealed proliferations of capillaries, blood extravasations, and disseminated fibrin deposition. These findings were consistent with the diagnosis of a myxoma. 

  Follow-Up Data 

  All patients were followed up on an outpatient basis at regular intervals. Clinical examination, chest radiographs, electrocardiography and TTE were performed routinely at each follow-up visit. The first visit was performed after discharge, at the latest within 3 months postoperatively; then, the other follow-up visits were performed routinely every year. Telephone interviews were required for 5 patients with follow-up visits in excess of 12 months or for those who missed the ambulatory follow-up. Three of the patients in this study were lost to followup after being discharged. 

  Statistical Analysis 

  Statistical analysis was performed using the SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, USA) software. The data were calculated as mean ± standard deviation for continuous variables and as numbers with percentages for categorical variables. The long-term cumulative survival analysis was performed using the Kaplan-Meier method. 

   

  RESULTS 

  Clinical and demographic data of patients are shown in Table 1. The study group was comprised of 23 female and 20 male patients, with a mean age of 51.7±8.8 (range: 22–76) years at the time of operation. The most common symptoms at admission were: dyspnea (48.8%), palpitation (37.2%), and chest pain (20.9%). Furthermore, the constitutional symptoms and signs of a generalized disease such as fever, fatigue and weight loss were common, being observed in 34.9% of the patients. Nine (20.9%) patients also showed symptoms of systemic embolization, either to the central or peripheral nervous system. Seven (16.3%) patients were asymptomatic. The mean duration of symptoms was 4.4±2.8 (range: 1–12) months. On physical examination, systolic murmur was audible in 13 patients and diastolic murmur in 4. Three patients had the so-called characteristic diastolic "tumor plop". Ten (23.3%) patients had a high erythrocyte sedimentation rate, 6 patients (13.9%) had a high C-reactive Protein level, and anemia was present in 4 (9.3%) patients preoperatively. None of the patients had a familial myxoma nor Carney complex syndrome. 

  
    
[image: Table 1. Clinical and demographic data of patients.] 
  

  The majority of the patients were in New York Heart Association (NYHA) functional class II at admission. Seven (16.3%) patients were in NYHA class I, 33 (76.7%) patients were in NYHA class II, 1 (2.3%) patient was in NYHA class III (the right atrial myxoma was penetrating the right ventricle and leading to functional tricuspid obstruction), and 2 (4.7%) patients were in NYHA class IV (due to large left atrial myxoma filling the atrium and causing severe left ventricle inflow obstruction). 

  The tumor was located in the left atrium in 37 (86.0%) patients, in the right atrium in 5 (11.6%) patients, and in both the right atrium and right ventricle in 1 (2.3%) patient. Among the tumors originating in the left atrium, the most common implantation site was the interatrial septum (73%). 

  Coronary angiography was performed in 27 (62.8%) patients. Severe coronary artery disease requiring concomitant coronary artery bypass grafting surgery was detected in 5 patients. Furthermore, six patients with left atrial myxoma had moderatesevere mitral stenosis with or without mitral insufficiency requiring concomitant mitral valve surgery, two patients with right atrial myxoma had moderate-severe tricuspid stenosis with or without tricuspid insufficiency requiring concomitant tricuspid valve surgery. One patient had undergone concomitant wedge resection of upper lobe of the right lung due to a large mass identified by computed tomography scan. Concomitant surgical procedures and surgical approaches are shown in Table 2. 
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  The tumor was completely resected in all of the patients. The resections of myxomas were achieved through biatrial approach in 34 patients with left atrial myxoma (right atrial transseptal approach in 17 patients, biatriotomy in 15 patients, superior transseptal approach in 2 patients), uniatrial approach in 8 patients (right atriotomy in 5 patients with right atrial myxoma, and left atriotomy in 3 patients with left atrial myxoma), and right atriotomy with right ventriculotomy in 1 patient. Biatrial approach was preferred in 91.9% (n=34/37) of patients with left atrial myxoma. Interatrial septum was resected with tumor in 29 patients and it was repaired using a pericardial patch in 19 patients, a Dacron patch in 4 patients, and by being directly sutured in 6 patients. Mean cardiopulmonary bypass time was 93.8±39.5 (range: 38-206) minutes and mean aortic crossclamp time was 70.3±25.1 (range: 27-148) minutes. Mean tumor dimension at the largest diameter was 5.8±3.2 cm (range 0.8-10.4 cm). 

  Short and long-term outcomes of patients are summarized in Table 3. There was no intraoperative death. Only one (2.3%) patient died due to low cardiac output syndrome in the early postoperative period. The patient had severe left ventricular dysfunction (ejection fraction: 25%) and also underwent concomitant coronary artery bypass grafting. After operation, he was taken to the intensive care unit (ICU) with intraaortic balloon pump (IABP) and inotropic support. In ICU follow-up, despite receiving full-dose inotropic support with IABP, he did not respond to therapy and died on the 6th postoperative day.
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  Ten (23.3%) patients had early complications after operation, including: atrial fibrillation (AF) in 7 (16.3%) patients, postoperative bleeding requiring surgical revision in one (2.3%) patient, pneumonia in one (2.3%) patient, and transient left hemiparesis in one (2.3%) patient. AF was present preoperatively in three of the 7 patients with postoperative AF. The other 4 patients with new-onset AF were succesfully converted to sinus rhythm with medical cardioversion. Of those, both one patient who had previous AF and two patients with new-onset AF had undergone concomitant valve surgery together with myxoma resection. The patient who was reexplored due to bleeding on the 2nd postoperative day experienced a full recovery. The patient with postoperative pneumonia recovered after 14 days of treatment with antibiotics. The other complication of transient left hemiparesis spontaneously regressed. Mean length of ICU stay was 2.6±1.8 (range: 1-8) days and mean length of hospital stay was 7.8±3.7 (range: 5-22) days.

  Complete follow-up was available for 39 of the patients, but three patients were lost to follow-up. No recurrence was observed during long-term follow-up. Five patients died from causes other than myxoma in the long-term follow-up period. One patient, who had undergone wedge resection of upper lobe of the right lung for bronchoalveolar carcinoma together with myxoma resection at the time of operation, died due to lung cancer on the 5th postoperative month. One patient died due to coronary artery disease on the 7th postoperative year, one patient died due to cerebrovascular event on the 11th postoperative year, and the causes of death of the other two patients were unknown. The mean follow-up time was 102.3±66.5 (range: 2-242) months. Among the 34 survivors with complete follow-up available, 25 (73.5%) patients were in NYHA class I and 9 (26.5%) patients in NYHA class II at their last follow-up visits.

  The actuarial survival rates were 95%, 92% and 78% at five, 10 and 15 years, respectively. Kaplan-Meier cumulative survival curve is shown in Figure 1.

  
    
[image: Fig. 1 - Kaplan-Meier cumulative survival curve of patients with cardiac myxoma who underwent surgical resection.] 
  

   

  DISCUSSION

  Primary cardiac tumors are often reported to have a low incidence and represent approximate 0.3% of all open heart surgeries[13,14]. Myxomas are the most common primary cardiac tumors. The ﬁrst successful resection of a cardiac tumor was a case with a left atrial myxoma reported by Crafoord, in 1954[15]. Nowadays, the surgical treatment of cardiac myxoma carries a low operative risk and is associated with excellent short and long-term outcomes in many cardiac surgery centers.

  Myxomas are neoplasms of multipotent mesenchymal cells in the subendocardial tissue. The precise histogenetic origin has not been identified[16]. Histologically, the so-called myxoma cells are predominant. These polygonal, occasionally multinucleate, cells have an eosinophilic cytoplasm and are surrounded by a myxoid stroma. Degenerative changes such as cystic formations, hemorrhages, fibroses, and calcifications occur, as well as gland formation (lithomyxoma)[17].

  Cardiac myxomas usually occur in adults, most often between the third and sixth decades of life, and are predominantly present in females[1,7-10]. In our series, 23 (53.5%) patients were female, with a mean age of 51.7 years at the time of operation.

  Myxomas may present with a wide spectrum of symptoms, from being completely asymptomatic to life-threatening catastrophic consequences. The structure, size and localization of the tumor are the most significant determinants of symptoms and outcomes. Most patients present with one or more of the triad of intracardiac obstruction, cerebral or peripheral embolisms, and constitutional symptoms and signs. Thus, the diagnosis usually requires physician suspicion. Incidental diagnosis during operation, autopsy studies, or routine echocardiographic examination for other purposes is not uncommon. In general, there are no specific physical examinations and/or laboratory findings related to myxomas. An auscultation finding, a "tumor plop" sound, which is an early diastolic murmur due to penetrating myxoma into the ventricle, is considered pathognomonic[1,12,18]. The symptoms may be intermittent, resulting from occasional prolapse of pedunculated and mobile tumors through the atrioventricular valves into the ventricle. Valvular obstruction may cause dyspnea, arrhythmias, precordial uneasiness, syncope, heart failure, acute pulmonary edema and sudden death. The level of atrioventricular valve obstruction depends on the site and size of the tumor. It may change depending on the position of the body. In patients with left atrial myxomas, the symptoms of left-sided heart failure, such as dyspnea on exertion, may progress to orthopnea, paroxysmal nocturnal dyspnea or pulmonary edema because of the obstruction at the mitral valve orifice. Systemic embolization may occur due to the friability of the tumor itself. The embolic symptoms are often nonspecific and minor embolic events such as transient visual loss and transient loss of consciousness are often overlooked. The most distressing is the embolization to the brain vessels, resulting in transient ischemic attack, reversible ischemic neurologic deficit or stroke, and persistent neurologic deficit both pre- and intraoperatively. The embolization is not related to the size of the myxoma and may occur with very small-sized tumors even before mechanical intervention occurs. The constitutional symptoms and signs are fever, fatigue, weakness, weight loss, anemia, arthralgia, and myalgia. Some investigations have revealed that it is associated with an immunologic basis, especially with high values of interleukin-6 in plasma[19-21]. In addition, unknown factors may also affect this phenomenon. In our series, the most common symptom was dyspnea, observed in 48.8% of the patients. The other common symptoms were palpitation (37.2%), chest pain (20.9%), and constitutional symptoms (34.9%). Additionally, 20.9% of the patients had a history of systemic embolization and 16.3% of the patients were asymptomatic. 

  Cardiac myxomas may be localized on any cardiac chamber or structure; however, in every publication in the literature, the most common site of myxoma has been stated as being in the left atrium, with the tumor base on the interatrial septum[1-14]. Myxomas may also arise from the right atrium, the ventricles, the atrioventricular valves, or may even originate from the atrial or ventricular free wall or appendages[22-24]. In our series, we observed the myxoma was located in the left atrium in 86% of the patients. In 12% and 2% of the patients, the myxoma was located in right atrium and in both right atrium and right ventricle, respectively. 

  Diagnosis of cardiac myxomas is usually possible by TTE, with a detection rate of 95.2%. TTE often defines the location, size, shape, attachment, and mobility of the tumor. In cases where there is doubt or image quality is not optimal, TEE may be the next choice of diagnostic tool[25,26]. Coronary angiography must be performed if coronary artery disease is suspected or the patient is older than 40 years old[1,7,11]. Computed tomographic scanning and cardiac magnetic resonance imaging produce high resolution images of the heart. Both can provide additional information regarding the extent of tumor within the heart or into adjacent extracardiac structures and may help in making further distinctions. Contrast enhancement can be used to differentiate tumors from thrombi since thrombi do not usually show enhancement and fat-suppression techniques may further define tumors such as lipomas[27]. Finally, these techniques provide well definition of lesions prior to any surgical intervention. 

  When a diagnosis of cardiac myxoma has been established, prompt surgical treatment should be performed without delay because of the high risk of sudden death from thromboembolism or valvular obstruction. The basic principles of surgical treatment for cardiac myxomas include complete resection of the tumor to avoid intraoperative embolization and the presence of residual tumor. Special care must be taken to avoid intraoperative embolization of the myxoma. Manipulation of the heart before the aortic cross-clamping must be minimized to avoid the risk of embolization. Adequate resection with negative clear margins is the cornerstone of tumor resection to avoid the risk of recurrence. The tumor must be removed with a 0.5-1 cm margin of tissue[28]. Sometimes extensive resections may be required and, in such cases, a remnant defect may be reconstructed with a patch. However, removal of the tumors at the vicinity of the conduction tissue or on the atrioventricular valves can be technically difficult and very risky. Limited resection confined to the subendocardial level, rather than big tissue removal, may be inevitable. In these patients, close follow-up is necessary to rule out possible recurrence. Furthermore, copious irrigation of all cardiac chambers must be applied to remove small tumor particles after resection of myxoma[29-32]. Therefore, it is important to choose the appropriate surgical approach to the myxomas. The surgical approach to the myxomas should allow minimal manipulation of the tumor, provide adequate exposure for its complete resection, enable inspection of all four cardiac chambers, minimize recurrence, and be safe and effective[32,33]. 

  The surgical approach to the myxomas may vary according to localization of the tumor. For resection of a right atrial myxoma, classical right atriotomy is the generally accepted approach. For resection of a left atrial myxoma, there are generally two approaches: uniatrial and biatrial. However, the ideal surgical approach to left atrial myxomas is still controversial and a consensus regarding the surgical approach has not been reached. We preferred the biatrial approach that includes biatriotomy, right atrial transseptal approach and superior transseptal approach for the left atrial myxomas in a large proportion of patients (92%) because it provides some advantages over the uniatrial approach. 

  The biatrial approach to the myxomas was popularized by Kabbani & Cooley, in 1973[34]. To prevent incomplete removal and recurrence, complete eradication of the base of implantation is necessary, and the biatrial approach offers an excellent visualization of the left and right cavities allowing easy manipulation of the tumor[34]. Jones et al.[32] defined the advantages of the biatrial approach as being: i) definition of tumor pedicle by direct visualization, ii) minimal manipulation of the tumor, iii) adequate margins of excision, iv) inspection of all heart chambers, and v) secure closure of the atrial septal defect[32]. Although the biatrial approach offers an excellent exposure, it has been criticized as being responsible for a high incidence of arrhythmias and conduction disturbances after the resection of left atrial myxomas[35,36]. In our experience, no malignant arrhythmias were observed after surgery. Only AF occurred postoperatively as rhythm disturbance in 7 (16%) cases. AF was present preoperatively in three of the 7 cases with postoperative AF, and the other 4 cases with new-onset AF were succesfully converted to sinus rhythm medically. Furthermore, there was no correlation between the type of approach and the incidence of new-onset AF (one case with new-onset AF had uniatrial approach). 

  The biatrial approach was accepted as the classical approach; however, some studies which compare biatrial and uniatrial approaches have shown that an uniatrial incision is adequate to achieve similar outcomes[31,37]. Advocates of the uniatrial approach consider the exposure to be adequate and have demonstrated the low recurrence rates and safety with this approach. Interestingly, 34-85% had a subendocardial, not fullthickness resection of the interatrially based tumor. Nevertheless, there were no large patient series in those studies[38,39]. The uniatrial approach to left atrial myxomas is often inadequate, especially for large-sized tumors, because it requires excessive manipulation of the mass and, depending on the size of the tumor, may prevent adequate excisional margins to be obtained. Furthermore, this approach prevents inspection of all four cardiac chambers[40]. In our opinion, it is for those reasons that an uniatrial approach may fail to meet required surgical principles of left atrial myxoma resection. In our experience, we used the uniatrial approach to the left atrial myxomas in only 3 cases, with a small tumor arising from the left atrial posterior wall. 

  In a recent and intriguing study, Siminelakis et al.[41] defined the ideal approach for the myxomas as being right atrial or both atrial incision with excision of the fossa ovalis and the surrounding tissues and closure with a pericardial patch, and the worst approach as the one through the left atrium, because the technique does not allow us to see properly the base and the petiole of the myxoma (there could be remaining tissue). 

  The minimal access surgery has become widespread in the milieu of cardiac surgery in last two decades. The minimally invasive video-assisted surgery for cardiac tumor resection is also becoming an exciting technique; recently, more cases with cardiac myxoma have received this novel procedure. Vistarini et al.[42] and Schroeyers et al.[43] have reported that minimally invasive video-assisted technique for myxoma resection is effective, safe, and a valuable alternative approach to standard sternotomy, with similar satisfactory outcomes. However, those reports have small case series and there are concerns in applying a minimally invasive approach to myxoma resection, because it may increase manipulation of tumor, thus raising the possibility of local and systemic embolization. Therefore, there is a requirement for larger case series and experiments. 

  Nowadays, the surgical treatment of cardiac myxomas may be successfully performed with low morbidity and mortality rates in many cardiac surgery centers. In several large case series, the early mortality rates have been 1-5%[7,9-11,33,44,45]. Our results were comparable with those reported in the literature; the early mortality rate was 2% in our series. In fact, early and late mortality could be related to the preoperative condition of the patients rather than cardiac or extracardiac conditions as well as to the age of the patient at the time of surgery. 

  Cardiac myxomas may recur postoperatively, but the mechanism of recurrent myxoma has not been clearly understood yet. Recurrence may occur within a few months to several years after the initial surgical excision and most recurrent myxomas are found during the first four years[46]. Atypical primary sites, insufficiency excision, metastasis, multicentricity and familial inheritance are all risk factors of the recurrent myxoma after surgery[47]. In the largest series in the literature, the recurrence rates of 2-6% have been reported[11,44,45,48]. In our study, we observed no recurrence in the 39 patients that completed the follow-up, with a mean follow-up time of 102 months. That is due to the fact that no familial or multiple myxomas were present in our series. However, Pacini et al.[44] reported a recurrence rate of 4.4% in 91 myxoma survivors and all of recurrent myxoma cases were sporadic. We would like to emphasize that recurrence may be prevented with the appropriate surgical approach and technique. To prevent recurrence, complete tumor excision, including at least 5 mm normal area of clean tissue around it, is crucial. Hence, we recommend the opening of both atria because it provides adequate visualization and access for surgical resection of left atrial myxomas. Lastly, despite the very low incidence of recurrence, patients should be followed to evaluate tumor recurrence through annual echocardiography. 

  There were some limitations due to the retrospective nature of this study, especially considering the long-term follow-up. Over the years, advances in cardiac surgical techniques and myocardial protection strategies have improved patient survival and reduced postoperative morbidity. Echocardiographic techniques are also improved, providing highly detailed and accurate information during those years and allowing cardiologist and cardiac surgeons to better evaluate and follow up patients. Another limitation of this study was the lack of a control group, which precluded comparison of surgical approaches, because the number of patients was insufficient in the uniatrial approach group. Despite these limitations, we believe this study provides an opinion about the importance of surgical technique for preventing recurrence. Additionally, this study also provides insight into the natural history of cardiac myxomas, showing good long-term outcomes after surgical resection. 

   

  CONCLUSION 

  Although cardiac myxomas are benign tumors, they should be treated surgically as soon as possible after diagnosis because of embolic complications and obstructive signs. To prevent recurrence, especially in cardiac myxomas which are located in the left atrium, preferred biatrial approach is suggested for complete resection of the tumor and to avoid residual tumor. Appropriate surgical technique gives nearly excellent results. 
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    ABSTRACT

    INTRODUCTION: The result of surgical ablation of atrial fibrillation remains controversial, although prospective and randomized studies have shown significant differences in the return to sinus rhythm in patients treated with ablation versus control group. Surgery of the Labyrinth, proposed by Cox and colleagues, is complex and increases the morbidity rate. Therefore, studies are needed to confirm the impact on clinical outcomes and quality of life of these patients. 

    OBJECTIVE: To analyze the results obtained in the treatment of atrial fibrillation by surgical approach, by Gomes procedure, for mitral valve surgery in patients with rheumatic heart disease associated with chronic atrial fibrillation. 

    METHODS: We studied 20 patients with mitral valve dysfunction of rheumatic etiology, evolving with chronic atrial fibrillation, submitted to surgical treatment of valvular dysfunction and atrial fibrillation by Gomes procedure. 

    RESULTS: The mean duration of infusion ranged from 65.8±11.22 and aortic clamping of 40.8±7.87 minutes. Of 20 patients operated, 19 (95%) patients were discharged with normal atrial heart rhythm. One (5%) patient required permanent endocardial pacing. In the postoperative follow-up of six months, 18 (90%) patients continued with regular atrial rhythm, one (5%) patient returned to atrial fibrillation and one (5%) patient continued to require endocardial pacemaker to maintain regular rhythm. 

    CONCLUSION: Gomes procedure associated with surgical correction of mitral dysfunction simplified the surgical ablation of atrial fibrillation in patients with rheumatic mitral valve disease and persistent atrial fibrillation. The results showed that it is a safe and effective procedure. 

    Keywords: Rheumatic Heart Disease. Heart Valves. Mitral Valve. Atrial Fibrillation. 

  

   

   

  INTRODUCTION 

  Due to the lack of knowledge of electrophysiological mechanisms of atrial fibrillation, for a long time, reduction of ventricular rate was the only existing treatment for the reduction of symptoms. Pharmacological treatment of this disease relies on the use of antiarrhythmic drugs. In patients with risk factors for thromboembolic events, anticoagulants are associated. However, in medium and long-term, drug therapy is unable to prevent the recurrence of atrial fibrillation outbreaks in 50% of patients, which leads to significant loss of life quality[1]. 

  Several studies attested such claims, particularly the multicenter study “Atrial Fibrillation Follow-up Investigation of Rhythm Management” (AFFIRM)[2], which reported that the antiarrhythmic drug therapy for maintenance of sinus rhythm was not beneficial when compared to the ventricular rate control associated with anticoagulation in relation to mortality and ischemic stroke. 

  Pharmacological clinical treatments of atrial fibrillation, in addition to not correcting it and being costly, has significant morbidity and mortality, justifying the urgent need for invasive alternative treatment, whether surgical or percutaneous[3]. 

  The surgical alternative to atrial fibrillation treatment became a reality from studies of Haissaguerre et al.[4], which highlighted the key role of the pulmonary veins in the pathophysiology of atrial fibrillation episodes. 

  In Brazil, rheumatic heart disease still has a high prevalence. Its structural sequelae represent one of the main causes of heart valve surgery. In this context, atrial fibrillation of rheumatic nature, obviously, remains a major medical and surgical problem[5]. 

  In patients with mitral valve disease and atrial fibrillation, surgical correction of valvular dysfunction does not result generally in solution for arrhythmia, because recurrence rates are high, reaching up to 80% in six months[6]. 

  Coumel et al.[7], performed the first surgery for the treatment of ectopic foci of arrhythmia located in the left atrial, leading to the subsequent development of left atrial isolation techniques in the treatment of atrial fibrillation. 

  The evolution of atrial fibrillation surgery included the development of less invasive surgical techniques, by replacing the section lines and atrial sutures by the use of energy sources in the atrial myocardium. The goal was to create transmural lesions to block the macro reentry circuits. The main energy sources currently employed are cryothermia, radiofrequency, microwave, ultrasound and laser beams[5]. 

  The results of surgical ablation of atrial fibrillation remains controversial, although prospective and randomized studies have shown significant differences in the return to sinus rhythm in patients treated with ablation versus control group. However, further studies are needed to confirm the impact on clinical outcomes and quality of life of these patients[8]. 

  The innovative highlight was the publication of Gomes & Gomes[9], who described pioneering surgical procedure of simultaneous correction of mitral valve disease associated with atrial fibrillation. 

  This study aims to present the results of Gomes procedure in randomly consecutive patients with rheumatic mitral valve disease and chronic atrial fibrillation. 

   

  METHODS 

  From June 2006 to March 2013, 20 patients, 15 (75%) female gender and 5 (25%) male, with ages between 20-65 years (mean 44.25±13.9) carriers of rheumatic mitral valve disease and chronic atrial fibrillation (lasting at least 1 year) were operated at the Cardiovascular Surgery Service of the Hospital Aroldo Tourinho, Montes Claros - Minas Gerais, Brazil (Table 1). The study was approved by the Research Ethics Committee of the Hospital Aroldo Tourinho. 
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  The symptoms related to mitral valve disease were the reason to the surgical indication in all patients. None of the patients was operated on an emergency basis. All patients underwent preoperative echocardiography to study heart valves and analysis of intra cavity thrombi in addition to evaluate parameters such as left atrium diameter, left ventricular ejection fraction, valve area and right chambers pressure. 

  Cardiac catheterizations were performed in patients aged greater than or equal to 40 years, not revealing obstructions in the coronary arteries in any of them. 

  Inclusion criteria were patients with rheumatic mitral valve disease and chronic atrial fibrillation. 

  The exclusion criterion was the need for other associated surgical procedures. 

  The following data from records collected on the day of surgery were considered to study: cardiopulmonary bypass time, aortic clamping time, sinus rhythm correction and postoperative bleeding. 

  The cardiac rhythm was evaluated in four different times: after release of the aortic clamp, in the intensive care unit (ICU), at hospital discharge and at the end of the postoperative follow-up. 

  All patients received amiodarone 200 mg/day and sodium warfarin 5 mg/day adjusted as international normalized ratio (INR) of prothrombin activity for 3 months. 

  The surgical technique included the use of normothermic cardiopulmonary bypass (36-37.5ºC) with total venous drainage through cannulas inserted in the upper and lower vena cava, through areas bounded by sutures in bags in the right atrium. The suture of the tube from the superior vena cava was placed 5 mm from the base of the right atrium appendage. 

  The cannula for systemic arterial perfusion was inserted into the distal portion of the ascending aorta. The cannula for coronary arterial cardioplegic perfusion was inserted into the proximal portion of the aorta. Myocardial protection was achieved with blood coronary perfusion anterograde hyperkalemic (25 mEq/l), hypothermic (4°C), with perfusion pressure of 60-90 mmHg and intermittent. It was repeated every 20 to 25 minutes. 

  To access the mitral valve, atrial ostia of the pulmonary veins and the left atrial appendage, as well to section the atrial septal and right atrial conduction areas, a single oblique incision was used. This incision was started 5 mm above the right atrioventricular groove and extended up to 15 mm in the anterior contour of the right superior pulmonary vein with section of the atrial septum up to 10 mm above the annulus of the tricuspid valve (Figure 1). 

  
    

    [image: Fig. 1 - Purse string suture at the base of the right atrium appendage and biatrial incision to section the atrial septum.] 

  Thrombi in the left atrium, present in 20% of cases, were removed. 

  Compartmentalization of the left atrium was performed with the use of electrocautery, isolating the pulmonary vein ostia (Figure 2). 

  
    

    [image: Fig 2 - Left atrium open revealing line of cauterization of the pulmonary vein ostia.] 

  The left atrial appendage was excluded by continuous suture from its base in the communication ostium with the left atrium. 

  The circuits of anomalous focus of cardiac stimulation, in the superior and inferior vena cava were interrupted by longitudinal sutures, each one measuring 1 cm in length (Figure 3). 

  
    

    [image: Fig.3 - Longitudinal suture in the anterior contours of the superior vena cava (arrow).] 

  The reconstruction of the atrial septum, the right superior pulmonary vein and the right atrial wall, continuous sutures were used in single plane with 3-0 polypropylene thread. The right atrium auricle was excluded by simply closure of purse string suture after removal of the superior vena cava cannula. 

   

  RESULTS 

  In 18 patients, mitral valve replacement was performed by pericardial bioprosthesis, 10 units from the Labcor®, 6 units from Braile® and 2 units from Saint Jude® In 2 patients, the mitral valve was preserved, commissurotomy being held in one patient and valvuloplasty with mitral repair ring Carpentier type (Labcor®) in another patient. 

  The left atrial size ranged from 4.5 to 6.0 cm and 5 patients had thrombi in the atrium and left atrial appendage. The extracorporeal perfusion time ranged 43-88 minutes averaging 65.8 minutes, and the aortic clamping time ranged 22-50 minutes with an average of 40.8 minutes. 

  There was no mortality in patients studied in the six months follow-up. In one (5%) patient was necessary dual-chamber pacemaker implantation because of symptomatic sinus bradycardia, and this patient already had atrial fibrillation with pauses longer than 2 seconds before the operation. 

  No patient had hemorrhagic or thromboembolic complication during the study follow-up period (Table 2). 
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  In all patients, we obtained regular atrial cardiac rhythm, with hemodynamic stabilization at the end of cardiopulmonary bypass. Thus, 19 patients were released from ICU and later discharged with sustained regular atrial heart rhythm. 

  One (5%) patient required endocardial dual-chamber pacemaker implantation because of symptomatic sinus bradycardia (Table 3). 
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  All patients were discharged in stable clinical conditions, with 19 patients in regular rhythm with presence of the P wave and one patient in dual chamber pacemaker rhythm. 

  In the postoperative six months follow-up, 18 (90%) patients continued with regular atrial rhythm, one (5%) patient returned to atrial fibrillation and one patient presented with sinus bradycardia, requiring endocardial pacemaker implantation (5%). 

  During hospitalization and 12 weeks after surgery, 19 patients received amiodarone 200 mg daily and Warfarin sodium as INR.

    

  DISCUSSION 

  Atrial fibrillation is a supraventricular arrhythmia of higher clinical interest, not only for its high incidence, but also by the possibility of developing severe cardiovascular disorders, such as stroke or heart failure[10]. 

  Its prevalence may vary from 0.15% to 1%, increasing gradually with age. In individuals older than 62 the prevalence can reach 5% to 9%[11]. With the growing interest in understanding the pathophysiology responsible for the occurrence of this arrhythmia, operative techniques have been developed in order to increase the effectiveness of this operation and reduce the possibility of treatment failure, which can reach 20% of patients undergoing operative procedures for treatment of arrhythmia in association with mitral valve management[12]. 

  Developed over 10 years, the Maze operation is still considered the reference method for the surgical treatment of atrial fibrillation. However, the routine use of this surgery is limited to a few centers, given its complexity. 

  Several studies have shown that in controlling atrial fibrillation, the mere creation of lines by cutting and suturing or a radiofrequency ablation, contouring or uniting the ostia of the pulmonary veins determines clinical results similar to those obtained by the Maze procedure[6]. 

  Different surgical techniques have been proposed with the common point of targeting interventions to the posterior wall of the left atrium, more specifically for the region of the pulmonary veins. Jatene et al.[13] performed the Cox surgery for treatment of atrial fibrillation in 45 patients with rheumatic mitral valve disease due to its usual occurrence in our country, but in this study instead of Cox surgery, we used the technique reported by Gomes & Gomes[9] also to treat rheumatic mitral valve disease associated with atrial fibrillation. 

  In Brazil, Jazbik et al.[14], have proposed different surgical techniques for the management of atrial fibrillation, and its common point would be the left atrium reduction by excision of atrial tissue bands. Vasconcelos et al.[15] performed a study to evaluate the effectiveness of surgical isolation of the left atrial posterior wall involving the ostia of the pulmonary veins for the treatment of atrial fibrillation in patients with rheumatic mitral valve disease. 

  Gomes & Gomes[9] technique replaces the resection of the right and left atrial appendages. It uses a purse string suture, in the introduction of the cannula in the superior vena cava in the right atrium and by the closing of the ostium of the left atrial appendage by intra-atrial suture respectively; and facilitates to a broad internal exposure of the left atrium by the single atrial incision. 

  From the electrophysiological point of view, a single incision in the right atrium excludes one of the stimuli of reentry circuits in the atrial wall and also the septal channels. The circuits near the ostia of the superior and inferior vena cava veins were considered by Frame et al.[16] as capable of generating tachyarrhythmias. Interruption can be performed easily by applying a simple suture of 1 cm in length in the anterior border of the vena cava. 

  Brick et al.[5] report’s approach carried out along the lines described by Haissaguerre et al.[4], done with the application of radiofrequency so it decreased the duration of CPB, together with all its benefits. 

  Cox operation, carried out in Brazil by Jatene et al.[13], showed excellent results in the reversal of atrial fibrillation, particularly in heart valve disease to sinus rhythm. However, as described by Cox et al.[17], which highlighted the prolonged times of CPB, these authors cite as limiting the long time of operation when performed by less experienced professionals is perhaps a limiting factor for the spread of the technique. 

  The CPB time and smaller aortic clamping are very important, because both are associated with the risk of complications in surgery. In the present study the CPB time ranged from 43-88 minutes (65.8±11.2) and the aortic clamping time 22-50 minutes (40.8±7.9); shorter than that obtained in the Cox surgery even in referral centers. 

  Cox et al.[17] compartmentalized the right and left atria through the section of the walls and suturing in lines for the purpose of disrupting micro entries; while Gomes Júnior et al.[18], used the left atrial longitudinal incision. In this study, we used the single oblique atrial incision in the right atrium and the atrial septum extending to the right superior pulmonary vein, causing section of interatrial and septal pathways. 

   In the Vasconcelos et al.[15] study, the inclusion of a control group permitted the establishing of the isolation of the posterior wall of the left atrium, encompassing the ostia of the pulmonary veins, used concomitantly with the valvular surgical treatment in patients with chronic rheumatic heart disease. It is a safe and effective procedure in the treatment of atrial fibrillation, promoting a reduction in the incidence of recurrence of arrhythmia, both in the perioperative phase in late stage. 

  Saad & Camanho[19] report that the selection of patients for radiofrequency ablation procedure with persistent or permanent forms of atrial fibrillation follows the same reasoning, but the decision should be individualized according to the duration of atrial fibrillation and the size of theleft atrium, an important predictor of recurrence. Even with extensive applications of radiofrequency, the rate of recurrence and the need for new procedures are higher in this group, reaching 40% of cases. 

  Kosakai et al.[20], in a series of 62 mitral valve disease patients, succeeded in controlling atrial fibrillation in 84% of them, expanding more recently the series and keeping the same results. These authors attribute the increased size of the left atrium the failure registered in about 10% of the patients, who did not obtain control of atrial fibrillation. In Jatene et al.[13], experience where the average size of the left atrium was 5.5 cm, it was possible to control atrial fibrillation in 90% of cases, including people with different valve disease, including the valve reoperation. In 2 patients who remained in a long-term atrial fibrillation, the left atrium measured about 6.0 cm, which was perhaps one of the main factors for the failure of the operation. The left atrial size ranged from 4.5 to 6.0 cm and did not interfere in the atrial fibrillation correction results in patients in this study. 

  Gomes & Gomes[9] obtained regular atrial rhythm with hemodynamic stabilization at the end of CPB in all patients. 

  The results observed by Jatene et al.[13], using the Cox technique showed cardioversion of atrial fibrillation to regular rhythm in all cases after CPB, with maintenance of the results in a short and long term follow-up by 95%. 

  Lins et al.[21] report that the cardioversion of atrial fibrillation to sinus rhythm in the immediate postoperative period was 20 (90.9%) from 22 patients in the group receiving ablation versus 3 (13.6%) of the 22 patients group which were not submitted to ablation. 

  In the Brick et al.[5] series of cases study was observed reversal from atrial fibrillation rhythm to sinus rhythm in 24 (88.8%) of the 27 patients in the immediate postoperative period and was 22 (81.4%) at hospital discharge.

   In this study, there was a reversal to sinus rhythm in all patients at the end of CPB. However, one patient with symptomatic sinus bradycardia required a definitive endocardial pacemaker implantation. In cases of mitral valve disease associated with atrial fibrillation, the use of Gomes & Gomes[9] technique in association with treatment of valve disease, there can be observed significant clinical improvement of patients in the late postoperative period. This situation was also observed in reports of Kosakai et al.[20]. 

  Calkins et al.[22], observed reversion to sinus rhythm in 28% of left atrium after intervention on mitral valve showing correlation of the diameter of the left atrium (left atrium > 52 mm) with the maintenance of atrium fibrillation despite the effective treatment of valve disease mitral. 

  In this study, 19 patients were discharged from hospital in regular sinus rhythm and 1 patient required endocardial pacing due to sinus bradycardia. 

  Jatene et al.[13], found that low cardiac output was a complication observed in 5 patients. Kosakai et al.[20] used the intra-aortic balloon pump in 4 patients with low cardiac output. Sandoval et al.[23], observed one case of a low cardiac output followed by death. 

  Kosakai et al.[20] found an incidence of reoperation around 8% in the group of patients who underwent surgical treatment of atrial fibrillation, all with mitral valve disease. 

  Despite being a surgical procedure that requires careful surgical technique with bleeding potential this was not a complication observed in this study. 

  The embolic phenomena in the preoperative period of patients with mitral valve disease although more often associated with atrial fibrillation, also present a significant incidence in patients with sinus rhythm. 

  Boersma et al.[24] reported a lower incidence of stroke and thromboembolism in surgical ablation when compared with catheter ablation in follow-up of 12 months. These findings are due to the fact that in the surgical procedure the thrombus in the left atrium can be easily removed during surgery. 

  In this study, although the occurrence of thrombi in the left atrial appendage has happened in 20% of patients, there were no cases of stroke or embolism during the follow-up period, probably due to direct removal of thrombus in the perioperative term. 

  Canale et al.[25] report that surgical mortality of 13% reflects the gravity and the late stage of the disease in these patients which are referred for surgery and considering the presence of atrial fibrillation demonstrates an advanced mitral disease. 

  Gomes & Gomes[9], as well as Stulak et al.[10], report that there was no mortality in the patients undergoing surgery. 

  Stulak et al.[10], in 2006, reported that three patients in the studied group (37 patients) required a permanent pacemaker due to sinus node disease. 

  In this study, along the 6 months follow-up there was no mortality. One (5%) patient required permanent pacemaker implantation, and this patient already had pauses preoperatively with pacemaker indication prior to correction of the atrial fibrillation. 

   

  CONCLUSION 

  The consistent results of this study demonstrate that Gomes technique is a safe and effective therapeutic procedure for the treatment of chronic atrial fibrillation in surgery of patients with rheumatic mitral valve disease. 
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    ABSTRACT 

    Eisenmenger syndrome is very rare in pregnant women. Debates remain concerning the management of Eisenmenger syndrome in this patient population and the prognosis is unclear in terms of maternal and fetoneonatal outcomes. Epidural analgesia is preferred for Cesarean section as it alleviates perioperative pain and reduces the pulmonary and systemic vascular resistances. Maternal mortality in the presence of Eisenmenger syndrome is reported as 30-50% and even up to 65% in those with Cesarean section. The major causes of death could be hypovolemia, thromboembolism and preeclampsia. Pregnancy should ideally be avoided in a woman with Eisenmenger syndrome concerning the high maternal mortality rate and probable poor prognosis of the baby. A short labour and an atraumatic delivery under epidural block are preferred in the women with a strong desire of pregnancy. The purpose of this article is to discuss the debates of Eisenmenger syndrome in pregnancy and the possible resolutions. 

    Keywords: Eisenmenger Complex. Pregnancy Complications. Hypertension, Pulmonary. 

  

   

   

  INTRODUCTION 

  Pulmonary artery hypertension (PAH) is a devastating and refractory disease[1]. It is rarely reported in pregnant women, but it is associated with significant morbidity and mortality of both mother and baby[2]. In 1897, Victor Eisenmenger described a large ventricular septal defect as well as the pathological features of PAH of a 32-year-old man and therefore the condition was termed as Eisenmenger syndrome[3]. In 1958, Wood[4] expounded this syndrome as a result of an increased pulmonary vascular resistance (PVR) > 800 dynes/sec/cm-5 with a reversed or bidirectional shunt through a large ventricular septal defect. Eisenmenger syndrome is very rare in pregnant women with an incidence of about 3% in the pregnant patients with congenital heart defects[5]. Nevertheless, debates remain concerning the management of Eisenmenger syndrome in this patient population and the prognosis is unclear in terms of maternal and fetoneonatal outcomes. The aim of this article is to discuss the debates of Eisenmenger syndrome in pregnancy and the possible resolutions. The study materials stem from a comprehensive retrieval literature of 1970 to present with search terms of Einsenmenger syndrome and pregnancy. 

   

  CLINICAL MANIFESTATION 

  In pregnant women, the congenital heart diseases that cause pulmonary vascular disease and evolve into Eisenmenger syndrome are mainly ventricular septal defect, followed by atrial septal defect and patent ductus arteriosus[6]. The pregnant women with Eisenmenger syndrome may present with cyanosis or differential cyanosis, dyspnea, fatigue, dizziness and even right heart failure[6]. Physical examinations may reveal cyanosis and clubbing of the fingers[7]. Hemorrhagic tendency, such as epistaxis and hemoptysis, has been reported[8]. Auscultation may reveal an inspiratory crepitation[9] and a loud P2 and a systolic murmur at the pulmonary area. Jugular venous distention and mild lower extremity edema can be seen[7]. Once the patients develops Eisenmenger syndrome, the machinery murmur might be unaudible and the associated patent ductus arteriosus might be misdiagnosed[10]. Patients may have a low oxygen saturation[11] and polycythemia[12]. Severe complications,  such as heart failure, endocarditis and thromboembolic accidents, may develop in the condition of pregnancy. Delivery by a pregnant woman with Eisenmenger syndrome represents an increased risk of pulmonary thromboembolism and sudden death, often occurring within the first few days of postpartum[11]. A chest X-ray may reveal cardiomegaly with bilateral pulmonary congestion[9].  Electrocardiogram demonstrates right ventricular hypertrophy and sometimes left ventricular hypertrophy. Cardiac catheterization can be used to locate the defect and detect pulmonary arterial pressure[13]. 

   

  PATHOPHYSIOLOGY 

  The main pathophysiological changes can be cyanosis due to a series of hematological and hemodynamic disorders, including secondary erythrocytosis, increased blood viscosity, iron deficiency anemia, blood clotting disturbances, heart failure and serious rapid arrhythmias[14]. Eisenmenger syndrome patients are particularly vulnerable to hemodynamic changes induced by anesthesia or surgery, and even minor decrease in systemic vascular resistance (SVR) may increase the right-to-left shunting and possibly induce circulatory collapse. Additional risks of surgery include excessive bleeding, postoperative arrhythmia, deep vein thrombosis and paradoxical emboli[15]. The decreased SVR during pregnancy increases the right-to-left shunting, subsequently leading to a reduced pulmonary perfusion and hypoxia and further deterioration of mother and baby[8]. Figure 1 depicts the pathophysiology of the pregnant patients with Eisenmenger syndrome[7,13,16]. Moreover, straining during delivery may result in an increased right ventricular pressure, which may cause fatal arrhythmia and even sudden death[13]. Microvascular injury stimulates production of growth factors and enzymes, which causes intimal proliferation, medial hypertrophy in association with endothelial dysfunction and platelet adhesion, and leads to obliteration of pulmonary vasculature[17]. 

  
    

    [image: Fig. 1 - Pathophysiology of Eisenmenger syndrome in pregnancy[7,13,16]. RV: right ventricle.] 

   

  ANESTHESIA 

  The anesthesia for patients with PAH and mode of delivery is controversial. During labor, uterine contraction causes autotransfusion and may increase cardiac output by 25%. This increases pulmonary arterial pressure and may precipitate heart failure or arrhythmia. Regional anesthesia is potentially risky because it may decrease SVR, which would increase the shunt and exacerbate hypoxemia[18]. When epidural analgesia was chosen for perioperative pain, it reduces PVR and SVR by sympathetic block and reduces catecholamine levels, thus causing less tachycardia, less myocardial oxygen consumption and reduction of the right-to-left shunting[19]. Boukhris et al.[18] successfully used epidural anesthesia in a pregnant woman 

   

  with a single ventricle and Eisenmenger syndrome and provided excellent analgesia. General anaesthesia can lower SVR remarkably thereby worsening the right-to-left shunting and leading to a difficult extubation. Cole et al.[20] attempted incremental spinal anesthesia using spinal catheters for elective Cesarean section in a patient with Eisenmenger syndrome and obtained a satisfactory anesthetic effect. By a graded spinal block, quicker motor block can be achieved with a reduced requirement of anesthetics in comparison to epidural anesthesia[21]. Table 1 shows a comparison of the anesthetic risks in pregnant patients with Eisenmenger syndrome. Of all anesthetic techniques, epidural and incremental spinal anesthesias are the only praised ones. 

  
    

    [image: Table 1. Risks of anesthesia in pregnant patients with Eisenmenger syndrome.] 

  Parturition and puerperium are the most hazardous moments of pregnant patients with Eisenmenger syndrome. The mode of delivery is a topic of debate. Cesarean section should be avoided due to the potentially fatal decrease of circulating blood volume in patients with Eisenmenger syndrome; while vaginal delivery appears to be safer[23]. Epidural anesthesia reduces the chance of precipitous hemodynamic changes, and is safe to administer epidural anesthesia to patients with Eisenmenger syndrome[24]. Epidural or intrathecal morphine sulphate can be devoid of effect on systemic blood pressure and represents the best approach to anesthetic management in such patients[16]. In general, early induction with a short labour and an atraumatic delivery under epidural block is preferred[23]. 

   

  TREATMENT 

  Women with Eisenmenger syndrome are advised to avoid pregnancy,  or an early pregnant interruption should be within 10th gestational week, or with tubal sterilization or artificial abortion[8]. When the patient has a strong desire of pregnancy, a multidisciplinary consultation is necessary[8]. 

  Management of patients with Eisenmenger syndrome includes oxygen therapy and the use of digitalis, diuretics, vasodilators and anticoagulants[7]. Facemask oxygen can improve patients’ hypoxic condition and reduces pulmonary artery pressure[21]. However, in patients with Eisenmenger syndrome, oxygen is a pulmonary vasodilator,  which decreases the blood flow across the right-to-left shunt and thereby improving oxygen saturation. Maternal arterial oxygen tension should be kept at >70 mmHg when possible. The use of digitalis with diuretics should be cautious concerning the increased risk of digitalis toxicity. Diuretics may be useful for patients with Eisenmenger syndrome and severe right heart failure in order to relieve hepatic congestion or increase intravascular volume[25]. In anticipated preterm birth baby, antenatal steroids for fetal lung maturity is warranted[7,9]. 

  However, debates remain in the prophylactic anticoagulant therapy in the peripartum period. Admittedly, heparin use may prevent thromboembolic complications, but subsequent bleeding has been reported with significant blood loss and transient blood pressure drop that warrants cessation of heparin and aggressive transfusion in postpartum[11]. Pitts et al.[26] emphasized the potential of excessive bleeding during the postoperative or postpartum period as a result of heparin therapy as a cause of death. Fang et al.[7] suggested anticoagulant use should be cautious in such patients with a high risk of hemorrhage with thrombocytopenia and coagulopathy. 

  Use of inhaled nitric oxide during labor has been recommended in patients with Eisenmenger syndrome. Nitric oxide inhalation during the labor in the pregnant woman with Eisenmenger syndrome may improve oxygenation and attenuate pulmonary arterial pressure[18,27]. Inhaled nitric oxide also has an antithrombotic effect[28]. In a pregnant woman with severe PAH, her condition worsened more rapidly despite maximal oxygen therapy on postpartum day 3, showing severe hypoxemia. When the oxygen saturation could not be maintained above 60%, the patient was intubated. Oxygen saturation remained low until nitric oxide was given via the endotracheal tube, and an immediate improvement of oxygen saturation and hemodynamics were achieved by titrating up nitric oxide concentration to 80 ppm[29]. Kandasamy et al.[22] avoided the use of nitric oxide because it is a potent pulmonary vasoconstrictor. Instead, they used sevoflurane because the effect of this drug on SVR may be reversed more quickly than isoflurane or halothane. 

  Mishra et al.[24] reported antenatally irregular treatment with tablet sildenafil 25 mg twice a day in pregnant patients with Eisenmenger syndrome. Lacassie et al.[30] reported a woman with severe PAH due to Eisenmenger syndrome treated during pregnancy,  delivery and postpartum with sildenafil 150 mg/ day along with L-arginine 3 g/day and facemask nitric oxide 64 ppm, leading to a significant reduction of PAH and PVR and clinical improvement within short time. Clinical observations revealed that PAH specific therapies (prostanoids, endothelin receptor antagonists and phosphodiesterase-5 inhibitors, single or in combination) had a significantly lower risk of death over a median follow-up of 4 years[31]. Cartago et al.[32] reported two cases of Eisenmenger syndrome patients treated with sildenafil as monotherapy caused stabilization of the maternal condition and good clinical outcome. Prostaglandin E1 nebulization helps to reduce intracardiac shunting flow, improves hypoxia and 

  decreases pulmonary artery pressure[21]. In spite of the already defined safe limit for surgical repair of the heart defect for patients with PAH, such as 6 Wood Unit of PVR, pulmonary to systemic flow ratio >1.5 and PVR < SVR[33], cardiac operation is preserved for the pregnant patients. 

   

  PROGNOSIS 

  The greatest risk lies in the periods of delivery and early postpartum due to large hemodynamic changes[11].  The major causes of death could be hypovolemia, thromboembolism and preeclampsia[8]. Alternative causes of death are massive hemoptysis, subarachnoid bleeding, heart failure, arrhythmias, cerebral abscess, complications of cardiac or non-cardiac surgery, or consequences of exercise and pregnancy[9,19]. Cesarean sections and other operations were associated with an even higher maternal mortality rate[8]. 

  Pregnant patients with Eisenmenger syndrome complicated by severe preeclampsia showed an extremely high mortality. Despite vaginal delivery is a preferred delivery mode, Cesarean section has been an option for many situations,  such as severe intrauterine growth retardation[22]. Kansaria & Salvi[16] reported a case of Eisenmenger syndrome in pregnancy and the patient died three weeks postpartum after a term vaginal delivery. Phupong et al.[34] reported a 30-week pregnant woman with Eisenmenger syndrome and severe preeclampsia in whom Cesarean section was performed due to severe preclampsia and an unfavorable cervix under general anesthesia. The patient died of pulmonary embolism on the postoperative day 2. 

  Maternal mortality in the presence of Eisenmenger syndrome is reported to be 30-50%[35] and even up to 65% in those with Cesarean section[36]. Yentis et al.[37] reported that in the pregnant patients with Eisenmenger syndrome the maternal mortality was 40% and fetal demise was 8%, and only 15% of infants were born at term. Gleicher et al.[38] reported a 34% mortality associated with vaginal delivery and a 75% mortality associated with Cesarean section. It is reported that the most dangerous period is early after delivery, with 70% of deaths occurring on postpartum days 2-30 or died just at the time of delivery[39]. Avila et al.[35] studied 13 pregnancies in 12 women with Eisenmenger syndrome continuing their pregnancy. Cesarean section was performed in all patients as a result of worsening maternal or fetal clinical condition during the third trimester of gestation. Only one of them died on the 30th postpartum day and only one baby died after birth. 

  Poor prognostic signs in maternal congenital heart disease include maternal hematocrit >60%, arterial oxygen saturation <80%, right ventricular hypertension and syncopal attacks. A fixed PAH not responsive to oxygen also carries a grave prognosis and may be an absolute indication to terminate the pregnancy[22]. The prognosis of such patients depends on the nature of PAH, with estimated maternal and fetoneonatal mortality of 28% and 7%, respectively[36]. Maternal mortality showed disparities depending on the associated congenital heart defects: it was higher when associated with ventricular septal defect than with atrial septal defect or with patent ductus arteriosus (60% vs. 44% vs. 41.7%)[9]. The majority of maternal deaths occurred during or within the first week after delivery. Only 25.6% of all pregnancies reached term. 

  At least 54.9% of all deliveries occurred prematurely[39]. Neither the mode and timing of delivery nor the type of anesthesia and monitoring correlated with maternal outcome[18]. A delayed diagnosis, a delayed presentation to hospital and severity of PAH have been found to be contributing risk factors[18]. Cesarean sections and other operations are associated with extremely high maternal mortality during pregnancy[38]. In addition, hemorrhage secondary to prophylactic anticoagulation can be fatal in pregnant patients[26]. 

  A premature delivery occurred in 86% of the women and intrauterine growth retardation was 24%[40]. The degree of maternal hypoxemia is the most important predictor of fetal outcome as it has been noted that prepregnant arterial oxygen saturation is in a direct proportion to live births[41]. Vaginal delivery was associated with a 34%, Cesarean section, a 75%, and pregnancy interruptions, a 7% mortality[38]. Furthermore, the fetal outcome among mothers with cyanotic heart disease correlates well with maternal hematocrit[23]. Successful pregnancy is unlikely with a hematocrit >65%, and over 30% of the fetuses have growth retardation[16]. Daliento et al.[3] found a high incidence of spontaneous abortions (35.8%) and cardiac abnormalities in offspring (20%) in association with maternal Eisenmenger syndrome. Prolonged bed rest, use of heparin, and oxygen therapy can produce satisfactory maternal and fetal outcomes[22]. 

   

  CONCLUSION 

  Pregnancy should ideally be avoided in a woman with Eisenmenger syndrome because of a high maternal mortality rate and probable poor prognosis of baby. These patients with continuing pregnancy should be assessed by a combined and experienced multidisciplinary team, including obstetric, anesthetic, cardiology, pediatric and neonatal physicians. Epidural anesthesia is preferred in Cesarean section. A short labour and an atraumatic delivery under epidural block are preferred. 
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    ABSTRACT 

    OBJECTIVE: In cardiac surgery, the lung, renal and neurological events are the most frequent complications. Less common, acute liver failure is a serious complication that adds high morbidity, mortality, and costs. Therefore, this communication aimed to retrospectively evaluate five patients who presented, in 2014, severe acute liver failure in the immediate postoperative period. 

    METHODS: Retrospective data analysis of patients’ medical records that showed severe liver failure has been computed in the medical records of five patients undergoing cardiac surgery at the Hospital da Faculdade de Medicina de Ribeirão Preto – USP in the immediate postoperative period from February 1, 2014 to December 12, 2014. The study selected five males patients, 60 to 67 years old, cardiopulmonary bypass mean time of 101.4 minutes (varying from 80 to 140 minutes), who presented acute perioperative liver failure. 

    RESULTS: The five patients showed an impressive increase of blood transaminase (serum alanine aminotransferase), suggesting acute hepatitis. The evolution of all patients was catastrophic, with severe hemodynamic effects and death. Many studies suggest that systemic hypotension is an important pathogenic factor for ischemic hepatitis. However, our data and previous studies raise the possibility that other yet unknown factors other than hypotension may be part of the pathophysiology of cardiopulmonary bypass after ischemic hepatitis (anticoagulation inadequate for the quality of heparin and protamine, etc.). 

    CONCLUSION: Currently, there are no conclusive studies on the prevention of perioperative liver failure. More well-designed studies are needed on the introduction and evolution of liver dysfunction after cardiac surgery. 

    Keywords: Cardiopulmonary Bypass. Liver Failure. Hepatitis. 

  

   

   

  INTRODUCTION

  Cardiopulmonary bypass (CPB) is closely related to the progress of cardiac surgery in complexity. However, it is well known that the postoperative complications are directly related to the preoperative patients comorbidities and prolonged CPB time. The most common ones are lung, kidney, and neurological complications. The less common one, acute liver failure, is a serious complication that adds high morbidity, mortality, and costs[1]. Instead ischemic hepatitis, some authors prefer to use an unspecific nomenclature suggesting and adopting severe ischemic early (first 48 hours) liver injury (SIELI) after cardiac surgery is considered a rare postoperative complication with a limited mention in the literature[2,3]. As ischemic hepatitis is considered of low incidence, the study rationale included the intriguing observation of five cases in a short time interval (ten months). Therefore, the aim of this investigation was to identify patients with liver failure, classified as ischemic hepatitis, in the immediate postoperative period when undergoing cardiac surgery. 

   

  PATIENTS 

  The Institutional Ethics Committee waived the need for informed consent for this anonymous retrospective chart analysis. The study included a cohort of five males patients, with ages ranging 60-67 years, with CPB time varying from 80 to 140 minutes (mean time of 101.4 minutes) (Table 1), who showed acute liver failure after CPB. For the purpose of this study, SIELI was defined as an acute increase in serum alanine aminotransferase levels to more than 500 IU/L within 48 hours of surgery. In all patients, induction and maintenance of anesthesia were performed according to the standard protocol, using midazolam, sufentanil, and vecuronium. Only one patient received inhaled sevoflurane, and other drugs are presented in Table 2. CPB was maintained according to an alpha-stat protocol. In blood gas management, the arterial pH was maintained at 7.4, and the arterial PCO2 was regulated from 35 to 40 mmHg. Total CPB mean flow was 3.77 L/min/m2 (0.8 to 5.7 L/min/m2) and mean arterial pressure during bypass was kept at greater than 70 mmHg with the use of norepinephrine if necessary. Minimal core body temperature was 33°C. 

  
     

    [image: Table 1. Demographic and surgery data.] 

  
    

    [image: Table 2. Intraoperative drugs.] 

  All five patients presented an impressive increase of blood transaminase, respectively: 1022; 2027; 3624; 7359 and 2583 U (3383±2444.5 U), suggesting acute hepatitis. A post-mortem histological examination revealed centrilobular liver necrosis that is commonly misdiagnosed as ischemic hepatitis (Figure 1). Survival time in Intensive Care Unit was on average 5.4 days after surgery, ranging from 2 to 13 days. The evolution of all patients was catastrophic, with severe hemodynamic effects, multiple organ failures, and death (Table 3). 

  
    

    [image: Fig. 1 –  The anucleated necrotic hepatocytes show contracted cytoplasms (arrows).] 
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  DISCUSSION 

  The hepatic integrity is affected during cardiac surgery in particular when CPB is adopted[4-7]. The recent review performed by Di Tomaso et al.[8] summarized the primary data about the severe liver dysfunction after CPB that can occur in high-risk patients with a reduced physiological reserve. Pre-operative risk factors are right-side heart failure, moderate-to-severe tricuspid regurgitation, pulmonary hypertension (systolic pulmonary pressure above 45 mmHg), high preload [central venous pressure (CVP) above 8 mmHg] chronic heart failure, New York Heart Association (NYHA) class II-IV and low ejection fraction[8] are at a higher risk to develop liver dysfunction after CPB. Interestingly, as reported by Van Deursen et al.[9], in 323 patients with heart failure, the hemodynamic profile can affect the liver function tests (LFTs). In fact, elevated LFTs mainly indicate a higher CVP, whereas only the presence of elevated aspartate aminotransferase, alanine aminotransferase or direct bilirubinemia may indicate a low cardiac index (CI)[9]. 

  Ischemic hepatitis can be found after a period of relatively profound hypotension and hemodynamic instability, and it is often associated with left ventricular dysfunction. The reduction in the hepatic blood flow leads to a consequent hypoxia/anoxia of hepatocytes histologically characterized by the centrilobular necrosis of zone 3 hepatocytes. Biochemical markers of ischemic hepatitis are an increase in serum aspartate transaminase and serum alanine transaminase ALT 10-20 times the standard value, a rise of lactate dehydrogenase (LDH), total bilirubin and a deficiency of hepatic coagulation factors with a consequent prolongation of prothrombin time, 1-3 days after the CPB injury. Usually, these biochemical indices return to normal within 5-10 days. If the hepatic biomarkers remain persistently high, and other organs are affected from the perioperative systemic hypoperfusion, multiorgan failure can occur, and it leads to death in the majority of cases. 

  Eipel et al.[10] emphasize the well-known physiological concept that among parenchymal organs, blood flow to the liver is unique due to the dual supply from the portal vein and the hepatic artery. Knowledge of the mutual communication of both the hepatic artery and the portal vein is essential to understand hepatic physiology and pathophysiology. To distinguish the particular importance of each of these inflows in normal and abnormal states is still a challenging task and the subject of ongoing research. A central mechanism that controls and allows constancy of hepatic blood flow is the hepatic arterial buffer response. This buffer response is, surely, affected by the artificial CPB hemodynamics allowing the controversial hypothesis that the hepatic stasis should be more deleterious than the ischemiareperfusion injury. 

  Many studies suggest that systemic hypotension is an important pathogenic factor for ischemic hepatitis. However, our data and previous studies raise the possibility that other as yet unknown factors other than hypotension may be part of the pathophysiology of CPB after ischemic hepatitis. Reinforcing this hypothesis, it is important to note that the occurrence of the cases occurred in a short time (some pathogen inoculation? Anesthesia drugs? Inadequate anticoagulation due to the quality of heparin and protamine, etc). Sufentanil was used in all patients, but the pharmacokinetics of phenylpiperidine opioids such as fentanyl, sufentanil, and remifentanil appear to be unaffected by hepatic disease[11]. 

  Halogenated inhalational anesthetics are associated with liver injury. Halothane, enflurane, isoflurane, and desflurane are metabolized through the metabolic pathway involving cytochrome P-450 2E1 (CYP2E1) and produce trifluoroacetate components; some of which may be immunogenic. The severity of hepatotoxicity is associated with the degree by which they undergo hepatic metabolism by this cytochrome. However, liver toxicity is highly unlikely from sevoflurane as is not metabolized to trifluoroacetyl compounds. Only one patient received inhalational sevoflurane. Although anesthesia-induced hepatitis is not a common occurrence, we must consider the association between this disorder and the use of halogenated anesthetics[12]. 

  Hepatotoxic complications of long-term oral amiodarone therapy have been well described; however, liver injury secondary to a parenteral infusion of amiodarone is uncommon, potentially fatal, and poorly understood. The hepatotoxicity is thought to result from the diluent polysorbate 80 and not the amiodarone itself. Theories suggest an allergic or immunologic response leading to alterations in the hepatocellular membrane while some propose that ischemia, not a drug reaction, is true to blame. The patients under mitral valve surgery used chronically preoperative amiodarone, which can induce severe acute hepatitis. However, there is sufficient evidence to support amiodarone-induced acute hepatotoxicity as a unique entity separate from ischemic hepatitis[13]. 

  Currently, there are no conclusive studies on the prevention of perioperative liver failure. More well-designed studies on the presentation and evolution of liver dysfunction after cardiac surgery are needed. However, on the balance of probability, based on wide literature search, it is more likely that this hepatic failure is related to some intraoperative event rather than to drugs including the volatile anesthetics. The possible connection among the hepatic failure herein described and the drugs administered during this patient’s anesthesia, and CPB should be merely coincidental. Also, based on literature data, the systemic hypotension or shock alone did not lead to ischemic hepatitis in any patient. However, the great majority of patients with ischemic hepatitis had passive liver congestion, suggesting that right-sided heart failure, with resultant hepatic venous congestion, may predispose the liver to hepatic injury induced by a hypotensive event.

  Study Limitation

  The article category limits the text in 1500 words. For this reason, we opted for a more detailed data presentation as tables to better characterization of the patients. Some of these results are not displayed as text, or even discussed, and the reader should report a careful observation of the contents from tables. 
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    ABSTRACT 

    This is a report of the first Brazilian experience with the Perceval sutureless aortic prosthesis in two patients with severe aortic stenosis. Transesophageal echocardiography was used during the procedure. The aortotomy was performed 1 cm above the sinotubular junction, followed by leaflets removal and decalcification. Correct valve size was selected, device released and an accommodation balloon used. The cardiopulmonary bypass times were 47 and 38 min and the cross-clamp times were 38 and 30 min. There was a significant decrease in mean gradients (41 and 75 mmHg preoperatively; 7 and 8 mmHg postoperatively). There was no major complication or paravalvular leak. 

    Keywords: Cardiovascular Surgical Procedures. Aortic Valve Stenosis. Heart Valve Prosthesis Implantation. 

  

   

   

  INTRODUCTION

  Degenerative aortic stenosis affects approximately 3% of the population aged 75 years and over and it’s the most common heart valve disease. The mean survival of angina or heart failure symptoms development is two years[1]. 

  The aortic valve replacement significantly improves survival and it has been still considered the treatment of choice. However, one third of the patients are considered not to be candidates for standard surgical approaches, either for anatomical abnormalities, previous thoracic surgery or chest radiation, comorbidities or overall frailty[2]. 

  In this scenario, transcatheter aortic valve implantation (TAVI) has assumed an important role. It was initially designed for high risk patients, but now it can be used even in moderate risk ones [Society of Thoracic Surgeons (STS) score from 4% to 8%][3]. Nevertheless, not all patients are candidates for TAVI, some due aortic root or valve abnormalities, others because additional cardiac procedures are needed (other valve replacement, coronary artery bypass grafting or repair of the aortic root). 

  As alternatives to these difficulties, modern sutureless aortic prostheses have emerged. Since now, the Perceval prosthesis (LivaNova Biomedica Cardio Srl, Sallugia, Italy) has been considered the device that surgeons have more expertise. Its surgical implant allows complete and safe annulus decalcification and can be performed through minimally invasive procedures. 

  A special subgroup of patients who could benefit from this device is that with a very small annulus, that could require aortic annular enlargement during aortic valve replacement or the elderly patients with comorbidities and calcified aorta. 

  Considering that the Perceval sutureless aortic prosthesis is the most worldwide studied and implanted valve, this report aims to publish the first Brazilian experience with this device implantation. 

   

  METHODS 

  A 73 years-old man was the first patient who underwent surgery. He had been diagnosed with severe aortic stenosis one year ago and nowadays was presenting dyspnea New York Heart Association (NYHA) class I-II. His preoperative echocardiography showed parameters consistent with severe aortic stenosis (peak and mean gradient 81/41 mmHg, respectively; peak velocity 4.5 m/s and valve area 0.7 cm2). 

  The second case was a 63 year-old man diagnosed with aortic stenosis two years ago and now presenting dyspnea NYHA class II. His echocardiography were similar to the previous patient (peak and mean gradient 129/75 mmHg, respectively; peak velocity 4.5,m/s and valve area 0.9 cm2). 

  The mean logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE) and STS score of these patients were 0.81% and 0.82%; 0.99% and 0.97%, respectively and their body surface area were 1.99 and 1.71 m2. 

  The surgery was performed in May 2016 at the Hospital de Clínicas de Porto Alegre, Brazil, according to Dedeilias et al.[4] technique description. After a median full sternotomy, a routine cannulation to the cardiopulmonary bypass was performed with aortic cannula at the distal part of the ascending aorta and a two-stage venous cannula at the right atrium. The cross clamp was applied as distal as possible in the ascending aorta and a transverse aortotomy was performed 1 cm distal to the sinotubular junction (approximately 3.5 cm above the valve ring), followed by direct cannulation of the coronary ostia and delivering of cold cardioplegia solution. After the calcified native aortic valve was removed and the aortic annulus decalcified and measured, 3 guiding sutures were positioned 2 mm below the nadir of the native leaflet insertion line of each valve sinus. These sutures were passed through the corresponding eyelets in the prosthetic inflow ring, as a reference for alignment of the inflow section of the prosthesis with the insertion plane of the native leaflets. 

  The prosthesis valve was released into two phases: first, the inflow section of the valve, followed by the opening of the outflow part, then a post-implant dilatation was performed with a balloon catheter at pressures of 4 atm for 30 seconds (Figure 1). Once the prosthesis was completely deployed, the guiding sutures were removed. 

  
    

    [image: Fig. 1 - Perceval sutureless aortic prosthesis deployed.] 

  Three-dimensional transesophageal echocardiography performed by experienced echocardiographer was available during all the procedures. 

  In order to allow expansion and anchorage of the device and reduce migration risk, the ratio between the sinotubular junction diameter and the aortic valve annulus couldn't exceed 1.3 - prerequisite obtained in both cases (1.0 e 1.2). 

   

  RESULTS 

  The procedures were performed with participation of a proctor of the University of Graz in Austria. The cardiopulmonary bypass times were 47 and 38 minutes and the cross-clamp times were 38 and 30 minutes. Mechanical ventilation weaning, postoperative bleeding control and intensive care unit stay were performed according to the routine of the cardiovascular surgery postoperative care. 

  Postoperative echocardiography showed mean gradients of the 7 and 8 mmHg and there was no paravalvular leak. 

  Both patients had favorable postoperative clinical course. None of them had any major complication nor atrioventricular block determining need of pacemaker implant. They were discharged on the tenth day after surgery. 

   

  DISCUSSION 

  The constant search for less invasive surgery techniques is extremely relevant for modern cardiovascular surgery. Once the aortic stenosis is the most frequent valvular disease, keeping pace with advances in its surgical treatment maintains a surgery group competitive and provides an opportunity for patients to have access to the best treatments available. 

  Even though worldwide several prospective studies and systematic reviews have demonstrated safety and excellent hemodynamic results with the Perceval sutureless bioprosthesis, this device had not been used in Brazil yet. It’s a self-expanding bovine bioprosthesis valve mounted in a Nitinol stent and designed to preserve aortic sinuses and sinotubular junction (Figure 2). 

  
    

    [image: Fig. 2 - Perceval structure (courtesy LivaNova).] 

  When we compare the aortic valve replacement using sutureless prosthesis with the conventional technique, we realize not only aortic cross-clamp, cardiopulmonary bypass and surgery times significantly shorter, but also less blood transfusion required, lower intubation time, shorter intensive care unit stay, hospital stay and lower incidence of postoperative atrial fibrillation and respiratory insufficiency. This lower rate of postoperative complications resulted in reduced resource consumption in the sutureless group with a total cost saving of approximately 25%[5]. 

  It is worth mentioning that Brazil already has experimental studies in animal models in order to develop a similar device  (Inovare Alpha - Braile Biomédica, São José do Rio Preto, SP, Brazil). The results were published in 2015 by Gomes et al.[6] and demonstrated excellent clamp time (mean of 7 min, ranging from 6 to 10 minutes) and no paravalvular leak after the prosthesis implant. It is now ongoing in Brazil a trial comparing Alpha with conventional aortic valve replacement in patients with combined procedures. There is another sutureless valve (Intuity – Edwards Lifesciences Corporation, Irvine, CA, USA) that has just been approved some months ago for clinical use in Brazil. This device needs 3 sutures to be tight at the nadir of each cusp. 

   

  CONCLUSION 

  We reported the first national experience with the Perceval sutureless aortic prosthesis. This device proved safety and excellent hemodynamic results. In our two cases we observed a reduction of mean gradients higher than would be expected from conventional valve replacement. 
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Table 1. Preoperative clinical characteristics of the patients.

Total population

Variables e Pvalue
Age, years 5281184 0017
Body surface area, m? 159015 020
EuroSCORE Il 515+435% | 000000042
SAH 57 (5643%) 004
DM 19(18:81%) 003
Dyslipidemia 31(3069%) 015
Peripheral arterial disease | 6 (5.94%) 003
Kidney failure 5 (4.95%) 003
COPD 8(7.92%) 069
Current smoker 17 (16:83%) 049
Rheumatic fever 30(29.70%) 019
Prior heart surgery 30(29.70%) 068
Obesity 9(8.91%) 012
NYHA Il 81 (80.19%) 026
Ejection fraction < 60% 14(13.86%) 002

SAH=systemic arterial hypertension; DM=diabetes melltus;
COPD=chronic obstructive pulmonary disease; NYHA=New

York Heart Association
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lable 2. Postoperative results at 30 days.

Variables Total population
n=101

Inotropic support 14 (13.86%)
IABP 5(4.95%)
Reoperation for bleeding 5 (4.95%)
Respiratory complications 10 (9.90%)
Stroke 4(3.96%)
Permanent pacemaker 1(099%)
Hospitalization time 90450 days
30-day mortality 15 (14.85%)

|ABP=intra-aortic balloon pump
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Fig. 3 - Kaplan-Meier survival curve of patients undergoing aortic valve
replacement with a bioprosthesis (19 and 21 mmy).
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Fig. 4 - Survival curve of patients undergoing aortic valve replacement
with and without concomitant surgery.
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lable 3. Multivariate analysis.

C195.0% for HR

Variables Pvalue HR

Minimum Maximum
Age 0014 1.046 1.009 1.083
Valve index 0152 0459 0.158 1331
Additional surgery 0013 5.046 1412 18.026
EF 0079 0016 0.000 1.608

EF=ejection fraction; HR=Hazard Ratio
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Abbreviations, acronyms & symbols

AFFIRM  =Atrial Fibrillation Follow-up Investigation of Rhythm
Management

cpB Cardiopulmonary bypass
Iy
INR

Intensive care unit
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lable 1. Kisks of anesthesia in pregnant patients with
Fisenmenger syndromelis222,

Anesthesia Risk
1. decreases systemic vascular resistance;
Regional | 2.increases right-to-left shunting;
3. exacerbates hypoxemia
Lumbar 1. potential spinal hematoma
Epidural 1. none declared
1. decreases venous return and cardiac output;
2. lowers systemic vascular resistance;
General 3. worsens right-to-left shunting;
4. worsens oxygen saturation;
5. difficult extubation
Incremental

spinal

1.none declared
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PAH = Pulmonary artery hypertension
PVR = Pulmonary vascular resistance
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Fig. 1 - Pathophysiology of Eisenmenger syndrome in pregnancy?1>16l. RV: right ventricle.
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Fig. 1 - A — several hepatocellular foci of necrosis (arrows) and
steatosis predominantly surrounding centrolobular veins; B —
details of hepatocellular necrosis and steatosis (arrows) with many
anucleated hepatocytes presenting eosinophilic, degenerating
cytoplasms; C — interface between viable hepatocytes (on the left)
and necrotic cells (on theright). The anucleated necrotic hepatocytes
show contracted cytoplasms (arrows); D - interface between viable
hepatocytesa (on the right) and necrotic cells (on the left). The
anucleated necrotic hepatocytes show contracted cytoplasms
(arrows).
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lable 2. Intraoperative drugs.

Name

Drug (mg) AGN AAB 1G IR Ss
Midazolam 5 5 10 9 5
Sulfentanil 150 65 50 220 45
Morfina - 400 - - -
Etomidate 20 20 20 20 20
Vecuronium 5 8 50 10 10
Ketamine - - - - -
Cefazolyn 3 - - - 3
Vancomycin - 1000 1000 1000 -
Amicacyn - 500 500 500 -
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lable 1. Demographic and surgery data.

Name Age Gender E:z::z: SurgeryDate |  Surgery c‘:z::";‘e A“‘i’:‘? ')i'“e
JIR 66 M 62% 12/17/2014 CABG 102 87
G 67 M 23% 06/24/2014 CABG 95 49
SSR 63 M 45% 07/17/2014 MivP 140 101
AGN 60 M 50% 02/13/2014 AoVP 90 65
AAB 60 M 33% 07/15/2014 AoVP 80 60

CPB=cardiopulmonary bypass; CABG=coronary artery bypass qraft; MiVP=mitral valve prosthesis; AoVP=aortic valve prosthesis
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lable 3. Ulinical laboratory data.

Aspartate Transaminase (AST) Glucose Amylase
Name Pre Post Pre Post Post
JTR 543 4119 (139 day) 57 327 509 (1% day)
UG 29 4277.8 2™ day) 90 291 132 (2 day)
SSR 253 1022.3 (3¢ day) 37 194 458 (1% day)
AGN - 20276 (1% day) 30 >249 -
AAB 142 25834 (4" day) <69 >302 1017 (1% day)
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a = Cardiacindex

cpB Cardiopulmonar bypass
cvp Central venous pressure
LDH Lactate dehydrogenase
LFTs Liver function tests

NYHA  =New York Heart Association

SIELI  =Severe ischemic early liver injury
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NYHA =New York Heart Association
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TAVI =Transcatheter aortic valve implantation
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lable 2. Major postoperative complications.

Characteristic "::t‘i':"':' No patch T'a'::;’l““'“’ RVOT patch | P-value
80 (100%) 23 (28.75%) 29(36.25%) 28(35.0%)

Postoperative complications
Low cardiac output syndrome 9(11.25%) 2(86%) 3(1034%) 4(14.28%) 0023
Heart block 4(5.0%) 1(434%) 2(6.8%) 1(357%) 0058
Pleural effusion requiring tapping 3(375%) 1(434%) 1(357%) 1(357%) 1457
Atrial arrhythmia A58 o 2 2 {555 100
Reoperation for bleeding 3(3.8%) 0 2(6.8%) 1(3.45%) 0.001
Pulmonary regurgitation (moderate to severe) 20 (25%) 0 0 20 (25%) 0001
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Abbreviations, acronyms & symbols

AVSD  =Atrioventricular septal defect

LAD  =Leftanterior descending

MAPCAS  =Major aortopulmonary collateral arteries
PA =Pulmonary artery

PR =Pulmonary regurgitation

RCA ight coronary artery

RV ight ventricular

RVOT  =Right ventricular outflow tract

AP =Transannular patch

ToF =Tetralogy of Fallot

VSD  =Ventricular septal defect
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lable 1. Patient characteristics.

Characteristic N::t‘i::';:f No patch T’a"::t'l:“'a' RVOT patch P-value
80 (100%) 23(28.75%) 29 (36.25%) 28 (35.0%)

Mean age (range; 12-43) year 212021 144032 174041 194044 0.001§

Gender Male 48 (60%) 15 (65.2%) 16 (55.2%) 17 (60.71%) 0.182#

Previous palliation 15 (18.75%) 6(40.0%) 5(333%) 4(57.14%) 0035

Morphology
Main pulmonary artery stenosis 24 (30.0%) 7 (30.43%) 9(31.03%) 9(28.57%) 0059
Right pulmonary artery stenosis 14(17.5%) 3(13.0%) 5(17.8%) 6(206%) 0033
Left pulmonary artery stenosis 12(15%) 2(86%) 4(13.7%) 6(206%) 0002
Major aortopulmonary collateral arteries 5(625%) 1(43%) 2(6.8%) 3(106%) 0028
Right aortic arch 30(37.5%) 7(30.43%) 10 (34.48%) 13 (46.42%) 0.001
Aberrant subclavian artery 3(3.75%) 1(4.34%) 1(3.57%) 1(3.45%) 1457
Atrial septal defect 27 (33.75%) 6(30.43%) 10 (34.48%) 11(39.28%) 0032
Left superior vena cava 5(6.25%) 1(4.34%) 2(6.8%) 2(7.1%) 0119
Patent ductus arteriosus 6(7.5%) 2(86%) 2(6.8%) 2(7.1%) 0456
Double outlet right ventricle 3(3.75%) 1 (4.34%) 1(3.57%) 1(3.45%) 1457

§—one way Anova, #=for chi-square test
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Fig. 2 - Ablation line: (A) unipolar, (B) bipolar.
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Abbreviations, acronyms & symbols

AF = Atrial fibrillation

ECG = Electrocardiography

icu = Intensive care unit

LA = Leftatrium

NYHA  =New York Heart Association
PAP = Pulmonary artery pressure
RF Radiofrequency

SR inus rhythm
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lable 2. Surgical approaches ana concomitant surgical

procedures.
No. of patients
(%)
Surgical approaches
Biatrial approach 34(79.)
Right atrial transseptal approach 17 (39.5)
Biatriotomy 15(34.9)
Superior transseptal approach 247
Uniatrial approach 8(186)
Left atriotomy 30
Right atriotomy 5(11.6)
Right atriotomy + right ventriculotomy 1(23)
Concomitant procedures

Coronary artery bypass grafting 5(116)
Mitral valve replacement 4(93)
Mitral valve repair 27)
Tricuspid valve replacement 1023)
Tricuspid valve repair 1(23)
Lung wedge resection 1023)
Atrial septal defect repair 29(67.4)
Pericardial patch 19 (442)
Dacron patch 4(93)
Directly sutured 6(14)
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Table 1. Clinical and demographic data of patients.

Right atrium

Localization Left atrium Right atrium .
and ventricle

No. of patients 37 (86%) 5(11.6%) 1(2.3%)
Mean age [range] (years) 523 [22-76] 502 [43-62] 37
Male/Femnale 16/21 03/fev 1/0
Symptoms at admission

Dyspnea 19(51.4%) 1(20%) 1(100%)

Palpitation 14 (37.8%) 2 (40%) —

Chest pain 7(18.9%) 1(20%) 1(100%)

Constitutional 12 (324%) 3 (60%) —

History of embolization 8(21.6%) 1(20%) —
Physical examination findings

Systolic murmur 10 (27%) 2 (40%) 1(100%)

Diastolic murmur 3(8.1%) 1(20%) —

Tumor plop 3(81%) _ _
New York Heart Association (NYHA) Class

| 5(13.5%) 2 (40%) —

Il 30(81.1%) 3 (60%) —

I _ _ 1(100%)

\ 2(5.4%) — —
Comorbidities

Hypertension 12(324%) 2 (40%) _

Diabetes mellitus 7(18.9%) — —

Hyperlipidemia 7(18.9%) 1(20%) _

Coronary artery disease 9(243%) 2 (40%) _

Chronic renal failure 2(54%) 1(20%) —

Chronic obstructive pulmonary disease 1(2.7%) _ _

Chronic atrial fibrillation

3(8.1%)
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Abbreviations, acronyms & symbols
AF = Atrial fibrillation

IABP  =Intraaortic balloon pump
icu = Intensive care unit

NYHA =New York Heart Association
TEE ransesophageal echocardiography
TIE  =Transthoracic echocardiography
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or aritical review of its content; final manuscript approval
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lable 3. Short and long-term outcomes of the patients.

No. of patients

(%)
Short-term outcomes
in 30 postoperative days)
Mortality 123)
Atrial fibrillation 7(163)
Bleeding (requiring surgical revision) 1023)
Pneumonia 1(23)
Transient left hemiparesis 1023)
Wound infection —
Incomplete resection _
Long-term outcomes
Recurrence —
Myxoma related mortality _
6(14)

Overall mortality
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Fig. 1 - Kaplan-Meier cumulative survival curve of patients with
cardiac myxoma who underwent surgical resection.
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Table 1. Demographic data of patients.

Patient *Age (years) Gender
1 57 M
2 45 F
3 53 F
4 65 M
5 24 F
6 42 M
7 38 M
8 51 F
9 27 F
10 31 F
n 59 F
12 52 F
13 20 F
14 50 F
15 37 F
16 31 F
17 33 F
18 65 F
19 44 F
20 61 M

*Mean 44.25+13.78
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Table 2. Postoperative bleeding and blood transtusion.

Blood Bleeding (mi)
Patient | ansfusion | 1<hoar | 24 hour
1 Yes 280 550
2 No 100 400
3 No 125 300
4 Yes 15 150
5 Yes 60 1000
6 No 15 150
7 No 100 300
8 No 100 200
9 No 20 70
10 Yes 200 600
n No 50 125
12 No 75 150
13 No 50 140
14 No 40 300
15 Yes 180 400
16 No 20 150
17 No 50 300
18 No 100 450
19 Yes 125 550
20 No 75 350
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lable 3. Perioperative results.

et | rderaney | Becdommrstine | e | Ot
1 69 45 Valve replacement 29
2 61 43 Valve replacement 31
3 50 37 Valve replacement 29
4 70 32 Valve replacement 33
5 66 50 Valve replacement 31
6 57 38 Valve replacement 31
7 75 41 Valve replacement 29
8 66 55 Valve replacement 29
9 77 50 Valve replacement 29
10 88 44 Valve replacement 27
1 79 51 Valve replacement 29
12 69 40 Valve replacement 29
13% 70 46 Valve replacement 27
14 57 34 Valve replacement 29
15 47 2 Commissurotomy -
16 43 30 Valve replacement 27
17 59 42 Valve replacement 31
18 75 40 Valve replacement 29
19 70 40 Valve replacement 29
20 69 36 Annuloplasty 30

* Dacemaker
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Fig. 5 - Kaplan-Meier curve shows the time until aortic valve re-
replacement was needed.





OPS/images/a07img01.png
Table 1. Preoperative and operative patient characteristics and data.

Group 1 Group 2
Number of patients (%) Number of patients (%)

Age 61192 629102
Gender (male/female) 22/8 28/5
Hypertension 23(767) 28(848)
Hyperlipidemia 6(20) 17(515)
Smoking 18 (60) 18 (54.55)
Chronic obstructive pulmonary disease 1(33) 5(152)
Peripheral arterial disease 0 16)
Left main coronary artery disease 4(133) 4(12.1)
Ejection fraction 58+7.3 57374
Diabetes mellitus 9(30) 14 (424)
Number of grafts 2607 2708
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Table 2. Patients'scale scores.

BDS BHS-em BHS-mot BHS-exp BHS total DAsS DDs
Group 1 149495 22409 3.0£2.1 58+13 11.1+23 71432 11.0+38
Group 2 121474 21+06 3.1£20 56+14 108+18 67431 94433
P 036 068 086 060 051 059 012

BDS=Beck Depression scale; BHS=Beck hopelessness scale; em=future-related emotions; mot=loss of motivation, exp=future-
related expectations; DAS=Templer’s death anxiety scale; DDS=death depression scale
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass graft

a = Confidence interval

CPB = Cardiopulmonary bypass

EF = Ejection fraction

LVEF = Left ventricular ejection fraction
NYHA = New York Heart Associ
PPM
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Table 3. Patients'scale scores.

STALI STALII WH,gEOL WH[?}?OL WHSOhQOL WHS'?OL Wl'lggIOL
Group 1 514452 483470 237442 21.8+28 100425 271445 8284111
Group 2 483+104 47.7493 210435 222427 11.0+20 287£36 816+113
P 0.08 097 <0.05* 050 024 021 080

STAI

rate-trait anxiety inventory I-I: ph=physical health, mh=mental health; sh=social health: -environmental health
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lable 1. Results of the degree of liver damage observed in
animals, according to the groups.

Rats Group A Group B Group C
(I/R) (IPC1) (IPC2)

1 1 1 1

2 2 1 2

3 1 2 1

4 1 3 1

5 2 2 2

3 3 1 1

7 1 1 2

8 1 1 1

9 3 3 1

10 3 2 1
Average 18 17 13

P=0.748 between groups A and B; P=0.068 between groups A
and C: P=0.127 between groups B and C
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Abbreviations, acronyms & symbols

IPC =Ischemic postconditioning
VR =Ischemia and reperfusion
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content; final manuscript approval

RDA Final manuscript approval

ENN  Execution of operations and/or trials; final manuscript approval

LNOM Analysis and/or data interpretation; final manuscript approval

PCC  Execution of operations and/or trials; final manuscript approval

A Statistical analysis; final manuscript approval

NMC Manuscript writing or critical review of its content; final
manuscript approval

MG Execution of operations and/or trials; final manuscript approval
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Fig. 3 - A:Image showing hyperplasia with invasion in the intima, yellow arrows show the internal elastic membrane, black arrows show foam
cells and red arrows show positivity to HHF35 antibody i the intimal hyperplasia. Scale 5/100 mm, 10X, B: Image showing hyperplasia without
muscleinvasion in the intimal, blue arrows indicate hyperplasia without muscle invasion. HHF35 monoclonal, scale 5/100 mm, 10X).
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Fig. 1 - Mean rate of myointimal hyperplasia.
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Fig. 2 - Difference between the means of groups (myointima
hypemlasia).
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Fig. 5 - A solated intimal hyperplasia. The blue arrows indicate hyperplasia, black arrows indicate the foam cells. Masson staining, 10X, scale
5/100 mm). B:Calcification in the midde layer. Blue arrows show the calcifications, green arrows indicate the normal muscle. Masson staining,

4X scale 1/10 mm).
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lable 1. Absolute values of total cholesterol (mg/dL).

el Cilostazol Allium sativum 0.9% PS
Initial Final Initial Final Initial Final

1 46 30 48 36 48 50
2 32 34 36 49 35 59
3 31 29 23 36 194 97
4 44 34 80 43 37 39
5 37 33 39 39 35 38
6 39 50 30 29 45 41
7 37 46 44 28 28 28
8 42 26 20 82 25 34
9 24 29 897 228 40 31
10 40 28 62 40 302 40

Mean 3555 (95% C1 31.72 t0 39.38) 94.45(95% C1-2341102123) 62.30 (95% Cl 25.55 to 99.05)






