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    Medicine and Faith

  

   

   

  Domingo M. Braile

  Editor-in-Chief - BJCVS

   

   

  Contrary to what most people still imagine, science, in its eternal quest to understand and explain the world rationally with facts that need to be proven and demonstrated, and the Faith, whose definition by Paulo (São Paulo for those who practice catholicism), in his epistle to the Hebrews is: "... the substance of things hoped for, the evidence of things not seen" are not incompatible.

  In lectures and classes for which I have the honor to be invited, I expose to those who give me the pleasure of their audience that, in recent decades, several studies have shown that patients who have some kind of faith, though not necessarily linked to a religious doctrine, often have a better chance of cure than materialists. Among the scientific research performed, a 6-year prospective study with 557 seniors, performed by Lutgendorf et at. [1] in 2004, showed that among those who attended religious services, the relative risk of death was reduced to 78% and the levels of interleukin-6 were 66% lower during the follow-up period.

   

  Article of Drs. Fernando Lucchese and Harold Koenig (p. 103)

  The surgeons, who deal with patients in extreme situations, should also follow with interest researches on this subject. Accordingly, BJCVS (Brazilian Journal of Cardiovascular Surgery) published in this issue, an article by Dr. Fernando Lucchese and Harold Koenig, titled "Religion, spirituality and cardiovascular disease: research, clinical implications, and opportunities in Brazil". The text reviews the research on the relationship between religion, spirituality and cardiovascular disease, discusses mechanisms that help explain the reported associations, examines the clinical implications of these findings and addresses the need for future research on this topic in Brazil.

  Even with all the obstacles, such as short-time and working conditions short of ideals, among others, we physicians are committed to seeking the best for the patient. The greater understanding of the needs of the patient, not only physical but also spiritual, is the primary factor in order to treatment is able to be more effective and also fits into the "humanization" of medicine, a concept so expensive that still endures, despite a world increasingly run and impersonal.

   

  Second part of the test by Dr. Rodolfo Neirotti (p. 129)

  Still, in this issue we publish the second of three parts of the essay by Dr. Rodolfo Neirotti entitled "Cardiac Surgery: the infinite quest". The topic emphasizes how cardiovascular surgery can learn lessons from other complex systems that identified solutions to intricate obstacles, and that expertise should be always open to innovation.

   

  Review article on coronary surgery by Dr. Luis Dallan e Fábio Jatene (p. 137)

  Nor can I fail to mention the well based retrospective on CABG, written by Drs. Luis Dallan and Fabio Jatene. In a text rich in detail, they recount from the beginning until today the prospects of this today consecrated technique to be known by all who deal with cardiac surgery.

   

  40th Congress of the Brazilian Society of Cardiovascular Surgery

  An opportunity we have to talk and delve on these topics will be at the 40th Congress of the Brazilian Society of Cardiovascular Surgery (BSCVS), to be held in the period 18-20 April, at Costão do Santinho, Florianópolis, SC,  the same city the event was held in 2007. There will also be the presence of other health professionals, such as Perfusionists, Nurseries and Physiotherapists, beyond academics.

  Keeping the tradition of recent years, we have the presence of international guests who, with their knowledge and expertise, will showcase innovations and perspectives of international cardiac surgery. There will, as always, several activities of great interest, especially the "Hands On", which is improved every year and, through practical training of new prostheses and orthoses implant enables surgeons to update their knowledge of what is inside latest in cardiac surgery state of the art, always aiming to provide greater benefits to patients.

  This whole range of attractions was only possible thanks to the commitment of all members of the current Board and the Cardiovascular Surgery Society (BSCVS), chaired by Dr. Walter Gomes, with support from other members. Also, we should mention the incessant work of the Organizing Committee, led by Dr. Lourival Bonatelli Filho, flanked by Dr. Milton de Miranda Santoro, Dr. Renato Bastos Pope and Dr. Ricardo José Choma, so that participants can enjoy the sights and activities in the best way possible.

   

  Editorial Board Meeting of BJCVS with the Associate Editors and Editorial Board Members

  On April 18, from 11am to 12pm, there will be the now traditional meeting of the Editorial Board of BJCVS with the Associate Editors and Editorial Board members also open to all members who wish to participate. We will have the opportunity to discuss the prospects of the Journal, which was indexed in EBSCO database and is finalizing the process for entering the PubMed Central. The presence in new media and distribution through social networks, as well as ways to increase the Impact Factor, 1.239 currently, will also be topics of discussion.

   

  Article published in BJCVS has 100 citations in Google Scholar (p. 153)

  We are pleased to inform the study "Basics notions of heart rate variability and its clinical applicability", published in BJCVS 24.2, reached the milestone of 100 citations. We congratulate the authors Luiz Carlos Marques Vanderlei, Carlos Marcelo Pastre, Rosângela Akemi Hoshi, Tatiana Dias de Carvalho and Moacir Fernandes de Godoy by conquest. Facts like this encourage us to continue our commitment to the BJCVS be consolidated as one of the most important journals of cardiovascular surgery worldwide.

  The articles available for testing by the Continuing Medical Education (CME) in this issue are as follows: "Impact on early and late mortality after blood transfusion in coronary artery bypass graft surgery" (p. 1), "Surgical treatment for infective endocarditis and hospital mortality in a Brazilian single-center" (p.29), "Surgical repair of chordae tendineae rupture after degenerative valvular regurgitation using standardized bovine pericardium" (p. 36), "Five-year outcomes following PCI with DES versus CABG for unprotected LM coronary lesions: meta-analysis and meta-regression of 2914 patients" (p. 83).

  My warmest regards,
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    Fetal cardiac evaluation by 3D/4D ultrasonography (STIC): what is its real applicability in the diagnosis of congenital heart disease?
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  IAdjunct Professor at the Federal University of São Paulo (UNIFESP), São Paulo, SP, Brazil - Main Author
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  The congenital heart diseases (CHD) are the most common major malformations at birth [1], with prevalence ranging from 0.6% to 5% of live births [2]. Despite great efforts and technological advancement of two-dimensional echocardiography (2D) in the past two decades, the accuracy in the detection of CHD at prenatal is between 31% and 96% [3].

  In 2003, with the development of Spatio-Temporal Image Correlation (STIC), scientists started the use of third and fourth dimension ultrasonography (3D/4D) in fetal cardiac evaluation [4]. The STIC is a software that enables acquiring volumetric fetal heart with its vascular connections, whose images can be evaluated in either multiplanar or rendering modes, or even surface mode, in a static or moving ways (4D) by means of a sequence of cineloop, which simulates a complete cardiac cycle [4]. This software provides an innovation absent in 2D ultrasound, which is the storage volume of the heart for an offline analysis, in other words, in the absence of the patient. Thus, a detailed assessment of the anatomy and the functioning fetal heart is possible without the need to cause major discomfort to pregnant women, a relatively frequent situation when more prolonged ultrasound studies are used. Moreover, the storage allows the sending of volumes to specialized centers through an internet link, strengthening the telemedicine and improving the prenatal period tracking [5].

  Standardization of volume storage is already a reality, so the investigator responsible for offline analysis has knowledge of the actual position of the heart chambers with respect to the right and left fetal axis to evaluate the presence of possible cardiac isomerisms. Therefore, when the fetus is in cephalic presentation, it should be considered that the heart side corresponds to the fetal side, unlike the pelvic fetuses which stay in opposite sides [6].

  The gray scale and color Doppler applications are also present in the STIC, used to improve the evaluation of the ventricular outflow tracts, aortic and ductal arches, besides assisting in the location of septal defects [7]. The 3D technology has allowed the development of new techniques known as inversion mode (analysis technique of liquid structures which reverses voxels of gray scale, so anechoic structures such as the heart chambers, lumen vessels, stomach, bladder and renal pelvis, with inversion mode they become echogenic, whereas normally echogenic structures, such as bone, become anechoic) [8] (Figure 1) and B-flow imaging (technique that improves the weak signal reflected from the blood, and suppresses the strong signals of the surrounding structures) [9]. The inversion mode allows the reconstruction of the cardiac chambers, aortic and ductal arches, and abnormalities of venous connections [8]. The B-flow imaging shows high sensitivity and angle independence, then it is potentially advantageous over color Doppler for the visualization of large vessels and venous return, allowing the identification of small vessel with low-velocity flows, such as pulmonary veins, enhancing the detection of anomalies in pulmonary venous return [9]. 

  
    

    [image: Fig. 1 - Visualization]

  

  Another technique also addressed by STIC Tomographic Ultrasound Imaging's (TUI), which enables the achievement of all the axial planes of the heart from the abdomen to the apex of the chest, increasing the fetal heart tracking and analysis [10] (Figure 2). STIC also allows the measurement of volumes of cardiac chambers, as well as the calculation of systolic volume, ejection fraction and cardiac output. Thus, to obtain relevant information about cardiac function is possible due to the CHD [11]. More recently, a new approach to STIC rendering mode analysis obtained measurements of mitral and tricuspid valves areas, and also and the interventricular septum, determining reference values for these parameters, making it feasible to apply in suspected or pathological cases[12,13].

  
    

    [image: Fig. 2 - Use of TUI]

  

  Recently, some studies have attempted to correlate the technical 3D/4D (STIC) and 2D (echocardiography) with the diagnosis of CHD, however, these studies have shown conflicting results [14,15]. In one of these studies, with the STIC being conducted by the general obstetricians, without specific knowledge of the methodology, the STIC proved itself to be inferior to 2D echocardiography, performed by a specialist in the diagnosis of CHD [14]. In another study, where the STIC was performed by experienced examiners in this methodology, the accuracy in the diagnosis of CHD was similar to that obtained by echocardiography 2D [15].

Based on recent studies, it is still early to say whether the 3D/4D ultrasound (STIC) will surpass 2D echocardiography as a gold standard in prenatal diagnosis of CHD. In our reality, the biggest obstacles are the need for sophisticated and expensive equipment and people with specific training in 3D/4D ultrasound. However, some benefits are already envisioned, as less operator dependence and the possibility of sending volumes to reference centers for fetal and pediatric cardiology, which is of fundamental importance in a country like ours, where these centers are located in major cities.

  In summary, only in multicenter studies, with examiners experienced in 3D/4D technology, can confirm the real benefits of STIC in prenatal diagnosis of CHD.
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    ABSTRACT

    OBJECTIVE: To assess the 30-day and 1-year mortality associated to the red blood cell transfusion after coronary artery bypass grafting surgery. This procedure has been questioned by the international medical community, but it is still widely used in cardiac surgery. Therefore, it is needed more evidence of this medical practice in our country.

          METHODS: We retrospectively analyzed 3,004 patients who underwent coronary artery bypass grafting surgery between June 2009 and July 2010. Patients were divided into two groups: non-transfused and transfused.

          RESULTS: The transfused group totaled 1,888 (63%) and non-transfused 1,116 (37%). There were 129 deaths in 30 days, with 108 (84%) in the transfused group and 21 (16%) in the non-transfused (P<0.001). One year mortality totaled 249 distributed in 212 (85%) among transfused patients and 37 (15%) in non-transfused (P<0.001). The adjusted odds ratio for mortality in patients transfused was 2.00 (P=0.007) in 30 days and 2.31 (P=0.003) in 1 year. Even in low risk patients (age < 60 years and EuroSCORE < 2 points), and so with fewer comorbidities, both outcomes, 30 day and 1 year mortality were significantly higher in the transfused patients (7.0% vs. 0.0%, P< 0.001) and (10.0% vs. 0.0%, P< 0.001), respectively.

          CONCLUSION: The perioperative red blood cell transfusions after coronary artery bypass grafting surgery increased significantly the 30-day and 1-year mortality, even after the adjustments for comorbidities and other factors. So, new therapeutic options and autologous blood management and conservation strategies should be encouraged to reduce blood products transfusions.

    Descriptors: Blood transfusion. Mortality. Blood cells. Coronary artery bypass. Myocardial revascularization. Postoperative complications.

  

   

   

  INTRODUCTION

  Blood transfusions are among the greatest scientific discoveries of medical history. Since the nineteenth century they are used on a large scale worldwide. In Brazil, for example, about four million units of blood and derivatives are transfused annually [1]. The reason for this clinical practice is that the anemic patients have adverse outcomes due to reduced capacity to transport oxygen to the tissues, and hence the replacement of red cells through transfusion could prevent these deleterious outcomes [2].

  Other indications, such as getting volemic expansion and  blood pressure restoration, have no scientific support [3]. However, as evidenced in the worldwide medical literature, the blood transfusions have been questioned for several reasons. Firstly, we still do not have a specific, safely and effectively hemoglobin level able to set the trigger to indicate a blood transfusion [4], moreover there is a huge discrepancy of its use among physicians and hospitals [5]. Another worrying factor is the increased risk of heart failure (HF) [6], atrial fibrillation (AF), kidney failure (KF), stroke, respiratory infection, severe sepsis, and longer hospital stays [7], in the postoperative cardiac surgery, besides the malignant diseases [8], potential transmission of 68 infectious agents [9], multiple organ failure [10].

  But what really has concerned the medical community according to recent studies is the mortality increase in general [11] and cardiac surgery [6,12,13]. Another important factor is the reduction of blood donations, leading to blood bank stocks below than what would be the ideal in Brazil [14] and abroad[15].

  Based on these findings the use of homologous blood has been proposed more narrowly in cardiovascular surgery [16]. Therefore,  it is necessary to have more evidence of this medical practice in our country. Thus, the aim of this study is to assess the 30-day and 1-year mortality associated with the red blood cells transfusion (RBCT) after coronary artery bypass grafting (CABG).

   

  METHODS

  We performed a retrospective cohort study using data from the cardiac surgery service of the Beneficência Portuguesa Hospital of São Paulo. The CABG surgeries database is powered by 14 teams, composed of 3,004 patients who were followed-up during the period of June 8, 2009 to July 26, 2010. 

  For the study, were considered patients undergoing CABG with or without associated procedures, age > 18 years; with no restriction on sex or race. We excluded patients underwent any other surgery, including cardiac, that did not occur CABG.

  The data collection form presented a total of 243 variables. For this study were assessed nine: age, gender, comorbidities, European System for Cardiac Operative Risk Evaluation (EuroSCORE), type of surgery, packed red blood cells transfusion, length of stay (in hospital and Intensive Care Unit - ICU), acquired comorbidities after surgery, and intraoperative and postoperative complications.

  We present in Tables 1 and 2 the variables assessed in this study in each group.
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  The patients were divided among two groups: 1) transfused, patients who received one or more units of packed red blood cells during and / or after surgery, and 2) non-transfused.

  We adjusted two models for assessing the mortality in these two groups: a model for 30-day mortality and another for the 1-year mortality.

  Quantitative variables were described as means and standard deviations or medians, and qualitative variables by absolute and relative frequencies. For the data analysis in both groups we used the t-Student test and Mann-Whitney nonparametric test. For checking homogeneity between ratios we used the chi-square or Fisher's exact test.

  To obtain mortality prognostic factors the multivariate logistic regression model [17] was used with "stepwise" variable selection process, based on variables that presented P<0.25 in the univariate analysis. The significance level used for the tests was 5%.

  This work was assessed and approved by the Ethics Committee in Research of the Hospital Beneficência Portuguesa of São Paulo, under Nº 700-11, according to the Helsinki Declaration.

   

  RESULTS

  The group of transfused patients was 1,888 (63%) and non-transfused 1,116 (37%). There was a predominance of male patients (69.9%) and whites (84.6%) with mean age of 62.2 ± 9.5 years. The survival rate was 94.4% at hospital discharge (in four cases to another hospital) and only 0.2% (seven cases) of intraoperative death.

  Firstly, we found that the RBCT proved to be a predictor of 30-day mortality. The adjusted odds ratio for 30-day mortality in transfused was 2 (95% CI 1.21 to 3.31, P=0.007). The study showed a total of 129 deaths in 30 days, with 108 (84%) in transfused group and 21 (16%) in non-transfused (P<0.001). Thus, the transfusion group showed a significantly greater percentage of deaths in 30 days when compared to non-transfused (Table 3). On the other hand, we observed a mortality rate of 5.7% in the group receiving RBCT, against only 1.9% deaths among non-transfused group (P<0.001). So we have a risk reduction of 3.8%, which is equivalent to state that every 26 RBCT restrictions we avoid one death in 30 days. As shown in the Figure 1, the difference between the two groups became well evident when assessed the adjusted Kaplan-Meier survival curves of 30-day mortality (P <0.001).
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  According to this study, the RBCT also showed to be a predictor of 1-year mortality. After a follow up period of 1 year deaths totaled 249 distributed in 212 (85%) in transfused group against 37 (15%) in non-transfused group (P <0.001) (Table 3). The adjusted odds ratio for 1-year mortality after red blood cell transfusion was 2.31 (95% CI 1.31 to 4.04, P=0.003). So, we also observed differences between groups for RBC transfusion in relation to the presence of death at 1 year, being significantly higher in the transfused group. In terms of percentage, we observed a 1-year mortality rate of 11.2% in the group receiving RBCT against only 3.3% in non-transfused group (P<0.001). Thus, we have a reduced risk of 7.9%, which is equivalent to say that, every 13 RBCT restrictions we avoid a death in one year.

  Another data analysis in our study allows us to conclude that in both outcomes 30-day and 1-year, the non-transfused group presents significantly greater percentage of alive patients when compared to the transfused group (log-rank test P<0.001), as shown in Figure 2.
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  Even in low risk patients (expected mortality by EuroSCORE < 2%) we have significantly more deaths within 30 days in the transfused group (5% vs. 1%, P=0.007). In one year we also observed survival reduction in patients with low euroSCORE in transfused group (7% vs. 1%, P=0.001) (Table 4). When we separate a specific group of younger patients (<60 years) and EuroSCORE < 2%, and hence less comorbidity, we also have significantly more deaths among transfused, as shown in Table 5.
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  Based on these results, our study objectively shows that the RBCTs are associated with a reduction, adjusted risk, on survival in patients undergoing CABG in both 30-day and 1-year outcomes.

   

  DISCUSSION

  The real purpose of the red blood cell transfusion is to maintain adequate tissue oxygenation. Blood is a living tissue that circulates through the body delivering oxygen and nutrients to all organs. The blood has its classification into groups with the presence or absence of an antigen on the red blood cells surface. Although the ABO and Rh groups (positive and negative) are the most important, there are countless others. A transplant is the transfer of cells, tissues or organs from a living individual (donor) to another (recipient) with the aim of restoring a lost function. Thus, we can say that blood transfusions are the most common type of transplantation [18]. As it occurs with any transplant, there is an acute immune reaction and it also occurs in long term.

  We have evidence to support a role of immunomodulatory effect on the transfusion with changes in the blood cells (such as a reduction in the number of circulating lymphocytes, modification in T-cells and activation of immune cells) [19]. The cardiac surgery related traumas together with RBCTs promote a noninfectious inflammatory response reflected by an increase in the inflammatory mediator concentrations. In these circumstances cytokine levels are very high. Other limitations in respect to the blood transfusions is related to the stored blood that have a reduced tissue oxygen delivery and as the storage time increases, the red cells undergo to cellular, biochemical, hormonal and inflammatory structural changes, resulting in the inability of the stored blood to perfuse the microcirculation [20]. Recently, a study reported an association between blood transfusions and the pulmonary coagulation activation, as well as intraoperative thromboembolic complications [11]. These and other still unknown factors, respond largely the negative outcomes associated with blood transfusions, specifically the early mortality of patients undergoing CABG.

  This study showed that the death risk presented a most influential early impact of the blood transfusion for the first 30 days after surgery, as we can see by comparing the survival curves (Figures 1 and 2). When assessing the graphs it is possible to observe an association between the RBCT and reduced survival, statistically and significantly different, from those who did not receive a RBCT at 30 days (P<0.001). The RBCT effect on the risk of early mortality (first 6 months after surgery) was also found by Koch et al. [13]. Thus, though, an analysis of survival curve in one year is also possible to observe higher mortality among the transfused group (Figure 2).

  The long-term mortality related to red blood cell transfusions is still speculative. Some of the mechanisms responsible for this effect would be the systemic inflammatory response and the immunomodulation [19]. But, we also can say that comorbidities (such as: HF, AF, stroke, KF, infectious agents transmission, pulmonary thromboembolism, and other malignancies) [6-11], caused by the transfusions also influence the late mortality.

  The higher early mortality increase is believed to be related with cardiopulmonary dysfunction, and as well as the infections increase, higher inflammatory response, and the transfusion immunomodulatory effect.

  With respect to different response we found with a large increase in short term mortality, and then, a sustained increase in long-term mortality in transfused patients, suggesting two distinct processes. One of these processes is the hypothesis that a transfused patient is sicker. However, the increased mortality, also in long term, discards the argument that transfusion is an indicator of hospitalized patients (Figure 2). Other information from our study, contrary to the idea that the higher mortality after a RBCT is due to the patient's more severe condition, was provided by the EuroSCORE calculation, a simple and objective index, but it has been shown as a satisfactory predictor of mortality in patients undergoing CABG [21]. When we have an EuroSCORE < 2%, the mortality is low, but in our study when we provide RBCT the death risk increased significantly in both at 30 day and 1-year mortality (Table 4). Interestingly,  when we have patients younger than 60 years and an EuroSCORE < 2%, and so with fewer comorbidities and/or aggravating risk factors for heart surgery, we had no deaths in the non-transfused group (Table 5), unlike the group that received RBCT, where we had a significant mortality, in both early and late period. It is known that intraoperative allogeneic transfusion, which is usually based on hemoglobin levels and not on the patient's clinical status (symptoms and signs), is also a risk factor for the increased mortality [12]. Thus, we can state that the blood product transfusion is not necessarily an indicator factor of sicker patient, but it is an independent factor of early and late mortality.

  The potential adverse influence of blood transfusions on early and long term survival is indeed alarming, as was also demonstrated by Kuduvalli et al. [22]. Our findings were also evidenced by Michalopoulos et al. [23], which reported an independent association of blood transfusions with early and late mortality after CABG.

  Engoren et al. [12] also studying the effects of blood transfusions in patients undergoing CABG alone, also reported that transfused patients had twice the mortality of non-transfused. Even after the adjustment for comorbidities and other factors, the blood transfusion was still independently associated with an increase of 70% in mortality.

  Other authors also reported an association between RBCT and increased mortality in a series of clinical scenarios, both in cardiac and general surgery [6,11,12].

  There is a global real need in making more decisions based on evidence, in relation to the RBCTs. The proposal to maintain certain hemoglobin level via blood transfusions has no strong support in the medical literature. Several randomized and controlled studies have shown that lowering the hemoglobin threshold for recommending a blood transfusion in cardiac surgery [16] and in critically ill patients [4] do not adversely affect patient outcome.

  In 2010 was published a large study that identified a dramatic variability on RBCT rates (7.8% to 92.8%) in patients undergoing CABG in several hospitals [5], demonstrating thereby that is often the physician and not the patient who does not tolerate low hemoglobin and/or hematocrit levels during or after a surgery [24]. Researchers have found that a hematocrit level between 17% and 21% during CABG together with moderate hypothermia, are well tolerated and have no adverse impact on the outcomes. In our study, even within a single center (hospital) we also recorded a wide variation in blood transfusion rates. Among the fourteen teams that perform CABG, the team who most indicated transfusion had 85.7% of their patients receiving RBCT and that who less indicated transfusion had 54.1%. This demonstrates that blood products are still used on a large scale in our country, hence the relevance of this study that adds itself to several others in highlighting the adverse effects of this medical practice.

   Various techniques and strategies to reduce the blood use have been studied; one of these is the blood products during cardiopulmonary bypass (CPB) associated with a reduced hydric balance, proposed by Souza & Braile [25]. Other proposed measures are the use of antifibrinolytic agent, aminocaproic acid [26], minimum use of CPB, especially in relation to its duration [27]. Others relevant care include preoperative patient meticulous assessment, implementation of intraoperative and postoperative measures for reducing blood loss and transfusion, active involvement of the surgeon, physician, anesthesiologist and intensivist, and as well as the use of algorithms for patients assessment and treatment, can significantly reduce transfusion need and prove to be lifesaving in cases of serious bleeding. This was evidenced by previous studies that reported a reduction of up to 50% in transfusion rates with the implementation of the cardiac surgery multidisciplinary protocols [28]. 

  The tolerance of anemia in the perioperative period is one of the three main pillars of the blood conservation, and it does not increase the risk of complications and death in cardiac surgery [29]. Another important pillar is to optimize the erythrocyte mass by stimulating the red blood cell production through specific medication (ferrous sulfate, folic acid, vitamin B12, and erythropoietin). The third pillar, also equally important, involves the blood loss reduction by using all available resources such as electrocautery, argon beam coagulation, heparin-coated circuits, leukocyte filter, anti-fibrinolytic drugs, buffer fibrin glue, hemostatic agents, normothermia, induced hypotension, meticulous hemostasis, phlebotomy, acute normovolemic hemodilution [27], and especially the intraoperative cell salvage (cell saver).

  The allogeneic blood is expensive, difficult to obtain, transport and store. The local and global shortages are imminence [14,15]. Currently, there are no demonstrated real benefits of blood transfusions, and adverse effects are increasingly described. Thus, alternatives to this procedure provide many advantages, and its use is likely to improve the outcomes, as the safer and more effective agents are developed. Therefore, they should be encouraged worldwide.

  There are some limitations in our study. The first is that by being a retrospective database study, by its nature, we can only find associations between variables and outcomes, without however showing the causality. A second limitation is the fact that there was not a well-established rule for transfusion in both intra and postoperative period, and the transfusion triggers were dependent on the physician responsible for the patient. Another limitation is that we use all-cause of mortality as a final outcome, not differentiating causes of cardiac and non-cardiac death. A final limitation is that we have no data to differentiate transfusions, both from intraoperative data to the postoperative period, since intraoperative transfusions, especially in surgery with CPB, are more triggered by levels of hemoglobin or hematocrit rather than patient's clinical status, and having added this parameter in our study probably would reinforce our conclusion.

   

  CONCLUSION

  The red blood cell transfusion after coronary artery bypass grafting surgery increases significantly the 30 day and 1-year mortality, even after the adjustment for comorbidities and other factors. Other therapeutic options and strategies for autologous blood management and conservation should be encouraged to reduce the transfusion need of blood products.
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    ABSTRACT

    OBJECTIVES: The primary objective was to identify predictors of hospital mortality in patients undergoing aortic surgery. The secondary objective was to identify factors associated with clinical outcome composed hospital (death, bleeding, neurologic complications or ventricular dysfunction). 

    METHODS: A cross-sectional design with longitudinal component. Through chart review, 257 patients were included. Inclusion criteria were: aortic dissection Stanford type A and ascending aortic aneurysm. Exclusion criteria were acute aortic dissection, of any kind, and no aortic aneurysm involving the ascending segment. Variables assessed: demographics, preoperative factors, intraoperative and postoperative. 

    RESULTS: Variables with increased risk of hospital mortality (OR, 95% CI, P value): black ethnicity (6.8, 1.54-30.2; 0.04), cerebrovascular disease (10.5, 1.12-98.7; 0.04), hemopericardium (35.1, 3.73-330.2; 0.002), Cabrol operation (9.9, 1.47-66.36; 0.019), CABG simultaneous (4.4; 1.31 to 15.06; 0.017), bleeding (5.72, 1.29-25.29; 0.021) and cardiopulmonary bypass (CPB) time [min] (1.016; 1.007-1.026; 0.001). Thoracic pain was associated with reduced risk of hospital death (0.27, 0.08-0.94, 0.04). Variables with increased risk of hospital clinical outcome compound were: use of antifibrinolytic (3.2, 1.65-6.27; 0.0006), renal complications (7.4, 1.52-36.0; 0.013), pulmonary complications (3.7, 1.5-8.8, 0.004), EuroScore (1.23; 1.08-1.41; 0.003) and CPB time [min] (1.01; 1.00 to 1.02; 0.027). 

    CONCLUSION: Ethnicity black, cerebrovascular disease, hemopericardium, Cabrol operation, CABG simultaneous, hemostasis review and CPB time was associated with increased risk of hospital death. Chest pain was associated with reduced risk of hospital death. Use of antifibrinolytic, renal complications, pulmonary complications, EuroScore and CPB time were associated with clinical outcome hospital compound. 

    Descriptors: Aortic Aneurysm. Aortic Aneurysm, Thoracic. Aortic Aneurysm, surgery.

  

   

   

  INTRODUCTION

  In the United States, approximately 15 000 people a year are diagnosed with thoracic aortic aneurysm. Additionally, more than 47 thousand people per year die from aortic diseases, more than breast cancer, AIDS, homicides or car crashes, making aortic disease a silent epidemic [1].

  Aneurysms and dissection constitute the main aortic diseases, which can be subjected to common principles and surgical treatment techniques. Surgical management remains a challenge in elective procedures as well as in emergencies. The decision on surgery is based on the balance between the risk and the chance of surgical aortic rupture, which can be particularly difficult in elective cases. Furthermore, among patients with thoracic aortic rupture, mortality is extremely high, reaching above 94% [2].

  The primary aim of this study was to identify predictors independently associated with hospital mortality in patients undergoing surgical repair of aortic diseases. The secondary aim was to identify variables independently associated to compound clinical outcome during hospitalization (death, bleeding, neurologic complications or ventricular dysfunction).

   

  METHODS

  This research involves a cross-sectional design, with data collection and retrospective and prospective longitudinal component.

  Consecutive patients with a confirmed diagnosis of ascending aortic aneurysm or type A Stanford chronic dissection were included from the record review, through retrospective data collection, beginning in January 2004. From January 2009, consecutive patients were enrolled through prospective data collection, until December 2010.

  The observed sample included 257 patients whose events hospital mortality and compound clinical outcome were assessed in terms of quantitative and qualitative measures.

  Inclusion criteria were patients who had undergone surgery for type A Stanford chronic dissection and ascending aortic aneurysm, involvement of the ascending aorta in all patients, commitment present or not of other aortic segments, both genders and no age limit. Exclusion criteria were patients with acute aortic dissection (of any kind), patients with aneurysms involving other aortic segments that were not ascending aorta and type B Stanford chronic dissection.

  The composite clinical outcome refers to the presence of hospital mortality or neurologic complications (stroke or coma > 24 hours) or ventricular dysfunction (symptomatic heart failure and/or cardiogenic shock) or clinically relevant bleeding (presence of hemostasis review and/or need for transfusion of packed red blood cells > 3U), or that is, patients who had at least one of these events was characterized as having composite clinical outcome.

  For statistical analysis, the sample of patients studied was described by absolute (n) and relative (%) frequencies of qualitative measures (factors) and summary statistics of mean, median, standard deviation (SD) and 25 and 75 percentiles of quantitative measurements (covariates).

  The association between the qualitative measures and groups (mortality and composite clinical outcomes) was assessed by chi-square test or Fisher exact test. To compare quantitative measures between the two groups the nonparametric Mann-Whitney test was applied. For death after surgery were observed the Kaplan-Meier survival curves or average survival and, initially, the effects of factors assessed by the Log-Rank test and the covariates by Cox regression. The effects of factors and covariates considered statistically significant (P<0.10) or clinically relevant, were also observed, all present in a logistic regression model for multiple variables on hospital mortality and compound clinical outcome. For late death, in the long-term after surgery, multivariate were assessed by Cox regression model

  The level of significance was set at 5%, or that is, differences were considered significant when P value of the tests was less than 5%. The cases in which the P value  remained between 5% and < 10% suggested trends of significant effect.

  This study was approved by the Research Ethics Committee of the Dante Pazzanese Institute of Cardiology in October 2010, under protocol number 3994.

   

  RESULTS

  We included 257 patients, from January 2004 to December 2010, being 33.9% female, 7% of black ethnicity, with a mean age of 57.7 years. Of this population, 75% had a diagnosis of ascending aortic aneurysm and 25% of type A Stanford chronic dissection, with smoking present in 40.5%, diabetes mellitus in 13.2% and hypertension in 78, 6%. Chest pain was present in 41.6% of patients, the diagnosis of Marfan syndrome in 2.7%, and mean left ventricular ejection fraction (LVEF) assessed in 57.8%, mean EuroScore of 6.12. In this sample, 55 (21.4%) patients underwent reoperation, and in 29 (50.9%) of them only aortic valve replacement was performed in the first procedure, in nine (16.4%), surgery for myocardial revascularization, in five (9.1%), correction of acute aortic dissection, in four (7.3%), repair of aortic coarctation, in three (5.4%), aortic aneurysm, and only one case in each of the following situations: mitral valve replacement, tricuspid valvuloplasty, correction of patent ductus arteriosus, a ventricular septal defect, tetralogy of Fallot and interrupted aortic arch. The simultaneous surgery for myocardial revascularization was required in 49 (19.1%) patients.

  Demographic data for all patients enrolled in this study are described in Table 1. Quantitative measures are summarized in amplitude, mean and standard deviation; qualitative measures in absolute frequency and percentage.
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  The Tables 2 and 7 summarize the assessments performed in this study.
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  DISCUSSION

  In this analysis including 257 consecutive patients who had undergone surgery during the period from January 2004 to December 2010, the overall hospital mortality rate was 8.17%. By multivariate analysis, the logistic model identified the following factors independently associated with death during hospital stay: patients of black ethnicity, associated CABG, Cabrol operation, presence of cerebrovascular disease, need for revision of hemostasis, prolonged cardiopulmonary bypass (CPB) and the presence of hemopericardium. The presence of chest pain was identified as a protective factor. Factors such as axillary cannulation site, use of antifibrinolytic, neurological complications, presence of severe arrhythmia, EuroSCORE, anoxia (min) and bleeding in the first 24 hours, by multivariate analysis, were independently associated with the occurrence of the composite clinical outcome.

  Contemporary surgical series involving patients with ascending aortic disease with the use of modern techniques of grafting and methods of cerebral and myocardial protection present hospital mortality rates ranging from 1.7% to 17.1%, probably due to the heterogeneity of patient population assessed. The causes of mortality include haemorrhage, stroke and respiratory failure, and heart failure is considered the most common cause of premature death in this population [3-5].

  Gazoni et al. [5] compared immediate results of elective thoracic aortic aneurysm surgery, among low-volume centers (< 40 surgeries/year) and high volume (> 80 surgeries/year). Operative mortality was 8.3% and 3.7%, respectively (P=0.02). In logistic regression analysis, low-volume centers were significantly associated with increased rates of complications and mortality (P<0.05).

  In this study, 66.1% of patients were male and among hospital deaths, 57.1% were male. Gender and age had no statistically significant impact on hospital and late mortality rates, after adjustment among the different variables in the multivariate model. It should be mentioned that the age is presented as an independent risk factor for mortality in other areas of cardiovascular disease, such as acute coronary syndrome, atrial fibrillation or heart failure, but also female patients have higher mortality rates when subjected to myocardial revascularization surgery, when compared with male patients. The results of this research can be explained by two considerations: age and gender do not represent predictors independently associated with mortality in patients with aortic disease assessed in this study or due to lack of statistical power, we could not demonstrate the effect of these two variables on clinically relevant outcomes. The inclusion of additional number of patients could clarify the above considerations. Despite these differences, when all variables are entered into the logistic model, in the present study, these variables did not emerge as independent predictors of mortality.

  In a study on the quality of life of patients undergoing aortic aneurysm, Lohse et al. [6] demonstrated a highly significant connection between cardiac surgeries and postoperative death (P=0.001). There was also a significant association between death and myocardial infarction (P<0.001), stroke (P=0.001), prolonged ventilation time (P<0.001), increased use of transfusion products (P=0.016) and prolonged surgical time ( P<0.001). The high incidence of myocardial infarction perioperatively was associated with a high percentage of patients with coronary artery disease. With regard to quality of life, functional class improved according to the classification of the Canadian Cardiovascular Society. One of the major impacts in reducing the quality of life of these patients was the presence of stroke, as well as prolonged hospitalization.

  In a study published by Czerny et al. [7], age was not associated with increased risk of mortality and neurological injury in patients undergoing surgical repair of acute or chronic diseases of the thoracic aorta with hypothermic circulatory arrest, a finding consistent with the results of this study.

  In our series, 55 (21.4%) patients underwent reoperation, and in 29 (51%) only aortic valve replacement was performed in the first procedure, in nine (16.4%), surgery for myocardial revascularization, in five (9.1%), correction of acute aortic dissection, in four (7.3%), repair of aortic coarctation, in three (5.5%), aortic aneurysm repair. Each of the following events: mitral valve replacement, tricuspid valvuloplasty, correction of patent ductus arteriosus, a ventricular septal defect, tetralogy of Fallot and aortic arch interruption occurred in only 1 case.

  Although in univariate analysis for hospital mortality the prior heart surgery variable had demonstrated statistical significance (P=0.012) in multivariate analysis there was persistence of the level of significance of this variable, showing not being an independent predictor.

  As shown by Estrera et al. [8], patients with type A acute dissection after previous cardiac surgery showed similar risks of poor perfusion, hypotension and cardiac tamponade. This finding suggests that adhesions formed after the operation does not eliminate the risk of cardiac tamponade due to aortic rupture. Although the results are plausible, hospital mortality was higher (31% vs. 13.8%, P <0.007) than among patients without a history of cardiac surgery.

  It is recommended prophylactic replacement of the ascending aorta, although apparently normal, where there is any swelling in cases of bicuspid aortic valve. Even in the absence of significant aortic valve disease, there is often association with dilatation of the aortic root, annuloaortic ectasia and aortic dissection. After replacement of the bicuspid aortic valve, this finding is reported as a risk factor for late acute dissection and ascending aorta aneurysm [9-11].

  For patients with bicuspid aortic valve normofunctioning and dilatation of the ascending aorta, the surgery is recommended for those with a diameter > 5 cm and differentiated approach for patients under surveillance in the absence of significant increase (> 0.5 cm/year). Overall survival is considered equivalent to that of a normal population considered the same age and gender. The surgery was required in approximately 10% of patients treated each year [12].

  Regarding risk factors for hospital mortality, Ogeng'o et al. [13] studied the pattern of aneurysms among young black Kenyan. The patients were divided into two groups: < 40 years (group I) and > 40 years (group II). Located in the aorta, 49.6% were  in group I and 68.6% in group II. Most in the abdominal aorta (64.9%), especially in the infrarenal segment. In the aortic ascending segment, below 5%, and equivalent for both groups. The gender ratio is 2.7: 1, with predominance in males. In aortic and intracranial segments, the highest incidence occurred between 31 and 40 years and between 21 and 30 at the periphery. The comorbidities in both groups were: hypertension, smoking, AIDS, alcoholism, obesity and Marfan syndrome. However, only in patients aged over 40 years, atherosclerosis and dyslipidemia were present, and diabetes mellitus was associated with peripheral and intracranial aneurysms, but not in the aorta.

  The prevalence of atherothrombotic traditional risk factors varied significantly among ethnic groups. The use of medical therapy to reduce the risk was comparable among all groups. In less than 2 years of follow-up, the rate of cardiovascular mortality was significantly higher in blacks (6.1%) compared to all other ethnic groups (3.9%, P=0.01), according to Meadows et al. [14].

  In previous studies, we observed that the procedure for simultaneous correction of ascending aorta and coronary artery bypass grafting can be performed safely and with good results. Ueda et al. [15] demonstrated that the incomplete coronary revascularization was identified as a risk factor for cardiovascular events (P=0.016).

  In an analysis for the surgical treatment of aortic root, comparing the valved tube with preservation of the aortic valve, Dias et al. [16] demonstrated, in a consistent manner with the findings of this research, that the Cabrol's operation is one of the independent predictors of hospital and late mortality.

  Murphy et al. [17], in a recent publication, found that blood transfusion in patients undergoing cardiac surgery was strongly associated with infection and ischemic postoperative morbidity, prolonged hospital stay, increased early and late mortality and increased hospital costs. Costs were substantially higher in patients who required re-exploration for bleeding, as demonstrated by Alstrom et al. [18].

  As reported by Svensson et al. [19], patients undergoing surgical procedures on the ascending aorta and aortic arch, and those participating in blood conservation techniques had significantly (P<0.05) lower incidence of homologous transfusions, were extubated earlier, had lower hospitalization and were discharged in improved functional class. The multivariate analysis of 60 patients showed that the predictors of in-hospital homologous transfusion, with P values <0.05 were: age, duration of CPB and increased drainage postoperatively.

  Pericardial effusion is more common in acute aortic dissection or during exacerbation of a chronic dissection. Mehta et al. [20] reported that the rate of hospital mortality for type A Stanford acute aortic dissection is high and can be predicted with the use of a clinical model incorporated into a simple risk prediction. The pericardial effusion in the clinical presentation of these patients has been identified as an independent predictor (P=0.07), as well as the cardiac tamponade complication (P<0.0001). In the model proposed predictor, the composite outcome arterial hypotension, shock and cardiac tamponade was associated with higher mortality (OR = 2.97, 95% CI 1.83 to 4.81, P<0.001).

  Ranucci et al. [21] suggest that a multifactorial approach seems better suited to meet the complex reactions that lead to inflammatory lesions and activation of the coagulation cascade during cardiac surgeries. Probably, the key issue is the thrombin formation which, simultaneously, is a marker of activation of the clotting cascade and a trigger for the reactions of endothelial base, including consumption of antithrombin and protein C, activation, platelet adhesion and aggregation, expression of molecules adhesion and leukocyte adhesion and activation.

  The onset of chest pain with a protective effect, reducing the risk of hospital mortality by 73% (P=0.04), can be interpreted and substantiated by epidemiological and clinical plausibility, because the waiting time for the transaction be shortened regardless of the aortic diameter, thus preventing rupture, dissection or cardiac tamponade.

  With regard to compound clinical outcome in the series published by Souza & Moitinho [22], measures adopted with the use of antifibrinolytic agents, hemodilution and total replacement of the perfusate allowed to reduce the need for blood transfusion in the postoperative of cardiac surgery. Patients with CPB time greater than 120 minutes tended to need blood transfusion. The combination of surgery in elderly patients and CPB time greater than 120 minutes resulted in increased use of blood and blood products in the postoperative period. Brown et al. [23] performed a meta-analysis to compare aprotinin, epsilon-aminocaproic acid and tranexamic acid. The results included a loss of whole blood, packed red blood cell transfusion, reexploration, mortality, stroke, myocardial infarction, renal dialysis and renal dysfunction. All antifibrinolytic agents were effective in reducing blood loss and transfusion. There was no significant risks or benefits for mortality, stroke, myocardial infarction or renal failure. However, the high dose of aprotinin is associated with increased risk of statistically significant renal dysfunction.

  The EuroSCORE showed clear association with the occurrence of compound clinical outcomes in this study population and should be considered an important tool in determining the risk of these patients, even being prepared in other countries, with different people and medical services.

  Chertow et al. [24] assessed 42,773 patients undergoing cardiac valve surgery or CABG to determine the association between acute renal failure and need for dialysis and operative mortality. Acute renal failure occurred in 1.1% of patients. The operative mortality was 63.7% in these patients, compared to 4.3% in patients without this complication. After adjusting for factors related to comorbidities, the OR was 27, 95% CI 22-34. It was concluded that acute renal failure was independently associated with early mortality after cardiac surgery and that interventions to prevent or improve the treatment of this condition are necessary and should be implemented as soon as within this clinical-surgical scenario.

  Wynne & Botti [25] described the frequency of pulmonary complications after cardiac surgery: pleural effusion (25-95%), atelectasis (17-88%), phrenic nerve palsy (30-75%), prolonged mechanical ventilation (6-58%), diaphragmatic dysfunction (2-54%), pneumonia (4-20%), diaphragmatic paralysis (9%), pulmonary embolism (0.4 to 3.2%), acute respiratory distress syndrome (0.4-2%), aspiration (1.9%) and pneumothorax (1.4%).

   

  CONCLUSION

  1. Black ethnicity, cerebrovascular disease, hemopericardium, Cabrol operation, associated CABG, hemostasis review and CPB time were independently associated with increased risk of hospital death. The presence of chest pain was independently associated with reduced risk of hospital death.

2. Use of antifibrinolytic, renal complications, pulmonary complications, EuroSCORE and prolonged cardiopulmonary bypass time were independently associated with increased risk of hospital composite clinical outcome (death, bleeding, neurologic complications or ventricular dysfunction).
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ABSTRACT

OBJECTIVE: To analyze the results of isolated on-pump coronary artery bypass graft surgery (CABG) in patients > 65 years-old.

METHODS: Patients undergoing isolated on-pump CABG from December 1st 2010 to July 31th 2012 were divided in two groups: GE (elderly > 65 years-old, n=103) and GA (adults < 65 years-old, n=150). Preoperative data, intraoperative (as cardiopulmonar bypass time, aortic clamping time, time length of stay in mechanical ventilation - MV - and number of grafts), and postoperative variable (as morbidity, mortality and time length of stay in hospital) were analyzed during hospitalization.

  RESULTS: In GE, the morbidity rate was greater than in GA (30% vs. 14%, P=0.004), but there was no difference in the mortality rate (5.8% vs. 2.0%, P=0.165). In GA, there was higher prevalence DM (39.6% vs. 27%, P=0.043) and smoking (32.2% versus 19.8%, P=0.042); and in GE, higher prevalence of stroke (17% vs. 6.7%, P=0.013). There was no difference between the groups regarding intraoperative variables. After multivariate analysis, age > 65-year-old was associated with greater morbidity, but it was not independent predictive factor for in-hospital mortality. Considering in-hospital mortality, stay in ward time length (P=0.006), cardiac (P=0.011) and respiratory complications (P=0.026) were independent predictive factors.

  CONCLUSION: This study suggests that patients > 65-year old were at increased risk of postoperative complications when submitted to isolated on-pump CABG in comparison to patients < 65-year-old, but not under increased risk of death.

Descriptors: Myocardial revascularization. Elderly. Hospital mortality. Postoperative complications.



 

 

INTRODUCTION

The growth of the elderly population, in absolute and relative numbers, is a worldwide phenomenon and is occurring at an unprecedented level. Currently, one in ten people aged 60 or older. In year 2050, it is estimated that the ratio will be one to five in the world, and one to three in developed countries. In Brazil, life expectancy has increased more than ten years (62.57 years to 73.17 years) and it is estimated that in 2050, the Brazilian population over 15% of people have 70 years or older [1].

Advanced age is a risk factor for development of coronary artery disease (CAD), diabetes mellitus, hypertension, dyslipidemia, smoking, obesity and family history of CAD. Elderly population has greater prevalence of CAD, and more inclinable to major coronary procedures as coronary artery bypass surgery (CABG). Additionally, cardiovascular disease is the major factor contributing to death, especially in elderly [2-4].

CABG is a safe procedure performed around the world with low rates of mortality and morbidity in the general population. The number of octogenarians undergoing CABG increased from 0.13%, in 1986, to 3.5%, in 2001, at the Heart Institute of the Clinical Hospital of the Faculty of Medicine, University of São Paulo, the last 16 years (1986-2001) [5]. Thus, recent studies demonstrate the concern of evaluating the outcomes of CABG in elderly patients and comparison with younger individuals to verify the risks to which the elderly are more vulnerable because they are considered high risk patients for this surgery [6,7].

Another important fact is that in the last decade, there have been many changes in surgical techniques, such as the advent of minimally invasive surgery, off-pump CABG, and new devices. Thus, the indication of CABG for elderly patients is increasing because it provides better survival and quality of life [8-12].

The aim of this study was to analyze the outcomes of CABG in patients aged 65 years or older compared with younger patients (<65 years) at a regional reference hospital in Southern Brazil.

 

METHODS

The project was approved by the Research Ethics Committee of the Hospital Associação de Caridade Santa Casa Rio Grande (RS, Brazil) under protocol number 001/2011.

This is a prospective study in which all patients who consecutively underwent CABG alone between 1st December 2010 to 31th July 2012 were analyzed at the Cardiology Hospital Doutor Pedro Bertoni of the Associação de Caridade Santa Casa Rio Grande (RS / Brazil). Patients undergoing CABG or associated with other cardiac surgery were excluded from the study. We included patients who needed surgery elective and urgent or emergency according to the criteria of the American Heart Association and the American College of Cardiology. Patients were divided into two groups, the group of elderly (GE) consisted of patients aged greater than 65 years and the adult group (GA) with patients under the age of 65. Data were collected daily directly from medical records and interviews with patients since its admission to discharge through a pre-structured form. All patients were elucidated on the research and signed an informed consent form.

The variables collected from the medical records and through interviews with patients were: sex, age, weight, height, race, comorbidities, prior CABG, prior coronary angiography, angioplasty surgery, sedentary lifestyle, smoking, alcohol consumption, number of grafts, time CPB, aortic clamping time, time of submission to mechanical ventilation (MV), length of stay in the Intensive Care Unit (ICU) and in the ward, postoperative complications and progression to hospital discharge or death.

The data were analyzed with the Statistical Package for Social Science (SPSS, version 13.0, Inc., Chicago, IL, USA). Continuous variables were expressed as means and standard deviations (SD), while categorical variables by proportions. Normality was checked using the Kolmogorov-Smirnov test. In the statistical analysis we used the Student t test to compare the means, and the chi-square or Fisher exact test to compare proportions. To determine which factors independently influence the development outcomes of the study was analyzed using multivariate logistic regression "stepwise forward". To verify the correlation between risk factors preoperative, intraoperative variables, postoperative variables and mortality was used the Spearman test. In all analyzes were considered significant when P <0.05.

 

RESULTS

During the study period, 253 consecutive patients submitted isolated on-pump CABG was assigned either Elderly Group (GE, n=103, 41%) or Adult Group (GA, n=150, 59%). The clinical and demographic characteristics of the patients are summarized in Table 1, which demonstrates a higher prevalence of males in both groups: GE = 61% and GA = 70%; no difference regarding gender, history of CAD in the family, hypertension, alcohol consumption, sedentary lifestyle, acute myocardial infarction (AMI), coronary angiography (CAT), previous angina pectoris, previous peripheral vascular disease (PVD), previous CABG, chronic renal failure (CRF) and failure chronic heart failure (CHF) and dyslipidemia. However, patients in the GA had a higher prevalence of diabetes mellitus (DM) (39.6% vs. 27%, P=0.043) and smoking (32.2% vs. 19.8%, P=0.042), whereas the GE patients had a higher prevalence of stroke prior (17% vs. 6.7%, P=0.013).
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Table 2 shows the results of the surgery. There was no significant difference in mortality between the groups (P=0.165), but the rate of hospital morbidity was significantly higher in GE (30% vs. 14%, P=0.004).
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Complications were divided into five categories: (1) hospitalization time in the two groups. In-ICU > 5 days was pulmonary complications: respiratory infection, (2) cardiac complications: arrhythmia, cardiac arrest, reinfarction, precordial pain and atrial fibrillation, (3) gastrointestinal complications: abdominal distension, (4) neurological complications: stroke, and (5) other complications: increased postoperative bleeding, mediastinitis, septic shock and sternal instability. There was no significant difference between the categories of complications comparing the groups.

Intraoperative data, MV and length of stay for both groups are shown in Table 3. There was no significant difference between groups in the time length of stay on MV <24 hours (P=0.096), MV between 24 and 48 hours (P=0.071) and MV> 48 hours (P=1.000); time of CPB (P=0.334) and aortic clamping (P=0.214), number of grafts (P=0.412), length of stay in ICU (P=0.140) and total time in hospital (P=0.144). However, the GE patients had more days hospitalized than patients in GA (P=0.036).
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In Table 4, we analyzed the in-ICU and total in-greater in GE group (P = 0.010), but there is no difference in total in-hospital time between groups (P = 0.141).
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After univariate analysis, the risk factors associated with hospital mortality were chronic renal failure, dyslipidemia, lin-ICU time > 5 days, in-ICU time, in-ward time, MV for more than 24 hours, CPB time, cardiac and respiratory complications. However, the age > 65 years was not a risk factor (Table 5).
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After multivariate logistic regression analysis, the inward time (P=0.006), cardiac complications (P=0.011) and respiratory complications (P=0.026) were predictors of risk (P<0.05) for hospital mortality (Table 6).
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In GE, we found that hospital mortality was positively correlated with length of stay in ICU > 5 days (P=0.008), MV > 48 hours (P<0.001), postoperative complications (P<0.001) and cardiac complications (P=0.004). Already in GA, hospital mortality showed positive correlation with DM (P=0.031), chronic renal failure (P=0.030), dyslipidemia (P=0.044), MV > 48 hours (P=0.029), postoperative complications (P<0.001) and respiratory complications (P<0.001).

 

DISCUSSION

This study in patients undergoing CABG alone suggests that patients aged > 65 years are subject to greater risk of postoperative complications than patients under 65, but there was no difference between the mortality rate between the groups.

Regarding to mortality rate, a study examining predictors of hospital mortality in patients undergoing CABG in acute myocardial analyzed that advanced age is a risk factor related to mortality [13]. Rocha et al. [14] also reported on a study conducted at the National Institute of Cardiology of Rio de Janeiro that the variables: age > 70 years, need for reoperation for revision of homeostasis, sepsis and respiratory complications postoperatively were associated with hospital mortality. As well, in another study in Santa Catarina/Brazil, the authors found the same relationship [15]. In our study, we found that age > 65 years was not a predictor of mortality, similar to other reported by Ng et al. [16] in a retrospective study with 1594 patients undergoing CABG alone, where no significant difference in hospital mortality between patients aged > 70 years (5.4%) compared to those with less than 70 years (3.8%). Even after 30 days of surgery, the mortality of patients aged > 70 years was 3.8% compared with 3.3% of patients aged <70 years (P<0.740).

The morbidity rate in hospital was higher in the GE compared to the GA. This data is in according to other study, which were also investigated the outcomes of CABG in elderly patients [14,17,18]. Pivatto et al. [19] observed that the morbidity rate was 34.4% in octogenarian patients undergoing CABG alone. We observed a morbidity rate of 30% in GE that was significantly higher compared to patients in the GA (14%). These data support the hypothesis that elderly patients have more postoperative complications.

In the GE, we founded that the prevalence of respiratory, cardiac, gastrointestinal, neurological, and other complications were higher compared to the GA, but there was no significant difference. Rocha et al. [14] observed that these complications were more developed for patients aged > 70 years, which had more respiratory complications (21.4% vs. 9.1%, P<0.001), mediastinitis (5.1% vs. 1.9%, P=0.013), stroke (3.9% vs. 1.3%, P=0.016), acute renal failure (7.8% vs. 1.3%, P<0.001), sepsis (3.9% vs. 1.9%, P=0.003), atrial fibrillation (15.6% vs. 9.8%, P=0.016) and 3rd degree atrioventricular block (3.5% vs. 1.2%, P=0.023) in the postoperative period compared to patients < 70 years-old.

In a retrospective study, Machado et al. [5] reported 10% mortality rate in octogenarian patients undergoing CABG, and observed the occurrence of cardiac arrhythmias (especially atrial fibrillation), cerebrovascular, and respiratory complications in the postoperative period. In our study, the cardiac complications were also major postoperative complications (12.6%). However, it was followed by respiratory complications (4.9%), and a lower incidence of neurological complications (1.9%).

Anderson et al. [20] observed predictors of mortality in patients undergoing cardiac surgery comparing septuagenarians and octogenarians, there was no significant difference in mortality rate between the groups. As observed in our study, preoperative variables did not increase the risk to death, but researchers have shown that cardiopulmonary bypass time > 75 minutes has 3.2 times (CI: 1.3 - 7.9) greater chance of to death than patients with cardiopulmonary bypass time < 75 minutes, and postoperative variables such as prolonged mechanical ventilation above 12 hours, length of stay in ICU, reoperation, inotropic support more than 48 hours, and the need for blood products are associated with increased mortality. In this study, we found that postoperative variables such as length of stay in hospital, and cardiac and respiratory postoperative complications are associated with higher mortality, suggesting that patients who had postoperative complications remained more time hospitalized, increasing the risk of mortality hospital.

Recently, in a retrospective study [14] with 655 patients undergoing CABG, the authors observed that length of stay in ICU > 3 days had positive correlation with death, but this study did not examine this relationship by age, and yes, total population sample. Our results show that length of stay > 5 days had positive correlation with death in GE, emphasizing the importance of studies that evaluate the outcomes of CABG in elderly patients.

Analyzing the most recent data in the literature, there is disagreement about what age, in elderly patients, the morbimortality appears to be significantly higher compared to adult patients. We found studies that described their groups of elderly with age > 65 years-old [12], > 70 years-old [13-17], > 75 years-old [6,21], > 80 years-old [22] and > 85 years-old [23]. Therefore we will suggest that more studies to be made in order to can to conclude in which age the risks factors of this surgery appear enlarged, whether preoperative, intraoperative or postoperative outcomes.

 

CONCLUSION

This study suggests that patients with 65 years old or more undergoing isolated on-pump coronary artery bypass surgery have a higher risk of postoperative complications in comparison with younger patients. The highest prevalence was heart complications, followed by respiratory complications; and lower prevalence of gastrointestinal and neurological complications.
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ABSTRACT

OBJECTIVE: We evaluated patients underwent cardiac valve surgery in the presence of infective endocarditis in an attempt to identify independent predictors of 30-day mortality.

  METHODS: We evaluated 837 consecutive patients underwent cardiac valve surgery from January 2003 to May 2010 in a tertiary hospital in São José do Rio Preto, São Paulo (SP), Brazil. The study group comprised patients who underwent intervention in the presence of infective endocarditis and was compared to the control group (without infective endocarditis), evaluating perioperative clinical outcomes and 30-day all cause mortality.

  RESULTS: In our series, 64 patients (8%) underwent cardiac valve surgery in the presence of infective endocarditis, and 37.5% of them had surgical intervention in multiple valves. The study group had prolonged ICU length of stay (16%), greater need for dialysis (9%) and higher 30-day mortality (17%) compared to the control group (7%, P=0.020; 2%, P=0.002 and 9%, P=0.038; respectively). In a Cox regression analysis, age (P = 0.007), acute kidney injury (P = 0.004), dialysis (P = 0.026), redo surgery (P = 0.026), re-exploration for bleeding (P = 0.013), tracheal reintubation (P <0.001) and type I neurological injury (P <0.001) were identified as independent predictors for death. Although the manifestation of infective endocarditis influenced on mortality in univariate analysis, multivariate Cox regression analysis did not confirm such variable as an independent predictor of death.

  CONCLUSION: Age and perioperative complications stand out as predictors of hospital mortality in Brazilian population. Cardiac valve surgery in the presence of active infective endocarditis was not confirmed itself as an independent predictor of 30-day mortality.

Descriptors: Bacterial endocarditis. Cardiac surgical procedures. Hospital mortality.



 

 

INTRODUCTION

Surgical mortality for infective endocarditis (IE), while declining in the last decades, stands out as an important cause of death in native or prosthetic valve interventions [1-3], justifying early diagnosis and appropriate antibiotic therapy as key points to the success of the treatment [4].

Clinical complications and treatment failure may suggest surgical valve replacement for IE by up to 60% of cases [5-7]. However, due to possible association between increased incidence of postoperative complications and mortality, the real benefit of early surgical intervention on IE remains doubtful [8].

In the absence of adequate treatment, IE can be fatal. Despite the medical and surgical treatment being able to modify the course of disease, mortality remains high, ranging from 17% to 36% of cases according to the population studied [9,10]. In this context, this study evaluated the mortality of patients undergoing cardiac valve surgery (CVS) in the presence of IE in an attempt to identify independent predictors of 30-day mortality in a regional referral center.

 

METHODS

This study evaluated 837 patients admitted to the São José do Rio Preto Medical School Cardiac Surgery Postoperative Intensive Care Unit after CVS from January 2003 to May 2010. This Brazilian Hospital is a regional tertiary referral service with 540 beds for a population demand of 1.5 million inhabitants. In this research, patients were divided into two groups: (SG) study group, subjects undergoing CVS in the presence of IE; and (CG) control group, consisting of patients with CVS performed in the absence of IE. The analysis was conducted as a prospectively historical type, including gathering information on the local computer database. The constitution of SG considered the recent recommendations of the American College of Cardiology / American Heart Association for IE surgical approach [11]. This study was approved by the São José do Rio Preto Medical School Ethics Committee (6079/2010) and, because of its observational nature, the informed consent was waived.

We evaluated demographic data, clinical outcomes and complications occurred in the postoperative period, and 30-day all cause mortality. Categorical data are presented as absolute numbers and percentages, and continuous variables as mean ± standard deviation (SD) or median and interquartile, when applicable. Categorical data were compared by chi-square test or Fisher's exact test and continuous variables were compared using the nonparametric Mann-Whitney test. Survival curve was constructed to demonstrate the outcome of 30-day mortality for both groups. The Cox regression analysis was used to determine independent predictors of 30-day mortality. Hazard ratio (HR) and 95% confidence intervals (95% CI) were calculated for predictors of mortality. The analysis was performed with the SPSS software (version 20) and P value < 0.05 (two-tailed) was considered statistically significant.

 

RESULTS

In our series, 64 (8%) patients underwent CVS in the presence of IE, and 37.5% had surgical intervention in multiple valves. In the SG there was predominance of males (67%) lower body mass index (23kg/m2), greater value for European System for Cardiac Operative Risk Evaluation (EuroSCORE) (9 points), and greater cardiopulmonary bypass time (100.5 min) compared to CG (47%, P = 0.002, 24 kg/m2, P = 0.028, 90 min, P = 0.020 and 4 points, P <0.001, respectively). Table 1 shows the demographic and baseline characteristics of all groups.
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 The analysis of clinical outcomes demonstrated that the EG had a higher percentage of subjects with prior cardiac valve surgery (47%), higher prolonged intensive care unit (ICU) length of stay (over 14 days) (16%) and need for dialysis (9%) compared to CG (28%, P = 0.001; 7%, P = 0.020 and 2%, P = 0.002, respectively, Table 2). Consequently, patient sunder going CVS in the presence of IE had higher 30-day mortality (17%) compared to those without active infection (9%, P = 0.038).


  

  [image: Table 2]



The following variables were included in the univariate Cox analysis: age (years), male gender, body mass index (kg/m2), readmission to intensive care, diabetes mellitus, CVS in the presence of IE, multiple valve surgery, acute kidney injury, dialysis, left ventricular systolic dysfunction moderate or severe, redo surgery, reoperation for bleeding, tracheal reintubation and type I neurological injury. Table 3 shows the variables associated with 30day mortality, highlighting age (P = 0.007), acute kidney injury (P = 0.004), dialysis (P = 0.026), redo surgery (P = 0.026), reoperation for bleeding (P = 0.013), tracheal reintubation (P <0.001) and type I neurological injury (P <0.001) as independent predictors of death determined by multivariate Cox regression model. Cardiac valve surgery in the presence of infective endocarditis was a predictor of death in the non adjusted analysis (HR = 1.96, 95% CI = 1.04 - 3.70, P = 0.038, Figure 1). However, after adjustment for predictors in the multivariate model, this variable was not independent (P = 0.06).
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DISCUSSION

Despite the current knowledge including prevention, diagnosis and treatment, IE remains a not rare cause of hospitalization with high morbidity and mortality [12,13]. In our analysis, we found 8% of valve-related surgery approaching to IE, percentage similar to that observed in national, North American and European casuistic [14-16]. Moreover, we confirmed high 30-day mortality (17%) for patients undergoing CVS in the presence of active infection, as recently reported by Prendergast & Tornos (ranging from 6% to 25%) [17]. However, the surgical approach in the presence of IE wasn't confirmed as an independent predictor of death in our series.

Our series of patients considered subjects with high severity disease transferred from other hospitals for surgery treatment with established diagnosis of IE, justified by the infection refractory to medical treatment. In this context, factors such as age, comorbidities, clinical presentation and surgical technique used in valve approach can influence the postoperative results [18,19]. Although there is no statistical difference between the groups in age, this variable was found as an independent predictor of 30-day mortality in patients with IE, reinforcing results of Murdoch et al. [20]. Furthermore, in contrast to data of Chirillo et al. [21], the prevalence diabetes mellitus was similar between the groups do not representing a risk factor for poor clinical outcome in patients with active IE undergoing CVS. Although evidenced greater proportion of male gender and lower body mass index in EG, these parameters were not associated with worse postoperative prognosis. The higher cardiopulmonary bypass duration in this group may reflect the greater surgical difficulty for a complete removal of the cardiac valve in patients with IE [17].

The International Collaboration on Endocarditis-Prospective Cohort Study [20] reported 17.7% of overall in-hospital mortality for patients with IE, while Wallace et al. [22] reported 15% mortality in the group undergoing medical treatment and 22% for those who underwent additional surgery. Still, the hospital mortality in patients with valvular abscess due to complications of IE has been reported as 19.2% in Brazilian patients [23]. Similarly, the present study found a hospital mortality rate of 17% at 30 days for patients undergoing CVS due to IE and prolonged ICU length of stay, probably reflecting the severity of sepsis in these individuals [24-26]. However, the anatomical location of the valve infection was similar among the groups, confirming the absence of its association with clinical complications, including mortality, reflecting results previously presented by Rostagno et al. [13].

In this context, the presence of signs of heart failure, persistent infection, acute kidney injury, thrombocytopenia, paravalvular abscess at echocardiography and need for urgent surgery are indicated as predictors of hospital mortality [27-29]. Several studies have associated renal dysfunction with worse prognosis in the evolution and treatment of IE, reporting sepsis, lesions in glomerular architecture and antibiotic toxicity as etiologic factors [22,30,31]. Results of this analysis confirmed the acute kidney injury requiring dialysis as independent predictors of hospital mortality. 

This study demonstrated that reoperation, including re-exploration due to postoperative bleeding, was also a predictor of 30-day mortality. Attempting to decrease perioperative mortality for valve replacement surgery in the presence of IE, Musci et al. [32] recently proposed valvuloplasty as an effective alternative in previously selected cases, with consequent reduction in the need for reoperation and recurrent infections, but this surgical modality was not evaluated in this analysis. Besides these factors, the type I neurological injury and tracheal reintubation stood out as predictors of mortality in patients undergoing CVS in the presence of IE, in agreement with previous studies [33,34]. In this case, the manifestation of encephalopathy due to cardiovascular surgical procedure or severe sepsis, characterized by altered mental status or focal neurological deficit without evidence of impairment in anatomical imaging methods may have contributed definitely to returning to invasive mechanical ventilation and consequent high risk of in-hospital deaths.

Study limitations

Studies related to IE approach are limited by its low relative frequency, the huge variability of the population affected and their underlying risk factors, represented mostly by series of case reports or single centers experience. In our sample, due to the small number of valve involvement by IE, there was limitation in demonstrating the relationship between prognosis, native or prosthetic valve involvement and etiologic agent identified in blood cultures, a fact worsen by the wide range of pathogens involved in its manifestation, affecting the scope and statistical power to draw definitive conclusions. Further investigations are needed to evaluate whether more sensitive prognostic markers may improve the detection of high-risk patients for whom aggressive surgical valve treatment during an IE can really contribute to the reduction of in-hospital mortality.

 

CONCLUSION

Although hospital mortality rate for patients undergoing cardiac valve surgery due to refractory infective endocarditis remains high in the Brazilian population, the surgical approach during an active infection is not confirmed as an independent predictor of death in our series.

In this case, age, acute kidney injury, dialysis, redo surgery, re-exploration for bleeding, tracheal reintubation and type I neurological injury stand out as predictors of in-hospital mortality (30 days) in this population.
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    ABSTRACT

  OBJECTIVE: To evaluate clinically and by Doppler Echocardiography 22 patients submitted to mitral valve repair after valvular regurgitation using standardized bovine pericardium chordae. 

    METHODS: The patients had degenerative mitral regurgitation. Fourteen (63.6%) patients were male and the age ranged from 19 to 76 years (mean 56.8 ± 13.8 years). The strings of bovine pericardium treated with glutaraldehyde were reinforced in its transverse ends forming a trapezoid. 

    RESULTS: One patient (4.5%) died in the immediate postoperative period with in low cardiac output syndrome and three (13.6%) in the late postoperative period. One patient (4.5%) was reoperated. The actuarial curves for survival free of death from cardiovascular causes and free from reoperation for patients who left the hospital (21), showed rates of 82.0 ± 9.8% and 83.9 ± 10.4% at 70 months postoperatively, respectively. Seventeen patients (77.3%) are alive with native valves. Of the 17 patients alive with native valves 16 (94.1%) were in functional class I. The Doppler Echocardiography postoperatively (mean 41 months, 4-70 months), showed no mitral regurgitation in 11 (64.7%) patients and mild regurgitation in five (29.4%). 

    CONCLUSION: The technique of standard cords of bovine pericardium implantation to replace chordae tendineae of the mitral valve in patients with degenerative mitral regurgitation showed satisfactory results.

    Descriptors: Mitral valve insufficiency. Papillary muscles. Chordae Tendineae. Pericardium.



   

 
INTRODUCTION

  If not the most frequent, surely one of the most important causes of mitral regurgitation has been ruptured chordae, present in all etiologies, especially in degenerative. The chordae rupture, leading to prolapse of the corresponding leaflet, were surgically treated at the beginning of surgery with cardiopulmonary bypass by McGoon [1], by plication of the prolapsed portion of the leaflet.

  Initial results were good, but in the long-term led to the decreased mobility of the leaflet, especially the anterior. Merendino et al. [2] proposed the resection of the posterior leaflet of the mitral valve, thus eliminating the prolapse and suturing edge to edge this leflet, preceded by plication of the mitral ring. This technique has been used to the present day, with excellent results; limited, however, to rupture of the posterior leaflet [3]. Poor results with resection of the anterior leaflet of the mitral valve led Carpentier et al. [4] to introduce the technique of transferring strings of the posterior leaflet to the anterior leaflet of the mitral valve in cases of ruptured chordae.

  The creation of new chordae from tissue flap of the anterior leaflet was proposed by Gregori et al. [5], for correction of prolapse in cases of rupture of the anterior leaflet chordae. However, this technique has been reserved for those cases where there is exuberant tissue, which is common in the degenerative disease. Since January 1991, we employed a technique for correction of prolapse of the anterior leaflet of the mitral valve secondary to ruptured chordae, with good results. It consists in providing chordae from the partial transfer of the tricuspid valve to the mitral valve [6]. The valve prolapse has been treated by other techniques that try to avoid any kind of restriction on the mobility of the anterior leaflet of the mitral valve, such as the making of bovine pericardium [7] or polytetrafluoroethylene (PTFE) [8] artificial  chordae.

  Since 2006, we have used a prosthesis for replacement of ruptured tendineae chordae [9,10]. It deals with bovine pericardium premolded chordae preserved in glutaraldehyde. The technique is similar to the partial transfer of the tricuspid valve to the mitral valve for the supply of new chordae [6].

  The aim of this study is to present the postoperative outcome of a consecutive series of patients with degenerative mitral regurgitation secondary to ruptured chordae, who had undergone reconstructive surgery with implantation of bovine pericardium premolded chordae treated in glutaraldehyde and anti-calcifying agents.

   

  METHODS

  We prospectively studied 22 patients undergoing mitral valve failure repair surgery of degenerative cause, from May 1996 to May 2012. These patients had mitral valve prolapse by chordal rupture leading to regurgitation. The patients underwent consecutively surgery by the same surgeon, at Hospital Evangélico de Londrina (Londrina, PR, Brazil) and Hospital João de Freitas de Arapongas (Arapongas, PR, Brazil), by the technique of replacing the ruptured chordae tendineae by implantation of bovine pericardium premolded chordae treated in glutaraldehyde and anti-calcifying agents (Braile Biomédica, São José do Rio Preto, SP, Brazil).

  The clinical preoperative data of patients are shown in Table 1. Fourteen (63.6%) patients were male and eight (36.4%) were female. The age of patients ranged from 19 to 76 years, mean 56.8 ± 13.8 years.
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  All patients had mitral regurgitation of degenerative etiology, and fibroelastic degeneration in 16 (72.7%) patients and Barlow syndrome in six (27.3%). Fifteen (68.2%) patients were in functional class III and seven (31.8%) in class IV according the New York Heart Association (NYHA).

  Auscultation of the mitral regurgitation has shown murmur in all patients, being severe in 13 (59.1%) and very severe in nine (40.9%). Atrial fibrillation was present in four (18.2%) patients. The clinical diagnosis was confirmed by echocardiography and hemodynamic Doppler then when surgery was indicated. Five (22.7%) patients had tricuspid regurgitation, one (4.5%), atrial septal defect and one (4.5%), chronic coronary failure.

  The preoperative hemodynamic data are shown in Table 2.

  
    

    [image: Table 2. Preoperative hemodynamic data]

  

  On hemodynamic examination, performed in 21 patients, mitral regurgitation was moderate in five (23.8%) and severe in 16 (76.2%) patients. As the left ventricle contractility observed by ventriculography we found: normal in eight (38.1%) patients, mild hypokinesia of the left ventricle in five (23.8%), moderate in six (28.6%) and severe hypokinesia in two (9.5%). The average left ventricular end-diastolic pressure  (DP2LV) was 19.8 mmHg (range 12-31 mmHg).

  In all patients, two changes were always present, ruptured chordae and dilatation of the mitral valve annulus. In 13 (59.1%) patients, chord rupture was on the anterior leaflet of the mitral valve, in eight (36.4%), in the posterior leaflet and in one (4.5%) in both leaflets.

  Prosthesis

  The bovine pericardium premolded chordae were performed in monoblock (Braile Biomédica, São José do Rio Preto, SP, Brazil), trapezoid-shaped, with enhanced bovine pericardium or Dacron in their upper and lower beams. The chordae are premolded in number from five to seven, with lengths ranging from 20 to 35 mm. Its width is 2 mm and are distant from each other by 3 mm. The standardization of the chordae was confirmed by the use of steel meters corresponding to the size of the prostheses. The pericardium was treated with 0.5% glutaraldehyde, subjected to anti-calcification treatment with glutamic acid and preserved in 4% formaldehyde solution. Strength and durability tests showed levels of rupture of about 15 kg/cm2 [11].

  The prostheses implanted were in numbers 35, 30, 25 and 20 in one (4.5%), 12 (54.5%), seven (31.8%) and two (9.1%) patients, respectively. The size of the graft was determined based on the distance from the top of the papillary muscle to the free edge of the leaflet in its original position, not prolapsed. Thirteen (59.1%) patients received prostheses to the anterior leaflet, eight (36.4%) to the posterior leaflet and one (4.5%) for both. The implant prosthesis begins with setting the lower part of the trapezoid at the top of the papillary muscle associated with the chordae using a U-section 5-0 polypropylene, anchored in a Dacron pad. In sequence, the larger beam of the trapezoid will be sutured on the free edge of the compromised mitral leaflet with interrupted sutures using 5-0 polypropylene. The prosthesis with five to seven chordae in their original form can be reduced up to two chordae if necessary. It can also have its upper stem (larger) divided, and thus can be both tops sutured to the anterior and posterior leaflets while correcting occasional prolapse of two leaflets.

  Associated repair techniques (Table 3)
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  Annuloplasty - The dilatation of the mitral annulus, present in all cases, was corrected with the use of Gregori-Braile® prosthetic ring [12]. In association, in two (91%) cases, was performed plicature of the mitral annulus near the posteromedial commissure using technique by Wooler et al. [13]. This is a hemi-ellipse prosthesis industrialized and commercially available (Braile Biomédica, São José do Rio Preto, SP, Brazil). Its shape resembles the Carpentier ring without the anterior segment, and presents a modification in its right half. This is a correction of the ring curve. Thus, the prosthesis is hemi-ellipse-shaped, and the right curvature is rectified. The material used is 316 stainless steel, medical grade coated with a layer of silicone rubber, and finally by Dacron. It presents in various sizes, according to various dimensions of the mitral annulus. Choosing the ideal ring was based solely on the distance between the fibrous trigones, which generally correspond to the projections of the commissures in mitral annulus of the patient, regardless of the anteroposterior diameter.

  The fixation of the prosthesis in the mitral annulus was performed usingh U-section 2-0 polyester thread in the mitral annulus 1-2 mm apart and then on the outside of the prosthetic ring. The two thresholds which correspond to the ends of the prosthesis are applied to the mitral annulus, at the height of the commissures of the projection, so that after the fixation of the prosthesis, the posterior leaflets moves to the anterior, and what is important, the posteromedial portion moves more sharply in the anterior-lateral directon, thus correcting existing dilation. In two (9.1%) patients, annuloplasty was performed according Wooler et al. [13] to correct the excessive dilation of the posterior annulus of the mitral valve near the posteromedial commissure.

  Chordal shortening - The chordal shortening was performed in eight (36.4%) patients. In two (9.1%) of these patients, chordal shortening was performed according to Carpentier et al. [14] with longitudinal incision of the papillary muscle and burial intrapapillar stretched chord. In two (9.1%) patients was used the method described by shortening according Gregori Jr. et al. [15]. We performed a small incision in the anterior leaflet near the elongated cords beam being pulled through the incision and then fixed to the surface of the anterior leaflet. In four (18.2%) patients, we used the technique by Frater et al. [7], or that is, fixing the elongated chordae on the inner face of the anterior leaflet. Minor shortenings are achieved with this technique. Eventually, we use the three methods described for the shortening of elongated chordae in the same patient.

  Leaflet resection - In eight (36.4%) patients, we performed resections of leaflets, being quadrangular in the posterior leaflet [2] in seven patients and triangular in anterior leaflet in one [1]. We avoid this last procedure in the anterior leaflet because it could lead to mitral stenosis by decreasing leaflet mobility. After quadrangular resection of the posterior leaflet and posterior leaflet prolapse correction, the two edges of the leaflet were approximated and sutured using 5-0 polypropylene sutures.

  Leaflet enlargement - In one (4.5%) patient, we expanded the posterior leaflet of the mitral valve using a bovine pericardial patch to thereby facilitate better coaptation of the posterior leaflet to the anterior.

  Other Associated Surgical Techniques

  Four (18.2%) patients with functional tricuspid insufficiency underwent annuloplasty according to the technique described by DeVega [16], which consists in encircling the tricuspid annulus to flee the area corresponding to the passage of the conduction beam near the atrioventricular node. One (4.5%) patient had their interatrial communication closed and another (4.5%) underwent myocardial revascularization with internal thoracic artery to the anterior interventricular branch of the left coronary artery.

  Postoperative Clinical Evaluation

  Hospital and late mortality, the rate of reoperation due to failure of reconstructive surgery, and the postoperative morbidity were observed. The surviving patients (17) were clinically assessed at a median time after surgery of 47 months (range 4-70 months). As preoperatively, patients were classified according to the clinical status according to the NYHA classification of symptoms. On physical examination, during this same period, the auscultation of the mitral valve was assessed for the presence of murmurs.

  EchoDopplercardiographic assessment 

  Seventeen patients underwent Doppler echocardiography to assess left ventricular function, left atrial diameter, mitral valve area, mean gradient, end-diastolic left ventricular volume and the degree of valvular regurgitation. The classification of Doppler echocardiographic mitral regurgitation was based on the extent and magnitude of the regurgitant jet in the left ventricular systole. We assessed the following indices: ejection fraction (EF) of the left ventricle, left atrium diameter (LA), mitral valve area (MVA), mitral mean gradient (GTVM) and left ventricular end-diastolic volume (LVEDV). The mean postoperative assessment of the 17 surviving patients was 47 months (range 4-70 months).

  Statistical Analysis

  Actuarial survival curve free of death and actuarial survival free of reoperation were obtained for total (22) of patients and for the 21 patients who were discharged from hospital and outpatients [17].

   

  RESULTS

  The postoperative clinical data are presented in Table 4. There was one death in the immediate postoperative period (4.5%) in low cardiac output syndrome in 70-year-old patients, diagnosed with mitral and associated tricuspid insufficiency and carrier of Barlow syndrome. The mitral annuloplasty ring consisted of using Gregori-Braile ring and tricuspid annuloplasty was performed using DeVega technique [6].
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  There were no thromboembolic events or hemolysis postoperatively. Four patients who had atrial fibrillation preoperatively continued with arrhythmia in the postoperative period. Two (9.1%) patients required reoperation at 35 and 46 months for mitral valve replacement, the latter died in low cardiac output syndrome in the first hours after arriving at the Intensive Care Unit. In both patients, the chordae shortening technique was associated and in none of them the bovine pericardium chordae were compromised implanted in the posterior leaflet. There was evolution of fibroelastic degeneration, especially involving the anterior leaflet of the mitral valve that received no artificial chordae.

  Two patients died, one month and 12 months postoperatively, suddenly, being previously in functional class I, one without mitral regurgitation and one with slight reflux at Doppler echocardiography. In the first patient, ventricular fibrillation on mobile ICU's electrocardiogram was recorded. These patients had severe left ventricular dyskinesia on preoperative cineventriculography, and high left ventricular end-diastolic pressure. The total number of later deaths was 3 (13.6%) patients, if added these two deaths to those of reoperation after valve replacement. Eighteen (81.8%) patients are alive and 17 (77.3%) are alive with native valves. Sixteen (94.1%) of 17 surviving patients are in functional class I and one (5.9%) in functional class II (NYHA). Fifteen (88.2%) patients had no murmurs in the mitral valve, and two (11.8%), there was presence of slight systolic murmur, one (5.9%) of them associated with a diastolic murmur at the apex. Actuarial survival free of death of 22 patients from cardiovascular causes demonstrated survival probability at 70 months of 78.3 ± 10.1% (Figure 1).
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  The actuarial survival of patients who left the hospital and remain under outpatient treatment (21) demonstrated survival probability at 70 months of 82.0 ± 9.8% (Figure 2).
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  The Doppler echocardiographic assessment was performed in the 17 surviving patients, between the months of January and July 2012, with a mean postoperative follow-up of 47 months (range 4-70 months). Left ventricular function measured by EF showed a mean of 0.59 (range 0.27 to 0.76). The average diameter of the left atrium was 4.5 cm (ranging from 3.0 to 6.9 cm). The mean MVS assessed was 2.9 cm2 (range 1.6 to 4.5 cm2), and satisfactory in all except one (1.6 cm2) patient. The mean GTVM was 3.3 mmHg (range 1-9 mmHg), with negligible values in all patie except one. The average LVFDV was 141 ml (range 83-247 ml), which is normal in 12 (70.5%).

  The analysis of valve competence showed no mitral regurgitation in 11 (64.7%) of the 17 surviving patients assessed, slight regurgitation in five (29.4%) and mild/moderate in one (5.9%). Therefore, satisfactory competence of the mitral valve was observed in 94.1% of cases. Mild tricuspid regurgitation was observed in four (23.5%) patients and mild regurgitation of the aortic valve in four (23.5%). The actuarial reoperation-free after implantation of standardized bovine pericardium chordae treated with glutaraldehyde and non-calcifying agent for replacement of ruptured chordae tendineae of the mitral valve was at 70 months postoperatively, 83.9 ± 10.4%   (Figure 3). 
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  The actuarial reoperation-free for the 21 patients who were discharged and followed as outpatients at 70 months postoperatively showed rate of 83.9 ± 10.4% (Figure 4).
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  DISCUSSION

  Several techniques have been described over the years aiming at mitral valve reconstruction. Therefore, a thorough knowledge of anatomical pathology is necessary. The mitral valve is composed by an incomplete fibrous ring that goes from the right fibrous trigone to the left fibrous trigone - its anterior portion is occupied by the ring of the aortic valve and it was previously thought that it did not dilate until Hueb et al. [18] showed pathological changes of this portion of the mitral valve in hearts with ischemic and degenerative disease. Anyway, changing that part or not, the annular dilatation should be corrected - and this is the last step of the reconstruction, restoring the original shape of the ring which is of a vat, culminating with a perfect approximation of the anterior and posterior leaflets and commissures.

  There are six valves composing the mitral valve, one anterior and three posterior (posterolateral, posteromedial and posterior itself), besides the two commissures containing leaflets and chordae attached to the papillary muscles and/or the free wall the left ventricle. During left ventricular systole, the mitral valve contracts, similarly to a sphincter - takes the form of a kidney while relieving the outflow of the left ventricle. In the dilated left ventricle (either in volume overload or cardiomyopathy), the ring expands subsequently acquiring the ovoid form, but more intensely at right next to the posteromedial commissure.

  Hence the reason we have used the ring developed by us [12] that with the shape of a hemi-ellipse approximates the posterior leaflets to the anterior leaflet, and because it has correction on its right side, approximates this part of the mitral annulus, more often dilated. Even being open, in its anterior portion, the upper ends of the prosthesis, fixed along the trigone, prevent annular dilatation on that site, occupied by the fibrous ring of the aortic valve. Stretching and rupture of chordae are the most common complications in degenerative mitral valve. Changes in the leaflets also occurs, with sagging and proliferation of connective tissue and may be exaggerated, as in Barlow syndrome (six patients in this study), much harder to be treated than in fibroelastic degeneration, when there is plenty of tissue.

  Faced with cases of chordae rupture, surgeons commonly have different behavior if it is located in the anterior leaflet of the mitral valve. The chordae rupture of the anterior leaflet is a major challenge, since in these cases the valve failure is usually significant. The anterior leaflet has basically function of excursion and the posterior leaflets have function of containing and support to the anterior leaflet. Valve prolapse by chordae rupture are easier to be treated when present in the posterior leaflet.

  The repair by Merendino et al. [2], have been used successfully for a long time, often solving the problem often in such cases. Contrary to what the literature shows, in our cases, correction of chordae rupture of the anterior leaflet was more frequent than in the posterior leaflet. The surgical technique to be used depends on the level of commitment and the location of the damaged chordae. There are several procedures that can be adopted in chordal rupture. Transfering chordae from the posterior leaflet to the anterior leaflet of the mitral valve proposed by Carpentier et al. [4] has been used, including in our department.

  Constructing a neocord through the removal of a flap of the anterior leaflet of the mitral valve when lowered on top of the papillary muscle, replacing ruptured chordae tendineae is an alternative technique [5], but its use is restricted to patients with the anterior leaflet well developed, which does not occur in rheumatic, ischemic or even in endocarditis diseases. It is therefore almost exclusively of degenerative disease. Partial transfer of the tricuspid valve (posterior leaflet in most cases) to the mitral valve, providing chordae to the anterior leaflet, was proposed by Gregori et al. in 1992 [6], with very satisfactory results.

  These techniques require handling of leaflets and chordae with normal anatomy and, in general, are feared by surgeons that initiate in reconstructive surgery of the mitral valve. Synthetic and biological materials have been used for the replacement of chordae. The PTFE threads, proposed by David et al. [8] have been shown to be more frequently used in the world. A recent study using PTFE showed excellent results at five and 10 years postoperatively, with no reoperation in 93.3% and 81.7%, respectively [19]. However, the use of these techniques requires enormous degree of subjectivity, requiring a high degree of individual skill. Dang et al. [20] described a simplified method for using PTFE, slightly easing its implementation.

  With biological materials, Frater et al. [7] were the first to employ the bovine pericardium for chordal replacement with satisfactory initial results. Their study was interrupted due to fear of calcification over the years. However, in their original study, two groups of patients undergoing implant of PTFE and bovine pericardium chordae were compared. It should be emphasized that a pericardial measured 4 mm wide, with not being premolded chordae, nor standardized by instruments (meters). In addition, follow-up time was longer in the group which used bovine pericardium than in the group that used PTFE.

  Even so, there was no significant difference in long-term evolution of the two groups, nor calcification of bovine pericardium implanted. Calcification is really a problem and should be matter of concern. Many efforts have been made to improve the durability of the bovine pericardium with the introduction of new chemical reagents as used in our case, the glutamic acid. It has been very frequent the use of bovine pericardium in cardiovascular surgery. Its use is common in the manufacture of prostheses, in orifice occlusions in congenital heart defects, reconstructions of the ventricular outflow tract, in ventricular repair after repair of left ventricular aneurysms, among other procedures. In mitral valve surgery, the pericardium has been used as a rope to maintain the tension between the top of the papillary muscles and the mitral valve in valve replacement, with significant improvement in ventricular function [21]. 

  The use of standardized bovine pericardium prosthesis makes the procedure easier and therefore fast, objective and reproducible. Laboratory tests of the artificial chordae showed a rupture level in 15 kg/cm2. It must be remembered that in a patient with high blood pressure of 140 mmHg in systole of his left ventricle, the tension to which the chordae are subjected is approximately 0.5 kg/cm2, therefore thirty times smaller. The chordae implantation technique  is similar to that described by us in case of partial transfer of the tricuspid valve (posterior leaflet, usually) to the mitral valve [6]. In this study, in all patients was performed annuloplasty using rigid open Gregori-Braile ring [12], preceeded in both cases, of Wooler annuloplasty [13], along the posteromedial commissure. Clinical improvement was observed in surviving patients, both with respect to functional class (16 of them in functional class I and one in functional class II) and the excellent auscultation of mitral valve (15 with no murmurs and two with discrete systolic murmur in the mitral focus, one of them associated with a diastolic murmur at the apex).

  Aiming standardization of laboratory data, we assessed hemodynamically patients preoperatively, since echocardiograms were performed by different clinicians, which has not happened postoperatively. It is noted that, in the two patients with sudden death in the late postoperative period, the preoperative ventriculography showed severe left ventricular hypokinesis, in addition to high left ventricular end diastolic pressure. The Doppler echocardiography has been the best method for postoperative assessment of mitral valve and, in the patients of this study, implantation of standard bovine pericardial chordae associated with open rigid annuloplasty and other techniques presented postoperative quite satisfactory. We attribute these results to a significantly greater coaptation line between the leaflets, since extensive resections are avoided.

  The postoperative data of this prospective study confirmed the clinical findings observed. Except in one case, the mean transvalvular gradients were normal, in over 70% of cases, left ventricular end-diastolic volume was normal and the mitral valve area was satisfactory. Satisfactory results were also observed in the analysis of mitral valve competence in view of the absence of regurgitation or only mild mitral regurgitation in 16 of 17 patients. The benefit of the artificial chordae implantation is more evident in cases of ruptured chordae of the anterior leaflet, in which resection should be avoided because it may damage its main function, which is excursion. However, it is still interesting its application in the posterior leaflet. Falk et al. [22] corroborated this statement in a prospective randomized study comparing the use of PTFE chordae with resection of the posterior leaflet prolapse.

  Thus, the good late results are technique-dependent. A prospective analysis of our cases is valid because the series is consecutive, the patients had mitral valve lesions of the same etiology (degenerative) and underwent surgery by the same surgeon. The actuarial survival curves free of death and reoperation showed probability of survival at 70 months postoperatively for more than 80%, confirming our previous publications [9,10]. Over 90% of the 17 surviving patients showed competent mitral valve postoperatively, and none showed signs of calcification of the implanted prosthesis. Furthermore, in no patient with events of death or reoperation was confirmed dysfunction of the bovine pericardium prosthesis preserved in glutaraldehyde for the replacement of ruptured chordae tendineae.

  The early death in the first surgery and early death in a patient who had undergone surgery for mitral valve replacement were due to low cardiac output syndrome, with prostheses functioning normally. In the two patients who died suddenly in the late postoperative period, the most likely cause would have been ventricular fibrillation - documented in a mobile ICU. In the rupture of mitral valve chordae, patients have usually in severe cases, acute pulmonary edema. With good postoperative follow-up, with respect to the patient who had undergone surgery for mitral valve replacement, during surgery was observed that the mitral valve showed severe degeneration of the anterior leaflet, being with good aspect the implant of bovine pericardium chordae in the posterior leaflet.
 

  CONCLUSION

  Despite a follow-up not extensive, the outcomes obtained, both clinical and Doppler echocardiographic, allow us to affirm that clinical outcome after use of the technique of chordae replacement by premolded chordae of bovine pericardium preserved in glutaraldehyde are satisfactory in patients with impaired mitral degenerative etiology. 
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    ABSTRACT

    OBJECTIVE: To evaluate whether there is a correlation between quality of life and functional class in early heart pacemaker in patients, and its relationship with age.

     METHODS: 107 patients of both sexes (49.5% female/50.5% male) were investigated, average implant time of 6.36 months (±2.99), and average age of 69.3 years (±12.6). To assess the FC, a scale suggested by Goldman was used; for QoL the AQUAREL questionnaire was used, associated with SF-36. Statistical analysis was conducted using Spearman's correlation with 5% significance.

     RESULTS: Negative correlations were observed between QoL and FC: AQUAREL in the three domains, chest discomfort (r=-0.197, P=0.042), dyspnea (r=-0.508, P=0.000), arrhythmia (r=-0.271, P=0.005), and the SF-36 in the eight domains. Regarding age, there was a negative correlation with the SF36 Functional Capacity (r=-0.338, P=0.000) and no correlation was found with AQUAREL. Positive correlation (r=0.237, P=0.014) was observed between age and FC.

     CONCLUSION: In this study we found a significant negative correlation between QoL and FC, indicating that patients in this sample who belong to a better FC demonstrated better QoL. The older the patient, QoL is worse in functional capacity and FC. It is suggested that age and FC influence QoL, and the functional classification scales may be established as one of the assessment tools and reflect QoL in patients with pacemakers.

    Descriptors: Quality of life. Pacemaker, artificial. Indicators of quality of life. 

  

   

   

  INTRODUCTION

  The complex cardiac stimulant is released by a process of cell specialization and reflects the effort of millions of years in the phylogeny for the maintenance of life. Naturally, the replacement of components of the conduction system, with the maintenance of their properties, has always been a major challenge in the field of cardiac electrotherapy [1].

  The normal process of conducting the heart is damaged when one of the coronary vessels is obstructed, making the conduction blocked. When this type of abnormality is detected, it can indicate pacemakers implantation, which consists of mechanisms of cardiac pacing, in order to correct or lessen the changes [2]. These electrical devices are responsible for providing cardiac electrical activity as physiological as possible, contributing primarily to correct heart rate and resynchronization of cardiac chambers [1,3].

  Currently, artificial electrical cardiac pacing is no longer just a way to save patients' lives with atrioventricular blocks, becoming a way to correct heart rhythm disturbances and atrioventricular synchrony [4]. The concern went beyond prolonging life, but also enabling those patients achieve quality of life consistent with the average population. In this regard, several studies have been developed focusing on the quality of life of patients with pacemakers [3,5 - 11].

  The term quality of life has many definitions. According to the World Health Organization, quality of life is the "individual's perception of their position in life within the cultural context and values that he lives as well as in relation to their goals, expectations, standards and concerns" [12].

  The evaluation of quality of life and its measurement, initially aimed to complement the survival analyzes, adding to other clinical parameters. However, this evaluation has broadened its scope when it became part of the cost-effectiveness analyses [13]. The concern with the concept of "quality of life" comes to rescue broader aspects than symptom control, reduced mortality or increased life expectancy. The quality of life related to health refers to a subjective view of the patient about their health status, and may be contrasted with physiological assessments with clinical interpretations relating to the patient welfare and their functional capacity [13,14].

  Several tools have been proposed to assess the quality of life in health, the most used questionnaires are the the generic and specific ones [3,14-16]. For patients with pacemakers, the literature recommends using a specific questionnaire related to general health issues contained in a generic questionnaire [5-8].

  According to Cunha et al. [9], the quick development in recent decades of sophisticated devices and the increasing number of indications for implantation of pacemaker, draw attention to the use of new methods that assess the quality of life and daily activity level of these patients. They observed in their studies important aspects of correlation between two forms of evaluation: quality of life and functional classification.

  Functional rating scales are often used during evaluations of patients with pacemakers in order to categorize the degree of cardiovascular dysfunction. Among them, the Goldman scale is the most important one [3,5,17].

  The instruments to assess quality of life and functional classification are a complementary way to assess the patients'physical, emotional and functional aspects. However, it is still debatable the correlation between functional class and quality of life of definitive cardiac pacemaker users. This question is the basis of this study, therefore, it is necessary to deeply discuss the theme "functional capacity and quality of life in patients with pacemaker", as suggested in studies by Stofmeel et al. [18] Oliveira et al. [8] and Cunha et al. [9].

  The aim of this study was to evaluate the correlation between quality of life and functional class in patients after implantation of cardiac pacemakers, and their relationship with age.

   

  METHODS

  We conducted a cross-sectional study, a type of descriptive and quantitative observational study in patients with pacemakers, at the Department of Cardiac Surgery and Pacemaker at Santa Casa de Misericórdia, Marília, SãoPaulo. Data collection occurred from August 2009 to June 2010.

  The minimum sample size was estimated at n=85, taking into account a 5% significance level (a=0.05), a 20% type II error (b=0.20) and magnitude of effect | r | = 0.30 [19]. The study was approved by FAMEMA Research Ethics Committee, protocol: #nº 442/08, in accordance with the Declaration of Helsinki. Volunteers signed an informed consent form.

  The study included individuals of both genders, between three and 12 months after pacemaker implantation for conduction system disease, with no coronary artery disease and also clinically stable over the age of 18. We excluded individuals under the age of 18, patients that did not understand the sequence of tests, and also those that showed restraint of speech, hearing and understanding and individuals who did not want to participate.

  The volunteers were evaluated using a protocol that included personal data, questions regarding the cardiac pacemaker (time, reason, pacing mode), comorbidities, functional class and quality of life questionnaires.

  The functional classes was assessed by specific activity scale functional classification proposed by Goldman et al. [17], applied as an interview by a single trained individual. This scale consists of simple questions about specific activities, and each one relates to metabolic expenditure. Patients answered questions with "YES" or "NO" according to the statement of functional classification for that scale and have been divided into functional classes: I (able to perform all the activities questioned equivalent to metabolic consumption > 7 mets) II (perform activities with metabolic consumption > 5 mets), III (able to perform activities with metabolic consumption > 2mets) and IV (unable to perform activities that require consumption above 2 mets) [3,8,9,17].

  While evaluating the quality of life, we used two questionnaires that should be applied together in patients with pacemakers: quality of life questionnaire specific for patients with pacemakers, the Assessment of Quality of Life and Reletad events - AQUAREL and generic questionnaire The Medical Study 36-item Short-Form Health Survey - SF-36, [3,8,9]. Both instruments were translated and adapted to Portuguese and are valid, reliable and reproducible in the Brazilian population [8,15].

  The questionnaire AQUAREL consists of twenty questions divided into three domains: chest discomfort, arrhythmia and dyspnea during physical activities. [3,6-8]. Chest discomfort involves the questions: 1 to 6 (regarding chest pain) and questions 11 and 12 (relating to dyspnea at rest). Arrhythmia is mentioned in questions 13 to 17. Dyspnoea during exercise includes questions 7 to 10 (relating dyspnea during exercise) and 18 to 20, (referring to fatigue) [3].

  Each part consists of particular items which have five categories of response, with values from 1 to 5. The individual scores obtained for each part of the questionnaire were added up and computed by the formula shown in the data analysis. The final scores can range from zero (all complaints) to 100 (no complaints), when the latter represents perfect quality of life [8].

  The SF-36 is a multidimensional questionnaire consisting of 36 items grouped into eight domains: functional capacity, physical aspects, pain, health status, vitality, social aspects, emotional conditions and mental health. It presents a final score from 0 to 100, where 0 corresponds to the worst and 100 to the best health status [15].

  Regarding the sum of the scores, each questionnaire could vary their final score of 0 to 100, thus, a cut-off value of 50 was set (average) to determine the good and the bad areas. The areas that scored less than 50 would be with the worst quality of life and those that scored 50 or more would be with good quality of life [20].

  AQUAREL and SF-36 questionnaires were applied in the form of an interview by a single examiner trained and unaware of the results of functional class. The sum of the points was performed according to literature descriptions for each questionnaire [3,15].

  Statistical Analysis

  Data were summarized using tables, absolute frequency, percentage, mean, standard deviation, maximum and minimum value.

  In order to calculate the scores of the three domains of the questionnaire to measure AQUAREL quality of life (chest discomfort: questions 1 to 6, 11 and 12; dyspnoea: questions 7-10, 18-20; arrhythmia: questions 13 to 17) (1) de Oliveira [3] (203, p.46) equation was used with the following letters equivalence for the responses of each question of AQUAREL questionnaire and a 5-point Likert scale: a) = 5 b) 4 = c) = 3, d) = 2) and e) = 1.

  Equation = 100 - {[(ΣN - nº N) / (number NX 5) - nº N]} X 100. Where: ΣN = summation of scores of questions that compose the score and nº N = number of questions that compose the score.

  In the study of correlations among quantitative variables, the non-parametric Spearman test (rs) was used. The significance level adopted was 5% of probability to reject the null hypothesis.

   

  RESULTS

  We evaluated 107 individuals of both genders (49.5% female and 50.5% male) with a mean implant pacemaker period of 6.36 months (± 2.99 months), mean age of 69.3 years (± 12.6 years). We observed 12.1% of Chagas disease, 64.5% of hypertension, 24.3% of diabetes mellitus and 48.6% were non-smokers. In relation to functional class, the majority with 70% class I. Table 1 presents the sample characterization.
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  The study results showed significant negative correlations between quality of life and functional class. In the AQUAREL analysis, we observed a negative correlation between overall quality of life and in all three areas: chest discomfort, dyspnea and arrhythmia with functional class. On the other hand, we did not observe a correlation with quality of life regarding age by AQUAREL (Table 2).
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  There were also significant negative correlations between the SF-36 in all its domains and functional class. Regarding age, there was a significant negative correlation with physical functioning (Table 3).
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  In studying the association between age and functional class, there was a significant positive correlation (r=0.237, P=0.014).

   

  DISCUSSION

  Quality of life x functional classification

  According to a recent publication of the Brazilian Pacemakers, Resynchronizers and Defibrillators Registry (RBM) in 2012, while analyzing the implants of cataloged pacemakers, the current profile of indications is: 11.4% of patients in class I , 15.9% in class II, 41.3% in class III and 31.3% in class IV [21]. These numbers represent the universe of cardiac pacing in Brazil, the indications are prevalent in patients in classes III and IV.

  Regarding the assessment of quality of life with AQUAREL and SF-36 questionnaires, it was observed that no domain resulted in values below 50, showing that the patient quality of life after implantation is above average, therefore, the quality of life for these patients was good.

  Analyzing the highest and the lowest scores in AQUAREL, the lowest quality of life according to patients' opinion was in the dyspnea domain with 75 and, the best quality in discomfort with 90.8, the factor which was less affected in the life of these patients. In the SF-36 questionnaire, the domain with the highest quality of life was the social aspects with 89.1, it was also observed that the physical domain (impact of physical health on performance of daily activities and / or professional) had the lowest average in the both questionnaires with 58.4, but the most affected in patients' opinion.

  These findings corroborate with the study by Oliveira [3], which evaluated the quality of life (AQUAREL and SF-36) in 139 patients with pacemakers and, observed impairment in quality of life by AQUAREL in dyspnea (75.3) and better quality in discomfort (85.3). In the SF-36, the worst quality of life was emotional (46.7), followed by physical (51.4) and best quality of life in social aspects (74.3).

  Cesarino et al. [22] studied the quality of life in 50 patients with implantable cardioverter defibrillators (ICDs) by the SF-36. The social domain had the highest score (80.5) and the worst was the physical one (40.5), in agreement with this study.

  We observed a negative correlation between all domains of quality of life and functional class in patients with pacemakers, suggesting that those individuals belonging to the best functional class had higher QOL scores, and those belonging to the worst levels of functional class (in this study, class III and IV) had the lowest scores. In accordance with the findings of Cunha et al. [9] who studied functional class in their research (Goldman) and quality of life (AQUAREL and SF-36) in 14 patients with pacemakers, also observed a significant correlation among the instruments: in the three domains of AQUAREL with functional class; and the SF-36 questionnaire, vitality, pain and functional capacity with functional class.

  In the study of Stofmeel et al. [6,7], with 74 patients with pacemaker, a negative correlation of scores of quality of life (AQUAREL and SF-36) was observed with the functional classification of New York Heart Association (NYHA).

  According to Oliveira et al. [8], the observed correlations among AQUAREL scores and instruments already recognized, such as the SF-36 scale and functional classification of Goldman, suggest that AQUAREL is an instrument for assessing quality of life capable of registering through its variation of their specific scores, changes in subjective points of view of patients with pacemakers. In accordance with this study, we also observed correlations between functional class and quality of life.

  Oliveira et al. [23] studied quality of life in 139 patients with pacemakers, identified relationship between poorer quality of life related to health in patients with pacemakers with Chagas disease, female gender, unmarried status and the worst functional class. In multivariate analysis, the worst functional class stood out as an independent predictor of poor quality of life related to health in the physical component of the SF-36 and in all domains of AQUAREL.

  Therefore, this study also showed a direct relationship of functional class, which reflects the degree of heart failure, quality of life in patients with pacemakers, confirming reports by other authors, such as Stofmeel et al. [18] Oliveira et al. [8,23]; Cunha et al. [9].

  Age x quality of life x functional classification

  According to Cunha et al. [9], the literature contains conflicting results regarding the correlation between age and quality of life in different populations [14,24,25]. It is believed that age has a relationship mainly with variables relating to patients' physical condition [9,24,26].

  In this study, we observed a negative correlation between age and the physical functioning domain of SF-36, one of which represents the physical condition. This domain indicates how much health conditions interfere with everyday activities, suggesting that patients with advancing age have greater impairment in physical and functional activities, thus with worse quality of life in functional capacity. Similar to these findings, Cunha et al. [9] observed a negative correlation between age and the SF-36 in the physical functioning domain, on the other hand, we also found a correlation between age and emotional aspect, supporting the controversial issue of the relationship between quality of life and age.

  Van Eck et al. [27] studied quality of life in patients awaiting pacemaker implantation with a control population (without pacemakers). They emphasized that the most important predictors of a good quality of life were age, presence of cardiac comorbidities and atrial fibrillation. They also reported that age is inversely related to the quality of life, in accordance with the findings of this study.

  In agreement with the results of Cunha et al. [9] the present study did not find any correlation between quality of life by AQUAREL and age. The authors explained in their paper that possibly this difference of association between age and the two instruments of quality of life is due to the fact that SF-36 is a generic questionnaire  and has broader domains, which may cover different aspects susceptible to interference of age.

  However, Cesarino et al. [22], research on perception of quality of life (SF-36) in patients with IDC, observed that the quality of life in relation to age showed no statistically significant difference. Two studies developed in the state of Goiás also observed no significant association between the scores of quality of life and age: Gomes et al. [25] evaluated the quality of life (SF-36 and AQUAREL) after pacemaker implantation in 23 patients and Anthony et al. [11] evaluated the quality of life (SF-36) of 25 cardiac patients eligible for implantation of pacemaker in a hospital.

  The age reflects the aging, which is a non-modifiable risk factor, with greater frequency and greater severity in cardiovascular disease. Even though the pacemaker implantation may provide a benefit in terms of quality of life, this is not often measured in older populations due to other coexisting diseases and lower life expectancy [25]. 

  In the present study we observed significant positive correlation between age and functional class, suggesting that older patients had worse functional class. We believe that this fact can be explained by the physiology of aging, because the scale of Goldman is sensitive to detect reduction of activities that relate to the ability to perform tasks that require a certain metabolic expenditure, disagreeing with the results of Cunha et al. [9] since no correlation was found.

  It is suggested that the functional classification scales may constitute one of the tools that integrated the assessment and reflect the quality of life in patients with pacemakers, may help health staff in clinical practice.

   

  CONCLUSION

  In this study, negative correlation was found between all domains of quality of life with functional class. Age was negatively correlated with quality of life and functional class.

  The age and functional class have influence on quality of life, so these variables must be considered in strategies to improve quality of life in individuals with pacemakers.
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ABSTRACT

OBJECTIVE: A simple method to reduce the ischemia/ reperfusion injury that can accompany cardiac surgery would have great clinical value. This study was to investigate the effect of hyperosmotic perfusion on ischemia/reperfusion injury in isolated perfused rat hearts.

METHOD: Forty male Sprague-Dawley rats were randomly divided either to have their isolated hearts perfused with normal osmotic buffer or buffer made hyperosmotic by addition of glucose. Hearts were then subjected to 30 min ischemia followed by 30 min reperfusion. Coronary flow, time to ischemic arrest, reperfusion arrhythmia, and ventricular function were recorded. Creatine phosphokinase leakage into the coronary artery, and myocardial content and activity of superoxide dismutase and catalase were also examined.

  RESULTS: Rat hearts with hyperosmotic perfusion showed higher coronary flow, a prolonged time to ischemic arrest (10.60 vs. 5.63 min, P<0.005), a lower reperfusion arrthythmia score (3.2 vs. 5.3, P<0.001), better ventricular function, and less creatine phosphokinase leakage (340.1 vs. 861.9, P<0.001) than normal osmotic controls. Myocardial catalase content and activity were increased significantly (1435 vs. 917 U/g wet weight, P<0.001) in hearts perfused with hyperosmotic solution in comparison to the normal osmotic controls.

  CONCLUSION: Pretreatment with hyperosmotic perfusion in normal rat hearts, which is attributed partly to the increased antioxidative activity, could provide beneficial effects from ischemia and reperfusion-induced injury by increasing coronary flow, and decreasing reperfusion arrhythmia. 

Descriptors: Ischemia. Reperfusion injury. Myocardial infarction.



 

 

INTRODUCTION

Each year in the United States, approximately 1 million myocardial infarctions occur, and 700,000 patients undergo cardioplegic arrest for various cardiac surgeries. Minimizing ischemic time in these clinical scenarios has appropriately received a great deal of attention because of the long-established relationship between duration of ischemia and extent of myocardial injury. However after coronary flow is restored, the myocardium is susceptible to another form of insult stemming from reperfusion of the previously ischemic tissue. Given that cardiac ischemia is either unpredictable (myocardial infarction) or inevitable (in the operating room), there is great interest in developing strategies to minimize reperfusion-mediated injury.

Hyperosmotic saline has been used successfully in haemorrhagic and other types of shock to protect different tissues and organs [1,2]. Hyperosmotic saline perfusion has also been shown to decrease ischemia/reperfusion injury in rat hearts [3]. Elevated blood glucose also increases plasma osmolarity, and resistance to ischemia/reperfusion injury is increased in hearts from type 1 diabetic rats that have severe hyperglycaemia [4]. Because both hypertonic saline and, in diabetic rats, hyperglycemia are cardioprotective, we sought to determine whether addition of glucose instead of sodium chloride (NaCl) to produce hyperosmolarity would, in hearts from normal rats, provide protection from ischemia/reperfusion injury. If hyperosmotic glucose perfusion were found to be protective, it might, in the future, be able to be used clinically to attenuate ischemia/reperfusion injury during cardiac bypass surgery.

The present study investigates the effect of hyperosmotic perfusion pretreatment with glucose on ischemia/reperfusion arrhythmia and ventricular function damage in isolated rat hearts in vitro. Coronary creatine phosphokinase leakage (that is, leakage of this cardiac enzyme from damaged myocardial cells into the perfusate from the coronary artery), and myocardial content and activity of two antioxidant enzymes, superoxide dismutase and catalase, were also measured in order to assess the effect of hyperosmotic perfusion with glucose on myocardial cell damage and anti-oxidant activity.

 

METHODS

Animals

This study was approved by the animal care and use committee of our institution (2011(LW)-13). Forty male Sprague-Dawley rats (originally weighing 220-280 g) were housed under standard conditions with free access to tap water and chow. Rats were randomly divided either to have their isolated hearts perfused with normal Krebs-Henseleit buffer solution (300 mOsm/L) or with Krebs-Henseleit buffer solution made hyperosmotic (360 mOsm/L) by addition of glucose.

Isolated heart preparation and ischemia/reperfusion with normal buffer solution

Rats were anaesthetized with sodium pentobarbital (60 mg/kg, i.p.), injected with 25 mg/kg heparin, and their hearts excised a few minutes later. The hearts were then placed in a Langendorff apparatus [5] and rapidly connected to the aortic cannula of this apparatus for retrograde perfusion with Krebs-Henseleit buffer containing (in mmol/L): NaCl 118.0; KCl 4.7; CaCl2 2.5; MgSO41.2; KH2P4O1.2; NaHCO325.0; glucose 11.0 mM; Na2 -EDTA 0.5. The perfusate was maintained at 37ºC and aerated continuously with 95% O2 and 5% CO2. The left atrium was connected to a cannula and perfused in order to fill the left ventricle, and a catheter was inserted into the left ventricle to record left ventricular pressure (LVP), left ventricular end diastolic pressure (LVEDP), and maximal rate of LVP rise (dp/dtmax) and fall (dp/dtmin), using a data acquisition system (MPA 2000; Alcott Biotech, Shanghai, China). Aortic perfusion pressure was set at 70 mmHg and left atrial pressure at 15 mmHg throughout the experiment. However, cardiac output as it would occur in the living animal cannot be measured with this method. A catheter inserted into a small artery originating in the marginal or oblique branch of the left circumflex coronary artery was used for continuous measurement of coronary flow (calculated from the fluid fractions collected as volume/ time) in pre-ischemia perfusion, ischemia, and reperfusion periods. We used this location for catheter insertion because it enables more precise and clean collection of coronary effluent than effluent collected from other locations. The perfusate collected from the coronary artery was used to assay for creatine phosphokinase.

Electrodes were inserted into the myocardium at the base and apex of the heart, and heart rate (HR) and electrocardiogram were recorded continuously with a data-acquisition system (MPA 2000; Alcott Biotech, Shanghai, China). Premature ventricular beats, ventricular tachycardia and ventricular fibrillation during reperfusion were recorded. The severity of arrhythmias was scored using the Curtis arrhythmia scoring system [6]. This system uses a scale of 0-9, where 0 indicates occasional ectopic beats and 9 indicates ventricular fibrillation occurring during the first 60s of reperfusion. The time from the clamping of the atrial inflow and aortic outflow to the cessation of ventricular contractions was recorded as the time to arrest, and the time from the beginning of reperfusion to the start of ventricular contractions was recorded as the time to recovery.

All hearts were allowed to beat spontaneously. After the 10 min normal buffer equilibration perfusion and 20 min pre-treatment normal buffer or hyperosmotic glucose perfusion (the total pre-ischemia period was 30 min), the hearts were subjected to 30 min global ischemia by clamping both atrial inflow and aortic outflow. The heart was thus in contact with hyperosmotic glucose buffer for a total of 50 min. The heart was kept warm during the ischemic period. At the end of this period, the above flow catheters were opened for a 30 min reperfusion period.

Hyperosmotic perfusion 

The procedure for the rat hearts in the hyperosmotic perfusion group was the same as that described above for normally perfused hearts except that the osmolarity of the Krebs-Henseleit buffer was increased to 360 mOsmol/L during the 20 min pre-treatment period by adding 60 mOsmol/L of glucose and thus increasing the glucose concentration to 71 mM. 

Biochemical determinations and Western blot analysis

At the end of the 30 min reperfusion period, the front portions of the left ventricles were freeze-clamped for use in biochemical assays and Western blotting. Creatine phosphokinase (CPK) from the coronary artery, and superoxide dismutase (SOD) and catalase from myocardial tissue homogenate, were determined with assay kits (Jian-Cheng Biomedical Engineering, Nanjing, China) according to the instructions of the manufacturer.

For Western blot analysis, the freeze-clamped sections of the left ventricle were homogenized in lysis buffer (pH 7.4) containing (in mmol/L): Tris-HCl 50; sucrose 150; EDTA-Na25; EGTA2 ; Na3VO41; NaF 50; phenylmethanesulphonyl fluoride 0.1; leupeptin 1 mg/L. Actin was used as the protein standard. Protein samples were loaded onto 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) acrylamide gels and transferred to polyvinylidene difluoride membranes. Blots were incubated with antibodies to either catalase (Calbiochem, San Jose, CA, USA) or SOD (Kagaard & Perry Laboratories). The membranes were then incubated with corresponding horseradish peroxidaseconjugated secondary antibody, and immunoreactive bands were visualized using electrochemoluminescence (Pierce; Thermo Fisher Scientific Inc., Rockford, IL, USA). Relative levels of proteins were semi-quantified with densitometry (Leica).

Statistics 

Normally distributed continuous variables between control and hyperosmotic glucose groups were compared using an independent two sample t test. Differences between ischemia and reperfusion were determined using a paired t test. Repeated measurement of ANOVA was used for coronary flow. Data are presented as means ± SE. All statistical assessments were two-sided and evaluated at the 0.05 level of significant difference. Statistical analyses were performed using SPSS 15.0 statistics software (SPSS Inc, Chicago, IL).

 

RESULTS

Coronary flow and correlation with hyperosmotic perfusion

Compared to normal osmotic perfusion, hyperosmotic glucose perfusion significantly increased pre-ischemia basal coronary flow in isolated rat heart after 5 and 10 minutes of perfusion (Figure 1). After ischemia and reperfusion treatment, coronary flow was also significantly higher with hyperosmotic glucose than normal osmotic perfusion over the 30 minutes of perfusion (Figure 2). 
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Ventricular function during ischemia and reperfusion

Rat hearts perfused with hyperosmotic solution took a longer time (10.6±1.5 vs. 5.6±0.7 min) to stop beating during ischemia and a shorter time (13.0±2.5 vs. 19.2±1.5 sec) to resume beating during reperfusion than control hearts. In other words, hyperosmotic hearts were asystolic about 32 minutes as opposed to 43 minutes for control hearts. The reperfusion arrhythmia score (3.3±1.7) and ventricular tachycardia-fibrillation period (15.0±1.2 min) were significantly reduced in hyperosmotic hearts compared to control hearts (5.3±1.2, 24.3±2 min respectively) (Table 1). There were no significant differences in pre-ischemia HR, LVP, LVEDP, dP/dtmax and dP/dtminbetween the 2 groups. However, HR, LVP, dP/dtmax and dP/dtmin in both groups significantly decreased during reperfusion (P<0.05, Table 2).
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Creatine phosphokinase (CPK) leakage from myocardial tissue and myocardial anti-oxidant enzymes

CPK leakage into the coronary artery, an indication of myocardial cell damage, was significantly reduced after reperfusion in hyperosmotic compared to control hearts, as shown by biochemical assays (360±115 vs. 860±124 U/g). Of the two anti-oxidant enzymes measured, hyperosmotic hearts showed a significant increase in myocardial catalase in both biochemical assay and Western blotting (Table 1 and Figure 3A, C). However, myocardial contents of SOD in hyperosmotic hearts were similar to those of normal control hearts in both biochemical assay and Western blotting (Table 1 and Figure 3B, D).
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DISCUSSION

In the current study, hyperosmotic perfusion pretreatment with glucose of rat hearts subjected to global ischemia resulted in better ventricular contractile and electrophysiological function, increased coronary flow, and less myocardial damage than was seen in normal rat hearts. Hyperosmotic perfusion pretreatment also increased levels of catalase, although levels of a second anti-oxidant enzyme, SOD, were similar to those seen in control hearts.

Endothelial nitric oxide (NO) production has previously been shown to be responsible for the increase in coronary blood flow seen after bolus injection of hypertonic saline in anaesthetized pigs [7]. This is a possible mechanism for the increased coronary flow seen with hypertonic perfusion pretreatment of glucose in our study, but we did not measure NO production.

Previous research by others has shown that an important change responsible for ischemia/reperfusion damage is the increase in intracellular calcium that occurs during ischemia [8]. Anoxia decreases pH, and the increased Na/H exchange used by the cell to bring the pH back to normal affects Na/Ca exchange in a way that increases intracellular calcium [8]. Myocardial perfusion with fluid made hypertonic with either NaCl or sucrose has been shown to decrease intracellular calcium by decreasing the anoxia-induced increase in Na/H exchange [9].

Reactive oxygen species (ROS) have also been implicated in the pathogenesis of ischemia/reperfusion injury [8]. In our study, hyperosmotic hearts showed an increase in the activity of the anti-oxidant enzyme, catalase, but no increase in SOD, the second enzyme studied. A study of diabetic hearts from rats with severe hyperglycaemia also showed an increase in catalase, but not SOD, compared to normal hearts [4]. And a study of hyperosmotic sodium chloride perfusion of normal and stroke-prone spontaneously hypertensive rat hearts also showed increased catalase but not increased SOD, although in this study raising the osmolarity to 400 mOsm/L was able to increase SOD slightly [10]. In our study, levels of catalase were increased 20%, but levels of the marker of myocardial damage, CPK, however, were decreased 60%. It seems doubtful, therefore, that this modest increase in catalase activity could, by itself, cause such a profound lessening of myocardial damage.

An unanswered question is whether beneficial effects for heart by solution made hypertonic by the addition of glucose differs in any way from that provided by solution made hypertonic by the addition of NaCl. Hyperosmotic glucose differs from hypertonic saline in that glucose is a substrate for energy metabolism in the myocardium. In normal conditions, myocardium utilizes fatty acids for aerobic metabolism but in anoxic conditions, it uses glucose for anaerobic glycolysis. Anaerobic metabolism plays a crucial role in protecting myocardium from death [11]. Hyperosmotic glucose perfusate provides more glucose for the myocardium to produce ATP through glycolysis, an action beneficial for maintaining the activity of Na+-K+ATPase and the ATP-dependent K channel. This action may attenuate myocardium injury. However, because the manner in which the myocardium utilizes metabolic substrates is complex, the possibility that increases in extracellular glucose availability can be beneficial to heart needs further investigation.

Chu et al. [12] also that ischemic myocardium in alloxaninduced-diabetic (DM) group displayed higher expression of cell survival proteins including phospho eNOS, heat shock protein 27, NFkB, and mTOR as compared with ischemic myocardium in normoglycemic (ND), whereas in non-ischemic tissue, expression of these proteins was similar or lower in the DM group. The expression of total Erk 1/2 was similar between ND and DM groups, whereas the expression of phospho-Erk 1/2(Thr202/Tyr204) was lower in the DM group as compared to the ND group [12]. The expression of SAPK/JNK was lower in the DM group [12]. The current study shows that normal rat hearts prefused with hyperosmotic glucose can provide beneficial effects to heart, but these beneficial effects could very well be due to the hyperosmolarity itself rather than glucose.

In our study, rat hearts prefused with hyperosmotic glucose before ischemia/reperfusion increased coronary artery flow and decreased coronary artery resistance, increased left ventricular function, and increased levels of catalase but not SOD. In Shen's et al. [10] study, prefused with hyperosmolar NaCl gave similar results: increased coronary artery flow and decreased coronary artery resistance, increased left ventricular function, and increased levels of catalase but not SOD. Shen et al. [10] also compared the effects of a 2 hour perfusion of rats hearts with solution made hyperosmolar with 4 different osmolytes (NaCl, glucose, mannitol, and raffinose) and found no significant differences in levels of the cellular constituents measured. They did not, however look at left ventricular function. Our findings and Shen's et al. [10], therefore, may be due entirely to the hyperosmolarity.

However, one must also consider the use for which a solution is intended. Studies comparing the success of solutions used to protect hearts used for transplantation have focused on protecting cellular energy metabolism [13,14]. Despite the crystalloid solutions studied are not fully able to suppress the deleterious effects of ischemia and reperfusion in the rat heart, Lima et al. [14] had also found that a solution may contain the mannitol, instead of glucose, and the concentrations of K+ (15 mmol/L) and Ca2 + (0.25 mmol/L) of solution can contribute to a better performance by promoting the depolarizing arrest without contributing to an overload of intracellular calcium during the ischemic period. We were investigating hyperosmotic solutions might be beneficial to normal rat heart ex vivo to against ischemia/reperfusion injury during cardiac bypass surgery. In this situation, the physiologic effect of the hyperosmotic fluid used on non-cardiac tissue must be considered, and the use of glucose instead of NaCl as the osmolyte might have advantages.

A limitation of this study is that we should compare the use of glucose to mannitol, an osmotically active but metabolically inactive compound, to see whether hyperosmolarity alone was responsible for the beneficial effects of glucose to heart or not. Perfusion with hypertonic mannitol has been shown to increase catalase levels in normal rat hearts [11] but there are no reports to date about its actions on ventricular function and enzymes during ischemia/reperfusion. Other limitations are that NO production, intracellular calcium, and ROS should be measured to elucidate the mechanism behind of these beneficial effects of hyperosmotic perfusion pretreatment. We also like to study the protein profiles of cell survival signaling and mitogen-activated protein kinase signaling to see whether changes in any of these parameters might be involved in beneficial effects of hyperosmotic perfusion pretreatment with glucose to normal rat heart.

In summary, the present study had shown that hyperosmotic perfusion pretreatment may provide beneficial effects to heart from ischemia and reperfusion injury, increase coronary flow, and decrease reperfusion arrhythmia. The beneficial effects induced by hyperosmotic perfusion pretreatment with glucose may be attributed partly to the increased antioxidative activity. It is possible that hyperosmotic perfusion pretreatment may be able in the future to be applied during cardiac bypass surgery for its beneficial effects against ischemia/reperfusion injury.
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ABSTRACT

OBJECTIVES: To investigate coping strategies used by patients submitted to heart transplantation and whether they are related to the perception of the disease and transplantation.

  METHODS: Cross-sectional study with quantitative and qualitative analysis. The sample of 32 patients was assessed by the Ways of Coping Scale and socio-demographic questionnaire, and five of them were selected for interviews. The internal consistency of the scale was assessed, the variables and strategies involved were crossed and content analysis of interviews, investigating the existence of a relationship with the speech of the participants.

  RESULTS: The individuals have used all coping styles, with a predominance of the problem-focused strategy. Psychologically prepared patients showed a statistically significant increase in the use of problem-focused coping and seek for social support. However, a significant increase in the use of emotion-focused coping was observed in patients who were not prepared. Analysis through the method of Bardin showed as categories: disease; reaction to call; transplantation; fantasies; postoperative; team and coping.

  CONCLUSION: Patients with a transplanted heart make use of all coping strategies, with a predominance of the problem-focused strategy. Psychologically prepared individuals used more active coping strategies, which highlights the importance of psychological support during the process.

Descriptors: Heart transplantation. Adaptation, psychological. Sickness impact profile.



 

 

INTRODUCTION

Heart transplantation (Ht) can be seen as a process, since it does not imply a "cure", according to the popular conception of absence of disease. HT can significantly improve the quality of life, but the patient will have to adapt to multiple limitations and other health problems [1,2].

A heart transplant requires lifestyle changes, so that the individual may cope with the demanding postoperative protocol and side effects of the drugs used [3-5]. The patient is also confronted with feelings that are roused by the constant threat of rejection, uncertainty of long-term prognosis, ambivalent psychological acceptance of the transplanted organ and influence of the cultural symbolism of the heart [3-5].

These particularities can raise the levels of anxiety and stress and trigger depression, which is considered a relevant risk factor for mortality after Ht [3,6,7]. The depressive reaction can influence the clinical picture and compromise good results during the rehabilitation phase, since it may combine with anxiety and directly affect treatment adherence [4].

It is thus of fundamental importance that the patient is able to psychologically defend himself, using a range of coping strategies. These strategies include a hierarchy of flexible, purpose-oriented defense mechanisms, ranging from less adaptive to more evolved types of defense. They are defined as a stress response, which may be behavioral or cognitive, with the purpose of decreasing the aversive characteristics [8]. 

These strategies can be primarily focused on the problem, by modifying the relationship between the person and the environment, or on emotion, adapting the emotional response to the problem. They represent situational responses, influenced by the perception of environmental and personal systems and by the events of life. Evasive, emotive, fatalistic coping strategies are associated with a smaller capacity of personal control over the disease, increasing levels of depression and anxiety and decrease in treatment adherence [8-10].

The present study aims at the investigation of coping strategies used by patients who have had a Ht and at analyzing if there is a relationship between the adoption of these strategies and the perception of the disease and transplantation. 

 

METHODS

In this cross-sectional study with quantitative and qualitative analysis, sample size was calculated based on the study by Seidl et al. [11]. Thirty-two patients attended at the transplantation Service of Instituto de Cardiologia do Rio Grande do Sul (Porto Alegre, RS, Brazil), of both genders, aged over 18 years, and submitted to Ht at least one month previously, were included.

 The instruments used in this study included a demographic questionnaire, with basic data of the patient and information concerning the disease, transplantation and quality of life; a semi-structured-interview with thematic analysis for collecting information about the participant's perception in relation to disease and transplantation; the medical record for obtaining complementary data; and the Ways of Coping Scale (WOCS). The WOCS is a Likert type scale which assesses the magnitude of coping strategies used by the individual when confronted by stressors. The scale is composed of 45 items, with answers ranging from 1 (I never do that) to 5 (I do it always), and was adapted for use in Brazil by Gimenes & Queiroz [8,11,12]. 

This study was approved by the institutional Ethics Committee Research, is in accordance with the Declaration of Helsinki, and follows the Resolution 196, of October 10, 1996 [13].

Patients returning to the health center for consultation were informed about the study and invited to participate. Those who agreed to participate signed an informed consent and answered to a demographic questionnaire and the WOCS. Five of the patients were randomly selected for interviews, which were recorded with the permission of the participants.

 The data were tabulated and the interviews were fully transcribed. The results were analyzed in two steps. First, the internal consistency of the WOCS factors was assessed using the Cronbach's alpha coefficient, with the statistical software SPSS version 17.0. Categorical variables were described by absolute and relative frequency, and quantitative variables, through the mean and standard deviation or median and interquartile range. Since coping is a situational concept, the variables and strategies involved were crossed. A difference was observed between participants who received or not psychological preparation for Ht, and between those with or without psychiatric disorders. The participants were then assigned to groups according to the presence or absence of the analyzed variables, and the coping strategies were compared through Student's t-test for independent samples. P values lower than 0.05 were considered statistically significant. The variables were evaluated through the Pearson and Spearman correlation.

 The second step addressed the qualitative analysis of interviews, through the content analysis method described by Bardin [14]. The contents of interviews were separated into units of registry, i.e. phrases with specific themes, which reflect an individual perspective. Subsequently, they were grouped into categories and subcategories according to the recurring content in the speech of the participants, in order to articulate a group perspective [14]. The results of the two analyses were compared, for determination of the types of coping strategies used and relating the data obtained to the speech of individuals.

 

RESULTS

Descriptive results

 The main demographic and clinical characteristics of the sample are presented in table 1. Data that indicate quality of life show that 93.8% of the participants have some type of leisure activity and 43.8% live with spouses and children. In relation to sleep, 81.3% of the patients sleep on average 5 to 8 hours per night; 87.5% report having dreams, and for 31.3% of them, dream contents reported are related to death. 
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Evaluation of internal consistency

WOCS reliability to assess coping strategies was acceptable. The results of the Cronbach alpha analysis of factors was: coping focused on the problem = 0.885; coping focused on emotion = 0.671; coping through religious/fantastic practices = 0.652; and coping aimed at seeking social support = 0.361.

Coping strategies

Participants used all types of coping strategies, with predominant focus on solving the problem. The coping strategies presented the following averages and standard deviations: (a) focused on the problem 3.78±0.77; (b) focused on emotion 0.54±2.11; (c) coping through religious/fantastic practices 0.86 ± 3.34; and (d) aimed at seeking social support 3.22±0.75.

The analysis of variables age, time of Ht and schooling showed that only the variable schooling presented a moderate inverse correlation with the coping strategy adopted (rs = - 0.471; P = 0.006). When the relationship of coping strategies among themselves was investigated, a moderate direct correlation was observed between coping focused on the problem and the search for social support (r = 0.450; P = 0.010). 

The comparison of coping strategies used between groups of participants who had or not received psychological preparation for Ht is presented in Figure 1. The comparison of the strategies among the groups of patients with or without psychiatric disorders is presented in Figure 2.
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Bardin's content analysis

The qualitative analysis of the content of the interviews can be seen in Chart 1.


  

  [image: Chart 1]



DISCUSSION

Several studies have examined coping strategies in the context of health. However, very few of them have investigated coping strategies used in the period after a Ht, with virtually no research combining quantitative and qualitative designs [15].

Findings of the present study are consistent with previous reports. Early-stage heart disease is not always accompanied by symptoms, approaching the patient silently [5]. Unlike other diseases, such as certain types of cancer that modify the appearance of the individual, it is invisible, as can be inferred from the participant's speech: People who met me on the street thought that I was well. This aspect, coupled with emotional difficulties in dealing with the disease, may influence the delay in looking for treatment and poor adherence to treatment.

 The evolution of the disease leads to the development of heart failure and crippling symptoms [1]: So I couldn't walk well, or work. Thus, the indication for Ht represents the possibility of survival and improvement in the quality of life [2,16]: I was disillusioned, and when I saw this light at the end of the tunnel I felt a great joy. I was taking five medications and did not improve, had no perspective on life. At the same time, it arouses intense anxiety and fantasies: I thought that someone had to die for me to live. There is also a peculiarity in the influence of cultural symbolism of the heart, associated with life and emotions: The wife of a future colleague cried and I asked why, and she replied: Because now, that he have a new heart, I keep thinking that he won't love me as much he did. In addition to the physical suffering imposed by the disease, the patient is exposed to emotional distress by the uncertainty of survival and confrontation with death. Therefore, the reaction involves ambivalent feelings [3]: It is hard. One keeps thinking: Well, will I come back or not? 

HT requires from the patient a series of adaptive tasks [3]: I have take care of many things which need consideration, because if I stop taking cyclosporine or some other medication needed to avoid rejection, it is certain that I will die. These events may generate high physical and psychosocial impact, because the transplant is seen as a new disease and not a cure: Sometimes, I think I would rather not have gone through this. 

In the immediate postoperative period, the participants relate a feeling of happiness for having survived: I did not die. I'm alive. The feeling when I woke up was very good. At the same time, it is a highly disorganizing experience: I went through a lot, after I had the transplant I heard voices.

As in other studies, most of the survivors of a Ht were male and were in a stable relationship, which indicates greater social support and is considered a protective factor [15-17]. Ahigh rate of professional inactivity was observed among the participants, which can be associated with the high emotional impact of the transplantation [18]. A high prevalence of ischemic dilated cardiomyopathy was also observed [19].

Considering the psychical elaboration of the Ht, most participants remembered dream, which is an important indicator of emotional capacity. It is important to observe that most dreams were related to death, highlighting again the high emotional impact of transplantation and the attempt of elaboration of the traumatic experience.

The WOCS evaluates four types of coping strategies: coping focused on the problem, on emotion, in religious/ fantastic practice and in the search of social support. In the present study, the scale showed acceptable reliability to evaluate such strategies. 

In general, participants made use of all types of coping strategies, with a predominance of the strategy focused on solving the problem and, to a lesser extent, on emotion. The problem-focused strategies correspond to a cognitively active way of dealing with the situation, through behaviors of approaching the stressor in order to solve the problem. They are also related to positive thinking, i.e. a positive perception of the situation: I was determined: take it or leave it. If I do not live I'll die. I'll try to live. Strategies focused on emotion are a passive way of dealing with the situation, through the adoption of evasive and escape behavior in relation to treatment. They are related to negative emotional reactions and fantasy thoughts of self-guilt and or blaming other people [11,15]: The other time, they called me and I didn't got to come. Then when they called me the last time I did it.

Since coping strategy is a situational concept, and as such influenced by the individual's internal and external environment, it was necessary to crossover and investigate correlations between variables and coping strategies. In this sample, no correlation was observed between the variables age and coping strategies [11], or between time of Ht and coping strategies [15]. Therefore, the variables age and time of transplant did not influence the choice of coping strategy used by the patients. However, the variable schooling correlated inversely with coping by adoption of religious practices [11]. The coping strategy which uses the adoption of religious practices is related to a range of feelings, from hope and faith (pertinent to the situation) to fantastic thinking, which can justify passive avoidance behaviors and the hope for a miracle (making treatment adherence more difficult).

According to the literature, factors that may be responsible for poor treatment adherence include inadequate knowledge of the process, depression, anxiety, low social support, substance abuse, stress, persistence of psychological suffering, difficulty of access to medication and poor relationship with the team [8]. Therefore, a good relationship with the team can be fundamental [20]: When I was admitted to the hospital, I was treated with great affection. This helped me a lot. I had great faith, was sure that the doctors were going have success with my surgery. I changed my mind talking to a psychologist. She explained things to me, telling about what was going to happen, saying that I was not going to kill anyone. 

In addition, the use of coping strategies focused on the problem and in seeking social support presented direct correlation, i.e. the increase in coping with the problem is accompanied by greater search for support. The search for social support is related to the demand for instrumental and emotional support or information to assist in coping with the situation [11]. Thus, both strategies involve the adoption of an active posture of the patient in relation to treatment, thus favoring adherence, since they influence both the feelings of confidence in the health team, as the adoption of behaviors of search for health aid. 

Participants who had received psychological preparation used with higher frequency coping strategies focused on problem (P=0.008) and on the search of social support (P=0.01) than those without this preparation. In addition, there was a decrease in the use of emotion-focused coping (P=0.011). The differences were statistically significant. Taking into consideration that most of the participants had ischemic dilated cardiomyopathy before the Ht and that the literature suggests that coronary patients have type "A" personality, these data show the relevance of psychological preparation. Individuals with type "A" personality are described as competitive, rigid, self-controlled, committed to the work and, often, unable to rest. They are described as persons who try to show independence, have difficulty in relating with others and in taking a passive and dependent stance. In addition, they have difficulty in identifying and dealing with their feelings, which makes them more fragile when sick [21]. 

According to these characteristics, individuals who are not well prepared for the transplant would use more frequently the emotion-focused coping strategy, due to their emotional difficulties. Because of their difficulty in relating with other persons and assuming a dependent role, they would use less frequently a coping strategy that relies on seeking social support. Similar results were observed for patients who did not receive psychological preparation. These behaviors deserve attention, since they can hinder treatment adherence as well as indicate a greater vulnerability of the patient [6,15].

Therefore, the data obtained from the group of patients psychologically prepared for the Ht shows the relevance of this intervention. This preparation allows the patient a moment to talk about the transplant, so that he becomes aware of his fantasies and feelings, as well as the personal way of addressing the situation, a fact that enables a change of behavior and favors the adoption of coping modes more active and adapted to the situation, such as the confrontation focused on solving the problem and the search for social support [22]. These coping strategies are fundamental to the survival, since they influence the behavior of adherence to treatment [9,15]. In addition, the psychological treatment relieves feelings of stress, anxiety and depression, facilitating the process [15].

A comparison of strategies among patients with and without the presence of psychiatric disorder found that in seconds there is a predominance of problem-focused coping style (P=0.046) and less frequently the emotion-focused strategy (P=0.08). However, patients with psychiatric disorders showed a non-significantly higher frequency of coping by religious practice (P=0.748), and a significant increase in the use of emotion-focused coping (P=0.352). These results suggest greater use of passive strategies, indicating an inability to deal with the post-transplant period, as pointed by other studies that emphasize the role of major depression as a risk factor in the post-transplantation period [6,7,15,23].

Taking into account these particularities, the role of the psychologist must start in the preoperative period and extend during the post-transplant period, according to the needs of each patient. In the pre-transplant period, the psychologist assesses how the patient processes information about his health, how he receives the indication for transplantation and what is his level of knowledge of the process. Therefore, the use of psychoprophylaxis - a technique developed by psychoanalyst Arminda Aberastury - emphasizes the importance of working the anxieties and fantasies related to the surgery. Therefore, it is necessary to explain every detail of the surgery, from the anesthesia to possible indispositions, decreasing in this way the postoperative anxiety and trauma by making it possible to elaborate fantasies, suffering and feelings of unsafety associated with transplantation, as well as the incorporation of a new body image [24]. 

In the period subsequent to the Ht, psychological aspects related to the feeling of loss of the heart, acceptance of the new body and adaptation to changes in life habits should be addressed. In addition, the patient's sense of autonomy, self-efficacy and responsibility for his own health care, as well as the stimulus to return to life activities, should be strengthened in order to increase adherence to the treatment [9,18,25]. 

One of the possible limitations of the present study is that the results cannot be generalized to the overall population, since the sample is small, despite being representative of the institutional reality - more than 55% of patients undergoing living transplantation - and reflecting clinical data already observed. In addition, the WOCS showed poor reliability in the analysis of coping strategy focused on seeking social support, highlighting the importance of further studies with more representative samples, with patients with psychiatric disorders and the need for a review of items that represent this factor in WOCS.

 

CONCLUSION

Individuals who underwent Ht make use of all coping strategies, with a predominance of strategies focused on the problem. The use of this active coping strategy implies behaviors more adapted to the process and responsible for greater adherence to treatment. Participants who were psychologically prepared for Ht used a greater number of active coping strategies, a fact that highlights the importance of psychological support during the process. These results indicate the relevance of further studies to investigate the influence of preparation in relation to coping strategies adopted in larger samples. 
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RESUMO

FUNDAMENTOS: O tratamento cirúrgico da insuficiência cardíaca padrão-ouro é o transplante cardíaco, porém, em decorrência das dificuldades desse tratamento, outras propostas cirúrgicas têm sido relatadas, entre elas o implante de ressincronizador cardíaco.

  OBJETIVO: Analisar a função ventricular esquerda, por meio da ecocardiografia, de pacientes portadores de insuficiência cardíaca avançada com dissincronia interventricular submetidos a implante de ressincronizador cardíaco.

  MÉTODOS: Entre junho de 2006 a junho de 2012, foram avaliados 24 pacientes com idade média de 61,5 ± 11 anos, portadores de insuficiência cardíaca congestiva avançada em classe funcional III e IV (NYHA), dissincronia interventricular e tratamento medicamentoso otimizado. Esses pacientes foram submetidos ao implante de ressincronizador cardíaco e avaliados ecocardiograficamente no pós-operatório de seis meses.

  RESULTADOS: Houve melhora significativa dos parâmetros ecocardiográficos analisados. A média dos diâmetros diastólicos ventriculares esquerdos reduziu de 69,6 ± 9,8 mm para 66,8 ± 8,8 mm, diâmetros sistólicos de 58,6 ± 8,8 mm para 52,7 ± 8,8 mm e a fração de ejeção, média de 31 ± 8% para 40 ± 7% com nível de significância, respectivamente, de 0,019, 0,0004 e 0,0002, estatisticamente significativos com nível de significância de 0,05.

  CONCLUSÃO: Houve melhora da função ventricular esquerda analisada por meio da ecocardiografia, em seis meses, de pacientes portadores de insuficiência cardíaca avançada submetidos a implante de ressincronizador cardíaco. 

Descritores: Insuficiência cardíaca. Terapia de Ressincronização Cardíaca. Ecocardiografia.



 

 

INTRODUCTION

Heart failure (HF) one of the greatest clinical challenges in the current public health, and it is considered an epidemic on progress, diagnosed in 1% to 2% of developed countries population [1,2].

The HF is one of the most prevalent causes of hospital admissions in Brazil, on the Unified Health System (SUS). In 2007, there were 1.156.136 hospital admissions for cardiovascular diseases, representing the third leading cause of hospital admissions on the SUS, and HF is the main one [3]. 

The HF treatment has the purpose of symptoms improvement, reduction of mortality, hospital costs decreasing and prevention of readmissions. The treatment of heart failure consists of: nonpharmacological steps (diet, exercising, stress management, and others), drug therapy and surgery [3]. 

Studies show that medical treatment should always include a beta blocker and an inhibitor of the angiotensin converting enzyme (ACE), composing the optimized medical treatment. For symptomatic patients, diuretics and digitalis are added. But if there is a disabling symptoms persistence, it is necessary to introduce aldosterone antagonists (functional class III heart failure by Criteria Committee of the New York Heart Association - NYHA) with strict control of serum potassium and combination of hydralazine + nitrate [3-6]. 

The search for alternative or complementary methods to drug treatment, which could change the course of the disease, is a major challenge of the researchers [7].

Surgical treatment should be considered for patients resistant to optimized medical treatment. Cardiac transplantation is the main treatment for patients with severe clinical and hemodynamic conditions, which represent significant changes in the prognosis of HF, but there are major obstacles to its achievement, as the low amount of donors, adverse responses to immunosuppressants, unfavorable clinical conditions and surgical risk, and other factors that are against the surgery [8].

Therefore, other alternative surgical techniques to heart transplantation, including surgical intervention of mitral valve in dilated cardiomyopathy [9], left ventricular aneurysmectomy and implanting a pacemaker of cardiac resynchronization [10,11] are given being performed to improve the clinical conditions and reduce morbidity and mortality of HF patients.

The cardiac interventricular dyssynchrony is presented as electromechanical regional change, leading to delays in both contraction and relaxation in cardiac muscle. Among the possible mechanisms of biventricular function worsening, the dyssynchronous contraction of the right ventricle stands out, leading to a septal bulging towards the left ventricle. This can unleash a delay in the papillary muscles activation with consequent mitral valve insufficiency [11].

The interventricular dyssynchrony can be analyzed by echocardiography, using the pulsed Doppler, calculating the electromechanical delay between the ventricles by measuring the time interval between the R wave of the electrocardiogram and the beginning of the curve of flow speed and aortic pulmonary flow. In case the difference between the two intervals is greater than 40 milliseconds, it is an indicative of interventricular dyssynchrony [12,13]. 

A cardiac resynchronization therapy plays an important role in treating patients with severe heart failure with conduction abnormalities and prolongation of the QRS complex, having as the main representative the left bundle branch block (LBBB), found in about 2550% of patients [14].

Among the indications for implantation of cardiac resynchronizer with or without internal defibrillator, patients with dilated cardiomyopathy with depressed left ventricular ejection fraction (LVEF) less than 35% are included, patients with ischemic heart disease without surgical or interventional treatment conditions, irreversible structural changes, functional class III or IV with electrocardiogram (ECG) showing QRS>150 milliseconds or QRS 120 to 150 milliseconds with dyssynchrony [15].

Studies show that biventricular resynchronization therapy provides a significant medical improvement with a reduction in the number of hospital admissions, improvement in functional class and quality of life. The assessment of ventricular function by echocardiography demonstrates improvement in systolic and diastolic function and ejection fraction [16-20]. 

The echocardiographic analysis, a cost-effective favorable, reproducible and affordable examination reveals itself as a method not only for indication, but also for postoperative evaluation of patients who underwent cardiac resynchronization therapy, evaluating parameters such as ejection fraction, cardiac synchrony, ventricular remodeling, reducing the degree of mitral valve incompetence and reversal of interventricular electromechanical delay [21-24]. 

Considering the severity of patients with advanced heart failure with optimized medical treatment in need of surgical treatment and wtih electrocardiographic criteria, medical and echocardiographic for implantation of cardiac resynchronizer. The goal of this research is to analyze left ventricular function through of echocardiography in patients with advanced heart failure who underwent implantation of cardiac resynchronizer.

 

METHODS

Casuistry

The echocardiographic data of 24 patients with severe congestive heart failure were analyzed, classified as NYHA functional class III and IV according to the Criteria Committee of the NYHA, underwent implantation of transvenous cardiac resynchronizer, by Cardiovascular Surgery Service of the discipline of Cardiothoracic Surgery of the Helio Mandetta Faculty of Medicine-Federal University of Mato Grosso do Sul (UFMS), between June 2006 to June 2012, with the approval of the UFMS Ethics Committee in humans in the approval letter - protocol number 2235-CAAE 0354.0.049.000 11, on November 9, 2011.

The patients were between 34 and 86 years old, average 61.5 ± 11.1 years old, eight (33%) were female and sixteen (67%) males, according to Table 1. All patients were on maximum allowable drug therapy. 
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Concerning etiology, idiopathic dilated cardiomyopathy, valvular diseases from mild to severe functional impairment and ischemic cardiomyopathy have been demonstrated. 

Inclusion Criteria 

 The inclusion criteria were: 1) patients with dilated cardiomyopathy (DCM) and congestive heart failure functional class (NYHA) III or IV refractory to optimized drug therapy; 2) patients with DCM without possibility of surgery (coronary artery bypass grafting, valve replacement, left ventricular aneurysm resection or correction of congenital heart disease); 3) left and right bundle branch block standard interventricular conduction disturbance, associated with anterosuperior or left branch induced right ventricular cardiac pacing exclusive block; 4) interventricular dyssynchrony documented on echocardiography; 5) QRS complex duration higher or equal to 120 ms.

Echocardiographic assessment

Echocardiographic evaluation was performed by the same examiner preoperatively and postoperatively with Medson EX 8008 Apparatus, transducers of frequency 2 and 3 MHz in conventional evaluation plans.

The study used the echocardiographic data with, a maximum of one month before the pacemaker implantation multisite to evaluation before, and after six months for postoperative evaluation, shown respectively on Tables 2 and 3. The following variables were used: Left Ventricular Diastolic Diameter, Left Ventricular Systolic Diameter and Ejection Fraction, in the standardized methods in the literature.
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Operative technique 

The operative technique for implantation of cardiac resynchronizer starts with cardiac monitoring and degermation and antisepsis of the anterior chest wall and neck. Local anesthesia is performed with 2% lidocaine in an area located in the middle third of the right infraclavicular fossa, of approximately 4 cm2. An incision of approximately 4 cm at the place above 1 cm below the right clavicle is made, with careful hemostasis.

The first electrode was placed in the right ventricle (RV), followed by the right atrium lead, both by puncture of the right subclavian vein in which the guide wires were inserted, and on them, inserting of the sheaths through which the endocavitary electrodes were passed (active fixation). They were placed in traditional sites (atrium into the right auricle and right ventricle at the end of it) or where the initiation of stimulation was obtained, with acceptable sensing and impedance. The last electrode was placed in the coronary sinus for left ventricular pacing. The electrodes used were: Corox OTW 75 DP (Biotronik®).

 The position obtained by the use of radiological anatomy with fluoroscopy in left anterior oblique, at an angle of 35 degrees in order to position the electrode of passive fixation on the lateral or posterior vein of the left ventricle. Afterwards, electrophysiological tests took place to verify basic viability and stability. The final stimulus generator is connected, and it immediately starts its activity verified by electrocardiogram tracing. Then the closing ofplans was held.

Postoperative follow-up

The days of observation and monitoring varied from November 2006 until June 2012. All patients were medicated in order to maintain the optimization of drug therapy for heart failure.

The postoperative evaluation was performed by the Doppler echocardiogram in six months postoperatively.

Statistical analysis

 The analysis of quantitative variables was performed by comparing average (previously checked the normality of distributions), using the Student t test. The level of significance was P <0.05.

 

 RESULTS

The patients were discharged without complications during the perioperative and no death on the early postoperative.

According to the needs of each patient, there was drug use in their highest tolerated doses, with frequent use of digoxin, furosemide, carvedilol, acetylsalicylic acid (AAS), amiodarone, enalapril, losartan, warfarin and espironalactona. 

Regarding postoperative data, according to Table 3, the mean left ventricular diastolic diameters were 66.8 ± 8.8 mm, systolic diameters, 52.7 ± 8.8 mm and ejection fraction 40 ± 7%.

 Comparing the pre-and postoperatively data, according to Table 4, there was significant reduction in echocardiographic parameters and increase in the analyzed ventricular function. The average left ventricular diastolic diameter decreased from 69.6 ± 9.8 mm to 66.8 ± 8.8 mm, systolic diameters of 58.6 mm ± 8.8 to 52.7 ± 8.8 mm and there was an increase in ejection fraction, an average of 31% ± 8 to 40 ± 7% significance level, respectively, 0.019, 0.0004 and 0.0002, statistically significant with a significance level of 0.05.
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DISCUSSION

Heart failure is a serious public health problem, with high annual mortality [25]. In order to decrease the symptoms, complications and increase life expectancy, several forms of treatment are considered, such as pharmacological and nonpharmacological steps with major therapeutic advances in recent decades. However, many patients remain with significant symptoms and a high number of hospital admissions, determining reserved prognosis and expensive treatments [26,27]. Where surgical treatment should be considered.

The cardiac resynchronization therapy (CRT) has an important role in the treatment of patients with advanced heart failure with conduction abnormalities and prolongation of the QRS complex, as main representative the left bundle branch block (LBBB), present in approximately 25-50% patients [14,15,28,29].

 Studies have shown the medical benefits of CRT. The tests MIRACLE [30] and MUSTIC [31], CONTAK CD [32] showed that CRT determines functional class improvement of HF patients, exercise tolerance (6 minutes walking test peak VO2), reduction in the rate of HF hospitalization and improved quality of life through the Minnesota questionnaire. However, decrease in mortality with CRT and echocardiographic parameters improving were not demonstrated. 

A meta-analysis of the CARE-HF [33], MUSTIC [31] and MIRACLE [30] studies, comparing biventricular pacing with optimized medical treatment alone showed a significant reduction in hospitalization rates, reducing therisk of death. 

McAlister et al. [34], in 2007, in 11 months follow-up, demonstrated the efficacy and safety of biventricular pacing in over 10,000 patients. They concluded that CRT reduced hospitalizations and all causes of mortality. An increase in ejection fraction was observed, improving quality of life for the Minnesota questionnaire and improvement in functional class. 

However, some studies have shown that CRT was able to significantly improve as from the third month of follow-up echocardiographic parameters, such as reduced stroke volume and left ventricular end-diastolic and increasing of ejection fraction [26-28].

In contrast with the controversy in the literature regarding the improvement in echocardiographic parameters, this research has demonstrated an increase in ejection fraction of 31% ± 8 to 40 ± 7%, reducing of diastolic and left ventricular systolic diameter from 69.6 ±  9.8 mm to 66.8 ± 8.8 mm and 58.6 mm ± 8.9 to 52.7 ± 8.8 mm, respectively, all parameters statistically significant.

This research may infer that transvenous CRT improves benefits in the biventricular systolic function with significant improvement in echocardiographic parameters such as ejection fraction and reduction of systolic and diastolic diameters.

 

CONCLUSION

In the present study, there was improvement in left ventricular function assessed by echocardiography in patients with advanced heart failure who underwent implantation of cardiac resynchronizer.
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    ABSTRACT

    INTRODUCTION: The use of cell saver (CS) in cardiac surgery is proposed to reduce the use of units of packed red blood cells stored (URBC), which increases morbidity, mortality and causes inflammatory reactions.

     OBJECTIVE: The objective is to evaluate whether the use of CS decreases the use URBC, is cost / effective and beneficial to the patient.

     METHODS: In a prospective study, between November 2009 and October 2011, 100 consecutive patients who underwent cardiovascular surgery with CPB, hemodilution and hemofiltration, were enrolled. Patients were divided into group 1 (no CS) and 2 (CS). The criteria for the replacement of RBC were hemodynamic instability and hemoglobin (Hb) <7-8g/dl. Demographic data, as well as Hb and hematocrit, mediastinal drainage, number of URBC and CPB, ICU and hospital time, were analysed.

     RESULTS: In groups 1 and 2 the average age was 64.1 and 60.6 years; predominantly male; the logistic EuroSCORE 10.3 and 9.4; mortality 2% and 4%. Group 2 had a higher incidence of reoperations (12% versus 6%), but the average of URBC used (4.31 versus 1.25) and mean length of hospital stay (10.8 versus 7.4 days) was lower. Univariate and multivariate analysis, were performed, which showed no statistically significant values, except in the use of URBC. The relationship between the CS and the cost of RBC was not cost / effective and length of stay was shorter.

     CONCLUSION: The use of CS decreases the number of used URBC, is not cost / effective but has shown benefits for patients. 

    Descriptors: Operative blood salvage. Blood component transfusion. Cell separation.

  

   

   

  INTRODUCTION

  Several methods have been used to decrease the use of homologous blood with the progress and increased knowledge of the pathophysiology of cardiopulmonary bypass. This has been a path, with the highest incidence of use in patients for religious reasons and those who do not wish to make use of units of stored packed red blood cells (UPRBC). The use of this strategy varies from services to services in different continents, between 15% and 60%  [1].

  In recent years, efforts have been made to decrease more and more the use of homologous blood, with recovery of autologous blood during surgery and sometimes even in the postoperative period [2], along with a more hemostasis strict protocols throughout the surgical procedures. Cell savers machines (CS) have been used [3] in adult patients with high risk of bleeding, due to the fact that they decrease the inflammatory response to cardiopulmonary bypass. The Society of Thoracic Surgeons and the Society of Cardiovascular Anesthesiologists [4], in its guidelines for 2007, considered as class I the use of CS. However, several authors have shown that the use of CS is not as beneficial as stated [5,6] and is not cost-effective [7-9].

  In order to clarify this issue, the authors devised this work, which aims to verify that the primary use of CS in cardiovascular surgery with cardiopulmonary bypass (CPB), is cost-effective. As a secondary objective, we sought to identify a reduction in the use of units of UPRBC in patients who used CS, and morbidity resulting from the use of this protocol.

   

  METHODS

  This is a non-randomized prospective cohort study that was held at the Institute of Cardiovascular Surgery of Paraná, in a group of 100 consecutive patients operated on by the same surgeon (RMSA) from November 2009 to October 2011 .

  All patients undergoing cardiovascular surgery with CPB were included, without any established exclusion criteria. The patients were divided into two groups of 50 patients: Group A - without using CS, Group B - with the use of CS. Both groups made use of the CPB, partial hemodilution and hemofiltration. The criterion for the use of UPRBC was hemoglobin (Hb) below 7 or 8 g/100 ml, with hemodynamic instability. The number of units of plasma, platelets and cryoprecipitate used was not taken into consideration, for not being the objective of this study.

  All patients underwent induction of anesthesia with the use of midazolam and remifentanil and its maintenance was carried out with servoflurano. After median sternotomy and manufacturing of cannulation pouches, the patients were heparinized with a dose of 300 U / kg in order to obtain activated clotting time exceeding 400 seconds; controls were performed every 60 minutes. In all cases, an adult membrane oxygenator was used (Braile Biomedica®, São José do Rio Preto, SP, Brazil) with a total of 500 ml filling volume. Blood and antegrade infusions were used. In Group B, the CS used was autolog Autotransfusion System (Medtronic, Minnesota, USA), throughout the surgery, with the CPB blood being pumped and processed by the CS system at the end of the surgery. Hb and hematocrit (Ht) were obtained on the day of hospital admission, upon arrival to the intensive care unit (ICU), on the first postoperative day and on the day of discharge, the volume aspirated and infused by CS were also recorded, as well as Hb and Ht of infused blood. The number of UPRBC used was recorded. The package prices of disposables CS and UPRBC were obtained for the purchase by a company belonging to the National Health Agency (ANS). At current prices, UPRBC was R$ 400.00 and the package of disposable CS was R$ 1,650.00. The study was approved by Assis Gurgacz Ethics Committee under the protocol number 154/2012.

  The continuous variables are statistically represented by their mean and standard deviation and median. Student's t-test, Mann Whitney test and Fisher's exact test were used to analyze the variables in this study. We used statistics for the variables in the preoperative period (age, gender, weight, type of surgery, CPB and aortic clamping time and packed cell volume), to verify whether the sample of the two groups was comparable or not.

   

  RESULTS

  The patients' ages ranged from 26 to 84 years old, and the average age of patients in Group A was 64.15 ± 9.99 years and 60.55 ± 12.01 in Group B. There was a predominance of males in both groups. The demographic data are shown in Table 1.

  
    

    [image: Table  1]

  

  In Group A, 60% of patients underwent coronary artery bypass grafting, while in Group B 68%; the logistic EuroSCORE was similar in both groups, as well as the additive EuroSCORE, by subgroups (Table 2). Age, weight, gender, type of surgery (in two subgroups with larger number of patients), CPB and aortic clamping time, and Hb and preoperative PCV were statistically analyzed to see if the two groups were comparable. There was no statistical difference between the two groups except in the variable weight (Table 3). Two patients in Group B were reoperations (4%), and a fifth surgery, and one in Group A (2%). The CPB, aortic clamping time and the various stages of hospitalization are shown in Table 4. The incidence of reoperation for bleeding was 6% in Group A and 12% in Group B.
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   The hospital mortality was 2% in group A (patient who underwent CABG with mitral valve replacement for multiple organ failure), and 4% in group B (patient who undewent CABG with aortic valve replacement and porcelain aorta due to cerebrovscular accident, and patient with CABG with ventricular septal defect because of multiple organ failure). No deaths occurred during the follow-up period. The daily bleeding during postoperative days, and the use of UPRBC are shown in Table 3. The mean total volume of aspirated fluid was 1657.00 ± 2309.65 ml, in which 474.58 ± 160.66 ml were used for infusion, with a mean Hb and Ht of 18.58 ± 4.51 g/100 ml and 52.31 ± 11.28%, respectively.

  Bleeding average was 642.51 ± 193.30 ml in group A, and 685.65 ± 210.36 mL in Group B. Body surface area (BSA) and body mass index (BMI) were, respectively, 3.46 and 3.66 ml/cm2 and 23.58 and 25.66 ml/cm2 in Groups A and B, with no significant difference. A total of 194 UPRBC was used for Group A and 62 in Group B. The average use of RBC in Group A was 2.42 ± 1.37, and 0.70 ± 0.93 in Group B. On 0º postoperative day, 123 and 29 UPRBC were used, on the 1st postoperative day, 42 and 19, on the 2nd postoperative day, 14 and 13, until hospital discharge 15 and 1 in Groups A and B, respectively (Table 3). All patients from Group A were infused with at least two UPRBC (2-13) during hospitalization, 28 patients in group B received no UPRBC, while the rest of them used 2.81.

  In the analysis of variables between the two groups that were statistically significant, we observed that hemoglobin at hospital discharge and the number of UPRBC transfused were the only statistically significant differences (Table 5).
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  Regarding the cost, taking into account only the price of all UPRBC in Group A, and in Group B, the RBC added to the material cost of CS system,  we can conclude that in the first group there was a cost / patient of R$ 1,552.00 and in the second one, R$ 1,946.00.

   

  DISCUSSION

  Studies have shown that the use of homologous blood in cardiovascular surgery increases not only mortality but also morbidity [10-12] The use of cell saver machines began in the 1970s, due to an increasing demand by patients not to use blood. These requests were prompted by a religious group, which did not allow the use of stored blood to be infused into their worshipers. According to the guidelines used by the National Health Service, the use of CS in cardiovascular surgery with CPB, should be performed at the surgeon's discretion and can be cost-effective [13]. The main objective in using CS is to have the ability to decrease the use of UPRBC in patients and thereby reduce inflammatory reactions and morbimortality. This care must be taken simultaneously with perfect hemostasis in both initial dieresis and before synthesis in cardiovascular surgeries. In the early 1980s, some authors already had their opinion against the indiscriminate use of CS, because it would neither decrease the costs nor the necessity of homologous blood [14]. However, several studies have shown advantages in the use of CS, as an increase in hemoglobin concentration and less time in ICU [15], less use of UPRBC, as long as the blood lost during surgery be reused [16], and poor results with low Ht in postoperative period of cardiovascular surgery [17]. Data from this study show shorter hospitalization time in ICU, one day less and less use of UPRBC during the hospital stay. There was no difference regarding postoperative complications between the two groups, since they were not related to the use of RBC, but the underlying disease and its treatment methods.

  A major difference in this study in relation to Reyes et al. [18], one of the last articles published in the literature, is that they considered consecutive patients, without any exclusion (real life study), and on the other, the authors excluded patients with: concomitant surgeries, aortic surgery, reoperations, emergencies, high levels of creatinine, and patients with anemia BS<1.6 m2, as well as patients with a EuroSCORE> 10% and high risk of bleeding. This study showed 21% of patients with a EuroSCORE above that percentage, and the group that made use of CS, 6% of patients were operated on duration while using clopidogrel and a patient was being subjected to a fourth reoperation (fifth procedure). Still comparing criteria, the combination of procedures performed in 90% of patients (6% in Group B), and 55.6% of them underwent surgical exploration for bleeding, which corresponds to 5% of the entire group.

  Attaran et al. [19], in a group of 1871 patients using CS, obtained percentage of re-exploration for bleeding that varied with the type of surgery, similar to that shown previously. These authors also concluded that regular use of CS does not bring any benefit to the patient, and this decision should be made individually.

  We can see that there was no economic advantage when comparing the cost of the amount of RBC used per patient in Group A, with the amount of disposable material of CS in Group B. The higher cost was observed in Group B, R$ 394.00 more. Several authors have also come to this conclusion [7- 9,11] and, therefore, its indication has been made for specific cases in which bleeding is above normal [10]. However, we must take into consideration that the group using CS, 28 patients did not have UPRBC infusionn infusion, the total of 1.25 RBC / patient / hospitalization, and in Group A, 4.31. Several authors have demonstrated that the non-use RBC in the postoperative period decreases not only the morbidity but also trans and postoperative mortality [4,5].

  This device has the advantage of reducing the use of UPRBC in cardiac surgery, but only in selected cases, therefore, its benefits are not the same for all patients. More studies should be conducted so that we can have a response in relation to inflammatory markers and advantages of its use in daily practice.

   

  CONCLUSION

  This study demonstrated that the use of CS is not cost-effective, which decreased the number of UPRBC in the group using CS and there was no morbidity related to this protocol implementation.
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ABSTRACT

OBJECTIVE: To compare the safety and efficacy at long-term follow-up of coronary artery bypass grafting (CABG) with percutaneous coronary intervention (PCI) using drug-eluting stents (DES) in patients with unprotected left main coronary artery (ULMCA) disease.

  METHODS: MEDLINE, EMBASE, CENTRAL/CCTR, SciELO, LILACS, Google Scholar and reference lists of relevant articles were searched for clinical studies that reported outcomes at 5-year follow-up after PCI with DES and CABG for the treatment of ULMCA stenosis. Five studies (1 randomized controlled trial and 4 observational studies) were identified and included a total of 2914 patients (1300 for CABG and 1614 for PCI with DES).

  RESULTS: At 5-year follow-up, there was no significant difference between the CABG and PCI-DES groups in the risk for death (odds ratio [OR] 1.159, P=0.168 for random effect) or the composite endpoint of death, myocardial infarction, or stroke (OR 1.214, P=0.083). The risk for target vessel revascularization (TVR) was significantly lower in the CABG group compared to the PCI-DES group (OR 0.212, P<0.001). The risk of major adverse cardiac and cerebrovascular events (MACCE) was significantly lower in the CABG group compared to the PCI-DES group (OR 0.526, P<0.001). It was observed no publication bias about outcomes and considerably heterogeneity effect about MACCE.

  CONCLUSION: CABG surgery remains the best option of treatment for patients with ULMCA disease, with less need of TVR and MACCE rates at long-term follow-up. 

Descriptors: Meta-analysis. Myocardial revascularization. Drug-eluting stents.



 

 

INTRODUCTION

Rationale

Current guidelines recommend percutaneous coronary intervention (PCI) of unprotected left main coronary artery (ULMCA) with stents as a Class IIa or IIb alternative to coronary artery bypass graft (CABG) in patients with conditions that are associated with a low risk of PCI procedural complications and/or increased risk of adverse surgical outcomes [1]. Capodanno et al. [2] recently published a meta-analysis of 4 randomized controlled trials and suggested, boldly, that "based on that study, revision of the guidelines regarding left main PCI is warranted, raising the level of evidence of current recommendations from B to A". Although recent randomized controlled trials have suggested that PCI with drug-eluting stents (DES) could be a non-inferior strategy that might be used safely [3,4], sample sizes are small (and some conclusions may be affected by this aspect) and observational studies ("realworld" studies) should not be ignored in meta-analyses.

Recently, Sá et al. [5] published a new meta-analysis with 16 studies (three randomized and 13 observational) with 1-year follow up results. This one argued against the "non-inferiority" of PCI with DES in comparison to CABG surgery and against the idea that PCI could be considered a reasonable choice in elective cases (not mentioning prohibitive risk patients, acute patients and those who reject surgery), given that, although the rates of death between both strategies were not statistically different, the need of new procedures and major adverse cardiac and cerebrovascular events rates were clearly lower in patients treated with CABG surgery. Sá et al. [5] emphasized that the length of follow-up considered for their study may have been too short (1-year) to truly detect differences between the treatment groups, and so was the study of published by Capodanno et al. [2].

Performing a quick search on medical literature, we found no meta-analyses that evaluated the long-term results regarding this topic (PCI with DES versus CABG in ULMCA disease). Taking into considerations all these aspects, it is necessary to evaluate the long-term results of CABG surgery versus PCI with DES in scenario of ULMCA disease, using the highest level of existing evidence. 

Objective 

We performed a meta-analysis of randomized controlled trials and observational studies to compare CABG to PCI with DES for the treatment of patients with ULMCA disease, according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [6].

 

METHODS

Eligibility Criteria 

Using PICOS studies were considered if: (1) population comprised patients with ULMCA disease; (2) compared efficacy or effectiveness between CABG and PCI with DES; (3) outcomes studied included myocardial infarction, cerebrovascular events, death, target vessel revascularization (TVR) or combined outcomes (MACCE - major adverse cardiac and cerebrovascular events); (4) presented follow-up of at least 5 years.

Information Sources 

The following databases were used (until July 2012): MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL/CCTR), ClinicalTrials.gov, SciELO (Scientific Electronic Library Online), LILACS (Literatura Latino-Americana e do Caribe em Ciências da Saúde - The Latin American and Caribbean Health Sciences), Google Schoolar and reference lists of relevant articles. 

Search

We conducted the search using Medical Subject Heading (MeSH) terms "coronary artery bypass graft" OR "coronary artery bypass grafting" OR "coronary artery bypass surgery" OR "coronary bypass surgery" OR "coronary artery bypass graft surgery" OR "coronary artery bypass" OR "coronary bypass" AND "drug-eluting stent" OR "sirolimus-eluting stent" OR "paclitaxeleluting stent" AND "unprotected left main" OR "left main stenting" OR "left main coronary artery disease" OR "left main PCI" OR "unprotected left main coronary artery" OR "left main stenosis" OR "left main coronary artery stenting" OR "unprotected left main stenting". 

Study Selection 

The following steps were done: (1) identification of titles of records through databases searching; (2) removal of duplicates; (3) screening and selection of abstracts; (4) assessment for eligibility through full-text articles; (5) final inclusion in study.

One reviewer followed the steps 1 to 3. Two independent reviewers followed step 4 and selected studies. Inclusion or exclusion of studies was decided unanimously. When there was disagreement, a third reviewer took the final decision. 

Data Items 

The primary endpoint was the Odds Ratio (OR) for mortality after PCI or CABG, up to 5 years. Secondary end points were the OR for composite endpoint of death, myocardial infarction or stroke; TVR (target vessel revascularization - repeat revascularization of the treated vessel) after the procedure; and MACCE (major adverse cardiac and cerebrovascular events - composite endpoint of death, myocardial infarction, stroke or TVR). 

Data Collection Process

Two independent reviewers extracted the data. When there was disagreement about data, a third reviewer (the first author) checked the data and took the final decision about it. From each study, we extracted patient characteristics, study design, and outcomes at 5-year after treatment of ULMCA stenosis. When possible, actual probabilities of mortality and death after 5-year following PCI or CABG were used to calculate odds ratios. Alternatively, probabilities of mortality or MACCE were estimated from published Kaplan-Meier survival curves. We also extracted TVR from the total MACCE events and reported this outcome as a separate measure. When MACCE was not reported, we calculated it using the events of death, myocardial infarction, stroke and TVR and reported this outcome as a separate measure.

Risk of Bias in Individual Studies 

Included studies were assessed for the following characteristics: design (prospective or retrospective), randomization (yes or no), multicenter enrollment (yes or no), characteristics of participants and personnel (performance bias), outcome assessment (detection bias), incomplete outcome data addressed (attrition bias) and adequation of multivariate adjustment for possible confounders. 

Two independent reviewers assessed risk of bias. Agreement between the two reviewers was assessed using kappa statistics for full text screening, and rating of relevance and risk of bias. When there was disagreement about risk of bias, a third reviewer (the first author) checked the data and took the final decision about it.

Summary Measures 

The principal summary measures were OR's with 95% Confidence Interval (CI) and P values (that will be considered statistically significant when <0.05). The meta analysis was completed using the software Comprehensive Meta-Analysis version 2 (Biostat Inc., Englewood, New Jersey, USA).

Synthesis of Results

Forest plots were generated for graphical presentations for clinical outcomes and we performed the I2 test and Chi2 statistics for assessment of heterogeneity across the studies [7]. Each study was summarized by the OR for PCI compared to CABG. The OR's were combined across studies using DerSimonian-Laird random effects model [8] and with the fixed effects model using the Mantel- Haenszel model [9]. Both models were weighted by number of events in each study.

Risk of Bias Across Studies 

To assess publication bias, a funnel plot was generated (for each outcome), being statistically assessed by Begg and Mazumdar's test [10] and Egger's test [11]. 

Meta-regression Analysis

Meta-regression analyses were performed to determine whether the effects of CABG were modulated by pre-specified factors. Meta-regression graphs describe the effect of CABG on the outcome (plotted as a log OR on the y-axis) as a function of a given factor (plotted as a mean or proportion of that factor on the x-axis). Meta-regression coefficients show the estimated increase in log OR per unit increase in the covariate. Since log OR >0 corresponds to OR >1 and log OR <0 corresponds to OR<1, a negative coefficient would indicate that as a given factor increases, the OR decreases.

The pre-determined modulating factors for all outcomes to be examined were: sex, age, diabetes and prior PCI. Sex was represented as the proportion of females in the studies. Age was represented as the mean age of the patients participating in the studies. Diabetes was represented as the proportion of diabetics in the studies. Prior PCI was represented as the proportion of patients who underwent PCI before any interventions in the studies. 

 

RESULTS

Study Selection

A total of 14.705 citations were identified, of which 31 studies were potentially relevant and retrieved as full-text.Five publications fulfilled our eligibility criteria [12-16]. Interobserver reliability of study relevance was excellent (Kappa=0.84). Agreement for decisions related to study validity was very good (Kappa=0.81). The search strategy can be seen in Figure 1. 
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Study Characteristics 

Characteristics of each study are shown in Table 1. A total of 2914 patients were studied with 1300 receiving CABG and 1614 receiving PCI with DES. Of the 5 studies, one was randomized controlled trial [14], one matched the treatment cohorts using European System for Cardiac Operative Risk Evaluation (EuroSCORE) [16], two used other propensity scores to guarantee like-to-like comparisons [12,15], Four studies mostly used Cypher stent (sirolimus) or Taxus stent (paclitaxel) and one study did not report which DES was used. The overall internal validity was moderate risk of bias and is illustrated in Table 2. 
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Synthesis of Results

The OR of the risk of death in the CABG group compared with the PCI-DES group in each study, at the 5-year time point, is reported in Figure 2. There was no evidence for heterogeneity of treatment effect among the studies for death. The overall OR (95% confidence interval) of mortality showed no difference between CABG and PCIDES at 5-year (fixed effect model: OR 1.159, P=0.168; random effect model: OR 1.159, P=0.168).
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The OR of the risk of composite endpoint of death, myocardial infarction or stroke in the CABG group compared with the PCI-DES group in each study, at the 5-year time point, is reported in Figure 3. There was evidence of low heterogeneity of treatment effect among the studies for this composite endpoint. The overall OR (95% confidence interval) of composite end point showed no difference between PCI-DES and CABG at 5-year (fixed effect model: OR 1.215, P=0.061; random effect model: OR 1.214, P=0.083).
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The OR of the risk of TVR in the CABG group compared with the PCI-DES group in each study, at the 5-year time point, is reported in Figure 4. There was no evidence for heterogeneity of treatment effect among the studies for TVR. The overall OR (95% confidence interval) of TVR showed an important difference between CABG and PCIDES at 5-year (fixed effect model: OR 0.212, P<0.001; random effect model: OR 0.212, P<0.001), which favors the CABG strategy.
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The OR of the risk of MACCE in the CABG group compared with the PCI-DES group in each study, at the 5-year time point, is reported in Figure 5. There was a considerably evidence for heterogeneity of treatment effect among the studies for MACCE. The overall OR (95% confidence interval) of MACCE showed an important difference between CABG and PCI-DES at 5-year (fixed effect model: OR 0.543, P<0.001; random effect model: OR 0.526, P<0.001), which favors the CABG strategy.
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Risk of Bias Across Studies

 Funnel plot analysis (Figure 6) disclosed symmetry around the axis for the treatment effect in all outcomes, which means we probably do not have publication bias related to these end points. 
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Meta-regression Analysis 

We observed a statistically significant coefficient for 2 situations: (1) MACCE and proportion of diabetic patients (coefficient -0.04, 95% CI -0.07 to -0.01, P=0.016); (2) MACCE and proportion of prior PCI (coefficient -0.03, 95% CI -0.05 to -0.01, P=0.010). It means that the greater the proportion of diabetic patients and prior PCI in a population undergoing CABG, the lower the OR for MACCE in CABG group, i.e., the greater the protective effect of CABG for diabetic patients and/or submitted to prior PCI in relation to the incidence of MACCE (Figure 7). 
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DISCUSSION

Summary of Evidence 

The results of this meta-analysis demonstrate that CABG remains the best option for ULMCA disease. At 5-year follow-up, although there was no difference in the risk for death and composite endpoint of death, myocardial infarction and stroke, there was a significantly higher risk for TVR and MACCE (this last one under the influence of heterogeneity of the effects) associated with PCI with DES, with no publication bias of the summary measures of all outcomes.

Considerations About this Meta-Analysis 

To our knowledge, this is the first meta-analysis of studies with 5-years follow-up performed to date about PCI-DES versus CABG in ULMCA disease, providing incremental value by demonstrating that CABG reduces the incidence of TVR and MACCE compared with PCIDES. Furthermore, this analysis suggests that PCI-DES does not significantly reduce the incidence of long-term all-cause mortality and composite endpoint of death, myocardial infarction and stroke in comparison with CABG. The potential benefits of CABG on these outcomes appear to be influenced by diabetes and previous PCI. 

Diabetes mellitus is a powerful independent predictor of cardiovascular events. It is associated with extensive coronary artery disease, increased mortality regardless of revascularization mode and unfavorable prognosis if treated medically [17]. The SYNTAX trial [18] has shown in the diabetic subset of patients at 1 year, similar death/ infarction/stroke rates between the two revascularization groups, increased risk across all SYNTAX terciles and higher mortality and MACCE in diabetic patients with SYNTAX score >33 with PCI over surgery. As we can see by meta-analysis and meta-regression, the total population of patients with ULMCA disease benefit from surgery (in comparison with PCI-DES) and the population of diabetics benefit more, since the presence of diabetes modulate the effect toward the protective effect (lesser odds ratio).

In case of prior PCI, the severity of the progression of coronary atherosclerotic disease may justify the greater MACCE in PCI-DES group previously submitted to PCI, making CABG appears to be more protective. Currently, patients undergoing initial PCI with a stent have severe atherosclerotic disease, but not as severe as those undergoing initial surgical treatment; when treatment with stents fails, these patients are referred for surgical revascularization, however the atherosclerotic disease is then more severe and diffuse [19]. At present, the totality of evidence suggests that CABG appears better for the "sicker" patients, i.e., those with multivessel disease or ULMCA disease and characteristics indicative of extensive atheroma burden with or without depressed left ventricle ejection fraction [20]. We should not forget that SYNTAX trial showed the undoubted benefits of surgery (in comparison with PCI-DES) in the group with higher SYNTAX score, i.e., more extensive and complex lesions [4].

Risk of Bias and Limitations

Another limitation is the heterogeneity of the strategies across the studies. Among PCI strategies, studies used many combinations of sirolimus-stent and paclitaxelstents (one did not report). Among CABG strategies, there is variability in rates of use of internal thoracic artery (two did not report), use of cardiopulmonary bypass (on-pump versus off-pump CABG; two did not report), etc. And among both studies, an important aspect to consider is the rate of complete revascularization (not reported in four studies), which reflects in outcomes. 

There are inherent limitations with meta-analyses, including the use of cumulative data from summary estimates. Patient data were gathered from published data, not from individual patient follow-up. Access to individual patient data would have enabled us to conduct further subgroup analysis and propensity analysis to account for differences between the treatment groups. This metaanalysis included data from nonrandomized observational studies, which reflects the "real world" but are limited by treatment bias, confounders, and a tendency to overestimate treatment effects. Patient selection alters outcome and thus makes nonrandomized studies less robust.

We tried to analyze the influence of surgical risk profile and profile of lesion complexity; however, it was not possible because studies did not report these issues more systematically and broadly; it would be interesting, for example, that studies always evaluate SYNTAX score of groups, as this would allow further analysis of outcomes with respect to this variable, including meta-analyzes on this topic. 

A final limitation is the absence of adequate published comparative data for the third therapeutic option, medical therapy. PCI with DES has not been compared with medical therapy alone when we consider ULMCA disease, but CABG has been shown to be superior to medical therapy in this set.

Perspectives

Ongoing and planned trials (Premier of Randomized Comparison of Bypass Surgery Versus Angioplasty Using Sirolimus-Eluting Stent in Patients With Left Main Coronary Artery Disease - PRECOMBAT 1 and 2; Evaluation of Xience Prime versus Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization -EXCEL) will further facilitate evidence-based clinical decisions for ULMCA disease. Furthermore, the 5-year SYNTAX results (not published yet) will provide us a valuable extension of the 3-year information and possibly elucidate whether PCI should be further performed even in high-risk, very complex coronary disease by experienced teams in large volume centers. Others important registries (as CUSTOMIZE registry [11]) did not report their 5-year results yet. We hope that with the publication of all these studies, we will have more evidence about the long-term results, which will enable new meta-analyses with larger samples and other meta-regression analyses, in search of other factors that modulate the results. 

 

CONCLUSIONS

We found evidence that argues against the "noninferiority" of PCI with DES in comparison to CABG surgery and against the idea that PCI can be considered a reasonable choice in elective cases (not mentioning prohibitive risk patients, acute patients and those who reject surgery), given that, although the rates of death and composite endpoint (death, myocardial infarction or stroke) between both strategies were not statistically different, the need of new procedures and MACCE rates were clearly lower in patients treated with CABG surgery. However, careful analysis of the data shows that no definite conclusion can be drawn from the evidence available due to the heterogeneity of studies with respect to some outcomes, heterogeneity of strategies (different drug-eluting stents, different ways to perform surgery, etc) and heterogeneity of coronary lesions complexity. Rigorous studies are necessary to define the best way to treat each subset of ULMCA disease. 

Based on our findings, we conclude that there is not clear evidence that left main PCI presents non-inferiority to CABG surgery and revision of the guidelines regarding left main PCI must be viewed with caution, and we still do not have enough evidences that make the level of evidence of current recommendations raises from B to A".
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RESUMO

Coração entrecruzado (criss-cross heart) é uma anomalia extremamente rara, caracterizada por rotação anormal da massa ventricular ao longo do seu eixo maior e pode estar associada com qualquer malformação dos segmentos e das conexões entre as câmaras cardíacas. Devido às alterações estruturais complexas e à raridade da anomalia, essa anomalia de rotação é muitas vezes mal diagnosticada. Neste trabalho são relatados dois casos de coração entrecruzado com ênfase no diagnóstico morfológico e nas técnicas cirúrgicas utilizadas. Foi também realizada revisão da literatura sobre o assunto, que, embora escassa, foi enfatizada quanto à morfologia, diagnóstico, abordagem cirúrgica e possíveis complicações.

Descritores: Anormalidades congênitas. Procedimentos cirúrgicos cardíacos. Coração entrecruzado.



 

 

INTRODUCTION

Congenital heart defects are present in about 8 cases per 1000 newborns at term. This index increases if premature and stillbirths were considered. Criss-cross heart anomaly is extremely rare, accounting for less than 0.1% of all congenital heart defects, not exceeding 8 per 1,000,000 births [1]. 

The morphological essence of the criss-cross heart is a rotation of the ventricular mass along its major axis [1]. This conformational change may be associated with any malformation described in cardiac segments, resulting in different relationships and connections between the atria, ventricles and great vessels (Figure 1)[2].
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Although translated by Health Sciences Descriptors (MeSH) as "criss-cross heart", there is no fully accepted and standardized translation to Portuguese for this word from the English language, which is why we use it in its original form throughout this study[3]. In French, some authors refer to this anomaly as "coeur croisé" or as "coeur avec ventricules entrecroisés" [4].

Due to the complex structural changes and the rarity of the disease, this anomaly of rotation is often misdiagnosed due to lack of awareness of the medical team, bringing potential harm to appropriate surgical approach [5]. Depending on the associated anomalies, surgical treatment includes from palliative correction to definitive anatomic correction.

In this study, we performed a literature review, based on the report of two cases of criss-cross heart where the pulmonary and systemic circulations intersect at the atrioventricular level. Both present situs solitus or usual arrangement of the organs. In one of them the right atrium was morphologically connected to the right ventricle with most of the mass placed on the left, with transposition of the great vessels. In the other case the right atrium was connected to the morphologically left ventricle, with discordant atrioventricular connection as will be described below. 

This study was approved by the Research Ethics Committee of the institution, case number 473/07 on 25/09/2007. 

 

CASE REPORT

Case 1

Clinical data

A 12-day-old male newborn presented with progressive dyspnea and acrocyanosis from the first day of life. On examination, he presented severe dyspnea with retraction of sternal notch, subcostal and intercostal indrawing and nasal flaring, diaphoresis, cyanosis ++/4+, afebrile, with a heart rate of 140 beats per minute, respiratory rate of 120 breaths per minute. Cardiac auscultation showed systolic murmur ++/6+ at the left sternal edge and accentuated P2 heart sound. His abdomen presented palpable liver two inches below the right costal margin. Peripheral pulses were present and symmetric and the saturation was 85.5% in oxihood (oxygen hood or helmet). Clinical evaluation started from birth at neonatal Intensive Care Unit (ICU).

Tests

The transthoracic echocardiography showed situs solitus. There were concordant atrioventricular connections and most of the morphologically left ventricle mass stood on the right. There was transposition of great arteries with a left-sided and anterior aorta originating from the morphologically right ventricle. The posterior pulmonary trunk was located at right and posteriorly to the aortic root. There was a significant gradient in the right ventricular outflow tract (RVOT), and at the left ventricular outflow tract (LVOT) we observed the presence of mild posterior deviation of the infundibular portion of the interventricular septum without evidence of LVOT obstruction (subpulmonary). There was no significant atrioventricular valve regurgitation. Presence of muscular ventricular septal defect (VSD) of 3.6 mm with right ventricle (RV) flow to left ventricle (LV) (aortopulmonary), and large atrial septal defect (ASD) of ostium secundum type, measuring about 7mm with flow from left to right (L-R) and arterial channel of 4.5 mm with L-R continuous flow. Biventricular systolic function was qualitatively normal.

Diagnosis

This is a case of criss-cross heart with concordant atrioventricular connections, ventriculo-arterial discordance, large ASD, VSD and patent ductus arteriosus (PDA) with continuous flow predominantly L-R.

Approach

The presence of associated malformations and the patient's clinical outcome characterize the severity of the condition. Jatene's surgical technique was indicated due to the patient's age at the time of diagnosis.

Surgical procedure

The proposed surgery was performed in March 2007. We performed the switch operation, sectioning just above the arterial valves, and thecoronary arteries were reimplanted in the new aorta, associated with correction of septal defects. In the immediate postoperative period, the patient developed systemic inflammatory response syndrome, reversed by standard therapy. During postoperative period he also presented the following complications: respiratory infection associated with prolonged mechanical ventilation and atelectasis of the left upper lobe.

He was discharged on the thirty-sixth day postoperatively using furosemide and amiodarone. Discharge echocardiogram showed the criss-cross heart and post-Jatene's correction condition. There was no evidence of dysfunction of the neopulmonary or the neoaorta. It was also observed a foramen ovale with left-right shunt, small perimembranous VSD and preserved contractile function in both ventricles.

After six months of correction, another evaluation showed that the patient presented pulmonary branches supravalvular stenosis, confirmed by cardiac catheterization. At the age of one year and ten months, the patient underwent atrioventriculosseptoplastia and expansion of the right ventricular outflow tract using valved tube. Clinical follow-up was performed every six months and the patient remained asymptomatic, without drugs. New hemodynamic study performed at five years of age, indicated supravalvular stenosis in neopulmonary artery with RV- pulmonary artery (PA) gradient of 38 mmHg.

Case 2 

Clinical data

A seven year-and-11-month-old female child, 19kg, with a history of progressive exertional dyspnea and cyanosis of the extremities since the age of three. On physical examination, the patient was afebrile and mildly cyanotic, with systolic murmur ++/6+ in the lower left sternal border and presence of digital clubbing.

Tests

A transthoracic echocardiogram showed discordant atrioventricular connections, double outlet right ventricle (DORV), large VSD, criss-cross heart, and pulmonary valve stenosis (PVS) with a peak gradient of 96 mmHg.

Hemodynamic study was performed which showed double outlet right ventricle with mild infundibular stenosis, discordant atrioventricular connections, perimembranous VSD, and well developed pulmonary branches and right ventricle decreased in size. Oximetry showed blood oxygen saturation in LV of 87%, aorta (Ao) 91% and right ventricle of 100%, 10mmHg RA pressure, LV 107x15mmHg and AO 107x65x81mmHg.

Diagnosis

Criss-cross heart with discordant atrioventricular connections, DORV, large VSD and VPS. The presence of associated malformations characterized the severity of the cardiac defect.

A Fontan procedure was indicated, obeying the following criteria: age above 2 years, absence of pulmonary stenosis, mean pulmonary artery pressure less than 15 mmHg, pulmonary vascular resistance below 4 Wood units, preserved left atrioventricular valve and ventricular function. The biventricular repair was contraindicated due to the small size of the right ventricle.

Surgical procedure

The surgical procedure was performed starting the right atriotomy approximately 1 cm above the insertion of the superior vena cava extending to the inferior cava. Thus, it was possible to make the tunnel, suturing the patch to the interatrial septum leaving the coronary sinus to the left and performing tunnel fenestration. After the completion of the tunnel, suture of the anterior patch over this was performed (Figure 2). Postoperatively, the patient presented as complications: heart failure (HF) and right pleural effusion, resolved using increased diuretic use. Later, she remained unchanged, with no other complications. He was discharged by making use of digoxin, furosemide, captopril and spironolactone.
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A transthoracic echocardiogram 3 months after surgery showed left ventricle with good contractility and venous connections (cavopulmonary) with fair functioning, ejection fraction (EF) of 71%, LV diastolic diameter of 21mm and 13mm systolic.

Clinical follow-up was performed every six months for 11 years. At the last visit, the patient was asymptomatic, with normal psychomotor development, without changes in physical examination and under no drug therapy. The last echocardiogram showed mild mitral regurgitation, hypertrophy and mild RV dilatation, cavo-pulmonary connections with diameters and normal flows, with an EF of 69%.

 

DISCUSSION

Description and anatomy

The criss-cross heart is an extremely rare malformation but well described morphologically. In descriptive report of a collection of 81 hearts with congenital malformations collected over two decades and published in 1999, only one specimen with criss-cross was found, representing only 1.2% of cases [6].

This congenital defect was first described by Lev & Rowlatt [7] in 1961, but it was only in 1974 that Anderson et al. [4] first used the term criss-cross heart. From this publication, about 300 cases of the anomaly have been reported in articles cited in Pubmed to date (2012) [8-43]. 

The diagnosis of criss-cross heart is based on the intersection of the axes of the ventricular entries. In a normal heart these axes are virtually parallel. This condition is characterized by a spatial change of the ventricular mass that guides or appears to guide, each ventricle in a contralateral position in relation to the corresponding atrium. While the base of the heart remains unchanged in its spatial position, the ventricles appear to have been twisted along their longitudinal axis. This promotes a change in hemodynamics characterized by crossing flows through the atrioventricular valves, resulting in the false impression that each atrium is being directed to the contralateral ventricle [1]. (Figure 1)

The criss-cross heart may present with concordant or discordant atrioventricular connections (Figure 3). These connections were demonstrated in 1961 by Lev & Rowlatt [7] through the study of the anatomy of two hearts presenting atria in solitus position communicating with morphologically discordant ventricles in normal position.- a morphologically right atrium draining to the morphologically left ventricle situated to the left. Another case of criss-cross heart was described by Van Praagh in 1962 [43], in which the morphologically right atrium connected to the morphologically right ventricle on the left side, in a case example with concordant atrioventricular connections.
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There are cases of criss-cross heart described in the literature with discordant atrioventricular connections associated with transposition of the great vessels which results in a corrected physiological circulation, since the presence of "double mismatch" results in the direction of venous blood to the lungs and arterial blood into the systemic circulation. Patients with this type of anomaly, which represents 0.05% of congenital heart diseases [44] may be symptomatic not because of the criss-cross heart, but by the presence of other associated anomalies such as VSD, pulmonary outflow obstruction, tricuspid valve abnormalities [45].

Often the criss-cross heart is associated with other cardiac malformations. A review of the literature revealed no cases of of this anomaly occurring in isolation. Most patients have ventricular septal defects, transposition of the great arteries, double-outlet right ventricle, hypoplastic right ventricle, pulmonary stenosis and tricuspid hypoplasia, the latter present in most patients. Other associated defects, although less frequent, are straddling mitral or tricuspid valve, subaortic stenosis, aortic arch obstruction and mitral stenosis [1,45-47]. Anomalies of the coronary circulation may be present and usually related to the ventricular position, and in these cases, magnetic resonance image (MRI) and angiography are useful tools in the diagnosis and approach [47]. In literature there are some studies linking the Cx43 gene mutation to pathogenesis of the criss-cross heart. Deletion of gene would result in a delay in establishing heart dextroposition, which makes the right ventricle to maintain a craniomedial position, resulting in a 90º rotation of the atrioventricular mass [48]. 

The Cx43 gene is responsible for the production of a type of the protein connexin. These proteins are known to compose gap junctions, and the decrease in their expression has been associated with various genetic alterations, with increased cell proliferation and carcinogenesis [49]. Reaume et al. [50] in 1995 reported that animals with deletions in both alleles of Cx43 died shortly after birth, with no major phenotypic differences compared to controls, except for cyanotic appearance. Necropsy revealed cardiac defects, thereby revealing vital importance of this protein in cardiac development during embrionary development. Ya et al. [48] in 1998 reported that, on the 9th day of development, animals with deletion of Cx43 showed delayed development of the ascending looping of the heart tube, causing malformation of the tricuspid valve patch and changes in conformation and cardiac death of animals shortly after birth with cyanotic appearance.

Clinical, supplementary and differential diagnosis

Due to the complex structural changes, this anomaly is often not recognized. The diagnosis becomes more difficult due to the similarity of the clinical presentation of the different connections abnormalities [51,52].

The anatomic and physiologic diagnosis of this anomaly can be established by echocardiography, along with other diagnostic methods, such as MRI and cardiac catheterization if necessary [53].

The transthoracic echocardiography can be used to identify the position and morphology of all cardiac chambers, AV valves, in addition to the connections between chambers and vessels. The subcostal window will determine the location of the heart apex and assess mainly the ventricles characteristics. The trabeculae morphological features, will determine the morphologic ventricle characteristics [51]. The great arteries connections are better visualized in the paraesternal window [54,55].

MRI, when showing the heart in the axial, coronal and sagital planes makes such additional examination an important tool for diagnosis of complex congenital heart diseases [56].

MRI, when compared to other imaging tests, has the advantage of providing a wide field of vision and the ability to reconstruct the image in 3 dimensions [57]. The images acquired with the MRI show in detail all the heart components and simultaneously clarifies the changes in the AV connections by being able to diagnose abnormalities of heart rotation [58].

The indications for cardiac catheterization are currently limited, since the images obtained with echocardiography and magnetic resonance imaging better delimit the anatomy, ventricular function and atrioventricular relationships [51]. Cardiac catheterization may be necessary only to obtain pressure and oximetry data and discard additional septal ventricular defects [53]. Some indications for the invasive study were assessment of pulmonary vascular resistance, angiographic analysis of coronary arteries, presence of pulmonary valve atresia or pulmonary anomalous veins [53].

The differential diagnosis of criss-cross heart should include straddling atrioventricular valve, double atrial outlet where an outlet orifice apparently crosses the other valve, and severe forms of Ebstein anomaly on which the tricuspid valve opens to the infundibulum, giving the appearance of crossing the valves [54].

Surgical treatment

The natural history of patients is unfavorable without surgical treatment, 64% of deaths occurring in childhood, with 50% still in the neonatal period [58,59]. The surgical management of patients with criss-cross heart consists of the repair of major and limiting malformation, not being ventricular rotation itself the reason for the correction.

The initial management is determined by the presence or absence of pulmonary stenosis, and its severity. On those where the pulmonary flow is inadequate, early intervention with prostaglandin E1 is indicated for maintaining the patency of the ductus arteriosus. When anatomic correction fails, balance in pulmonary flow can be achieved with the construction of systemic-pulmonary shunt.

The corrective surgery is determined by the potential use of both ventricles. Only some patients are candidates for biventricular repair, due to hypoplasia of the tricuspid valve and right ventricle, atrioventricular valve straddling [60-62]. In these cases the Fontan correction is indicated as a palliative repair option.

The case studies reflect the size of the treatment of structural abnormalities associated with the criss-cross heart. In the first, the association with transposition of the great arteries, VSD, ASD and PDA, was defined as a surgical option the Jatene's operation. The surgery is usually performed in the neonatal period and may be performed in patients with VSD and maintains left ventricular mass characteristics compatible to support the systemic resistance.

Several factors may contribute to the loss of left ventricular mass, and the reduction of pulmonary arteriolar resistance, the most important. Echocardiographic selection is the primary method for defining the surgical treatment. With this assessment, the size of the atrial septal defect, the presence of flow through the ductus arteriosus and the LV outflow tract obstructions can be assessed, in addition to the determination of the ventricles mass [63]. For cases of dTGA and IAC, according to most authors, the primary anatomic correction should be performed until the 15th day of life, and this period may be extended with relative safety until the end of the 1st month [64]. The approach after the neonatal period is controversial and published experiences generally have a small number of patients. Lacourt-Gayet et al. [65] and Lyer et al. [66] advocate for clinical and echocardiographic selection correction in 1 or 2 stages in these cases. Davis et al. [67] and Ducan et al. [68] indicate primary anatomic correction in all patients until the 2nd month of life, based on an aggressive vasodilator therapy and occasional use of ventricular assistance postoperatively. Yacoub et al. [69] in 1980 reported 20 cases who had undergone late staging, with an immediate mortality of three patients, and 14 of them directed to the 2nd stage, when there were four deaths (29%). The main advantage of the ventricular preparation would be related to better LV conditioning, which could provide better long term outcomes. Moreover, the long interval between stages can be a source of problems related to the presence of pulmonary artery banding, such as distortions of the trunk and branches of the pulmonary artery and an increased incidence of late aortic insufficiency and fibroelastosis [63]. The difficulty of proper control after discharge of some patients also contributes to early correction with rapid preparation.

Most children who underwent Jatene's operation have normal physical, psychomotor and cardiovascular development. However, some problems can be found in late development. Among these, pulmonary or RVOT stenoses are the most common and can be directly related to surgical technique and patient's age at the time of correction. The incidence of RVOT obstruction varies from 7%-40% [70], and is the main cause of reoperation after discharge [70,71]. The obstructive process may occur in the infundibular or annular region (proximal obstructions) or supravalvular region (distal obstructions). In the first case described here, the patient developed supra-valvular stenosis in neopulmonary and in pulmonary branches after six months postoperatively, being treated with implantation of a valved tube.

In the second case, due to right ventricular hypoplasia the choice was for the Fontan procedure which, over the past 40 years, goes through technical enhancements to the optimization of hemodynamic status. Studies show lack of atrial contractility, over time, since it tends to dilation, turning the flow turbulent with consequent arrhythmia and thrombosis [72]. The use of prosthetic material as part of the tunnel excludes pulsatile mobility of the conduit. Several authors [73,74] have shown that TCP anastomosis, because it excludes the right atrium and makes the inferior cava flow occurs through a tunnel, avoids turbulence, thus reducing the risk of thrombosis and arrhythmias. The use of bovine pericardium for the atrial level tunneling is worrisome because retractions with minimal obstructions can cause significant hemodynamic effects. Rossi et al. [75] in 1986 and Arbustini et al. [76] in 1983 showed calcification in thistype of graft, with a clear relation with time.

In 1997, Pires et al. [77] demonstrated that bovine pericardial tissue implanted in the atrium calcifies, retracts and promotes thrombus formation. The variation proposed by Van De Wal et al, without the use of prosthetic material, using the retail from the own right atrial wall by confection of the tunnel [72], aimed to improve the outcome in the short term, because it keeps the tunnel contraction, allowing improved systemic venous drainage. On the other hand, in the long-term, as a prosthetic material was not used, a proper growth of this conduit was obtained, without calcification, resulting in lower risk of retraction, embolization and anti-coagulation problems [59].

 

CONCLUSION 

The study of these two cases and the extensive literature review on the subject show that the rotation anomalies of the ventricular mass are associated with changes in general connections between the cameras and large arteries and that the surgical approach depends on the morphology of the main defect. The presence of crossed ventricles in the reported cases had no impact alone on the surgical intervention.
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ABSTRACT

In this paper we comprehensively review published quantitative research on the relationship between religion, spirituality (R/S), and cardiovascular (CV) disease, discuss mechanisms that help explain the associations reported, examine the clinical implications of those findings, and explore future research needed in Brazil on this topic. First, we define the terms religion, spirituality, and secular humanism. Next, we review research examining the relationships between R/S and CV risk factors (smoking, alcohol/drug use, physical inactivity, poor diet, cholesterol, obesity, diabetes, blood pressure, and psychosocial stress). We then review research on R/S, cardiovascular functions (CV reactivity, heart rate variability, etc.), and inflammatory markers (IL-6, IFN-γ, CRP, fibrinogen, IL-4, IL-10). Next we examine research on R/S and coronary artery disease, hypertension, stroke, dementia, cardiac surgery outcomes, and mortality (CV mortality in particular). We then discuss mechanisms that help explain these relationships (focusing on psychological, social, and behavioral pathways) and present a theoretical causal model based on a Western religious perspective. Next we discuss the clinical applications of the research, and make practical suggestions on how cardiologists and cardiac surgeons can sensitively and sensibly address spiritual issues in clinical practice. Finally, we explore opportunities for future research. No research on R/S and cardiovascular disease has yet been published from Brazil, despite the tremendous interest and involvement of the population in R/S, making this an area of almost unlimited possibilities for researchers in Brazil.

Descriptors: Religion. Spirituality. Cardiovascular diseases. Cardiac surgical procedures. Research. Mortality.



 

 

INTRODUCTION

A growing research database documents a link between religion, spirituality and cardiovascular disease (CVD). Given that Brazil is a highly religious country (87% of the population says that religion is important [1]), cardiologists and cardiac surgeons need to know about this research and the clinical applications that might follow. In this paper, we explore (1) definitions of the terms religion and spirituality (R/S) for conducting research and carrying out applications at the bedside; (2) relationships between R/S and CVD risk factors; (3) R/S, cardiovascular functions, and inflammatory markers (cardiovascular reactivity, C-reactive protein, fibrinogen, etc.); (4) R/S and coronary artery disease; 5) R/S and hypertension; (6) R/S and cerebrovascular disease; (7) R/S and cardiac surgery outcomes; (8) R/S and cardiovascular mortality; (9) mechanisms by which R/S might influence cardiovascular outcomes; (10) some clinical implications of this research; and (11) future research in this area that Brazilian researchers are ideally positioned to take the lead on. 

 

1. DEFINITIONS

The area of definitions is one of the most controversial areas in R/S and health research. Terms that need defining are religion, spirituality, secular humanism, and religious coping. Many researchers and clinicians have erred by combining all of these terms under "spirituality." We will argue that the choice of which term to use may be quite different when conducting research (understanding relationships between R/S and CVD and how R/S impact CVD outcomes) compared to when discussing these issues at the bedside in clinical settings.

We define religion as "...beliefs, practices, and rituals related to the transcendent, where the transcendent is God, Allah, HaShem, or a Higher Power in Western religious traditions, or Brahman, manifestations of Brahman, Buddha, Dao, or ultimate truth/reality in Eastern traditions. This often involves the mystical or supernatural. Religions usually have specific beliefs about life after death and rules about conduct within a social group. Religion is a multi-dimensional construct that includes beliefs, behaviors, rituals, and ceremonies that may be held or practiced in private or public settings, but are in some way derived from established traditions that developed over time within a community. Religion is also an organized system of beliefs, practices, and symbols designed (a) to facilitate closeness to the transcendent, and (b) to foster an understanding of one's relationship and responsibility to others when living together in a community [2]".

In contrast to religion is secular humanism, which we define as follows: "The secular or secular humanist has no belief in, connection with, or desire to connect to the transcendent, the sacred, God, or the supernatural. The secular involves beliefs, behaviors, and social relationships that have value and importance on their own intrinsic merit that is not connected with anything outside of the human experience or nature. The attitude is, 'this is all we have so let's make the best of it together.' That which is real can be observed and verified, and anything that cannot be observed and verified does not exist and does not matter. The world is viewed in a rational, logical, scientific manner. Human relationships, moral values, and ethical standards are very important, and forgiveness, altruism, and gratefulness are often emphasized and practiced, all without any transcendent reference. Atheists, agnostics, and secular humanists would fall into this category. If there is any seeking or searching, then it is for purely secular objects or goals. Most would not refer to themselves as religious, and probably not as spiritual either [3]".

Finally, there is the term spirituality. This is the term over which there is the most disagreement and lack of consensus. Spirituality is a popular expression today preferred over religion. Spirituality is considered personal, something individuals define for themselves. It is often free of rules, regulations, and responsibilities associated with religion. One can be spiritual, but not religious. In fact, a "secular spirituality" is often emphasized today in circles where religion is in disfavor. Thus, spirituality is seen as non-divisive and common to all, both religious and secular. This is an excellent term to use when discussing these issues with patients (who can define for themselves what the term means). However, trying to measure spirituality has created a real problem for quantitative researchers, who must work with terms that are clear, agreed upon, distinct and non-overlapping. The goals of quantitative research are to measure and quantify a construct and then relate that construct to similarly quantified health outcomes. The ultimate aim is to compare those with the construct (or who have more of the construct) to those without the construct (or who have less of the construct), and if there is a relationship, then develop an intervention that takes advantage of that connection to improve health outcomes. This is not possible with a construct like spirituality, especially when defined in such a nebulous, diffuse manner. 

The definition of spirituality that we use in this paper is similar to religion, since religion is a distinct construct that can be measured and quantified and examined in relationship to health outcomes. We define spirituality, then, by saying that it "...is distinguished from all other things - humanism, values, morals, and mental health - by its connection to that which is sacred, the transcendent. The transcendent is that which is outside of the self, and yet also within the self - and in Western traditions is called God, Allah, HaShem, or a Higher Power, and in Eastern traditions may be called Brahman, manifestations of Brahman, Buddha, Dao, or ultimate truth/reality. Spirituality is intimately connected to the supernatural, the mystical, and to organized religion, although also extends beyond organized religion (and begins before it). Spirituality includes both a search for the transcendent and the discovery of the transcendent, and so involves traveling along the path that leads from non-consideration to questioning to either staunch non-belief or belief, and if belief, then ultimately to devotion and finally, surrender." [4]. As can been seen, our definition of spirituality is very similar to our definition of religion.

In the studies we will cite in this article, spirituality has been assessed either using (1) measures of religious belief and practice, (2) measures of positive psychological states (i.e., meaning and purpose, deep inner peace, harmony, well-being, social connections), or (3) measures of positive character traits (i.e., being forgiving or altruistic, having high moral standards). Unfortunately, assessing spirituality using positive psychological states or positive character traits creates a situation where the predictor (spirituality) is contaminated by the outcome (mental health), which results in tautological relationships between spirituality and mental health outcomes (and probably physical health outcomes as well, given the mind-body relationship). The result of such research is meaningless, un-interpretable findings. Thus, only when spirituality is measured using measures of religious involvement (a construct that is distinctive and non-overlapping with mental health) does it provide meaningful results. For a thorough discussion of the issue of measurement overlap and contamination, which is beyond the scope of the present article, see the following cited resources [5-8]. In reviewing the research below, then, we use spirituality and religion synonymously (i.e., R/S). Furthermore, we have distinguished studies that assess spirituality using contaminated measures by assigning quality scores to each of the studies. In the original review of this research, we usually assigned quality scores of 7 or higher (on a 1 to 10 scale) only to studies that measured spirituality or religion using religious variables that were distinct from mental health outcomes and thus avoided measurement tautology [9].

Religious coping is another term that deserves definition, given its importance as a mechanism by which R/S could affect CVD risk (see section "Understanding Mechanisms" below). By religious coping we mean, " the use of religious beliefs or practices as a way of adapting to the physical, psychological, and social challenges caused by medical illness. For example, in Western religious traditions, religious coping may involve praying to God for strength and comfort, wisdom and direction, health or healing, or help for loved ones. It may involve reading inspirational materials, such as the Holy Scriptures (Torah, Christian Bible, or Holy Qur'an) or reading popular books or magazines on religious topics. R/S coping may involve getting together with members of one's faith tradition for worship services, singing hymns, prayer, or scripture study. It also may involve the practice of religious rituals related to health and healing, such as lighting candles or participating in sacraments, such as the Eucharist or Confession, or the practice of immersion in a Mikveh or wearing of Tefillin. R/S coping may involve asking others to pray for oneself, praying for others, seeking religious counseling, providing religious support to others, or participating in religious rituals focused on healing."[10].

In discussing the research, we will rely heavily on our systematic review of the literature conducted in 2010 that searched the major online databases (PsycINFO, MEDLINE, etc.) using the terms "religion," "religiosity," "religiousness," and "spirituality" to identify original quantitative data-based research on R/S and health. The online database search was supplemented by asking researchers in the field of R/S and health for any published reports of research that they had conducted on this topic. Furthermore, studies that were cited in the reference lists of the reports identified in this manner were tracked down and included in the review. In this way, the systematic review identified over 3,200 studies that reported data on the relationship between R/S and health. Nearly two-thirds of this research was published between the year 2000 and mid-2010 (e.g., more research on this topic was published during that 10-year period than in the previous 128 years). Each of these studies, particularly those summarized below on R/S and CVD, is described in the appendices of the the two editions of the Handbook of Religion and Health [11,12]. For both positive and negative findings summarized below, we provide the original citations for a sample of the studies included in the review. However, given the very large number of studies, we cite only a few of the higher quality ones that examine relationships between R/S and cardiovascular risk factors (section 2). In contrast, we try to cite all studies that examine relationships between R/S and specific CVD functions or outcomes (sections 3-8). We also cite more recent research that either confirms or contradicts earlier reports identified in the systematic review. 

 

2. CARDIOVASCULAR RISK FACTORS 

Standard modifiable risk factors for CVD are cigarette smoking, excess alcohol, physical inactivity, poor diet/ nutrition, high blood cholesterol, obesity, diabetes mellitus, high blood pressure, and psychosocial stress (including depression, anxiety, and personality traits such as hostility) [13]. Each of these risk factors is related in one way or another to R/S.

2a. Cigarette smoking. The risk factor most strongly related to both CVD and R/S is tobacco use, a habit that contributes to 30% of all coronary heart disease deaths each year in the U.S. [14]. The problem is of similar or greater magnitude in Brazil, where 18% of adults smoke and this contributes to 45% of all deaths from coronary heart disease [15]. We uncovered 137 studies that had examined the relationship between R/S and smoking, and of those, 123 (90%) reported inverse relationships. No studies found positive relationships. When examining the 83 methodologically most rigorous studies (ratings of 7 or higher on a 1 to 10 quality scale), 75 of those (again 90%) reported inverse relationships with R/S involvement [16-18]. If those who are more R/S smoke less, then this should influence their risk for developing CVD.

2b. Alcohol and drug use. Heavy alcohol use is known to affect cardiac function (alcoholic cardiomyopathy, arrhythmias), blood pressure, and increase risk of stroke [19]. A similar relationship has been found with chronic use of illicit drugs [20]. At least 278 studies have now examined relationships between alcohol use, abuse, or dependence and R/S. The vast majority of those (86%, i.e., 240 studies) found inverse relationships with R/S involvement. Only four of 278 (1%) studies reported positive relationships. The higher quality studies are even more likely to report this finding. Of the 145 studies that were rated 7 or higher in quality, 90% (i.e., 131 studies) found inverse relationships [21-23]; only one study reported a positive relationship [24]. The results from studies examining R/S and drug use parallel those on R/S and alcohol. Among 185 studies on the relationship between R/S and drug use, 84% (155 studies) found inverse relationships. Only two studies of the 185 found significant relationships with greater drug use. Of the 112 better designed studies (rated 7 or higher in quality), 96 (86%) reported this finding [25 27], wherease only one study found a positive relationship [28]. Most of these studies were conducted in younger adults, typically high school or college students, a time when alcohol and drug use habits are just beginning to develop and will affect their cardiovascular systems for the remainder of their lives.

2c. Physical inactivity. A sedentary lifestyle is known to increase the risk of CVD, and regular exercise is known to decrease that risk [29,30]. Research shows that those who are more R/S are more likely to be physically active or more likely to exercise. Of 37 studies that have examined the association between R/S and physical activity, 25 (68%) found greater exercise or physical activity among those who were more R/S. Of the 21 methodologically most rigorous studies, over three-quarters (76% or 16 studies) reported positive relationships [32,33] whereas only two (10%) found negative relationships [34,35].

2d. Poor diet/nutrition. Numerous studies have linked diets high in saturated fat, low in omega-3 fatty acids, and low in fruits, vegetables, nuts, and whole grains to increased CVD morbidity and mortality [36-38]. By healthy we mean a high intake of fiber, green vegetables, fruit, fish, and a low intake of processed foods and fat. Regular vitamin intake, eating breakfast, and overall better nutrition are also part of a healthy diet. Again, many studies show that persons who are more R/S consume a healthier diet. Our systematic review uncovered 21 studies that examined this relationship. Nearly two-thirds (62% or 13 studies) found a positive link between R/S and a healthier diet, and only one study reported a worse diet [39]. Of the 10 highest quality studies, seven (70%) reported an association between greater R/S and a healthier diet [4042]; no high quality study reported a worse diet among those who were more R/S. 

2e. High cholesterol. A healthier diet might also be expected to affect the level of cholesterol in the blood. Serum cholesterol is strongly linked with all types of CVD. For example, a 10% decrease in LDL is associated with a 10% reduction in risk of myocardial infarction [43]. In our systematic review, we identified 23 studies that had examined associations between R/S and serum cholesterol. The majority (12 of 23) reported significantly lower cholesterol among those who were more R/S. Similarly, of the nine highest quality studies, five (56%) found either lower cholesterol in those who were more R/S [44,45] or reported that a R/S intervention lowered cholesterol [4648]; one study reported higher cholesterol, but only in a subgroup of the sample (Mexican-American men) [49]. 

2f. Obesity. Many studies show that those who are overweight have an increased risk of CVD [50]. The one characteristic of R/S persons that increases their risk of CVD is heavier weight. We located 36 studies examining associations between weight and R/S involvement, of which 14 (39%) found that R/S was associated with greater weight or higher body mass index. In contrast, only seven studies (19%) found that R/S was associated with lower weight. The findings from more rigorouly designed studies support this conclusion. Of the 25 best studies, 11 (44%) reported greater weight [51,52] and five (20%) found lower weight (or less underweight) [53,54] among those who were more R/S. 

2g. Diabetes. Two-thirds of diabetics die of CVD, and the risk of coronary artery disease alone is up to four times higher in those with diabetes [55]. Despite their heavier weight, those who are more R/S do not have a greater risk of being diabetic. At least 14 studies conducted between 2000 and 2010 examined this relationship. Of those, five (36%) found less diabetes, lower blood sugar, a lower HgbA1C [56,57], or improvement in response to a R/S intervention [58-60], four (29%) reported more diabetes [61] or higher indicators of diabetes [62-64], and the remaining studies reported mixed findings [65] or no association. Thus, overall, the research finds no consistent relationship between R/S and diabetes. Perhaps a better diet, or perhaps better compliance with treatment, makes up for the heavier weight of those who are more R/S (neutralizing the risk of diabetes that heavier weight confers). 

2h. Blood pressure. The majority of studies find that R/S involvement is related to lower blood pressure. See section 5 on hypertension. 

2i. Psychosocial stress. High emotional stress, loneliness, and social isolation are associated with atrial and ventricular arrhythmias [66], left ventricular dysfunction, myocardial ischemia [67], recurrent myocardial infarction [68], and increased risk of cardiac death [69], as well as other cardiac abnormalities. Likewise, personality traits such as cynical hostility [70], and emotional states such as depression [71] and anxiety [72], are linked to increased risk of CVD and worse prognosis. Lower risk, however, has been found for optimism, [73] agreeableness, 74 and other positive emotions [75].

Our systematic review identified 75 studies that examined relationships between R/S and stress level. Of those, 46 (61%) reported lower levels of psychological stress in those who were more R/S and 12% reported higher levels of stress. We also identified 74 studies examining R/S and social support, of which 61 (82%) found significant positive relationships and none found negative relationships; of the 29 best studies, 27 (93%) reported significantly greater social support among those who were more R/S [76-78]. We also identified 27 studies examining R/S and hostility, of which 18 (67%) reported inverse relationships [79-81]. Our review uncovered many studies examining connections between R/S, depression, and anxiety. Of 444 studies assessing relationships between R/S and depression, 272 (61%) reported lower depression among the more R/S, including 119 (67%) of the 178 highest quality studies [82-84]. Of 299 studies examining relationships with anxiety, 147 (49%) reported inverse associations with R/S, and of the 67 highest quality studies, 38 (55%) did so [85-87]. With regard to optimism, at least 32 studies examined relationships with R/S, and of those, 26 (81%) reported significant positive associations [88-90], and none found the opposite. Concerning the personality trait "agreeableness," 30 studies have examined associations with R/S, and of those, 26 (87%) found that R/S was related to greater agreeableness [91-93]. Finally, with regard to well-being and happiness, we identified 326 quantitative studies examining associations with R/S, and of those, 256 (79%) found positive relationships; of the 120 highest quality studies, 98 (82%) reported that those who were more R/S experienced higher well-being, happiness, or life satisfaction [94-96] and only one study found lower well-being [97].

Thus, in the vast majority of studies, greater R/S is related to fewer negative emotions that predict an increased risk of CVD disease and to more positive emotions that predict a reduced risk of CVD. Likewise, other than being heavier in terms of weight and neutral in terms of diabetes, those who are more R/S are less likely to smoke cigarettes, use or abuse alcohol/drugs, be physically inactive, consume a poor diet, have high cholesterol, and have high blood pressure, each of which is related to a greater risk of CVD morbidity and mortality.

 

3. CARDIOVASCULAR FUNCTIONS AND INFLAMMATORY MARKERS 

Given the relationship between R/S and the CVD risk factors above, we would predict that those who are more R/S might also have better cardiovascular functions when tested in the laboratory (i.e., lower cardiovascular reactivity, brachial artery vasoreactivity, peripheral resistance) and lower levels of inflammatory markers (proinflammatory cytokines, C-reactive protein, fibrinogen). 

3a. Cardiovascular reactivity. Regarding cardiovascular reactivity (a known risk factor for CVD[98]), at least eight studies have examined relationships with R/S, and of those, four (50%) found inverse relationships [99101] or a reduction in cardiovascular reactivity with a R/S intervention [102]. One study reported a positive relationship (in a situation of unresolved justice) [103], two studies reported mixed findings (significant positive or significant negative relationships, depending on R/S characteristic) [104,105], and one study found that transcendental meditation had no effect on brachial artery vasoreactivity [106]. 

3b. Heart rate variability and other cardiovascular functions. Reduced heart rate variability (HRV) is a known risk factor for CVD [107]. At least four studies have examined relationship between R/S and HRV or assessed the effects of a R/S intervention on HRV. Three of these studies reported positive findings (one showing a positive relationship between R/S and HRV [108] and two finding that Eastern forms of meditation increased HRV [109,110]), whereas one study found that transcendental meditation had no effect [111]. Two additional studies have assessed other cardiac functions. One study examined the effects of saying the Ave Maria (rosary prayer) in Latin or a Tibetan Buddhist mantra (in the original language) on arterial baroreflex sensitivity (BAR) [112]. A reduction in BAR is known to predict future coronary artery disease and heart failure. Results indicated an increase in BAR with both forms of meditation. The second study examined relationships between R/S, coronary artery calcium, and left ventricular mass, finding no relationship [113]. 

3c. Inflammation. High levels of inflammatory markers in the blood are known to increase the risk of CVD [114 117]. The relationship between R/S and inflammatory markers is a complex one, since the mechanism by which R/S affects inflammatory markers is indirect acting through psychological, social, and behavioral pathways. Furthermore, psychological states (and certain mental disorders) may influence inflammatory marker levels in opposite directions; for example, depression is associated with high levels of the pro-inflammatory marker IFN-γ[118], whereas PTSD and acute stress have been associated with low levels of IFN-γ[119]. As a result, treatments for these mental disorders may either decrease or increase IFN-γin order to normalize levels. With these complexities mind, we review studies that have examined relationships between R/S and inflammatory markers or have assessed the effects of a R/S intervention on pro-inflammatory cytokines such as interluekin-6 (IL6) or interferon gamma (IFN-γ), other pro-inflammatory markers such as C-reactive protein (CRP) and fibrinogen, and the anti-inflammatory cytokines interleukin-4 (IL-4) and interleukin-10 (IL-10).

3c.1. Interleukin-6. At least nine studies have examined relationships between R/S and blood levels of IL-6. Of those, five (56%) reported significant inverse relationships [120,121] or a reduction in IL-6 in response to a R/S intervention [122-124]. In contrast, IL-6 levels appear to be increased in cardiac surgery patients undergoing existential stress related to religious struggles [125] or may be increased in response to a spiritual intervention [126]. 

3c.2. Interferon gamma. As noted above, IFN-γis increased in major depression [127] and decreases in response to treatment [128]. However, IFN-γis suppressed by cortisol [129], decreases in response to acute psychological stress [130], and may actually increase in response to treatment in those with low INF-γlevels [131,132]. Three studies have examined the effects of R/S interventions on INF-γlevels in blood. All three found that the R/S intervention significantly increased INF-γlevels [133-135]. 

3c.3. C-reactive protein. There is strong evidence that pro-inflammatory CRP plays a role in the development of atherosclerosis and coronary heart disease [136]. Eight studies have now examined relationships with R/S. Of those, four (50%) reported significant inverse relationships [137-139] or a reduction in CRP in response to a R/S intervention [140]; the other four studies found no association. More recent research supports an inverse relationship between R/S and CRP [141].

3c.4. Fibrinogen. Only one study, to our knowledge, has examined relationships between serum fibrinogen (a key factor in the development of CVD [142]) and R/S. That study examined the relationship between frequency of religious attendance (as part of a two-item social index) and fibrinogen levels, finding a significant inverse relationship after controlling for multiple covariates [143].

3c.5. Anti-inflammatory cytokines. Anti-inflammatory cytokines such as IL-4 and IL-10 have the opposite effect of pro-inflammatory cytokines on the development of atherosclerotic plaque [144]. At least two studies have now examined the relationship between R/S and anti- inflammatory cytokines. In our systematic review, we identified one study that examined the effects of Buddhist- based mindfulness meditation (MM) on IL-4 and IL-10 levels in 66 women recently diagnosed with breast cancer [145]. Those receiving MM experienced a significant reduction in IL-4 and IL-10 levels compared to controls (approximating that of women without breast cancer) during the 8-week follow-up. Note, however, that anti- inflammatory cytokines may be increased in situations of acute stress [146]. A more recent study examined cytokine levels in 33 very elderly persons with cardiovascular disease (mean age 87) who participated in weekly 30-minute sermons by chaplains over 20 months [147]. Plasma IL-10 and IL-6 levels were compared to 26 age-matched controls (mean age 85) without the intervention. Results indicated that the IL-10/IL-6 ratio was significantly higher in those listening to the sermons compared to controls (3.96 vs. 1.79, P<0.05).

In summary, the majority of studies find that cardiovascular reactivity and other cardiovascular responses are healthier (lower risk in terms of CVD) in those who are more R/S or receiving R/S interventions. Likewise, except in situations of acute psychological stress, the majority of studies find that R/S or R/S interventions are associated with lower levels of inflammatory markers known to be involved in CVD pathogenesis. 

 

4. CORONARY ARTERY DISEASE 

We have been focusing on R/S and risk factors for CVD. We now shift to examine research that has directly measured relationships between R/S and specific cardiovascular disorders, beginning first with coronary artery disease (CAD).

One of the first studies demonstrating an association between R/S and CAD was published in 1986. Friedlander et al. compared the religious orthodoxy of 539 patients in Israel experiencing their first myocardial infarction (MI) with a matched control group of 686 patients without heart disease [148]. Among those with MI, 51% of men and 50% of women described themselves as secular (vs. religious) compared with 21% of men and 16% of women controls. Controlling for age, ethnicity, education, smoking, physical exercise, and body mass index, researchers found that secular men were over four times more likely to have MI compared to religious men (OR=4.2, 95% CI 2.6-6.6) and secular women were over seven times more likely than religious women (OR=7.3, 95% CI 2.3-23.0).

Even before that report, Comstock et al. had published a study in 1971 that found significantly fewer deaths from atherosclerotic cardiovascular disease in those attending religious services weekly or more compared to those attending less than weekly [149]. During this 3-year follow-up of 378 white males ages 45-64 in Washington county, Maryland (USA), there were 189 deaths due to artherosclerotic or degenerative heart disease. Those who died were matched by age, race, and sex with men who did not die from heart disease. The risk of dying from atherosclerotic heart disease was over twice as great in men attending church less than once per week, compared to those attending services once weekly or more (RR 2.02, P<0.01). Even after controlling for smoking, SES, hard water, and other risk factors, the increased risk for less frequent attendees remained significantly higher.

In a 23-year follow-up of 10,000 middle-aged men employed in civic or municipal occupations in Israel (the Israel Ischemic Study), investigators examined the relationship between religious orthodoxy and death rate from myocardial infarction. Religious orthodoxy was measured using a three-item scale: having a religious vs. secular education, self-identified as orthodox, traditional, or secular, and frequency of synagogue attendance. The most religious group (those scoring in the top one-fifth on this measure of religious orthodoxy) experienced a significantly lower mortality rate from CAD over the 23 year follow-up compared to the least religious group (those scoring in the bottom one-fifth on the religious measure). There were 38 deaths from CAD in the most religious group during follow-up, compared to 61 deaths in the least religious group. There were 135 deaths from other causes in the most religious group, compared to 168 deaths in the least religious group. Overall, the risk of dying from CAD in the most religious group was 20% lower than in the least religious group. Controlling for age, systolic blood pressure, cholesterol, smoking, diabetes, body mass index, and baseline CAD could not explain these results. 

Overall, then, our systematic review identified 19 studies that examined associations between R/S and CAD. Of those, 12 (63%) reported a significant inverse relationship. Of the 13 most rigorously designed studies, nine (69%) reported inverse relationships [150-158] and one found a positive relationship [159]. The latter study was an 8-year follow-up of 92,395 women ages 50-79 participating in the U.S. Women's Health Initiative Observational Study. R/S was measured with three questions: religious affiliation, attendance at religious services, and strength/comfort derived from religion. Only the uncontrolled analysis was reported. Women who indicated a religious affiliation at baseline (93% of the sample) were more likely than those with no religious affiliation to experience a coronary event during follow-up (2.7% vs. 1.9%, P<0.0001). Those attending religious services weekly or more (44% of the sample) were also more likely than those attending less than weekly to experience a coronary event (2.7%, vs. 2.5%, P=0.03). Finally, those who received "a great deal" of of strength/comfort from religion were more likely than those receiving no strength/comfort from religion to have a coronary event during follow-up (2.8% vs. 2.0%, P<0.0001). Note that these findings, unlike other studies, did not control for race or age. Older women and women from minority groups (African-American or Hispanic) tend to be much more religious (and at greater risk for CVD) than young or white women. Therefore, controlling for these factors may have explained the association. 

 

5. HYPERTENSION

Given the relationship between blood pressure (BP) and psychological stress [160] and the influence that R/S has in helping people to cope with stress, we expect R/S and BP to be related. 

The systematic review identified 63 studies that measured degree of religious involvement and BP or diagnosis of hypertension. Of those, 36 (57%) reported lower BP or less hypertension in those who were more R/S, whereas seven (11%) reported higher BP. When examining the higher quality studies (those rated 7 or higher on a 1-10 scale), 24 (62%) reported lower BP or less hypertension among those who were more R/S [161-173] or in response to a R/S intervention [174-184] (including two reports from a single study, one reporting results for the overall sample and one for the sample stratified by race). In contrast, seven studies reported higher blood pressure among the more religious, including two lower quality studies [185,186] and five high-quality studies (13%) [187-191]. Why would R/S would be associated with higher blood pressure? Perhaps in some populations, greater religious involvement might be associated with higher stress, anxiety or guilt, which in turn might increase BP. There is another explanation, however. Note that three of the five studies linking R/S to higher BP included a large proportion of African-Americans (36% to 100% of the sample). Research shows that nearly 40% of African-Americans have high blood pressure [192]. Research also shows that African-Americans are very religious (much more religious than white Americans). Efforts to statistically control for such a powerful confound, then, may not always be successful.

Thus, the majority of studies find that R/S is related to lower BP and less hypertension. A smaller number of studies including high quality ones, however, find that R/S is related to higher BP, which needs to be better understood. 

 

6. CEREBROV	ULAR DISEASE

Much less attention has been paid to the relationship between R/S and cerebrovascular disease (CD). We know that CAD and hypertension are related to CD, and so there may also be a relationship between R/S and CD. This is particularly likely given that R/S is related to many of the other risk factors for CD (high serum cholesterol, poor diet, physical inactivity, cigarette smoking, heavy alcohol or drug use, and psychological factors such as stress, anxiety and depression). Of course, heavier weight and perhaps emotional excitement during religious services might also increase the risk of CD. Alternatively, an inverse relationship between R/S and CD (particularly in cross-sectional studies) may simply indicate that those disabled with CD are simply less able to engage in R/S activities, particularly when this involves attending religious services. Finally, those who are disabled by CD may also turn to R/S for comfort in order to cope with their disability, increasing the likelihood of a positive correlation between R/S and CD. Thus, numerous factors need to be considered when studying his relationship.

Our systematic review identified a number of studies that had examined relationships between R/S and two cerebrovascular disorders: stroke and dementia. With regard to stroke, there are at least nine studies that measured R/S. Four of those (44%) reported a lower risk of stroke among the more religious, and all of these were high quality studies [193-196]. Of the remaining five studies, four found no association and one reported greater carotid artery thickening in those who were more R/S, placing them at higher risk for stroke [197]. In that cross-sectional study (n=5,474), researchers found that those who attended religious services were 12% to 64% more likely (depending on frequency of attendance) than those who never attended to be above the 90th percentile in common carotid intima-media thickness (CC-IMT). Results were controlled for hypertension, diabetes, smoking, hypercholesterolemia, obesity, age, gender, race, education, and income. Frequency of attendance was also positively associated with obesity. Again, note that 30% of the sample were African-American, who also frequently attended religious servies (50% of those who attended religious services daily were African-American). Although race was controlled for, the latter may have influenced the results. Interestingly, no association was found between religious attendance and coronary artery calcium (CAC), left ventricular mass (LVM), or ankle brachial index (ABI). Furthermore, religious attendance was the only R/S characterisic associated with greater CCIMT; neither frequency of prayer/meditation nor frequency of daily spiritual experiences were related to CC-IMT, CAC, LVM, or ABI. Likewise, when participants were followed for three years, none of the religious variables predicted incident CVD events (myocardial infarction, unstable angina, CAD death, stroke, TIA, CHF, or other CVD death).

With regard to dementia, which is often the result of multiple strokes, a number of studies have examined associations with R/S. The systematic review uncovered 21 studies examining R/S and dementia or level of cognitive functioning. Nearly half (48% or 10 studies) reported less dementia or better cognitive functioning in those who were more R/S. Of the 14 studies with the most rigorous designs, eight (57%) reported positive relationships with better cognitive function [198-205]. Three studies, however, reported worse cognitive funcitoning in those who were more R/S [206-208]. The latter may be due to the fact that R/S persons tend to live longer than less religious individuals, increasing the likelihood that they will live to an older age when cognitive problems tend to develop. Recent research supports a positive relationship between R/S and better cognitive function in those with dementia [209] and in those of advanced age [210]. 

 

7. CARDIAC SURGERY OUTCOMES 

Psychological stress is known to influence the speed of wound healing. Research shows that it can delay healing by up to 60% in older animals and humans [211]. Adverse effects of stress on wound closure can also be demonstrated in young [212] and middle-aged adults [213], as well as in persons undergoing surgical operations [214]. Some investigators have explained this phenomenon as being due to changes in pro-inflammatory cytokines IL-1B, IL-6, and TNF-alpha at the wound site, perhaps the result of higher levels of cortisol stimulated by the stress response [215]. If R/S helps to reduce psychological stress and improve coping, it might also influence the speed of wound healing and successful recovery from cardiac surgery. 

Unfortunately, very little research has examined the relationship between R/S and either speed of wound healing or recovery from surgery. However, several studies have examined relationships between R/S and infection, a factor that strongly influences the speed of wound healing. Our systematic review identified 12 studies that examined relationships between R/S and susceptibility to infection or concentration of infectious agents in blood (viral load). Of those, eight (67%) reported lower infection rates or lower viral load in those who were more R/S, and no study found greater infection or higher viral load. Of the 10 best studies, seven (70%) found significant inverse associations between R/S and infection or viral load [216-222]. There is also a wealth of research linking R/S involvement or interventions to better immune function (14 of 27 studies) [223] and endocrine function (lower cortisol levels in 19 of 29 studies) [224], both of which are known to influence both infection risk and speed of wound healing. 

Thus, given the impact that psychological stress may have on wound healing by increasing susceptibility to infection and adversely affecting immune/endocrine functions - and the relationships between R/S and lower psychological stress, lower susceptibility to infection, and better immune and endocrine functions - there is every reason to predict that R/S involvement might influence the speed of wound healing and surgical outcomes. As noted above, there is little research examining the direct impact of R/S on outcomes from cardiac surgery. However, we located five studies that have examined this relationship (four observational studies and one clinical trial), which we now describe.

In the first study, published in 1995, researchers at Dartmouth Medical Center in Lebanon, New Hampshire (USA), examined the effects of religious attendance, importance of religion, and comfort/support from religion on 6-month mortality rates in 232 patients following coronary artery bypass graft (CABG) surgery [225]. Most of participants were either Protestant (63%) or Catholic (25%), and all were age 55 or older. Among those attending religious services at least once every few months, only 5% died; among those who never or rarely attended, 12% died (P=0.06). Among those who described themselves as deeply religious (n=37), mortality was 0% compared to 11% in other patients (P=0.04). Finally, mortality in those who indicated they obtained strength/comfort from religion was 6%, compared to 16% in those who did not receive strength/comfort from religion (P=0.01). When logistic regression was used to control for other covariates, such as history of previous cardiac surgery, impairments of physical functioning, age, and frequency of group social activity, patients who said they did not receive strength/ comfort from religion were three times more likely to die than those who said they received strength/comfort from religion (OR=3.25, 95% CI 1.09-9.72). There was also an interaction between social participation and receiving strenght/comfort from religion, such that those who said they neither received strength/comfort from religion nor participated in social groups were over 14 times more likely to die (OR=14.32, 95% CI 2.37-86.56), controlling for other risk factors. 

In a second observational study, researchers from Rutgers University in New Brunswick, New Jersey (USA) followed 142 patients hospitalized for elective cardiac surgery (coronary artery bypass grafting, CABG), examining the relationship between religiosity and post-operative surgical complications [226]. Surgical complications, assessed by medical record review, were determined only during the time the patient was in the hospital. Religiosity was measured by frequency of religious attendance, frequency of prayer or meditation, and a 5-item scale assessing intrinsic religious commitment. After controlling for demographic, biomedical, and psychosocial variables, scores on intrinsic religious commitment were inversely related to complications following surgery (B=-0.32, P<0.01). No effect was found for frequency of religious attendance or prayer/meditation. In a second and separate study by this Rutgers University research group, they examined the relationship between religiosity and length of stay (LOS) in 405 patients undergoing elective CABG [227]. Patients were interviewed an average of 5 days prior to surgery, and LOS was determined by medical record review. Religiosity was assessed using a 6-item devotional activities scale and a 7-item beliefs scale. After controlling for social support and depressive symptoms, neither measure of religiosity predicted LOS (effect on other surgical outcomes and complications were not examined).

In a fourth study, a randomized clinical trial, researchers at the University of Nebraska Heart Institute (USA) examined the effects of listening to prayer during surgery [228]. They randomized 78 cardiac surgery patients to one of three groups: (1) patients who listened to a CD that played a generic prayer, (2) patients who listened to a CD with a standard relaxation technique, or (3) patients who listened to a tape with no sound (placebo). The CD's were played starting with the beginning of the unconscious anesthetic period prior to surgery and continued throughout the surgical procedure. The prayer was the following: "Dear God, Please come to my aid. Help me to be at peace during this surgery and in my recovery. Strengthen me and help me to remember you are always present, that your healing love and spirit surround me at all times, and that I am held in your tender care. Amen." Mortality, sepsis, supraventricular tachycardia, and amount of pain medication (assessed in hospital and 30-days post surgery) were compared between the three groups. No significant differences were found on any outcome between groups. Since the tapes were played while patients were under anesthesia, they were not conscious of the tapes' contents. The mechanism by which R/S is thought to influence health outcomes is through concious cognitive processes that reduce stress levels and improve coping. Thus, we would not expect that a religious intervention during an unconscious period to have an impact on surgical outcomes. If prayer has an effect on cardiac outcomes following surgery, this study suggests that it probably doesn't have its effect through unconscious processes.

The last and final study (to our knowledge) is one conducted by researchers at the University of Michigan (UM) that examined the effects of religious involvement on post-operative complications following CABG at the UM Medical Center in Ann Arbor, Michigan (USA) [229]. 

A total of 177 patients undergoing CABG were assessed two weeks prior to surgery when data were collected on frequency of religious attendance, private prayer, and importance of religion. The 9-item INSPIRIT and a 4-item religious reverence scale were also administered at that time prior to surgery. Cardiac surgery complications were assessed using a standard measure (Thorasic Surgeons Database). Controlling for other significant predictors of post-operative complications, researchers found that patients who prayed frequently prior to surgery were 45% more likely to have no postoperative complications (OR=1.45, 95% CI 1.03-2.06). No other religious variables significantly predicted postoperative complications when frequency of prayer was controlled for in the model. 

Thus, three of five studies examining outcomes following cardiac surgery found that R/S predicted significantly better health outcomes and two studies found no effect. These results are positive enough to warrant further studies to examine the effects of R/S or R/S interventions on outcomes following cardiac surgery - especially in other countries. To date, no research has been published from countries outside the United States.

 

8. OVERALL MORTALITY AND CARDIOVASCULAR MORTALITY 

In our systematic review, we identified 121 studies on R/S and mortality, of which 82 (68%) found that greater R/S predicted significantly greater longevity [230]. Six studies (5%) reported shorter longevity. Considering the 63 methodologically most rigorous studies, 47 (75%) found greater longevity. With regard to CVD mortality in particular, we identified 12 studies that had examined relationships with R/S. Of those, eight (67%) reported significance inverse relationships during periods of follow-up that ranged from 6 months to 31 years [231238]. In addition, two found no association [239,240] (one study with a follow-up of only 19 months), one reported mixed results [241] (CVD as a cause of death was greater among Catholic sister radiology technicians compared to other female radiology technicians, but was significantly lower compared to US females in general), and one reported greater mortality (although uncertain if statistically significant) in women reporting they received comfort/strength from religion [242]. In several of these studies, all cause mortality was the primary focus (not CVD), but when investigators examined the disease in which the inverse relationship between R/S and mortality was strongest, it was CVD [243,244]. Furthermore, in an independent systematic quantitative review of this research, investigators reported the effects of R/S on mortality were greater in CVD than in any other disease (HR=0.72, 95% CI 0.58-0.89) [245]. No studies of cardiovascular morbidity or mortality have been published from Brazil.

 

9. EXPLANATORY MECHANISMS

As emphasized throughout this article, the way that R/S affects the cardiovascular system must be through psychological, social, or behavioral pathways. At least these are the pathways that we can study using the methods of science that researchers have available to them, i.e., through observational studies, experimental studies, and clinical trials.

9.1. Psychological pathways. By decreasing the probability of stressful life events (by influences on behavior), by providing meaning and purpose to stressful life events that do occur, and by providing role models in sacred scriptures of exemplary individuals dealing with adversity, R/S provides psychological resources that facilitate coping and adaptation. The result is the experience of more positive emotions (well-being, happiness, optimism, meaning and purpose) and fewer negative emotions (depression, anxiety, low self-esteem, hopelessness). These psychological benefits of R/S are known to affect immune, inflammatory, endocrine, and autonomic functions, which in turn influence cardiovascular health. Based on the amount of variance in health outcomes explained by R/S factors in regression models, we estimate that psychological factors account for about 50% of the effect of R/S on cardiovascular outcomes.

9.2 Social pathways. By encouraging involvement in the faith community, promoting forgiveness, and nurturing pro-social attitudes and activities, R/S provides social resources to build and maintain family, marital, and friendship networks that will be available to facilitate adaptation and coping (thereby positively influencing mental health). Social support of this kind also influences attitudes and behaviors that affect the ability to obtain an education and a job, influence work ethics, and help persons obtain financial stability that will enable them to access health resources. Finally, social contacts from involvement in a faith community will increase the flow of health information, increasing awareness of the latest research findings, disease screening opportunities, and available medical treatments. We estimate that social pathways account for about 15% of the effects of R/S on cardiovascular outcomes (again, based on regression models).

9.3. Behavioral pathways. By doctrines that promote care for the physical body (as the "temple of the Holy Spirit" in the Christian tradition, for example), R/S affects health behaviors such as cigarette smoking, alcohol and drug use, exercise and physical activity, and diet. Likewise, R/S doctrines discouraging sexual activity outside of marriage and delinquent or criminal activities will influence development of sexually transmitted diseases and risk of motor vehicle crashes and other accidents that could lead to the development of CVD. Our systematic review of research in this area revealed that of 95 studies examining relationships between R/S and risky sexual activities, 82 (86%) found inverse relationships. Likewise, of 104 studies examining associations between R/S and delinquency/crime, 82 (79%) reported inverse relationships. Finally, R/S attitudes encourage honesty and accountability, influencing compliance with medical treatments and adherence to disease screening practices (blood pressure monitoring, blood glucose checks, etc.). In the systematic review, we found that 27 studies examined relationships between R/S and compliance with medical treatments; of those, 15 (56%) reported positive associations. Furthermore, of 44 studies that examined relationships with disease screening, 28 (64%) found that those who were more R/S were more likely to engage in disease screening activities. Thus, a major pathway by which R/S may influence cardiovascular functions and risk of CVD is though health behaviors, lifestyle choices, compliance with medical treatments, and participation in disease screening. We estimate that these pathways account for about 35% of the total effects of R/S on cardiovascular outcomes.

9.4. Supernatural pathways. Some researchers have sought to explain the relationship between R/S and CVD by invoking mechanisms that lie outside of the natural world (i.e., Divine or supernatural pathways). Classic examples are double-blinded intercessory prayer studies conducted in patients undergoing CABG, including the Byrd study [246] at San Francisco General Hospital, the Kansas City Mid-America Heart Institute study [247], and the multi-site Harvard study [248]. In the latter study, Harvard investigators randomized 1800 CABG patients to prayer or no prayer (a study published in the American Heart Journal). To the disappointment of the researchers in the Harvard study, the findings of this multi-million dollar project indicated that being prayed for made no difference in cardiac outcomes and, in fact, if patients were told they were being prayed for, they actually did significantly worse (i.e., they were more likely to have atrial arrhythmias). This resulted in an article published in Newsweek magazine that was titled "Don't pray for me! Please! [249]". These studies are neither theologically nor scientifically credible, and so we have not discussed them in this paper. Interested readers are referred elsewhere for a thorough treatment of these studies and why they should not be done [250,251].

9.5 Comprehensive theoretical model. We present here a theoretical causal model (Figure) adapted from a model presented in the Handbook [252]. The ultimate driving "source" of the cardiovascular benefits (and health benefits more generally) from R/S, according to the three major Western monotheistic traditions, is attachment to God. In Judaism, it is the 1st commandment of the 10 commandments ("Thou shalt have no other gods before Me" [Exodus 20:3]) and emphasized by Moses as the core of the Jewish faith ("Thou shalt love the Lord thy G-d with all thy heart, and with all thy soul, and with all thy mind" [Deuteronomy 6:5]). In Islam, it is in the opening stanza of the Qur'an ("You [alone] we worship, You [alone] we ask for help [for each and everything]" [Al-Fatihah 1:5]," and repeated many times elsewhere (e.g., "...those who have attained to faith Love God more than all else" [Al-Baqara 2:165], and "...worship God [alone], and do not ascribe divinity, in any way, to aught beside Him" [AnNisa 4:36]). In Christianity, Jesus said (quoting Moses) that it is the first and greatest commandment and necessary to inherit eternal life ("Thou shalt love the Lord thy God with all thy heart, and with all thy soul, and with all thy mind" [Matthew 22:37]; this teaching is repeated twice more in Mark 12:30 and Luke 10:27). There is no debate here. Belief in, attachment to, and relationship with God is at the core of the monotheistic traditions above.
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This relationship with God is then manifested in terms of the theological virtues (love of God, faith or trust in God, hope in God). These virtues are taught and nourished within a religious community, although influenced by peers, education, and training. They are manifested in a person's life by public religious practices (attending religious services and other social group related religious activity), private religious activity (prayer or meditation, reading religious scriptures, watching religious TV, listening to religious music), intrinsic religious beliefs or commitments, religious experiences, and religious coping. The latter we call "religion" or "spirituality" (used synonymously in this paper - see earlier discussion). Religion/spirituality is then seen as influencing day-today decisions made at work, in the family, with friends and colleagues, as well as affecting life-style choices and health behaviors, which in turn influence mental and social health. R/S is also viewed as promoting the "human virtues" (as distinct from the theological virtues) that include forgiveness, honesty, courage, self-discipline, altruism (caring for others), humility, gratefulness, patience, and dependability. The human virtues, in turn, enhance social relationships, increase positive emotions, and reduce negative emotions.

R/S has both "indirect" and "direct" effects on health outcomes. This includes the indirect effects through positive emotions (well-being, meaning and purpose, optimism, hope, etc.), through negative emotions (mental disorders such as depression, suicide, anxiety, substance abuse), and through social relationships (social support, marital stability). R/S also indirectly influence mental, social, and physical health outcomes by effects on decision-making, lifestyle choices, and health behaviors, as well as through encouraging human virtues. Besides indirect effects, R/S also has "direct" effects on positive emotions, negative emotions, and social relationships. Mental health (positive and negative), social health, and health behaviors (including diet, exercise, smoking, etc.) are seen as the key factors that influence physiological systems on which healthy cardiovascular functions depend (immune/ inflammatory, endocrine, sympathetic/parasympathetic nervous systems), ultimately affecting rates of CVD. Note that R/S has no "direct" influences on cardiovascular functions or on cardiovascular health/disease. Rather, R/S always operates through psychological, social, and behavioral pathways.

This entire system, rests on genetic influences, early developmental experiences during childhood and adulthood, and personality influences that result from an interaction of genetics and developmental forces. Note that these genetic and environmental factors (and the interaction of genetics and environment) influence the development of human virtues, decision-making and health behaviors, positive emotions (set-point for happiness and wellbeing), negative emotions (tendencies toward depression or anxiety or vulnerability to alcoholism or drug use), social connections (sociability, extroversion, etc.), and of course, physiological systems underlying cardiovascular functions and cardiovascular diseases themselves. Genetic and environmental factors also influence the person's capacity for religious or spiritual experiences, such that it may be "easier" for some individuals to be spiritual or religious because of their genetic makeup, temperament, or environmental experiences (including race, gender, education, economic situation). For example, the presence of genetic polymorphisms of the promoter region of the serotonin transporter gene may convey an emotional sensitivity to life events that makes an individual more likely to have spiritual or religious experiences, or more vulnerable to emotional distress, which in turn causes people to turn to R/S for comfort and emotional regulation. Indeed, there is growing interest in and research now being done on the genetic basis of spirituality.

Thus, the relationship between R/S and cardiovascular health and disease is extremely complex, involving decision-making that is under the individual's control as well as genetic and environmental factors over which the individual has no control. Concluding that a person has a cardiovascular disease (myocardial infarction, cardiac arrhythmia, atherosclerosis, high blood pressure, stroke or vascular dementia) because he or she is "not religious enough," then, is not possible because of the huge amount of information that is needed on which to base such a conclusion (including knowledge about the person's genetic makeup). 

 

10. CLINICAL APPLICATIONS

Although scientific exploration on the influences that R/S has on cardiovascular health and disease is only in its infancy, and much further research is needed to better understand these relationships and effects, there is probably enough known already for us to make some suggestions on how to apply this knowledge to clinical practice. Bear in mind that the suggestions we provide here are largely based on common sense and clinical experience caring for patients with CVD, rather than on systematic research. Furthermore, space limitations allow us only to summarize our recommendations here and do so quite briefly. For a more detailed and comprehensive description of clinical recommendations (and limitations/boundaries), the reader is referred elsewhere [253]. 

In brief, here is what we would suggest:

10.1. Take a spiritual history. Cardiologists and cardiovascular surgeons should consider taking a brief spiritual history on all seriously ill patients whom they admit to the hospital. This also applies to patients seen for the first time in the outpatient setting, particularly those with chronic cardiovascular disorders that challenge ability to cope. The "screening" spiritual history is quite different from the comprehensive assessment that a chaplain would do when evaluating a patient. The screening spiritual history performed by the physician should take no more than 2-3 minutes, and usually consists of asking the patient about (1) his or her religious denomination, (2) R/S beliefs that assist with coping (or that might be causing distress), (3) R/S beliefs that might influence treatment decisions or conflict with medical care, (4) participation in a faith community and whether supportive, and (5) any other spiritual needs that are present and related to the patient's health or healthcare [254,255]. 

Besides gathering crucial information that will assist in the medical and surgical care of the patient, a spiritual history sends an important message to the patient: that the doctor is open to discussing these issues and will not avoid them or delegate them to others. When the physician takes a spiritual history, this has been shown to enhance the doctor-patient relationship [256]. However, before taking a spiritual history, the physician should prepare the patient by explaining why he or she is asking these questions. The reason for the questions has nothing to do with the severity of the patient's cardiac condition. Rather, the intention is to provide culturally sensitive care that addresses the whole person - mind, body and spirit. If the doctor fails to provide such an explanation beforehand, the patient may get the wrong impression, i.e., that the reason the doctor is asking these questions is because the end of life is near and their condition is hopeless. 

10.2. Value and support. When taking a spiritual history or discussing R/S matters, the doctor should always communicate to patients that he or she values and respects their R/S beliefs, and is supportive of them. This is true when the doctor has different religious beliefs than the patient, and even if the R/S beliefs of the patient conflicts with medical or surgical treatments. In the latter case, respecting and showing support for the patient's R/S beliefs will enhance the doctor-patient relationship and will likely increase the patient's adherence to medical treatments more generally and increase the likelihood that he will either ultimately comply or at least tell the physician if he doesn't comply. Rejecting or arguing with patients about firmly held R/S beliefs that conflict with treatment is usually disastrous, putting a wedge between the doctor and the patient and increasing the likelihood of resistance or subtle non-compliance.

10.3. Refer to chaplain services. If any but the most simple of R/S needs come up during the spiritual history, the doctor should refer the patient to a chaplain or pastoral counselor for further evaluation. The physician doesn't have the time or the training to address most patients' spiritual needs, and so should refer patients to experts in this area, especially if there are complex issues at stake. For example, a patient may tell the doctor that she feels that God is punishing her or doesn't care about her, or may even feel that she is going to hell. This is something that chaplains are trained to deal with. Doctors are not. Sometimes, however, if the patient refuses to see a chaplain, then the doctor will have to listen to these concerns and try to understand them (not argue about or dismiss them). 

10.4. Engage. Should cardiologists or cardiac surgeons engage in religious or spiritual activities with patients? The most likely issue that comes up is praying with patients. Many religious patients (and even some non-religious patients), particularly when serious medical illness is present, would like to pray with their doctors, especially after hearing a bad diagnosis or prior to undergoing cardiac surgery. We believe it is appropriate for cardiologists and cardiac surgeons to pray with their patients - if this is something they feel comfortable doing. However, the doctor should only do so after taking a spiritual history and if the patient asks them to pray. If the doctor asks patients to pray, this increases the risk of coercion (i.e., the patient may not want to pray with their doctor, but feel forced to do so in order not to offend or disappoint the doctor). Thus, if doctors are open to praying with patients, they should inform patients that they are willing to do so, but tell patients to ask for prayer at a later time if they wish to do so. In this way, the patient is free to either ask the doctor to pray (if the patient really wants prayer) or not, and no coercion will be involved. 

10.5. Prescribe. Given the potential health benefits of R/S, should cardiologists or cardiac surgeons prescribe religious beliefs or activities to patients who are not currently engaged in them [257]? The answer is a resounding "no." Prescribing R/S is not appropriate and possibly unethical. When patients are sick and vulnerable, this is not a time to introduce new R/S beliefs or practices. However, in the vast majority of cases, patients will already be religious or spiritual, and no prescription is necessary. Supporting and encouraging the R/S beliefs and practices of the patient, though, may help to boost the effectiveness of those beliefs in helping the patient cope with their illness. 

10.6. Limitations and boundaries. There are limitations to what physicians can do and boundaries across which they should not cross. First, as noted above, doctors should not prescribe R/S beliefs or practices to non-religious patients. Second, physicians should not force a spiritual history if the patient is not R/S (instead, switch the topic to a discussion of what gives life meaning and purpose in the context of their illness and ask how this can be supported). Third, don't coerce patients in any way regarding R/S; this is a very sensitive and important topic to most patients and they need to feel in control. Fourth, do not pray with patients before taking a spiritual history and unless patients ask for prayer. Fifth, the doctor should not try to spiritually counsel patients unless he or she has the training to do so. Finally, the doctor should not do any activity related to R/S that is not patient-centered and patient-directed. Patient-centered medicine is now considered the standard of medical care, and this especially applies to addressing R/S issues. 

10.7. Medical education. A recent survey of medical deans at Brazilian medical schools reported that many schools are beginning to address spiritual issues in the medical curriculum [258]. Researchers surveyed 86 of Brazil's 180 medical schools, finding that 5% had a required course dedicated to R/S and health and 6% had an elective course of this type (combined, nine of 86 schools with required or elective dedicated courses). In addition, 14 other medical schools said that they included a lecture on R/S and health at some point in the curriculum, and 12 more schools said that while they did not have a specific course or lecture on R/S and health, the topic was integrated into another course or lecture. Thus, 41% of the schools surveyed (35 of 86) had some type of content on R/S and health in the curriculum, either on a required or elective basis. Furthermore, when medical deans were asked whether their institution considered R/S and health important for their students, 54% said "very important", 36% "somewhat important", 11% "of little importance," and 0% "not important". These findings are similar to a recent survey of 122 medical schools in the U.S. that found that 7% of the 115 schools that responded had a dedicated required course on R/S and health, and 34% said they offered an elective course dedicated to R/S and health [259]. Likewise, about 40% of medical deans said that including R/S and health in the medical curriculum is important. Thus, many medical schools in both Brazil and the U.S. are now exposing students to spirituality and health in their curricula and there is a growing desire among medical school deans to include more such content in the future. 

 

11. FUTURE RESEARCH NEEDS

Because of the influences that psychological, social, and behavioral factors have on cardiovascular health and disease (influences that are stronger than in most other medical conditions), and the influence that R/S has on those psychological, social and behavioral factors, the potential for R/S affecting cardiovascular health and disease is more likely than in any other organ system. The possible avenues for research on R/S and cardiovascular disease are almost endless, especially in Brazil where no research on this topic has yet been published in the peer-review literature. Given the religiousness of the population of Brazil and interest in R/S, particularly among those who are sick with CVD who use R/S to cope with illness, there is a huge opportunity to systematically study these relationships in Brazil. This also means opportunity to conduct research on the benefits or harm of physicians addressing R/S issues in the care of patients with CVD. Below are the types of studies that are needed. 

11.1. Observational studies. Both cross-sectional and longitudinal cohort studies are needed on the relationship between R/S and all types of CVD. Prospective studies are needed to determine whether R/S involvement influences coronary artery calcification, left ventricular mass, ankle brachial index, carotid artery intima-media thickness, etc., over time, or predicts negative cardiovascular events. A model study is that of Feinstein et al. [260], but the design should follow patients over a longer time period and assess exposure to R/S across the lifespan rather than only R/S activity at baseline. Of particular importance are studies examining the interaction between R/S and pharmaceutical, biological, and surgical treatments for CVD. In other words, do highly R/S patients respond more quickly to treatment and with fewer complications, and maintain their response longer, compared with patients who are less R/S? Such studies are relatively simple and inexpensive to conduct. For example, if an investigator plans to study the effects of either a medication or a surgical procedure on cardiac outcomes, then measures of R/S could be added to the baseline interview and the effects assessed over time in terms of response to the treatment. There would be no additional cost to such a study, other than adding a few questions to the baseline interview. Time and expertise, however, would be needed to conduct the statistical analysis after the project is completed, and then write up the results for publication. The benefits of R/S to treatments for coronary artery disease, valve problems, heart failure, hypertension, peripheral vascular disease, or stroke could all be assessed using this low cost research strategy.

11.2. Experimental studies. Single group experimental studies conducted in the laboratory are also needed to determine whether prior R/S involvement or current R/S spiritual activities influence basic cardiovascular functions (cardiovascular reactivity, heart rate variability, ejection fraction, etc.) in response to an experimentally induced psychological or physical stressor. While a few studies have been done, more of these are needed that involve larger samples, that measure R/S in greater detail, and that more precisely assess cardiovascular functions.

11.3. Randomized clinical trials. Randomized clinical trials are also needed that examine the effects of a R/S intervention on medical or surgical outcomes. The intervention might involve a religious cognitive-behavioral therapy that influences attitudes toward and coping with CVD, particularly among seriously ill, chronically disabled cardiac patients. Alternatively, an intervention could be designed that involves chaplain or clergy visits before and after cardiac surgery, followed by an examination of short-term and long-term surgical outcomes (complications, hospital stay, re-admission rates, speed of wound healing, infection rates, need for pain medication, and mortality, for example). Another intervention might involve studying the effects of cardiac surgeons praying with patients (vs. no prayer with surgeon) on patient satisfaction, other psychological and behavioral outcomes, and surgical outcomes described above. A similar randomized clinical trial could examine the effects of medical cardiologists praying with patients, perhaps following a first-time acute myocardial infarction or a re-infarction.

We have discussed here a few high priority areas that might be of interest to cardiovascular researchers. For a more comprehensive resource that outlines and ranks in priority the studies that are needed and their likely cost, and exhaustively describes how to conduct research on spirituality and health, the reader is referred to another resource [261]. This resource includes a description of the different research methodologies, R/S measurement tools, ways of conducting statistical analyses, writing up the results, and publishing the findings, as well as ways of funding this type of research.

 

12. SUMMARY

Given the mechanism by which we think religion/ spirituality influences physical health, i.e., through psychosocial and behavioral pathways, and the strong influence that psychosocial and behavioral factors have on risk of developing cardiovascular disease, there is no medical condition that R/S is more likely to influence than CVD. Compared to the massive volume of research on R/S and health overall (over 3,200 quantitative studies), relatively little research has examined the effects of R/S on cardiovascular morbidity or mortality. Thus, there is a wide-open door for cardiovascular researchers in Brazil - one of the most religious countries in the world - to conduct groundbreaking research that establishes (or refutes) the effects that R/S may have on CVD. The fact is that in developed countries, cardiovascular diseases are now the most common cause of both death and functional disability [262]. If R/S beliefs and practices have any influence on CVD, no matter how small, then demonstrating this through research may lead to both a higher quality and longer life for millions worldwide.
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Part II

Cardiac surgery: issues around and beyond the operating room

Ultramini-abstract: In addition to our clinical and technical work, there is a need to cross boundaries searching for collaboration as well as lessons from other complex systems that has identified common solutions for common problems, indicating that the general theory is independent of any particular industry or activity.

Cardiac surgery: a complex system 

Heart surgery has much in common with other high technology systems in which performance and outcomes depend on multifaceted interactions of individual, technical and organizational factors. In addition, our specialty often functions as a chaotic/emergent system since the initial circumstances vary in patients with the same medical condition resulting in uncertainty and lack of predictability [1].

Complexity: The American Heritage Dictionary defines complex and complicated as "things whose parts are so interconnected or interwoven as to make the whole perplexing". If we add rarity and small numbers to complexity, the results is a distinctiveness that explains many aspects of our profession and specialty such as variability with institutional differences in outcomes; inconsistency of results in treating rare diseases and uncertainty on any inference about results of complex rare lesions [2].

A system is a set of interdependent elements that are interacting, or working together, to accomplish a common goal. All systems, at the "atomic" level, consist of individuals, activities, connections, and pathways with the following characteristics, qualities or peculiarities in complex systems: 

 •  Heterogeneity of the parties (diverse nature and multiple); 

 • Cause-and-effect relationships may be nonlinear and obvious only in retrospect; 

 • Richness of interaction between them (including their contradictory character); 

 • Multidimensional and multi-referential; 

 • Many variables commonly present;

 • Provide information that by itself reveals the extent of its complexity;

 • Under an apparent simplicity, they often hide the true dynamics of these processes, and interactions between its parts

 • Vulnerability - Are influenced by factors and surprising circumstances that may affect, cause, or facilitate a change in behavior and expected results, altering all or changed significantly

"Complex business generates complex services. Regardless of how much effort and brain power go into designing their complex operations ('system of work'), it is impossible to do it perfectly and to predict how it will behave under every circumstance" [3].

Complex systems are rich in multiple and interdependent events that usually manifest unforeseen consequences that are nonlinear and often asymmetric - frequently called black swans. Why call big surprises black swans? It goes back to the second century when Roman poet Juvenal said that some events are "as rare as a black swan" [4]. 

History is shaped by events that seem impossible until they occur changing predictions and planning. Surprises are by definition unexpected and therefore, well beyond the limit of our experience, not allowing us to pick the "next disaster". Why can't we foresee these events? Blame it on the way humans make sense of the world - most of their experience falls within a tightly bounded range called "the norm". Focusing on that narrow array carries the risk of preparing us only for events we are familiar with [5].

Rare diseases - rare as Black swans - are a challenge for the Science of Cardiac Surgery because of their infrequency at any single institution, and thus the gaps in knowledge. Because of this, there is little chance that randomized comparison can be accomplished. In this setting, highly variable outcomes are predictable given the scarceness of skill-based, rule-based, and knowledge-based foundations for performance that avoids and compensates for human errors, the inevitable breakdowns due to complexity and uncertainty. Statistics to determine risk are not available; we just do not have them due to their rarity.

Complexity thus calls for experimentation. Once patterns become apparent, it is possible to attempt to destabilize undesirable interactions [6]. By contrast, in chaotic situations - highly sensitive to initial conditions - there are no trends to monitor. Sometimes complexity is at the "edge of chaos" without a pattern to differentiate.

Clayton Christensen remains us that "Theory is often associated with the word theoretical, which, among practical people, has a connotation of impracticality. However, a well researched theory is practical because it allow us to know what cause what and why, and to predict the result of an action. The key to developing a theory that is valid internally and externally is to seek anomalies, to find instances in which the explanation of causality does not yield the result that the theory predicts. The scientific method requires to search for instances in which the theory does not work" [6]. "As the circle of science grows larger, it touches paradox at more places" Nietzsche.

Managing complexity: Steven Spear aptly describes the problem and manner of managing complexity: "There are high velocity organizations - whom everyone chases but never catches - that manage to stay ahead because of their endurance, responsiveness, and an exceptionally high velocity in self correction. They see and seize opportunities and, by the time rivals responded, the leaders have raced on to further opportunities - these systems pose both the capacity to retain their viability and the capacity to evolve" [3].

"These organizations - complex adaptive, self-improvement systems - face a common problem and have identified a common solution, which keeps them performing way ahead of the pack and always getting better - the two go together. The solution has been used successfully by a wide variety of organizations indicating that the general theory is independent of any particular industry or activity" [3,7]. 

"And this leads to collaborative rationality, of getting better together, which is a different way of knowing and generating, of making and justifying decisions based on diversity, interdependence and authentic dialogue - not always accepted by the chain of command despite of the limitations of acting unilaterally. The agents interact dynamically, exchanging information and the effects of these connections flow through the system. There are many direct and indirect feedback loops; the overall system is open. The behavior of the system is determined by these interactions, not the components; and the behavior of the system cannot be understood by looking only at the components" [7,8]. 

Diversity: "Diversity implies that a collaboratively rational process must include not only agents who have power but also those who have needed information or could be affected by outcomes of the process". As in direct democracy, their success depend on the amount and quality of the information available to those involved in the decision making process [9,10]. 

Interdependence: "Agents must depend to a significant degree on other agents, considering that each stakeholder has something that the others want. This condition ensures that participants maintain a level of interest and energy required to engaging each other and pushing for consensus - such interdependence means that players cannot achieve their interests on their own" [10]. 

Authentic dialogue: "Deliberations must be characterized by direct engagement so that the parties can test to be sure that claims are accurate, comprehensible, and sincere. Deliberations cannot be dominated by those with power outside the process, and everyone involved must have equal access to all the relevant information and an equal ability to speak and be listened to. In authentic dialogue, nothing is off the table" [10]. 

Structure and dynamics of successful high velocity organizations

Structure: Managing and integrating the functions as part of the process. 

Dynamics: "Continually Improving the Parts and the Process, by engaging those closest to the work in the continual improvement, their speed of detecting and problem solving, learning, and discovering better ways of how to produce. Any snapshot will reveal where they are today but not where they are headed determined by their DNA".

"These organizations, share four capabilities that can be adapted to medical situations: a) specifying design to capture existing knowledge and building in tests to reveal problems and improve a process; b) detecting and rapidly solving problems to build new knowledge avoiding memory perishability; c) sharing new knowledge throughout the organization; d) leading by developing the above mentioned capabilities by allowing enough time and resources for staff/team training, turning employees into problem solvers. Operations are designed to continually let them know that it does not know all there is to know. When the operations speak, these organizations listen, learn, improve, and wait for the next lesson. The lesson learned here and now is spread throughout the organization. The high velocity set themselves apart in how they deal with the problem of unknowable unpredictable systems, understanding, learning and recovering from failures" [3]. 

How complex systems fail: in those systems that fail, their pieces come together through hard work, goodwill, and improvisation. Their components are managed as if they operated independently; in fact they are quite interdependent. Although it could be a "Sisyphean task", some of them fail wisely learning from their mistakes and try again. However, the choices are often both clear and stark: organizations must either modify their forms and structures (reinvent) in ways appropriated to the emergent environment or, over a period of time, cease to exist. Occasionally, disruptive innovations, creating new organizations are necessary rather than transformation of existing outdated institutions. 

Like in our profession, the first step to treatment is diagnosis. If one considers that a system has an illness - dysfunction - the first step should be to make a diagnosis to uncover its root causes. Often, administrators and managers have a tendency to prescribe treatment without a proper diagnosis that would allow identifying the system-specific problems. Policies that work in some setting may not be effective in a different context. A chart constructed by combining a diagnostic tree with the National Diamond Model allows displaying the components of the system and pinpointing the potential binding constraints affecting performance and growth before implementing reforms. A similar approach, with different factors, can be used in program evaluations [11,12]. 

There are many factors which contribute to failed or failing institutions [13]. 

Reasons people fail

 • Personal weakness - failure to reach a minimum required performance; 

 • Poor people skills - inability to relate to others; 

 • Deviance - violating an agreed process or practice;

 • Negative attitude - in reacting to adverse circumstances of life; 

 • Bad fit - mismatched abilities required to execute the job, interests, personality, values; 

 • Lack of focus and attention - priorities not well established leading to inadvertent departure from stipulations;

 • Weak commitment - not giving the task our very best; 

 • Unwillingness to change - major enemy of success; 

 • Shortcut mind-set - take the shorter road to success;

 • Excessive confidence - it is not beyond my scope or skills. I can do no wrong → Ego; 

 • Relying on talent alone - avoiding hard work to improve it;

 • Response to poor information - not feeling you need more information;

 • No goals - lack of a dream with a time limit; 

 • Frustration - not learning from failures;

 • Anger: according to Aristotle, "Anyone can become angry, that is easy - but to be angry with the right person, in the right degree, at the right time, for the right purpose, and in the right way - that is not easy". Rationally speaking, it is a very important emotion and a huge driver of human behavior. In some cases it is even welcome; however, those that can control it - i.e., those who have emotional intelligence or are emotionally astute - avoid being an angry decision maker and may have an advantage in their daily life. In sum, showing your anger conveys a toughness that can help you get what you want. But beware: When your counterpart has better information than you do, your anger could work against you [14].

Human behavior and errors: Medical errors cause 90-120,000 preventable deaths per year in the USA - far more than in car crashes - costing the industry somewhere between $9 billion and $15 billion a year. Furthermore, only 50% of US patients receive adequate quality of care, altogether enough to take the necessary actions to reduce risk the factors. It is a basic principle of systems that every one of them is perfectly designed to achieve the results it attains. Academics, by studying these systems, could contribute to a better understanding of how the components relate to one another in designing a self improving process that prevents mistakes from occurring. In addition, medical schools should consider building up awareness of the importance of prevention of medical errors among students early on their career [6].

The fact that complexity makes errors inevitable should not be an excuse; we should to do our best to avoid them. Human factors research has been a major contributor to safety, enhanced reliability and error avoidance in those complex socio-technical systems such as the aviation industry. Their long used safety check list looks like a simple and helpful tool to reduce errors, complications and deaths in medicine, as well as in other professions [15]. Unfortunately, industry and watchdogs often rely far too much on a patchwork of retroactive rules, with inspectors adding the negative event to their checklist each time a trouble is found in one of the components, decreasing its usefulness, particularly if thereafter the new norm is looked at with the old lenses. 

Imperfect outcomes are caused not only by lack of knowledge - ignorance - but by imperfect selection of treatment, imperfect performance, and are too often caused by human errors. Mistakes are the result of either the misapplication of good rules - ineptitude - or the application of bad rules. Most mistakes can be traced back not just due to flawed execution but to flawed thinking of people trying to do a good work, and a tendency to make absurd decisions [16]. Team communication, organization, and mutual supervision are crucial to minimize the chance of making a mistake.

Technical failure and human error led to the loss of an Air France flight over the Atlantic in June 2009 and the deaths of 228 people, according to the final report of the French air accident investigation agency (Pilot Linked to Air France Atlantic Plunge, BBC News, July 5, 2012). Similarly, the Fukushima nuclear plant was "a profoundly man-made disaster that could and should have been foreseen and prevented" and its effects "mitigated by a more effective human response" according to the report of the Japanese parliamentary panel. The report catalogued serious deficiencies in both the government and plant operator response adding that regulators should "go through an essential transformation process" to ensure nuclear safety in Japan (Japan panel: Fukushima nuclear disaster 'man-made'. BBC News, July 5, 2012). 

It is important to recognize that medicine is so complex that no human being can be in control of everything without some sort of compensation for bounded rationality or hyper rationality. Furthermore, over the last decades, science has filled in an enormous amount of knowledge, challenging even more the human mind's limited capacity to evaluate and process the information available, considering the time constraint to make some decisions. We have to achieve near perfection in the shortest possible time avoiding the "let's-get-home-itis", a disease in judgment that has negative impacts on a number of surgeons who sing the praise of speed and quick operations.

It may be part of human nature to err, but it is also part of human nature to develop solutions, find better alternatives, and meet the challenges ahead. Rather than punishing those that make mistakes, it is more effective to find out why they made the mistakes in order to act on the system to diminish the odds of repetition [17]. 

Negative events in complex systems

Minor Events are subtle, insidious, except to human factors observers, and many of them largely overlooked by the operator and the team members. As a result, no attempt to correct them is made. In isolation, they have little impact, but their multiplicative effect can lead to negative outcomes.

Near Misses can cause severe temporary or permanent complications. By paying attention to close calls, it is possible to recognize them, learn and eventually predict and prevent major events. Unfortunately, decision makers have often a tendency to view near-disasters as successes! 

Major Events, without compensation, are likely to lead to death. Because they are more obvious, they can be recognized, triggering rescue actions to avoid catastrophic consequences.

Risk Factors for Complications are more related to patient variables than to structural hospital characteristics. The highest quality, lowest risk hospitals have a higher prevalence of rescue from complications. It is the failure to compensate that leads to a negative outcome [18]. 

Individual and organizational factors and their interactions 

Individuals: Exchanges with highly qualified individuals concerning change often involve negotiation and compromise, since they would not comply with the instructions without adequate rationale. It is not a matter of who is right or who is wrong; the focus must be on what professionals should care about: the patient. 

Though silence is associated with many virtues, it can exact a high price on individuals, generating feelings of humiliation, paralysis, anger and resentment, and eventually, if unexpressed, can seriously damage an organization. Silence can also be the result of cultural conventions and a reluctance to question authority.

The message throughout the organization should be: STOP! Any question from the team? "If you see something that concerns you please speak up". It is difficult to manage secrets! This approach thwarts the blame game, helping to build a culture that promotes participation, and encourages detecting, analyzing, and learning from failures [19].

Organizational factors: Team work in which all components of the cardiovascular services - a cluster of people with similar interests, all focused on excellence - contributes to the quality of the final outcome with an integrated approach. 

Using an orchestra as a paradigm of team work, a conductor - the chief cardiac surgeon in most centers - leading from the front and by example is needed, working out the problems collectively with the individual orchestra members. He does not produce the sound but he can inspire, teach, and persuade. It is about how to play rather than what, an excellent example of the importance of coaching something that surgeons seldom do. 

After all, "Music fills a gap in life like nothing else - and brings serenity when other things cannot" [20].

Interaction, negotiation and compromise: In an ideal world, after an operation, patients stay in the intensive care unit where the physician on duty must synthesize information from various sources and personnel into a sound plan of care. When another physician, such as the cardiovascular surgeon - when they participate, though often they do not - collaborates with the critical care specialist to manage a patient, the relationship requires mutual respect and cooperation, without patient ownership, in order for optimal patient care to occur. If the dialog starts with someone saying: this is my patient! It is a bad start. Every agreement in the ICU involving two physicians is a negotiation as much as it is collaboration. Each person concerned approaches the interaction with a defined (and possibly different) idea of what he wants to happen, and therefore there is an urgent need to reach agreement on a plan of action. If you approach a negotiation thinking you know everything, you may not make the best decisions. You could be missing out on information, insight and suggestions that may be critical to the outcome. A leader who doesn't nurture an atmosphere where ideas are welcome is shortchanging his or her effectiveness. In addition, team members who are discouraged from giving opinions or input will be ineffective players.

It is prudent to approach these discussions with a few ground rules in mind. First, there are certain basic principles of care known to be true that should not be compromised. Second, both parties will learn something from the interaction. Third, there is much in medicine that is either uncertain or can be approached in more than one-way. Ultimately, the best plan more often than not results from honest open communication between physicians and the melding of the best of both points of view. If beyond winning, both physicians enter into the negotiation accepting that give and take is essential to the process, then a well reasoned design of care is achieved and the patient benefits greatly. An analogous approach is applicable to the interactions among surgeons, cardiologists, anesthesiologists and perfusionists. It is difficult to have a team unless every member has respect for people who have different skills [21,22].

The power of a positive NO: "No is perhaps the most important and certainly the most powerful word in the language. Every day we find ourselves in situations where we need to say No - to people at work, at home, and in our communities - because No is the word we must use to protect ourselves and to stand up for everything and everyone that matters to us". 

"Saying No the right way is crucial. A wrong one, a clear a resounding NO! can also destroy what we most value by angering and alienating people. The secret to saying No, clearly, respectfully, and effectively, without destroying relationships lies in the art of the Positive No, a technique that anyone can learn. The Positive NO can help you to get not just any Yes but to the right yes the one that truly serves your interests" [23]. 

Quality: "An essential and distinguishing attribute of something or someone" (Word Net Dictionary). It is difficult to define, but you know it when you see it! Quality is measurable and requires appreciation to recognize the quality, its significance or magnitude and appreciation requires knowledge. 

In medicine as in many other businesses precision equals precise diagnosis plus doing the right thing (effectiveness) plus doing it right the first time (efficiency). Precision in medicine not only improves outcomes but also can dramatically cut costs. In health care, cost is not a proof of high quality and low cost comes from focus. Value added procedures are possible only after a precise definitive diagnosis has been made [6,24].

Quality comes from correct integration to get the job done. As we improve the technology of medicine, we also need to include the patient's story in the equation: Quality of care equals technical quality (precise diagnostic, doing the right thing and doing it correctly) plus service quality, both throughout a process that cannot be turned off at five o'clock. Adopting the quality equation is a decision and a commitment one makes every day that never goes away, that needs to be sustained all year long to become a habit. Institutional quality and qualified people are the key to making quality products, with the best possible use of the ordinary distribution of human talent and a permanent awareness of personal and institutional limitations [25].

Service quality: The privilege to assist in preserving and improving life provides us with much professional satisfaction. But, do we have the necessary background to fulfill the humanistic demands of our profession? Often, one recognizes professionals who have mastered scientific facts and surgical techniques but who lack interpersonal skills and respect for the dignity of man, empathy, and humility. Remember that our attitude often trickles down to the entire team! [26].

To achieve this, a combined approach is necessary, inducing change from the top, by influence or persuasion and commitment to education, and encouraging bottom-up grassroots involvement and cooperation. Promoting bottom-up chances is an important component of Edwards Deming's principles of total quality management. Both the top-down and the bottom-up approaches are not mutually exclusive but rather complementary and are what is meant by Total Quality Management.

 • Total Quality Management (TQM) is a business strategy aimed at embedding awareness of quality in all organizational processes making it the responsibility of all employees. 

 • TQM requires a re-organization of the work process and the workplace by application of principles of "teamwork" and work "teams" that are supposed to involve the workers and give them greater control in their work 

Quality problems and categories of poor quality: Overuse, underuse and misuse of funds due to: defensive medicine, ignorance, the culture of money, poor attitude, lack of knowledge, resources, or technology, as well as corruption, greed, etc. Reforms such as revisions to the fee-for service reimbursement and the incentive it provides for overuse can result in significant savings [27,28]. In other words, health care providers who ensure quality care, customer satisfaction, cost control, and efficient and appropriate use of resources, are preferred.

Reporting of quality

 • Lay media: Anecdotal; substantiation not required; short-lived; 

 • Professional literature/media: Scientific process; scrutinized data; longer lasting; 

 • Value of representation in both lay and professional media: Credible evidence-based outcomes, that are recognized in the professional literature and attract the interest of the lay media provides the best of both worlds. 

Quality of care: Using "network science", a method of analysis that examines webs of connections in complex systems, it is possible to map the "Product Space" by depicting clusters of capabilities/products grouping them according to their relatedness. The concept of "proximity" formalizes the intuitive idea that the ability of a center to generate an outcome depends on its ability to produce other ones - "structure of production". When a center with many complex capabilities adds a new capability, it can create a range of new possible products - new complex procedures. Conversely, adding a single new capability in a center that has few to begin with won't leverage an existing matrix of capabilities in the same way, indeed it might not produce any new products at all [29].

Systems of care, their impact on quality: Although the knowledge and practice of individual clinicians are important for high-quality care, today we realize that no health care professional can deliver high quality alone; therefore, health care professionals prefer to practice within groups - proximity - and systems of care. Systems of Care equal institution plus staff partnership plus product space plus structure of production [29,30].

Institutional variations in hospital mortality associated with inpatient surgery

 • Rates of death vary across hospitals, from 3.5% in low-mortality hospitals to 6.9% in high-mortality hospitals; 

 • High mortality hospitals have complications rates similar to those of low mortality hospitals (24.6% and 26.9%, respectively) and of major complications (18.2% and 16.2%, respectively); 

 • Mortality in patients with major complications was almost twice as high in hospitals with high mortality than in those with low mortality - high velocity organizations - (21.4% vs. 12.5%, P<0.001). Hospitals with higher mortality rates - the pack - are less effective in rescuing patients from complications; 

 • Timely recognition and effective management of complications are important in reducing deaths after surgery;

 • The value of avoiding complications is obvious. The quality of care once complications have occurred is crucial for reducing mortality [30].

Business intelligence: how are we doing?

Business intelligence - the systematic use of information about one's business - is vital to understand, report on, and to predict different aspects of performance. High quality intelligence capabilities and analytic skills play crucial roles in the most competitive sectors of the global economy because it can avert bad events providing that the dots are properly linked.

How are we doing? Due to the current demand for excellence and transparency, hospitals should start collecting and analyzing data - a method to evaluate future improvements - about outcomes calling for quality from their practitioners in preparation for a not too distant future. Implementing an independent measurement and a reporting system - business intelligence - focused on patient safety with a view to eventually making the information available to the public, will have an impact on quality, as well as on consumer and patient satisfaction. 

An accurate and unbiased statistical analysis of surgical outcomes allows for an intelligent search of the risk factors, continuous improvement through responsiveness of the parts and the course of actions, as well as for a valid comparison with other institutions. The truth is the truth wherever it is found and to dismiss it because it comes from people with different views is a mistake. Undoubtedly, gathering accurate information is vital also because politicians, bureaucrats and company officials are often wary about alarming citizens.

The systematic use of information requires good data and commitment of executives to fact-based and analytical decision-making as a way to learn rather that doing it out of gut feeling or intuition - cognitive illusions, illusion of validity [31]. Gathering solid data, working analytically, and leaving emotions aside all help those on the top to reflect critically on their own behavior, and then change how they act to make better decisions. Efforts to develop fact-based decision-making capabilities are likely to fail unless they are closely supported by top management.

High performance organizations adapt and thrive by rapidly making choices that others do not by moving the decision making process down, close to the generation of information and around the needs of the user, instead of moving the information up to the executive suite.

The people who construct statistics are very often not the same kind of people needed to publicize them. An effective leader should be able to comprehend number-laden reports, evaluate the information provided to him, and draw conclusions from data, rather than be dependent on others to interpret for him.

Altogether, evidence-based medicine improves patient care using metrics and evaluations as a tool for learning rather than accounting. 

Two categories:

Reporting: Those providing services to the public, needs to report accurately on what is going on in their business. By getting a relatively early warning on their performance they can fix the problems and educate the team members encouraging their participation with a button up plus horizontal approach.

Analytics: This is more understanding-oriented in terms of knowing what factors are really driving your business performance, or prediction-oriented, looking forward instead of backward.

Inferences

 •  Cardiac Surgery is not immune to the waves of innovations - Kondratieff waves - sweeping the world at large over the past fifty years starting with disruptive new technologies that have tranformed industries, societies and economies beyond recognition. Developing economies have been spared this technological onslaught, but they might soon have this same problem [32]. As President J. Kennedy put it, "Great change dominates the world, and unless we move with change, we will become its victims". 

 •  An innovative partnership among the government, the private sector and foundations can led to major advancement of the health system. 

 •  Listening to customers is in general a good idea, but it is not the whole story; in order to innovate smart companies should sometimes ignore what the market says it wants today, relying on inspiration and even distorting reality for the genesis of new products.

• We should be prepared for changes in the patient population requiring surgery. Conventional surgical procedures are expected to diminish. Hybrid procedures, requiring special facilities and team work with the participation of people with different skills will be more often adopted. 

► Part III will be published in the next issue of the RBCCV

 Pediatric Cardiac Surgery: a discipline on its own 

Ultramini-abstract: Although there are common grounds with adult cardiac surgery, it is important to understand the differences in the business plan, paths, manpower, mindset, training, and infrastructure that are essential in those institutions where pediatric cardiac surgery can and should be performed. Time to start thinking, it is not what we can do, but should we do it?
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    Always concerned with the historic rescue of cardiovascular surgery, the Brazilian Journal of Cardiovascular Surgery (BJCVS) publishes the following article, written by Dr. Luis Dallan and Fábio Jatene, respectively, Associate Editor and former Editor-in-Chief of BJCVS. In a text rich in detail, they write about the history of CABG, from its beginnings until prospects of the currently consecrated technique and that should be aware of all cardiovascular surgeons.

  

 

  HEART: BODY THAT UNTOUCHABLE

  Despite the acceptance and routine use of cardiac surgery nowadays, i was not always so. In the late 19th century and early 20th century, the surgical treatment of heart was considered beyond any question. One of the clearest examples of this view was the declaration by Theodor Billroth in the meeting of the Medical Society of Vienna, 1881, who stated: "The surgeon who wished to preserve the respect of his colleagues would ever attempt to suture the wound of the heart" [1].

  Even in the early decades of the 20th century heart surgery gained great expression. Proof of this is the absence of any mention of it in the classic book "The Century of the Surgeon", published in 1957 by Jurgen Thorwald [2]. However, from the years 1950, cardiopulmonary bypass has gained great development and became progressively employed in clinical practice. This allowed the real principle of heart surgery and generated its fantastic boost, which did not cease until the present day.

   

  THE PRESTIGE OF CARDIAC SURGERY

  Despite a timid start to the second half of the 20th century, from the 1960s the cardiac surgery has gained tremendous visibility. The figure of the cardiovascular surgeon came to be celebrated publicly, with much prestige as astronauts. Names like Dr. Christiaan Barnard, Denton Cooley, Michael DeBakey and Norman Shumway became known for the huge audience, especially after the advent of heart transplantation. In Brazil it was no different. It was up to teachers as Euryclides Zerbini and Adib Jatene assume this leadership [3].

   

  ARTERY BYPASS GRAFTING: ADVANCES ESTABLISHED

  Today, surgical treatment of coronary artery disease is probably the most studied topic among all medical specialties. This fact certainly makes the method more attractive and greatly honors who proceeds. Moreover, it also keeps the surgeon under constant stress and challenge.

  Historically, CABG is involved in a huge visibility. Besides the possibility of imminent death compared to procedures that manipulate the coronary arteries, the alternatives available today, such as angioplasty, contribute to the debate about what is the best procedure for coronary disease.

   

  BEGINNINGS OF ARTERY BYPASS GRAFTING

  The notion of coronary artery disease was brought to the Royal College of Physicians in 1768 by William Heberden and published in 1772 in the Transactions of the Medical College. However, the relationship between this disease and angina was not completely elucidated, and only in 1876 Adam Hammer [4] suggested that the angina pectoris and myocardial infarction could be attributed to the reduction or interruption in coronary blood flow when at least one of the arteries of the heart was compromised. This allowed better understanding of coronary artery disease, enabling the programming of its treatment.

  The methods of myocardial revascularization were not established from day to night, neither linearly. Initially, the procedures used were abandoned to be later reproduced again and sometimes were considered ideal.

  In the first decades of the 20th century countless procedures on the heart were used, seeking the relief of angina symptoms. These methods were all indirect and ineffective. Among them, the one proposed by Beck et al. [5] at the Cleveland Clinic in 1935, which sought to obtain collateral circulation with the involvement of structures such as pericardial fat, pectoral muscle or omentum on the chiseling epicardium.

  Only in 1951 Vineberg et al. [6], after extensive experimental study involving the development of collateral circulation, proposed the implant of the internal thoracic artery in the left ventricle muscle. For that, they performed a tunnel amid the ventricular wall, which was posited within the internal thoracic artery. The branches of this artery were kept bleeding, aiming to establish future connections with ischemic myocardial arterioles. This technique achieved good results and was an important treatment of angina for several years.

   

  DIRECT MYOCARDIAL REVASCULARIZATION: A CONTROVERSIAL START

  Certainly the great impetus to the development of myocardial revascularization was the advent of coronary angiography in 1958, assigned to Sones et al. [7] at the Cleveland Clinic. However, the idea of directly revascularize the myocardium met resistance until the mid 1960s. On May 2, 1960, Goetz et al. [8] performed the first successful coronary artery bypass grafting. They anastomosed the right internal thoracic artery with the right coronary artery, using mechanical suture with tantalum ring. Despite the patency be maintained for 1 year, they were strongly criticized by fellow clinicians and surgeons and the procedure was deemed unsafe and of experimental nature. Goetz never performed any revascularization [9].

  In 1962, David Sabiston performed a saphenous vein graft with a patient who died after three days of neurological complications. The case was only reported in 1974. In 1964, Garrett et al. [10] performed at Methodist Hospital in Houston, the first successful coronary artery bypass grafting with saphenous vein after failure in coronary artery endarterectomy. An angiogram after seven years demonstrated graft patency and the case was reported in 1973.

   

  ARTERY BYPASS GRAFTING: EXCELLENCE TECHNICIANS THAT HAVE PERPETUATED

  Internal Thoracic Arteries

  In Leningrad, Russia, Kolessov [11] performed on 25 February 1964, the first anastomosis of the left internal thoracic artery to the anterior interventricular branch of the left coronary artery. The technique involved the left thoracotomy without the use of cardiopulmonary bypass. At the time, the method was not well received in the international media. One reason was the observation that the immediate flow of the left internal thoracic artery was lower than that of saphenous vein graft.

  Since 1967, René Favaloro, working in line with Mason Sones at the Cleveland Clinic, popularized and gave a scientific mark to the saphenous vein graft in the treatment of coronary heart disease [12]. After just one year, in 1968, this procedure for myocardial revascularization was also performed in Brazil by Dr. Zerbini and Adib Jatene rapidly being reproduced by many groups across the country [13,14].

  Again, it fell to a study performed at the Cleveland Clinic in 1986, by Loop et al. [15], promote strong impact on the history of coronary artery bypass grafting. In it, the authors found the long-term superiority of the left internal thoracic artery when comparing to the saphenous vein, when anastomosed to the anterior interventricular branch of the left coronary artery. After 10 years of follow-up, the observation of patency over 90% chose the left internal thoracic artery as the standard procedure to revascularize this branch of the left coronary artery. More recently, Lytle et al. [16] extended similar studies for a longer period. The observation of 90% of patent grafts over 20 years after surgery gave the left internal thoracic artery the condition of most reliable therapy that is known for treating coronary artery disease.

  The right internal thoracic artery when used for the right coronary artery and its branches, showed no similar patency results to those obtained when used for the left coronary artery system. A major advance in CABG was its use in situ by retroaortic via in branches of the left coronary artery. This technique was described in our midst by Puig et al. [17] in 1984. This thoracic artery also came to be used for branches of the circumflex artery as a composed arterial graft with the left internal thoracic artery, or as a free graft. Recently, various studies have demonstrated the possibility of using the right internal thoracic artery in situ by anterograde via in the anterior interventricular branch of the left coronary artery, with excellent immediate results [18-21].

   

  ALTERNATIVE ARTERIAL GRAFTS

  Radial, gastroepiploic, inferior epigastric and lateral circumflex femoral  arteries

  In 1971, Carpentier had already introduced the radial artery as a graft for coronary revascularization alternative, however, the initial results were disappointing. Currently, its use was restored, especially after the advent of antispasmodic drugs. [22] This also motivated the development of alternative proposals to prevent its spasm [23]. With the dissection, a graft from 15 to 20 cm can be obtained, which can be used by means of proximal aortic anastomosis, or in "Y" with the internal thoracic artery. Its dissection can be simultaneous with the chest opening and often is ready before the end of the internal thoracic artery dissection. That was one of the reasons that led to the temporary abandonment of its use because its tissue structure suffered significant damage when subjected to prolonged ischemia. Today is consensus that after the dissection, one should keep it in its bed, covered with gauze soaked in papaverine to reverse any spasms, until its use.

  Alternatively, it can be removed only after the systemic administration of heparin immediately before making its proximal anastomosis. Thus, it gets expanded with the systemic pressure, without manipulation, and therefore less risk of injury to its layers (particularly the endothelium), decreasing the chance of perioperative spasm. Today we know that, given its feature of spasticity, its use should be avoided in coronary arteries with lesions smaller than 70%, due to the risk of flow competition, which could eventually lead to the occurrence of string sign (diffuse tapering throughout graft) [24]. The hypothesis that the proximal anastomosis could interfere with the graft flow has not been proven [25].

  In 1987, Pym et al. [26] described the use of gastroepiploic artery segments. It originates, respectively, from hepatic, gastroduodenal and pancreaticoduodenal  arteries. Located on the anterior surface of the greater gastric curvature, being responsible for the irrigation of the lower two-thirds of this curvature. Its use in cardiac surgery reserves mainly to cases where one seeks the exclusive use of arterial grafts in CABG. Usually, it is used in situ to coronary branches of the underside of the heart, or in combination with other arteries such as the internal thoracic and radial.

  In the 1990s, Puig et al. [27] introduced the inferior epigastric artery. Anatomically, originates from the external iliac artery, and is situated in the lower third of the abdominal wall, between the rectus abdominis muscle and its posterior sheath. In this region, it enters the rectus abdominis muscle, dividing into several branches, which will anastomose with branches of the superior epigastric artery. It is indicated in young patients, or the unavailability of normal grafts, as grafted patients or patients with varicose veins in the lower limbs.

  The descending branch of the lateral femoral circumflex artery has also been studied in this line alternative. In 2003, Fabrocini et al. [28] studied by cineangiography 81 among 147 patients in which the graft was employed. The patency at the end of 1 and 3 years was respectively 97% and 93%. A similar study in Brazil also showed high short-term patency (92% at 90 days) and positive remodeling of the luminal diameter [29]. The authors concluded that the descending branch of the lateral femoral circumflex artery is a promising option for arterial graft.

   

  GRAFTS USING SAPHENOUS VEIN

  The use of saphenous vein devoted the coronary artery bypass grafting and is still used in many centers to complement the revascularization of determined coronary arteries.

  It is known that the patency of saphenous vein is less than that of human internal thoracic arteries. This is due in part to the fact that the structure of the saphenous vein can be affected by high pressures of distension, either in its preparation or when positioned as coronary artery bypass graft [30,31].

  The dissection of the saphenous vein should be performed through small incisions, approximately 4 cm in length, leaving a bridge between each of intact skin incision. There are also auxiliary devices that allow withdrawal of a less invasive manner, with mini-incisions of a few millimeters.

  Modern techniques of dissection demonstrated that reduced distention pressure of the veins during preparation minimize the risk of endothelial lesions, further improving the results [32]. Furthermore, drugs that reduce systemic rates of fat and platelet adhesion have demonstrated an influence on long-term patency of these grafts.

   

  MINIMALLY INVASIVE TECHNIQUES

  Revascularization without cardiopulmonary bypass

  The search for less invasive procedures led to the development of techniques of revascularization without cardiopulmonary bypass. The possibility of performing coronary artery bypass grafting without its use was strengthened in the 1990s. Buffolo et al. [33] and Benetti et al. [34] as well as other groups began to emerge in the world demonstrating the benefit of this technique in reducing morbidity and mortality, especially by the reduction of neurological problems. Initially reserved for treatment of coronary lesions only and located on the anterior wall of the heart, this tactic was quickly extended to patients with injuries in two or more vessels. We developed different models of heart stabilizers, which allowed the reduction of regional cardiac motion. It was also used in shunts that enabled the maintenance of irrigation during the distal anastomosis, avoiding eventual ischemia and hemodynamic deterioration. This provided more comfort for the anastomosis in these surgeries[35]. The issue became controversial and numerous comparative studies have been developed, with conflicting results. Most of them relied on less inflammatory reaction surrounding the procedure. But certainly, the great benefit of the method is to avoid excessive manipulation of the ascending aorta. Thus, although it is desirable to minimize the use of cardiopulmonary bypass on myocardial revascularization, it is still a major challenge for modern heart surgery to avoid it in all cases.

  Myocardial revascularization by miniaccess

  In seeking to maintain the benefits of surgical treatment of coronary artery disease, with less invasive techniques with less surgical trauma, we have sought to achieve myocardial revascularization with the internal thoracic artery by minithoracotomy, avoiding cardiopulmonary bypass and sternotomy. The first report of myocardial revascularization by this miniaccess was described by Benetti & Ballester [36] in 1995. In two patients, the authors managed to dissect the left internal thoracic artery to left anterior minithoracotomy, with the aid of videothoracoscopy and anastomosed it to the anterior interventricular coronary artery. Subramanian et al. [37] also reported experience with CABG minithroracotomy, but with direct dissection of the left internal thoracic artery, without using a thoracoscope.

  A major concern of this new technique was the quality of the anastomosis of the internal thoracic artery to the coronary artery, without cardiopulmonary bypass and minimal access surgery. At the beginning of the experiment, some authors have reported problems in coronary anastomosis and early reoperation between 10% and 15% of patients [38,39]. With the advent of regional coronary stabilizers, coronary anastomosis on the beating heart began to be performed more safely and myocardial revascularization without cardiopulmonary bypass with full sternotomy or miniaccess now has greater acceptance by cardiovascular surgeons [40-42].

   

  ROBOTIC SURGERY IN CORONARY ARTERY BYPASS GRAFTING

  Various techniques of minimally invasive CABG have been facilitated by appropriate endoscopic view during dissection of the internal thoracic artery. The use of these techniques in cardiovascular surgery has provided a less invasive new alternative for patients with coronary heart disease. The surgery can be performed with better aesthetics, enabling faster recovery, less hospital stay [43].

  In Brazil, the robotic dissection of left internal thoracic artery was initiated in 2001 with the use of videothoracoscopy guided by robotic arm (AESOP), integrated with the drive system of the optical fiber, through voice communication [44]. Importantly, the improvement and application of these techniques require a training step and an intensive learning curve [45,46].

  Several recent studies have demonstrated the advantages of these minimally invasive procedures. In our environment, Milanez et al. [47] demonstrated the possibility of dissection of the left internal thoracic artery through robotics, with  better outcomes compared to those obtained by its traditional dissection. The ultimate goal would be the feasibility of complete myocardial revascularization with the aid of thoracoscopy, which is performed without opening the chest [48-50].

  In this sense, robotic assistance has gradually gaining ground in clinical practice, aiding in dissection of the internal thoracic artery and performance of coronary anastomosis [51,52]. CABG robotic surgeries with chest fully enclosed are a reality in some centers in the United States and Europe, and the anastomoses performed with the use of mechanical devices, without the use of cardiopulmonary bypass. Despite initial reports with favorable results, the high cost of such equipment and the great difficulty in learning curve of these procedures are limited to a few specialized centers worldwide.

  All these innovations aim to optimize the results already achieved, with less aggression and less patient morbidity and mortality; some, however, still need to be incorporated routinely in daily clinical practice, making procedures more efficient, safe and reproducible.

   

  HYBRID SURGICAL ROOM

  The development and recent changes of cardiac surgery and interventional cardiology have demonstrated the need for installation of integrated catheterization laboratory to the operating room. These hybrid or high-tech rooms, as they are more commonly known, began to be idealized from the growth of minimally invasive cardiac surgery and the need for interventional cardiology in performing increasingly invasive and more complex procedures. The hybrid room is generally located within the operating room and used in less invasive, video-assisted or robotic surgeries requiring more sophisticated and complex imaging modality. They provide security for the surgery and allow the surgeon rapid assessment of the surgical outcome. More invasive and complex interventional procedures requiring rapid action of the cardiovascular surgeon and mechanical assistance are also performed in this room.

  Currently, the hybrid operating room is a reality, not only in academic and research institutions, but also in general hospitals. The recent interest in these rooms has raised important questions about the use, standardization, dimensions and organization of material and personnel in these units.

   

  CORONARY ARTERY BYPASS GRAFTING: CURRENT CONSIDERATIONS

  Even today, the CABG remains an excellent therapeutic option for treatment of obstructive coronary artery disease, even in diabetic patients [53,54], in elderly patients [55,56] and in patients with low left ventricular ejection fraction [57]. Alternative procedures, such as using laser beams [58], stem cells [59] and even variations in the use of internal thoracic artery [60] have been described, but are part of the treatment of a special group of patients, which is certainly not fit into the daily routine.

  It is clear that CABG surgery is a moment of transformation, as we can observe: surgery using only arterial grafts without the use of cardiopulmonary bypass, performed in a minimally invasive way, if possible with the help of robotics.

  The aims of this surgery are basically relief in anginal symptoms, with consequent improvement in quality of life and increased survival. Especially in young patients, it seeks a type of intervention alternative to drug or percutaneous therapy to maintain long-term outcomes, thus avoiding the recurrence of angina or cardiac events, thus minimizing the need for reoperation or reintervention.

  Despite the tendency of employment the greatest possible number of arterial grafts in coronary artery bypass graft, due to higher patency internal thoracic artery and other arterial grafts, saphenous vein continues to be used due to the very good size and easy to obtain. Limitations such as graft failure in the long term have been circumvented by its proper preparation and systemic treatment of the patient, especially with controlling his  blood pressure, and glycemic indices by using statins.

  Moreover, the ITAs rarely develop atherosclerosis, their diameters are usually compatible with the coronary artery to be revascularized and its limitations in length can be overcome through skeletonization or employment as a free graft [61]. However, the use of both internal thoracic arteries requires more refined technique and increases the surgical time. Thus, the use of both internal thoracic arteries is not routinely performed on all services and in many subgroups of patients. This makes the utilization rates of internal thoracic arteries vary from 4% to 30%, even in countries like the U.S., Japan and some countries of Europe [62,63].

  Currently, we know that in the long-term there is the remodeling of the internal thoracic arteries, which eventually suit their flow to myocardial bed receptor. Thus, the right internal thoracic artery has been preferred as a second arterial graft compared to the radial artery. Therefore, the use of left and right internal thoracic arteries, supplemented or not by arterial grafts or saphenous vein, is still the condition therapy used in the treatment of obstructive coronary artery disease.

  In a nutshell, an achievement at low cost and minimally invasive manner (video-assisted or robotic) can be considered ideal in CABG, without the use of cardiopulmonary bypass, using arterial grafts and, if necessary, associated to hybrid procedures (minimally invasive surgery complemented by percutaneous performance).
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    ABSTRACT

    Woman, 84 years-old, with Stanford type A thoracic aortic dissection committing aortic arch and descending aorta. Proposed and accepted endovascular treatment according to the severity of the clinical picture. Common femoral artery dissection bilaterally was done. Aortography confirmed the exclusion of the false lumen and patency of the coronary ostia.

    Descriptors: Aneurysm, dissecting. Endovascular procedures. Stents.

  

   

   

  INTRODUCTION

  There is a consensus that the treatment for type A dissections is immediate surgery in order to prevent fatal complications such as cardiac tamponade, aortic rupture, myocardial infarction, acute aortic insufficiency and neurological complications [1]. However, the conventional surgical treatment, with a mortality rate of 10% to 30%, has its own complications arising from surgical trauma, the patient undergoing cardiopulmonary bypass, the extent of the aortic lesion and vessel impairment as well as complications related to the natural progression of the disease. Furthermore, conventional surgical treatment has a high mortality rate when associated with serious systemic diseases such as emphysema, diabetes and renal failure, and advanced age. 

  Endovascular treatment has been widely used to treat diseases of the thoracic aorta and isolated cases of the endovascular approach for repairing ascending aortic dissection have described in the literature. The present paper describes an endovascular repair of a patient with ascending aortic dissection. 

   

  CASE REPORT

  An 84-year-old patient from Mato Grosso do Sul suffering from chest pain and dyspnea was admitted to a hospital in Campo Grande, MS in October, 2011. The patient was diagnosed with chronic obstructive pulmonary disease, diabetes mellitus, decompensated congestive heart failure, pneumonia and chronic renal failure. 

  Chest radiography showed meadiastinal enlargement. Bedside echocardiogram showed dilated myocardiopathy (FE 0.4) in addition to an image typical of ascending aortic dissection.

  A CT angiogram was performed showing "Stanford type A aortic dissection compromising the aortic arch and descending aorta" without damage to the supra-aortic branches and the beginning of the dissection at 1.0 cm from the right coronary ostium (Figure 1). No reentry points were observed. 

  
    

    [image: Fig. 1 – Stanford type A]

  

  According to the severity of the patient's clinical picture, conventional surgical treatment was deemed unfeasible due to her comorbidities and a high risk of death (EuroSCORE 83%). Thus, the patient and her relatives consented to the endovascular treatment suggested.

  The manufacture of a 40-mm-diameter stent graft, containing an 8-cm covered segment and a 2-cm uncovered free flow segment, was ordered. The uncovered segment allows for increased anchoring area since it is fixed in the aortic arch without the risk of occlusion of its branches. The patient underwent bilateral femoral artery dissection under general anesthesia and in a hemodynamic environment. Since it was an exception and a high risk procedure, the contralateral femoral artery was dissected in case a sudden emergency cardiopulmonary bypass was needed. The left femoral artery was catheterized to insert the aortography catheter and locate the coronary ostia. The right femoral artery was dissected, exposed, and the guidewire was inserted, with its end passing through the aortic valve and entering the left ventricular chamber. The patient was put under induced hypotension and the stent was placed above the coronary ostia. The coronary ostia were only marked, not catheterized, as to better visualize the correct placement of the stent directly above the right ostium. Therefore, the coronaries were not selected, but rather contracted in the ASD acquisition mode to determine the distance from the right coronary to the dissection entry point. The rigid guidewire was placed inside the left ventricle, since the device had to be in a transvalvular position (Figure 2).

  
    

    [image: Fig. 2 – Rigid guidewire]

  

  The aortography confirmed the exclusion of the false lumen and the patency of the coronary ostia. 

  The patient was extubated in the operating room and sent to the ITU.

  Patient's progress was satisfactory and she was discharged from the hospital. As requested by the nephrology team, no contrast exams were performed prior to the discharge. During follow-up, since the patient was well and her creatinine clearance was below 25%, imaging exams with contrast were not performed, as they would have been just for control purposes and not for a prescribed medical reason, outweighing cost effectiveness. 

   

  DISCUSSION

  The use of a custom-made stent graft has been studied as an alternative approach to ascending aorta lesions, hence, being reserved for patients who have are not able to withstand conventional surgery, but still need an immediate solution to this serious aortic disease. Endovascular treatment for aortic diseases is widely used for Stanford type B dissections [1]; however, its use for the treatment of the ascending aorta is a challenge. 

  The procedure has a highly specific technique that demands preparation, refinement and sharp skills. The first report of the use of a stent graft for Stanford type A aortic dissection was published in October, 2007 [3]. 

  The literature is limited to examples of isolated cases where a stent was used in ascending dissection as part of a hybrid procedure. In 2007, a stent implant was reported; however, the patient was under cardiopulmonary bypass [4]. Recent cases have shown the use of endovascular therapy for ascending aorta in the treatment of pseudo-aneurysms [5]. Recently, in 2012, a case of type A ascending aortic dissection was published, in which the treatment was a stent implant and exclusion of the false lumen. 

  Our work shows that this technique is feasible and promising, and training of the surgical team is essential to its execution. A well trained surgical team can use this technique to approach complex aortic lesions, such as the one described, with an entry point at 1.0 cm from the coronary ostium. 

   

  CONCLUSION

  The surgical outcome depends not only on the training of the team, but also on the attention paid to the stent itself, such as the appropriate radial force used for its setting and non-displacement, which could compromise, in case of ostial lesions, the occlusion of the false lumen, and obstruct the supra-aortic branches. Endovascular repairs for ascending aorta diseases are still emerging and they are not statistically significant in terms of medium-term mortality rates, as a longer follow-up period of patients who underwent these new procedures is needed to prove their success. 
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  Elton Alisson

   

   

  FAPESP Agency - The scientific writing is still the "Achilles heel" of many Brazilian researchers. The mistakes made when writing a thesis or research paper are much more related to problems of research methodology than to lack of ability with words to present the results in a clear, concise and interesting way.

  The analysis of Gilson Volpato, Professor at Department of Physiology, Institute of Biosciences, Universidade Estadual Paulista (Unesp), on Botucatu campus, is the sixth revised and expanded edition of the book Ciência: da filosofia à publicação (Original name in Portuguese).

  Launched in early December, the edition adds four new chapters to the nine of the first edition, published in 1998. One of them presents a brief summary of the history of philosophy in order to explain why science is done as it is today - only accepting conclusions based on empirical evidence (experimentally proved).

  The idea of this chapter, according to Volpato, is to show the reader the inseparable character from the practice of science and philosophical and theoretical questions, and you can only do good science and write articles for publication in journals of high impact factor when you have a good philosophical training and a very precise understanding of scientific concepts.

  "You must have a very clear understanding of what is doing science to perform good research, resulting in solid articles to be published in high-levels journals. You can not only fix the end of this process - the scientific writing - without having a well-founded basis behind it", said Volpato to FAPESP Agency.

  Specialist in writing and scientific publication, the author - who teaches courses in the area and has already helped Brazilian researchers to rewrite more than 250 scientific articles in the field of human, exact and biological knowledges – states that some of the articles published by scientists in Brazil have many structural problems.

  Among these are introductions that do not fulfill their function, incomprehensible tables, graphs and figures, questionable methods and data that do not support the authors' conclusions but, in most cases, according to Volpato, errors inherent to the present study.

  "If the research has started in a wrong way and it is bad, doing magic in the article is quite impossible. If the researcher studied an irrelevant question, even with good results, they never result in scientific papers that will stand out in their labs and let alone in Brazil", he said.

  A major conceptual error in some papers published by Brazilian scientists, according to Volpato, is willing to do science to solve specific and localized problems, without addressing the general phenomenon, that just has the ability to solve specific problems.

  According to the expert, what prooves this fact is that many very titles of some published papers still show the name of the institution or the city where the survey was conducted and data were collected, reinforcing the idea that the study is limited to that site.

  "In order to do science, we really need data collected from somewhere. But the problem is that some Brazilian researchers collect data from a particular place and only care about that place, especifically"said Volpato.

  "It's very different to get the data from a certain place and build a general science that addresses particular issues, as can be seen in articles published by foreign scientists in major international journals. This learning and some scientific daring is still missing in our Brazilian researchers" the autor compares.

   

  Timely issues

  According to Volpato, some of the factors responsible for the absence of general science is the lack of philosophical training on what is necessary to build knowledge and the fact that Brazil was long closed to the world. Some fields were separated from the science done abroad.

  Moreover, according to Volpato, other areas related to basic science, such as immunology, cell biology and physics have always had a natural international integration that had greater projection in the 1990s with the advent of globalization and the internet.

  According to the researcher, it is necessary to review the concept of doing science under a strictly local perspective so that we can improve the quality of scientific papers published by Brazilian and thereby increase the publication in journals of high impact factor and international citation.

  "The scientific writing is a strong indicator of authors scientific concepts so, to improve it, it is necessary, first, to correct the reasearches concepts of what it is like to do science", he said.

  Volpato is also author of the books "Método lógico para a redação científica", "Bases teóricas da redação científica", "Publicação científica", "Bases teóricas para redação científica", "Administração da vida científica", "Pérolas da redação científica", "Dicas para redação científica", "Lógica da redação científica" e "Estatística sem dor!". (All titles in Portuguese).

  The Professor also publishes his work at www.gilsonvolpato.com.br where you can find articles, tips and reflections on scientific writing, education, and ethics in science. The site provides access to online classes in the course "Theoretical Bases for Scientific Writing," presented by Volpato at Unesp.

   

  Published by FAPESP Agency on January 3rd, 2013.

  URL: http://agencia.fapesp.br/16655





   DOI: 10.5935/1678-9741.20130020

  
    Letter to the editor. Rev Bras Cir Cardiovasc 2013;28(1):150-4

  

  
    Letter to the editor

  

   

   

  Impact on Early and Late Mortality after Blood Transfusion in CABG Surgery

  
    "Lamb's blood was used for the transfusion, and the man had a violent reaction, the horrible symptoms being chills and fever and black urine."

    Jean Baptiste Denis, 1665

  

  Dear Editor,

  I've read with great interest the article by Santos et al. [1]: "Impact on early and late mortality after blood transfusions in coronary artery bypass surgery", to be published in the Brazilian Journal of Cardiovascular Surgery [1]. The matter is very relevant, but some important considerations are worth being discussed.

  The first attempt at blood transfusion to humans occurred in France in 1665, when sheep blood was used for treating a psychosis. The aim was to restore sanity to the patient, however, what it was observed was the first reaction to blood incompatibility. The first report of blood transfusion using human blood occurred in the year 1665 in London by Richard Lower. The clotting problems, compatibility and storage of blood were later resolved. During armed conflicts (especially after World War II), blood transfusions were widely used [2].

  The indication of blood products transfusion in patients undergoing cardiac surgery, measures to limit its use (fibrinolytic drugs, extracorporeal circuits coated with heparin), reuse of blood lost during surgery and non-use of cardiopulmonary bypass (CPB), all contributed to reduce the number of transfusions [3]. Actually, it is not always possible not to use blood products. Concerns exist when performing blood transfusions: infections (viral, bacterial), incompatibility and a silent complication, the immunosuppressive effects [4].

  When assessing the outcome mortality related to blood transfusions in coronary artery bypass grafting, Santos et al. [1] reinforced the observations on the early and immediate impact. Koch et al. [5] reported, actually, that blood stored for more than 14 days would be more related to postoperative complications. Newer blood (less than 14 days of storage) has a lower relative risk (30%) compared to postoperative mortality. At 1 year, mortality was 11% for older blood (over 14 days of storage) [5]. Would this data be a new limitation to the study?

  When we assessed only blood transfusion and its adverse events, we can not forget the efficacy and safety in the use of autotransfusion [6]. If, as noted by Koch et al. [5], the stored blood has a higher risk, so probably the same would be true for stored autotransfusion. But, if it is used early or even during surgery before CPB, would that impact on early and late mortality observed by Santos et al. [1] also occur? The study in question does not provide such data.

  Hélcio Giffhorn

  Cardiovascular Surgeon, Master's Degree in Surgical Clinics, Curitiba, PR, Brazil
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  ANSWER

  Dear Editor,

  Initially, we would like to thank the observations and comments made by Prof. Dr. Hélcio Giffhorn about the article "Impact on early and late mortality after blood transfusions in coronary artery bypass surgery" [1].

  Red cells stored in blood bags develop a series of structural and functional changes with the passage of time, known as "storage lesion" [2]. A meta-analysis involving 21 studies: 18 observational studies and three randomized clinical trials, with a predominance of cardiac surgery patients (6) and trauma (6), concluded that the use of blood stored for longer time was associated with increased mortality when compared the use of blood stored for less time [3]. Hajjar et al. [4] published a prospective randomized controlled clinical trial, comparing restrictive versus liberal strategy in 502 patients undergoing cardiac surgery. Regardless of the transfusion strategy used, transfusion of a single unit of blood was associated with significantly increased morbidity and postoperative mortality.

  Nevertheless, this study used only bags of blood with little storage time (less than 10 days of storage), with an average of only 3 days of storage in both groups. Therefore, "new" blood transfusion is also associated with higher mortality. One of the possible causes of an adverse clinical outcome even with the use of new blood is the fall of the bioactivity of nitric oxide in stored red blood cells, resulting in decreased oxygen delivery in the microcirculation. It was observed that this reduction occurs rapidly with only a few hours of storage [5,6]. Also, another critical factor is the immunomodulatory effect of transfusion, which results in reducing the number of circulating lymphocytes, T helper cells modification and activation of immune cells [7]. Evidently, this effect depends solely on the charge of transfused antigens and not storage time of red blood cells.

  One limitation of our study, which was retrospective, was the inability to assess the storage time of each 4936 bags of transfused blood. It is possible, as suggested by PhD Hélcio Giffhorn that longer storage of blood bags may have influenced a higher mortality rate in this study. Currently, in most institutions, it is common for patients who require blood transfusion units preferentially receive blood from their blood type with the greatest storage time. This practice aims a better storage of the limited supplies of blood [3].

  Anyway, the fact that the storage time of transfused blood bags was not taken into account does not invalidate the final conclusion of this study, which showed numbers very similar to those found in the international literature. Furthermore, this study exemplifies the typical transfusion behavior employed by a large hospital in Brazil. We believe that the increased storage time of the blood bags could have further strengthened the final conclusion of our study.

  One of the techniques used to decrease the use of allogeneic blood during the perioperative period is the autotransfusion, on which a preoperative donation is performed weeks before surgery and storage. Such a method would have as advantages the prevention of viruses transmission, such as HIV and hepatitis C as well as deleterious effects caused by immunological phenomena resulting from the use of allogenic blood [8]. 

  A systematic review of randomized controlled trials on the effectiveness of autotransfusion, published with collaboration of Cochrane, involved 14 randomized clinical trials and observed reduced risk of receiving an allogeneic blood transfusion [9]. However, the risk of receiving a transfusion of any type (autologous or allogeneic) was higher using the autotransfusion, and it is not possible to the authors to establish whether the benefits of autotransfusion were larger than its risks.

  Furthermore, the autotransfusion in the form of preoperative donation and storage does not provide, theoretically prevention as the development of storing injury. On the other hand, preoperative acute normovolemic hemodilution involves removing blood from the surgical patient immediately before or after induction of anesthesia and its simultaneous replacement with appropriate volumes of crystalloid or colloids solutions. The collected blood is then reinfused to replace blood loss occurred during surgery [10], without the inconvenience of storing injury. Goodnough et al. [11] suggest that acute hemodilution could replace benefits with the use of autotransfusion.

  The intraoperative cell recovery is another technique used to minimize the use of allogeneic blood and consists of retrieve, filter and reinfuse blood lost by the patient intraoperatively with the aid of special equipment [12]. A systematic review of randomized clinical trials on the efficacy of intraoperative cell recovery, published by  Cochrane, included 75 trials and concluded that it was effective in reducing the use of allogeneic blood in adult patients undergoing elective cardiac surgery, without causing adverse clinical effects [13].

   This study did not assess the use of preoperative acute normovolemic hemodilution or intraoperative cell recovery and its impact on morbidity and mortality, but both techniques are excellent prospects for the development of future studies.

  Again we appreciate the comments of PhD Hélcio Giffhorn.

  Dr. Antonio Alceu dos Santos

  Cardiologist, São Paulo, SP, Brazil
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  Second edition of the book Cardiology and Pedriatic Cardiac Surgery is available

  On November 29, 2012, during the XXII Brazilian Congress of Pediatric Cardiology in Foz do Iguaçu, Paraná, its second edition was officially launched celebrating the unity between the Brazilian Society of Cardiology and the Brazilian Society of Cardiovascular Surgery, represented by their respective departments of pediatric cardiology and pediatric cardiac surgery.

  The second edition had 178 authors who sought to present the very best in the specialty. The text is illustrated with 1649 images distributed in 1240 pages, which practically became a book-atlas.

  Coordinators claimed to believe that this work is an important contribution to the development of cardiology and also the pediatric cardiac surgery in our country, as well as demonstrating the high level of knowledge, involvement and capacity of those professionals working in the area. "Many young doctors can study and learn the most basic and important points in this book," said the book general coordinator, Professor Ulisses Alexandre Croti.
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  Following the global trend, the book was also presented in e-book plataform which can be purchased at http://grupogen.com.br. There are also many images and videos to be accessed for free, confirming once again, one of the main goals of the book, which is knowledge dissemination.

   

  Cardiac surgery: the infinite quest

  Hi Rodolfo -- I finally got the time to go over your very ambitious paper. I am impressed that a specialty journal would have the leadership to publish such a far-reaching piece. And it is also impressive that you are able to integrate so much relevant and important material. I would be interested to know what feedback you get from the readership. And I look forward to the next chapters.

   All the best, and congratulations.

  Miles Frederick Shore

   Cambridge/MA, USA

   

  Rodolfo,

  I just finished reading part II of  "Cardiac Surgery, the Infinite Quest" - it's beautifully written and very provocative. You are on a trajectory to become the "master of missives" in cardiac surgery!

   All the best,

  James K. Kirklin

   Birmingham/AL, USA

   

  100 citations

   Dear friends

  I received a notification of the Google Scholar with the information that our article (Basics notions of heart rate variability and its clinical applicability - Luiz Carlos Marques Vanderley, Carlos Marcelo Pastre, Rosangela Akemi Hoshi, Tatiana Dias de Carvalho and Moacir Fernandes de Godoy, published in issue 24.2 of BJCVS) reached the significant milestone of 100 citations!! Congratulations to all and a special thanks to Prof. Domingo Braile for enabled us to have this published in a journal with so great expressiveness and penetration as the Brazilian Journal of Cardiovascular Surgery.

  A hug to everyone.

  Moacir Godoy

   São José do Rio Preto -SP

   

  Accessing Google Scholar, I watched the Moacir reported by prof Moacir.

   The paper was designed for us from an internal strategy from laboratories aiming a scientific update on HRV and this idea was catalyzed on post-doctoral meetings, strongly encouraged by Professor Moacir and finally started from the action of Luiz Carlos.

  From that, every search for references and organization of data were made by Rosangela and Tatiana. The outcome was, in my point of view, extremely impressive, and by the way, for the academic community as well. I'm sure that was not the view of Professor Domingo, such information would not have such a movement and projection. I reiterate the importance of BJCVS in this context!

   I sincerely thank for the privilege to have worked on this project: my academic brother Luiz, my dear teachers and Teachers Moacir and Braile and especially Memi and Tatiana, who were tireless and patient to answer any requirements, including mine.

   It was worth it and I think we're ready for a new challenge!!

  A brotherly hug!!

  Marcelo Pastre

   São José do Rio Preto-SP

   

  Reflections of a translator in the Human Anatomy area

  Dear Editor,

   I've sent an article “Reflections engendered as a practicing translator concerning the language of Anatomy - Reflections of a translator in the Human Anatomy area”, which was published in Brazilian Journal of Cardiovascular Surgery 2012;27(3):453-6. In this article, my mistake, was omitted the name of co-author: PhD Fernando Batigália, MD Human Anatomy Tutor, Health Sciences Stricto Sensu Post-Graduate Programme; São José do Rio Preto Medical School (FAMERP). I request the issue of an erratum to correct the error. With nothing further to add at this time, I count on your support.

   Sincerely,

   Alexandre Lins Werneck

   São José do Rio Preto-SP
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  In the article "Reflections engendered as a practicing translator concerning the language of Anatomy", published in issue 27.3, pages 453-6, the name of co-author Fernando Batigália, MD Human Anatomy Tutor, Health Sciences Stricto Sensu Post-Graduate Programme; São José do Rio Preto Medical School (FAMERP) was not included.
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Table 3. Association between transfusion and death at 30 days and 1 year

Total 30-day Mortality % TyearMortality % No Death %
Non-transfused 1116 21 16 37 15 1079 30
Transfused 1888 108 84 212 85 1676 61
Total 3004 129 100 249 100 2755 100

30-day Mortality vs. No Death: chi-square test, P

001 1-year Mortality vs. No Death: chi-square test, P <0.00]
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‘Table 2. Mean values and standard deviation (for age) and absolute frequencies (%), according to group of

death (1 year)
Gronp.
Variable Category __1-Year mortality (r=249) __No death @=755) P
Age 675201 617204 =0.001
101 40) 1099 ¢40)
Smoker et 14646 123005 079
No 3404 2606
Yes
Transfusion 1265 1676 61) <0001
M uren 916) <0001
Dyslipidensia 3966 1247085 0004
CKF ) 265) <0001
SaH 214686 2116 0160
Previous Stroke 3042 1376 <0001
corp 4006 1686 <0001
‘Peripheral arteial isease. 2an ) <0001
Cerebrovascular disease BE am <0001
Coronary intervention 26010) soLan o814
Previous CABG 5@ am 0218
Previous valvar surgery o) 703 0500
Other surgeries o) 30D 0293
Angioplasty 18() 2439 0393
Previous AMI 1094 19947) 0307
CHF 2an 5@ <0001
Anhythmia 31a3 1346 <0001
Surgical indicstion-Urgent o) 20 oo
Arerial 2a3 48408
Grfttype Venous pes) 30an <0001
Venous + Arterial 16369 1961.(71)
CPBuse 1@ Ay 0076
Tsolate 180(72) 2503 O1)
caBG ‘With heart swgery 130 1386 <0001
With other swgeries 150 20
With valvar 3604) 80)

DM — diabetes mellitus; CKF — chronic Kidney failure; SAH — systemic arterial hypertension; COPD - chronic
obstructive pulmonary disease; CABG~ coronary artery bypass graft; AMI~ acute myocardial infarction; CHF ~
congestive heart failure; CPB ~ cardiopulmonary bypass
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‘Table 5. Mortality study in patients with low risk (FuroSCORE < 2) and age less than 60 years

Transfused

Mortality No (u-188) Yes (a=154) bid
30-days 0(0.0%) 11 (7%) <0007
Lyear 0(0.0%) 15(10%) <00011

= significant difference; 7 descriptive level of the Fisher's exact test probability.
1 descriptive level of the chi-square test probability.
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Table 4. Mortality study in patients with low risk (EuroSCORE < 2)

Transfused

Mortality No (2=308) Yes @=317) bid

30-days 1(1%) 14 (5%) 0,007
Lyear 30%) 20% 0001

(%) descriptive level of the chi square probability
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‘Table 3. Intra- and postoperative factors and hospital death.

Variables
Hospital death

0(%) No (N=236) Yes (N=21) Total (N=257) Palue
Coronary surgeries 2(178%) 7(33.33%) 49 (19.07%) 0082(®)
Hemiarch 18 (7.63%) 2(9.52%) 20 (7.78%) 0750 ®)
Bentall 85(36.02%) 6(28.57%) 91(3541%) 0490 (@)
Cabrol 7Q97%) 2(9.52%) 9(35%) 0110 ®)
‘Supracoronary tube. 125 (52.97%) 12(57.14%) 137(5331%) 0710®)
Tirone David 4(1.69%) 1(476%) 5(1.95%) 0340 ®)
Yacoub 4(1.69%) 0(0%) 4(1.56%) 1,000 (F)
Descending aorta stent 19(8.05%) 3(1429%) 22(8.56%) 0320 @)
Reimplantation of block base 11(4.66%) 3(1429%) 14(545%) 0,060 ®)
vessels
‘Separated reimplantation 2(085%) 0(0%) 2(078%) 1,000 (F)
Aortoplasty 3(127%) 0(0%) 3(117%) 1,000 (F)
Hemostasis review 15(6.36%) 4(19.05%) 19.(739%) 0033 ®)
Blood products 178 (75.42%) 20 95.24%) 198 (77.04%) 0030 @)
Antifibrinolytic 84 (35.50%) 11(52.38%) 95 (36.96%) 0120 @)
Neurological complication 13 (551%) 4(19.05%) 17(661%) 0017®)
Renal complication 13 (5.51%) 9 (42.86%) 22 (856%) <0001 ®)
Infectious complication 31(13.14%) 10 (47.62%) 41(1595%) <0001 @)
Pulmonary complication 33 (13.98%) 14 (6.67%) 47(1829%) <0001 ®)
Vascular complication 1042%) 6(28.57%) 7Q72%) <0001 ®)
Gastrointestinal complication 4(1.69%) 0(0%) 4(1.56%) 1.000 (F)
Amhythmia 66 27.97%) 14 (66.67%) 80(3113%) <0001 ®)
Multiple organ failure: 0(0%) 14 (6.67%) 14(545%) <0001 @)
Heart Failure 12(5.08%) 13 (619% 25 0.73%) <0001 )
Cardiogenic shock 2(085%) 15 (7143%) 17(6.61%) <0001 )
Malperfusion syndrome 0(0%) 16 (76.19%) 16(6.23%) <0001 ®)
Asa 165 (69.92%) 0(0%) 165 (642%) <0001 @)
Clopidogrel 1042%) 0(0%) 1(039%) 1,000 (F)
ACEVARB 193 (81.78%) 0(0%) 193 (75.1%) <0001 ®)
Betablocker 169 (71.61%) 0(0%) 169 (65.76%) <0001 @)
Statin 58.(24:58%) 0(0%) 58(22.57%) 0010 ®)
Antiarrhythmic 44 (18.64%) 0(0%) 44(17.12%) 0030 ®)
Diuretic 92 (38.98%) 0(0%) 92 (358%) <0001 @)
Spironolactone 13 (551%) 0(0%) 13.(5.06%) 0270®)
Mean (SD)
Median (Per25:Per75)
Bleeding in the 50039 (303 3) 594,62 (465.31) 51635 (319.23) 0756
first 24 hours (ml) 434 (320:640) 450 (275:999) 438 (320:650)
CPB time (min) 13883 (45.25) 185.95 (9031) 14267 (5024) 0006

1375 (105:162.25) 180 (122,5:195) 140 (110:170)
Anoxia time (min) 10144 (3287) 11595 (57) 103.6(35.29) 0464

101 (79:123) 99 (86.5:138.5) 103 (80:125)
EuroScore 50825) 762(2.18) 605 (247) 0002
67 769 6(4725)

F: Fisher test, P: Pearson test. ASA: acetylsalicylic acid; ARB: angiotensin receptor blockers; CPB: candiopulmonary bypass, SD: standard
deviation; ACEI: Inhibitors of angiotensin-converting enzyme, min = minutes; mi: milliliters
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‘Table 1. Demographics and preoperative factors.

Age (vears) 181081 Mean 577 SD13
Weight (kg) 10115 Mean 728 SD 1327
Gender Male 170 (66.1%) Female 87 (33.9%)

Ethnicity Black 18 (%) Not black 239 (93

Functional class (NYHA) 170 (27.2%) 1119 (46.3%) I 65 25.3%) V3 (1.2%)
Diagnosis Aneurysm 103 (75%) Dissection 64 (24.9%)

Diagnostic methods Ecocardiogram 242 (94.2%) CT162(63%)  Catheterization 181 (704%) MNR2(0.8%)
‘Smoking 104 (40.5%)

Diabetes mellitus 34(132%)

PAD 11(43%)

SAH (mmHg) 202 (78.6%)

sap 11010 220 Mean 151.5 sD20.1
DBP 4010130 Mean 855 SD 149
CRF 21 (82%)

Dialytic CRF 1(04%)

Prior stroke 15.(5.8%)

COPD 7Q.7%)

Cerebrovascular disease: 4(16%)

Marfan Syndrome 7Q7%)

Syncope 7Q7%)

Pericardial effusion 3(1.2%)

Chest pain 107 (416%)

Neurological symptoms 4(1.6%)

Prior cardiac surgery 55 (214%)

Coronary disease 53(20.6%)

Associated CABG 49 (19.1%)

EF (%) 201080 Mean 578 sD1L6
EF Ecocardiogram 256 (99.6%) NMR 1 (0.4%)

Creatinine 051024 Mean L13 sD032
EuroScore 31017 Mean 6.12 sD252
Elective 247(96.1%)

Stroke:; PAD: Peripheral Arterial Disease, SD: standard deviation; COPD: Chronic obstructive pulmonary disease, EF: gjection fraction;
SAH" Systemic Artertal Hypertension; CRF: Chronic Renal Failure; kg Kilogram; mmHg: millimeters of mercury; NYHA: New York
Heart Association; DBP: diastolic blood pressure, SBP: Systolic blood pressure; CABG: Coronary artery bypass surgery, MRI: Magnetic

resonance imaging, CT: computed tomography
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Table 2. Demographics and preoperative factors and operative death.

Variables
Hospital death
n (%) No (N-236) Yes (N=21) Total (N=257) Pyalue
Female 78 (33.05%) 9 (42.86%) 87(33.85%) 0360 (®)
Black 14(593%) 4(19.05%) 18 (7%) 0085 ®)
Dissection 5422.88%) 10 (47.62%) 64(24.9%) 0012(®)
ECHO 226 (95.76%) 16 (76.19%) 242 (94.16%) 0004 (®)
Smoking 96 (40.68%) 3(8.1%) 104 (4047%) 0810(®)
Diabetes 20 (1229%) 5(2381%) 34(13.23%) 0170 (®)
corD 8 (3.30%) 3(1429%) 11(428%) 0018 ®)
SAH 183 (77.54%) 19 (9048%) 202 (78.6%) 0160 (7)
CRF 17(7.2%) 4(19.05%) 21 8.17%) 0058 (®)
Prior stroke 13 (551%) 2(0.52%) 15 (5.84%) 0450 (®)
coPD 62.54%) 1(476%) 7Q.72%) 0540 (®)
Cerebrovascular disease 2(085%) 2(0.52%) 4(1.56%) 0002 (P)
Marfan syndrome 7Q97%) 0(0%) 7Q.72%) 0420®)
Syncope 6Q.54%) 1(476%) 7Q.72%) 0540 (®)
Pericardial effusion 2(085%) 1(476%) 3 (117%) 0220®
Thoracic pain 102 (4322%) 5 (23.81%) 107 (41.63%) 0084 ®)
Neurological symptoms 3(127%) 1(476%) 4(1.56%) 029 ®)
Prior cardiac surgery 46 (19.49%) 9 (42.86%) 55 (21.4%) 0012(®)
Coronary disease 45 (19.07%) 8(38.1%) 53 (20.62%) 0039 ®)
Elective 226 (95.76%) 21/(100%) 247(96.11%) 0330 ®)
Aortic cannulation 170 (12.34%) 14 (66.67%) 184 (71.88%) 0580 (®)
Bicuspid aortic valve 37 (15.68%) 2(0.52%) 30 (15.18%) 0450 (®)
Aortic insufficiency 147 (6229%) 13 (619%) 160 (6226%) 0970 ®)
Hemopericardium 3(127%) 20.52%) 5(1.95%) 0055 ®
Mean (SD)
Median (Per25:Per75)
Age (years) 575(13.13) 509 (11.62) 5756 (12.95) 0471
50 (4825:68) 60 (53.5:67.5) 50 (48:67.25)
Last Creatinine 111(033) 126029) 113(032) 0019
109:13) 12(105:145) 109:13)

F: Fisher test, P- Pearson test. Stroke; PAD: Peripheral Artertal Disease, SD: standard deviation; COPD: Chronic obstructive pulmonary
disease, SAH Systemic Arterial Hypertension; CRF Chronic renal failure
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Table 6. Intra- and postoperative factors and compound clinical outcome.

Variables
‘Combined event

%) No (N-159) Yes (N-98) Total (N=257)

Coronary surgeries 24(15.00%) 25 2551%) 49(19.07%)

Hemiarch 10 (629%) 10(102%) 20 (7.78%)

Bentall 52(32.7%) 30 (30.8%) 91(3541%)

Cabrol 3(189%) 6(612%) 90.5%)

Supracoronary tube 89 (55.97%) 48 (48.98%) 137(5331%)

Tirone David 4Q.52%) 1(1.02%) 5(1.95%)

Yacoub 4Q.52%) 0(0%) 4(1.56%)

Descending aortic stent 12(7.55%) 10(102%) 22 (8.56%)

Reimplantation of block base 9(5.66%) 5(5.1%) 14(545%)

vessels.

Separeted reimplantation 0(0%) 2Q.04%) 2(0.78%)

Aortoplasty 1(0.63%) 2Q.04%) 3(117%)

Hemostasis review 0(0%) 19(19.39%) 19(739%)

Blood products 101 (63.52%) 97 (98.98%) 198 (77.04%)

Antifibrinolytic 372327%) 58(50.18%) 95 (36.96%)

Neurological complication 1(063%) 16(1633%) 17(6.61%)

Renal failure 2(1.26%) 202041%) 22 (8.56%)

Infectious complication 10(629%) 31(3163%) 41(15.95%)

Pulmonary complication 11(692%) 36(36.73%) 47(18.29%)

Vascular complication 1(063%) 6(612%) 7Q72%)

Gastrointestinal complication 1(0.63%) 3(3.06%) 4(1.56%)

Anhythmia 44Q767%) 36(36.73%) 80 (31.13%)

Multiple organ faifure 0(0%) 14(1429%) 14(545%)

Heart failure 0(0%) 25 2551%) 25 (9.73%)

Cardiogenic shock 0(0%) 17(1735%) 17(6.61%)

Malperfusion syndrome 16(1633%) 16(6.23%)

asa 55(56.12%) 165 (64.2%)

Clopidogrel 0(0%) 1(039%)

ACEVARB 132 (83.02%) 61(6224%) 193 (75.1%)

Betablocker 114(71.7%) 55(56.12%) 169 (65.76%)

Statin 40 25.16%) 18(1837%) 58 (2257%)

Antiarrhythmic 3320.75%) 11(11.22%) #4(17.12%)

Diuretic 51(32.08%) 41(4184%) 92(35.8%)

Spironolactone: 7(44%) 6(612%) 13 (5.06%) -

Mean (SD)

Median (Per25:Per75)

CPB time (min) 13072 (39.96) 162.09 (62.19) 142,68 (5181) <0001
130 (100:155) 1525 (123.75:185) 140 (110:170)

Bleeding in the first 24 hours (ml) 430.84 (187.27) 6551 (42472) 51635 (319.23) <0001
380 (290:520) 540 (350:873.75) 438 (320:650)

Anoxia time (min) 96.72(31.05) 112.19 40.12) 10262 (35.52) 0002

98 (75:116) 11183:1375) 101 (80:123)
EuroScore 55522) 704273) 61225 <0001
67 7(575:8) 6¢48)

Mann-Whitmey F: Fisher test, P: Pearson test. ASA: acetylsalicylic acid: ARB: angiotensin receptor blockers; CPB: cardiopulmonary

typass, SD: standard deviation; ACEI" Inhibitors of angiotensin-converting enzyme, min = minutes; mi: mllliters
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‘Table 7. Logistic model for compound clinical outcome.

Effect SE [ C195% Palue
Cannulation st axillary 1011 054 275 095 796 0.062
Antifibrinolytic 1169 034 32 165 627 0.0006
Type of surgery: Cabrol 1662 0857 527 098 2825 00524
Renal failure** 2001 081 740 152 36.01 00132
‘Pulmonary complication*** 1205 045 3.65 151 384 0.0041
Severe amhythmia**** 119 064 331 095 1151 0.0602
EuroESCORE 0209 007 123 108 141 0.0026
CPB time (min) 0009 0.004 101 1 102 0.0265
Constant 4183 0.768 002 <0.0001

'Pvalue (Hosmer and Lemeshow) = 0.432; Renal Complication™*: creatinine > 2 mg/dl or 2x > preoperatively; Puimonary Complications™**
‘need for invasive ventilation > 48 hours; Severe arrhytimia **** - VI, VF and AVB. CPB: cardiopulmonary bypass; SE: Standard Error;
CI: Confidence interval, min = minmites, OR: odds ratio





OPS/images/a07img04.png
‘Table 4. Logistic model for hospital death.

Effect SE OR CI95% Palue
Black ethmicity 190 076 652 54 302 0011
Cerebrovascular disease 235 114 1051 112 987 004
Chest pain 132 0.64 027 008 0.94 0.04
‘Hemopericardium 3.56 114 3508 373 3302 0.002
Type of surgery: Cabrol 229 097 9386 147 6636 0019
Coronary surgery. 149 062 143 131 15.06 0017
‘Hemostasis review 17 0.76 571 120 2529 0021
CPB time (min) 002 0 1016 1007 1026 0.001
Constant 58 101 0 <0.001

Palue (Hosmer and Lemeshow) = 0.553. CPB: cardiopulmonary bypass; SE: Standard Error, CI: Confidence interval; OR: Odds Ratio





OPS/images/a07img05.png
‘Table 5. Preoperative factors and compound clinical outcome.

Variables
Combined event

n(%) No (N-159) Yes (N-98) Total (N=257) Palue.
Female 103 (64.78%) 67 (68.37%) 170 (66.15%) 0550 ®)
Black ethnicity 11(692%) 7(7.14%) 18 (7%) 0560 F)
Dissection 33 2075%) 31(31.63%) 64(24.9%) 0500 (®)
Smoking 69 (43.4%) 35(35.71%) 104 (4047%) 0220@)
Diabetes 18 (11.32%) 16(1633%) 34(1323%) 0250 ®)
PAD 3(189%) 8(8.16%) 11(428%) 0016 ®)
SAH 125 (78.62%) 77 (7857%) 202(78.6%) 09% (P)
CRF 11(692%) 10 (102%) 21 §17%) 0350 ®)
Prior stroke 3(5.03%) 7(1.14%) 15 (5.84%) 0480 (®)
coPD 5(.14%) 2Q.04%) 7Q.72%) 0710 ®)
Cerebrovascular disease 2(126%) 2Q.04%) 4(156%) 0630 F)
Marfan Syndrome 4Q.52%) 3(3.06%) 7Q.712%) 1,000 (F)
Syncope 3(189%) 44.08%) 7Q.712%) 0430 F)
Pericardial effusion 2Q.04%) 3(117%) 0560 F)
Chest pain 30 (30.8%) 107 (41.63%) 0630 (®)
Neurological symptoms. ) 2Q.04%) 4(156%) 0630 ®)
Prior heart surgery 23 (1447%) 32(32.65%) 55 (21.4%) 0,001 @)
Coronary disease 27 (16.98%) 26(26.53%) 53 (20.62%) 0,066 ®)
Elective 155 (97.48%) 92(93.88%) 247(96.11%) 0140 ®)
Aortic canmulation 121 (76.58%) 63 (6429%) 184 (71.88%) 0033 @)
Bicuspid aortc valve 28(1761%) 11(11.22%) 30 (15.18%) 0160 (®)
Aortic failure 103 (64.78%) 57(58.16%) 160 (62.26%) 0280 ®)
‘Hemopericardium 1(0.63%) 44.08%) 5(195%) 0071 ®)
Mean (SD)
Median (Per25:Per75)
Age (years) 5735 (1238) 5826 (14.01) 577 (13.01) 0393

50 (49:67) 60.5 (48.75:69) 50 (49:68)
Last Creatinine 108 031) 119 (034) 113 032) 0004

109:12) 12114 109:13)

Mann-TWhimey F: Fisher tes, P: Pearson test. Stroke; PAD: Peripheral Arterial Disease, SD: standard deviation; COPD: Chronic obsiructive
pulmonary disease, hypertension: Hypertension; CRF: Chronic renal failure
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Table 2. Surgical outcomes.

GA(50)  GE(03) P
Mortality (%) 20 58 0165
Morbidity (%) 1 30 0004
Complications categories:
Respiratory (%) 2 5 0277
Cardiac (%) 8 3 0191
Gastrintestinal (%) 0 3 0066
Neurological (%) 0 2 0165
Other (%) 4 7 0389

GA= adult group; GE= elderly group
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Table 3. Intraoperative data, mechanical ventilation and length of stay.

GA(150) GE (103) P
MV 24 hours (%) 30 70 0096
MV > 24and = 48 hours (%) 15 2 0071
MV > 48hours (%) 53 5 1000
CPB (mean = SD, minutes) 63219 6016 0334
Aortic clamping time (mean = SD, minutes) 4014 37212 0214
Grafts (%) 1 127 78

2 407 369 0412

3 34 27

4 127 126
Lenght of stay in ICU (mean  SD. days) 3742301 460=527 0140
Lenght of stay in ward (mean = SD, days) 5712257 648323 0036
Total time in-hospital (mean = SD. days) 1028=579 1148700 0144

GA= adult group; GE= elderly group; MV=mechanical ventilation; CPB= cardiopulmonary bypass; ICU=
intensive care unit
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Suoke  Stroke

CPB Cardiopulmonary bypass

Cm Centimeters

sD Standard deviation

LVEF  Left venmicular ejection fraction
a Confidence interval
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Table 1. Clinical and demographic preoperative characteristics.
GA(I0) GE(103) P

Male (%) 70 61 0175
Age(mean=SDyears) 5726 72%5 0000
Hypertension (%) 812 7 0745
DM (%) 306 27 0043
CAD family history (%) 68 616 0339
Smoking (%) 322 198 0042
Alcoholism (%) 236 20 05%
Sedentary Lifestyle (%) 682 67 089
Previous AMI (%) 497 45 0518
Previous CAT (%) 277 24 058
Previous stroke (%) 67 17 0013
Angina pectoris (%) 73 75 0663
PVD (%) 122 10 068
Previous CABG (%) 34 3 1000
CRF (%) 54 9 0310
CHF (%) 135 8 021
Dyslipidemia (%) 429 50 0209
GA= adult group; GE= elderly group; DM= diabetes mellius;

CAD= coronary artery disease; AMI= acute myocardial
infarction; CAT= coronary arteriography: PVD= peripheral
ascular disease; CABG= coronary artery bypass grafting; CRF=
chronic renal failure; CHF= chronic heart failure
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‘Table 4. Results of the length of stay in the ICU and total time in-hospital

GA (150) GE (103) P
Tenght of stay in ICU = 5 days (%) 148 87 0010
Total time in-hospital = 11 days (%) 21 307 0141

GA= adult group; GE= elderly group; ICU= intensive care unit
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Table . Univariate analysis.

Variable OR ic P
Age=65anos 3031 0740~ 12407 0123
BMI 0941 0789-1124 0503
Gender 1610 0421-6157 0487
cap 1064 0191-5931 0943
Grafts 0038*
DM 3007 070521887 0119
Smoking 2797 055014212 0215
Alcoholism 1783 0318-10002 0511
Sedentary lifestyle 0951 0171-5305 0955
Previous AMI 1005 0217-5532 0913
Previous CAT 1421 0254-7945 0689
Previous stroke 1662 0.187-14776 0649
Angina pectoris 0346*
PVD 4154 0725-23795 0110
Hypertension 1231 0141-10781 0851
Previous CABG 0999+
CRF 5675 1020-31578 0047
CHF 4154 0725-23795 0110
Dyslipidemia 0.009*
Lenght of stay in ICU = 5 dias 7174 1655-31.103 0008
Lenght of stay in ICU 1091 1018-1170

Lenght of stay in ward. 0499 0337-0737

Total time in-hospital 1030 0944-1123

Total time in-hospital = 11 days 1800 04137754

MV > 24 hours 4101 106515784 0040
Time in CPB. 1047 10141081 0005
Aortic clamping time 1036 09931081 0104
Cardiac complications 8.960 2227-36048 0002
Respiratory complications 11333 1934-66405 0007
Other complications 2417 0279-20920 0423
Gastrintestinal complications 0999+
‘Neurological complications 0999+

BMI= body mass index; CAD= coronary artery disease; DM= diabetes mellitus; AMI= acute myocardial
infarction; CAT= coronary arteriography; PVD= peripheral vascular disease; CABG= coronary artery bypass
grafting: CRF= chronic renal failure; CHF= chronic heart failure; ICU= itensive care unit; MV=mechanical
‘entilation; CPB= cardiopulmonary bypass; * Fisher exact test
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Table 4. CPB, aortic clamping time e other times.

Time CPB min 73.06=2097 6662= 1569
ortic clamping time min 3870= 1301 37432073
Time ‘Preoperative Mean = SD 2982286 237173
‘Median 2 2
U Mean = SD 4242587 366=536
‘Median 2 2
Postoperative Mean = SD 10791470 7432697
‘Median 7 6
Hospital Stay Mean = SD 1BT7=1523 980733
‘Median 9 8
1+Postoperative Period. Hb 2100ml 9412109 985127
B % 28272533 20642386
‘Hospital Discharge Hb 2100ml 1010132 948120
H % 30412416 28712365
Bleeding 0 Postoperative Period. m 4285721410 4320227165
1#Postoperative Period m 17551= 13464 2318410047
24Postoperative Period m 25677133 10616419
After m 127713376 000000
0 Postoperative Period.
uPRBC 1 Postoperative Period © 251120 058148
2 Postoperative Period ° 105=100 0392002
After ° 0372078 0272063

5,

038107 0022014
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Fig. 1~ Flow diagram of studies included in data search
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Table 1. Study characteristics.

Sudy @ DB Conplete  CABG@ IDMA®w Ofipwmp  Complei Tmadted rk Mahodof
sevaeulanzaon LaDe) 09  revascalanzation Adjutment
i PCT 04) ik CABG )
Cuamgad 556 ™ w® £ = = R CABGhigbarrek Tropersity
2012 clinicalprofile; mtched
‘EuwoSCORE higherrick
profle: SYNTAX seore
‘igher ik proflle
Temsmwastsl 65 Cypher(S5%) = 57 El st ® CABGigherrek  Mulsvanzte
212013 Tae (1299 clnialproile;  logiatic regression,
EuoSCORE higherrick  and multvanzble
prodle Coxregresion
Boutiotetsl 100 Cypher G8%) B 10 Bl % El Randomized samerik  Usneeded
2011 19 Towe 0%)
Mane 36 Cobar (9% = 3% % 2 w® Propensity score Usneeded
COMPARE T 019 “mmtched
regisry 2010
]
Cusfoeral 107 Cypber GL4%) = 1w w® & ® (CABG higharrick Propensity
2010718 Tams (482%) Clsical rofle score dcted.
(EwoSCORE)

CABG: coronary artery bypass grafting; DES: drug-eluting stent; LAD: lgft anterior descending; LIMA: left internal mammary artery;
PCI percutaneous coronary intervention; NR: non-reported
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‘Table 5. Table analysis of statistically significant variables.

Variables ‘With Cell Saver (a=50) Without Cell Saver (a=50) PValue
‘HD after CPB (@) 1055180 1029148 04645
Hb in the 1° Postoperative Period (g/dl) 9852128 940100 P-0.0846
‘Hb during Hospital Discharge (z/dl) 9472121 1000133 P=0.0247
Bleeding (ml) 44322074 #162216 P-08149
Transfusion (ml) 174449 5262468 P-0.002
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Abbreviations, Acronyms & Symbols

ANs ‘National Agency of Supplemental Health
cpB Cardiopulmonary bypass.

CABG Coronary artery bypass grafting

H Hemoglobin

B Hematocrit

BMI Body mass index.

?0 Postoperative.

BSA Body surface area

UPRBC Unis of store packed red blood cells

€U Intensive care unit
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Model Study name

Weight (Fixed) Weight (Random)

odds Relative
Tatio P-Value weight
Chang 2012 1166 0435 27,99
Terazawa 2012 o780 058 835
Boudriot 2011 o0 0877 651
MAIN.COMPARE registry2011 0220 0,178 46,05
Chiefto 2010 2012 0025 1110
Fixed 1215 0061
Random 1214 0083

Total (96°% i) 1300 (CABG), 1614 (PCL.DES)
Total events: 234 (CABG), 242 (PCHDES)
Test for heterogenity: Chi

Test for overall fxed effect 2 = 1.7 (P = 0.061)
Test for overall random effect 2= 1.73 (P = 0.083)

36, df= 4 (P = 0.350) 1= 8.3%

o

Qdds ratio and 95% CI
Relative
e Death, myocardial infarcton of stioke
2820
EES
7.30
297
1218 -—
0o 01 1 10 100
Favours CABG Favours PCI

Fig. 3—Odds ratio and conclusions plot of composite endpoint (death, myocardial infurction or stroke) associated with CABG versus DES
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Model Study name ‘Weight (Fixed) Weight (Random) Qdds ratio and 95% CI

Odds Relative Relative
Tatio PValue weight ' weight ™
Chang 2012 0120 <0001 1784 1764 .
Terazawa 2012 0207 0002 888 888 —
Boudriot 2011 0392 0038 1084 1084 —a]
MAIN-COMPARE registry 2011 0,215 <0001 48,33 4633 -
Chiefo 2010 0237 <0001 18,21 1821 —.—
Fixed 0212 <0001 -
Random 0212 <0001 -
Total (95% Ci): 1300 (CABG): 1614 (PCIDES) 001 o1 1 10 100

Total events: 52 (CABG); 302 (PCI-DES)
Test for heterogeneity. ChiZ= 3.92. df = 4 (P.= 0.418); I
Test for overallfxed effect Z = -10.40 (P < 0.001)

Test for overall andom effect Z =-10.40 (P < 0.001)

Fig. 4~ Odds ratio and conclusions plot of target vessel revascularization (TVR) associated with CABG versus DES

0.0% Favours CABG. Favours PC
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Table 2. Analysis of risk of bias — intemal validity.

Sudy Sudydesgn  Selection _ Performance  Atnction  Defiection _ Mulfivariate adjustment
bias bias bias bias for possible confounders
Chang etal 2013 (12] NENE M B B c B Probably adequate
Terazawa etal 2012 [13] NBNR,NM B B B B Probably adequate
‘Boudriot etal. 2011 [14] RRM A B A B Probably adequate
MAIN.COMPARE registry 010 [15]  B.NR.M. B B B B Probably adequate
Chieffo etal 2010[16] NENR,NM B B c B Probably adequate

This was performed by 2 independent reviewers. The overall bias of the combined studies was considered moderate. A- ik of bias is low;
B: risk of bias is moderate; C: risk of bias is high; D: incomplete reporting.
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Model Study name Weight (Fixed) Weight (Random) Qdds ratio and 85% CI
odds Relative Relative
ratio P-valve weight ™ weight ™ sty
Chang 2012 1155 0467 2025 2025
Terazawa 2012 1195 0628 861 861
Boudiot 2011 0989 0980 561 561
MAIN-COMPARE registry 2011 0172 0311 4674 4874
Chistio 2010 1187 0817 979 a9
Fixed 1150 0.168
Random 1159 0,168
Total (95% Ci): 1300 (CABG). 1614 (PCHDES) 001 o1 1 10 100

Total events: 205 (CABG). 225 (PCI-DES)

Test for heterogensityChiZ = 0.14; df = 4 (P = 0.888);12= 0.0%
Testfor overall fixed effect Z =138 (P = 0.188)

Testfor overallrandom ffect 2= 1.38 (P = 0.168)

Favours CABG Favours PCI

Fig. 2~ Odds ratio and conclusions plot of mortality associated with CABG versus DES
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Model Study name
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Qdds ratio and 95% CI
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Total (95% Ci): 1300 (CABGY; 1614 (PCIDES)
Total events: 296 (CABG). 544 (PCHDES)
Test for heterogeneity: Chi

Test or overall fxed effect Z
Test for overall andom effect.

87 (P <0.001)

96, 4= 4 (P = 0.092); I
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Fig. 5 Odds ratio and conclusions plot of major adverse cardiac and cerebrovascular events (MACCE) associated with CABG versus DES
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Begg and Mazumdar's test (P-value): 0.461
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Fig. 6~ Publication bias analysis by funnel plot graphic

Begg and Mazumdar's test (P-value): 0.462
Egger's test (P-value): 0.479
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Regression of Diabetes on Log odds ratio

[
Coeficient =-0.04 (95% CI - 0.07 to- 0.01), SE =0.02
Z=-242 (Pvalve = 0.016)

Rograssion of Pravious PCl on Log odds ratio

Log odds ratio

Coeffcient =-0.03 (95% CI - 0.05 10 - 0.01), SE = 0.01
7=-258 (Pvalue = 0.010)

Fig 7~ Meta-regression analysis by representative plots
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Fig. 2~ A: Suture of an anterior atrial patch on the IC-SC tunnel
(Adapted from Pinto Jretal. [75]. B: Making of the inferior tumel
cava~ superior cava





OPS/images/a17img03.png
A B ¢

Fig. 3 - Examples of the types of atrioventricular connections in
criss-cross hearts: discordant (4) and concordant (B)
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Abbreviations, Acronyms & Symbols

CABG.

SGELO.
VR
ULMCA

‘Coronary artery bypass graft
Cochrane Cenral Register of Cantrolled Trials
Confidence interval

Drug-eluting stents

‘European System for Cardiac Operative Risk
Evaluation

Literatura Latino-Americana e do Caribe em
Citncias da Saide.

‘Major adverse cardiac and cerebrovascular
events.

Medical subject heading.

0dds ratio
‘Percutaneous coronary intervention
‘Preferred Reportng ltems for Systematic
Reviews and Meta-Analyses

Scientiic Electronic Library Online
Target vessel revascularization
‘Unprotected left main coronary artery
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Fig. 1 - A: Schematic view of the right ventricular chambers
with criss-cross, with double outlet right ventricle (VD). The
VD is located anterosuperior and to the left to the lgft. B: Right
atrium (AD) connected to the VD through the tricuspid valve. C
Left atrium (AE) connection with the Left veniricie (VE). In D it
is represented the VD inlet, crossing anteriorly the VE inlet. Ao
aorta, AP = pulmonary artery. Reproduced with permission
of Cavellucci et al. Braz J Echocardiogr Cardiovasc I
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Abbreviations, acronyms & symbols

ABI Ankle brachial index
BAR Asterial barorefiex semsitivity

BP Blood pressure

CABG. ‘Coronary artery bypass grat

cac Coronary artery calcium

cap ‘Coronary artery disease

CCIMT  Common carofid infima-media thickness.
@ Cersbrovascular disease

CHF Congestive heart falure

CRP C-reactive protein

oD Cardiovascular disease

HRV Heart rate variablity

Los Length of stay.

oM Left ventricular mass

M Myocardial infarction

M Mindfulness meditation

PISD ‘Post.traumatic stress isorder

RS Religion and spirinualty

SES Socioeconomic stafus

A Transient ischemic attack
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Group effet, P=0.005*
Time effect, P-0.988
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Fig. 1-The effects of normal and hyperosmotic glucose perfusion
on pre-ischemia coronary flow in isolated rat heart . (mean=SE,
'n=201n each time point)
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Fig. 2~ The effect of reperfision with normal and hyperosmotic
gliucose perfusate on post-ischemia coronary flow in isolated rat
‘heart. (mean=SE, n=20 in each time point)
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Abbreviations, Acronyms & Symbols

FC ‘functional class

QOL  qualityoflife
€D implantable cardioverter defbrillator
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Fig 3~Myocardial myocardial anti-oxidant enzymes in control and hyperosmotic glucose perfused ventricle. A. The
‘myocandial catalase content was increased after hyperosmotic glucose perfusion. Data are the mean=SD (n = 20
in each time poin). *P < 0.05 compared with control. B. There was no marked increase in SOD after hyperosmotic
glucose perfusion. Data are the mean=SE (n = 20 n each time point). C. Western blot analysis also showed amarked
increase in the levels of myocardial catalase after hyperosmotic glucose perfusion. D. No significant difference of
'SOD between control and hyperosmotic glucose group was found
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Abbreviations, acronyms & symbols

K Creatine phosphokinase

HR Heartrate

LVEDP  Lefventricular end diastolic pressure

e Left ventricular pressure

No ‘Niric oxide

ROS Reactive oxygen species.

SDS-PAGE  Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis

soD. ‘Superoxide dismutase

VENVT  Venricular fbrillation-venfricular tachycardia
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Table 1. Tschemic amest time, heartbeat recovery time, arrhythmia score and VT-VF time after ischemialreperfusion with hyperosmotic:

glucose

Control Hyperosmotic glucose Palue
Tschemic arrest fime (min) 562073 1060150 0.005
Heartbeat recovery time (sec) 1919199 1124240 0056
Amhythmia score 5302027 3202033 <0001
VT-VF duration (tnin) 24462045 14912028 <0001
Creatine phosphokinase leakage (U/g ventricular weight) 861.90:2636 3401022488 <0001
SOD (Ul wet weight) 34347 354100 0324
Catalase (Ulg wet weight) 9172189 14352175 <0001

TRischemia/reperfusion; SOD, superoxide dismutase; VE, ventricular firillation; V., ventricular tachycardia. Data are displayed as mean
= standard error: n=20
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Table 2. Heart rate, contractility and relaxation before and after ischemia/reperfusion.

Control Hyperosmotic ghucose Pralue
R (opm)

Pre 241.00=11 84 249701582 0665

30 min 1002022781 1985021723 0008

LVP (mmHg)

Pre 88.12:477 86082350 0734

30 min 63802534 60.92:342° 0354

LVEDP (mmHg)

Pre 5324188 587-121 0807

30 min 5328304 37162374 0008

dP/dr,,, (mmHgsec)

Pre 2476522186 253801293 o811

30 min 345051058 110182077 <0001
dP/dt_, (mmHg/sec)

Pre 1657521375 1881321216 0287

30 min 303.0-61.1* 834024655 <0001

@P/dr,_,, maximal rate of left ventricular rise; dP/dr,,, maximal rate of left ventricular pressure fall: HIR. heart
rate; TVEDE left ventricular end diastolic pressure; LVP, lgft ventricular pressure. * Significant difference
between ischemia and reperfiision in each group using paired—t test. Data are displayed as mean'= standard error
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Fig. 2~ Comparison of coping strategies among patients with o
without psychiatric disorders (42=SD). *P<0.05 significant
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Table 1. Characterization of the sample (n=32)

xE REYesg)
Sexale TI(710)
Marital satus-steady relationship 27 (844)
Education ~ incomplete elementary school 14(838)
Professional status-inactive 19(594)
Cardiomyopathy-dilated 25(78.1)
Etiology-ischemic 16(50)
‘Transplant time™ 1055 2-211)
Psychological assessment 25(78.1)
Psychological preparation 21(656)
Duration of psychological follow-up 37(0243)
Presence of psychiatric disorder 908 1)
Diagnosis of major depression 7@19)
Presence of suicidal ideation 4(125)

‘Data are presented in n(%); median and interquartile range.
*Tariables presented in months
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Fig. 1-Comparison of coping strategies among patients receiving.
or not psychological preparation for hearth transplantation
(D). *P<0.05 significant
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Table 1. General data of patients.

Patients Gender _ Age (vears) _Functional Class
TEMS M 65 m
2ESP M 61 m
3HRS F 60 m
47BS M 60 m
5.1CC M 66 m
6 MDL. F 57 m
7MLAT F 57 v
8 MRM. F 54 v
9 PML. M 60 m
10CCN. F 81 m
11.DBK. F 60 v
12.ISR M 60 v
13.SRO. M 6 m
14.NOs. M 56 m
15.SL M 61 v
16 ECL F 74 m
17.BES M 36 v
18 TEM M 56 v
19.ELF M 2 m
20 AM F 6 m
21 MAS. M 34 v
2JGL M 63 v
23 EAOS M 48 m
24 URS. M 66 m
615111 years

M male; F- female
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Table 2. Preoperative echocardiographic assessment of patients
‘who underwent implantation of cardiac resynchronizer.

Patients __ LVDD (mm) LVSD (mm) EF%
EMS 30 I 2%
ESP 79 6 2%
HRS, 6 53 30%
IBS. 85 7 31%
icc 65 50 45%
MDL. 65 s1 43%
MLAT 56 a8 2%
MRM. 72 62 2%
PML. 81 64 8%
ceN 68 54 43%
DBK. 49 # 2%
ISR 80 70 4%
SRO. 65 53 3%
Nos 67 55 3%
SL 7 62 3%
ECL 78 65 3%
BES 64 54 2%
IEM 70 64 2%
ELF 78 64 36%
AM 55 47 30%
MAS. 86 7 2%
IGL 6 62 2%
EAOS 58 53 19%
URS. 7 61 31%
Mean 606 586 31%
sD o8 87 8%

LVDD: left ventricle diastolic diameter; LVSD: left ventricle
systolic diameter; EF: ejection fraction; mm: millimeters; SD:
standard deviation
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Chart 1. Analysis of the contents of patients” speeches.

Categories

Disease

Reaction to calls

Transplantation

Fantasies

Post-surgery.

Team

What helped
to accept heart
transplantation?

‘Subcategories

Tnvisibility
Disabling symptoms
Trreversibility

Ambivalence
Decision
Coping

Solution

‘Happiness
Gratitude
Ambivalence
Fear

Change of feelings
Death of another

Fate of the organ

Fear of pain
‘Happiness
Suffering
Recovery of
autonomy

‘Threat of rejection

Pychologist

Will to live
‘End the suffering
Psychological
preparation

characteristics

Verbalizations

Who met me on the street though that I had nothing.
SoT coulda't walk well, or work.
Tt was irreversible by the time it was decided for a transplantation.

Ttis hard. One keeps thinking: Well, will I come back or not?

‘There was the fear, then afer that I started having that feeling that it was going to be all
right.

Then T nuust be decided and know that I'm leaving and T don't know if Il come back.
Twas detemined: take it or leave it If do not live Tl die. Tl ry to live.

‘The other time, they called me and I dida't got to come. Then when they called me last
time, Tdid.

‘Then the doctor suggested entering a queue for transplants

When the transplantation was decided, there was o other solution.

Twas taking five medications and did not improve, had no perspective on life.

Twas disillusioned, and when I saw this light at the end of the funnel I felt 2 great joy.
Ajoy. a hapiness. How good it s to be alive.

Tthank you, because if T hadn't done it I would be no longer here.
‘Sometimes, T would rather not have done

The fear that it does not work well

Thave this concem that it can refum.

‘The wife of a future colleague cried and I asked why, and she replied: Because now, that
‘he have a new heart. T keep thinking that he won't love me as much he did.

Tthought that someone had to die for me to live.

One of my grandchildren asked what they had done with my heart that was taken away,
and my wife said: they must have thrown it in the trash.

Timagined a terrible pain after the surgery.

1did not die. Tm alive. The feeling when I woke up was very good.

Twent through a lot, ater I did the transplant,  heard voices.

On the third day I got up, in the room I showered alone.

T have take care of many things which need consideration. because if I stop taking
cyclosporine or some other medication needed to avoid rejection. it is certain that I will de.
‘The medication I do self medicate, because I already have separate everything. everything
isalready set.

‘When I was adifted o the hospital, I was treated with great affection. This helped me a lot
When T came to have the transplan., everyone around me was worried.

One day T will die. Now, if Im get in. they will do everything to save my life.

Thad great faith, was sure that the doctors were going have success with my surgery.

At that time, only  doctor worked, there Wwas 10 follow-up with you s it is now.

T changed my mind talking to a psychologist. She explained things to me, telling about
‘what was going to happen. saying that I was not going to kill anyone.

The will to live, for sure.

Thad to stop in the street because they had no more strength. it was bad. So this is what
‘pushed me to go to fight

The psychologist helped a lot, because the first time I was called I didn't come.

My way of seeing things.

Tdo first to think later
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Abbreviations, Acronyms & Symbols

HT Heart ransplantation
wocs ‘Ways of Coping Scale.
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Abbreviations, acronyms & symbols

ass Acetylsalicylic acid

ACE Angiotensin converting enzyme
CRT ‘Cardiac resynchronization therapy
DCM Dilated cardiomyopathy

ECG Electrocardiogram

EF Ejection fraction

HF Heart falure

LEBE Left bundle branch block
LVDD Left ventricl diastolic diameter
LVEF Lef ventricular ejection fraction.
LVsD Lef ventricl systolic diameter
NYHA New York Heart Association
RV Right venfricle

sD Standard deviation.

SUS. ‘Unified Health System

URMS Federal University of Mato Grosso do Sul
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‘Table 1. Both groups clinical characteristics.

Growp A Growp B
Age Mean= B399 §055= 201
Median SD 65 63
Gender Male 56% 84%
EureSCORE Additive 0a2 9 10
2as 19 21
=5 2 19
Logistic 1028 9055
Weight kg 7561+ 14385 78361650
Height om 16631935 169 92=848
Body Surface om? 185862375 1874822002
‘Body Index Mass 2725+3386 26722426
cPB. min 73062097 66621560
Aortic clamping time min 3870+ 1301 37432073
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Table 1. Mean values and standard deviation (for age) and absolute frequencies (%). according to group of

death (30 days)
=)
Variable Category __ 30-days mortality @=129) _ Nodeah@=2755) P
Age 669296 617294 0,001
s1e0) 1099 40)
Smoler et 946 1230 45 0961
No 196 2506
Yes
Tramsfusion 108649 1676 (61) 0001
DM 55 @) 98166 ot
Dyslpidemia 39.G0) 124745 0001
CKF nan 1266 0001
san 10965) e 0364
Previous Stroke 0® 1o o161
coep 1602) 1686 0004
Perpheral arterial disease 0® s 0062
Cerebrovascular disease s@ L) 0052
Coronary intervention JEO) so1an 0782
Previous CABG 3@ “am 0446
Previous valvar surgery 10 703 0307
Otter surgeries 0 300 1000
Angioplasty ' WO 0469
Previous AMI 260 1209 (47 018
cEF JEO) 5Q) 0001
Ambytmia 1502 1306 0001
‘Sugica indication-Urgent 20 2w 033
Arterial JEO) 484019
Grafttype Venous 100 30901 0001
Venous + Arerial 2069 196171)
CPBuse HO) Eye) 0039
Isohte 8969 2503 01
caBG With heart surgery °m 13865 0001
With other urgeries 0® 7w
With valvar 10 Ee)

DM — diabetes mellitus; CKF ~ chronic kidney failure; SAH — systemic arterial hypertension; COPD - chronic
obstructive pulmanary disease; CABG~ coronary artery bypass graft; AMI ~ acute myocardial infarction; CHF ~
congestive heart failure; CPB ~ candiopulmonary bypass
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‘Table 3. Postoperative echocardiographic assessment of patients
‘who underwent implantation of cardiac resynchronizer

Patients _ TVDD (mm) LVSD (mm) EF%
EMS 87 70 3%%
ESP 7 60 30%
HRS. 62 ) 57%
IBS 7 6 34%
icc 64 51 43%
MDL. 60 55 40%
MLAT, 66 52 43%
MRM 67 57 31%
PML 70 38 43%
CCN 65 49 4%
DBK. 53 37 5T%
ISR 7 58 37%
SRO. 58 45 4%
NOS. 7 59 36%
SL. 75 6 35%
ECL 7 65 2%
BES 58 54 35%
IEM 60 43 40%
ELF 7 58 41%
AM 53 3 30%
MAS 76 66 %
1G1 61 47 45%
EAOS. 54 “ 36%
URS. 63 48 4%
Mean 6658 527 40%
sD 88 88 %

LVDD: left ventricle diastolic diameter; LVSD: left ventricle
systolic diameter; EF: gjection fraction; mm: millimeters; SD:
standard deviation
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Abbreviations, acronyms and symbols
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‘Second Dimension
‘Third Dimension.

‘Fourth Dimension
Congenital Heart Diseases
‘Spatio-Temporal Image Correlation
Tomographic Ultrasound Imaging.
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‘Table 4. Preoperative and postoperative echocardiographic
assessment of patients who underwent implantation of

cardiac resynchronizer.
Parameters __Preoperative ___Postoperative ___SD
IVDD 696-98MM  668=8SMM 0019
LVSD S86=88MM  527=88MM 00004
EF% 31=8% 40=7% 00002

LVDD: left ventricle diastolic diameter; LVSD: left ventricle
systolic diameter; EF: gjection fraction; mm: millimeters; SD:
standard deviation
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‘Table 2. Type of surgery.

Group  Amteral  APS _ Metal  Biological
A Graft Prosthesis _Prosthesis

Growp  Arterial APS

Graft

Metal
Prosthesis

CABG 30 34 67

Associated CABG
Aortic Valve Replacement
Mitral Valve Replacement 1 1 1
Aortic Valve Plasty
Mitral Valve Plasty
Ascending Aortic Aneurysm
Myxoma
LV Aneurysm

Aortic Valve Replacement

Mitral Valve Replacement

Aortic Valve Plasty

Mitral Valve Plasty

Ascend. Aor. Aneur 2 1 1

Mixoma

Atrial Septal Defect 2

o
s

SRR

2w

23

71
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‘Table 3. Table of comparative variables.

Variables "With Cell Saver (a=50) ‘Without Cell Saver (a=50) P-Value
Age(years) 6 7251221 6056=0.90 01587
Weight(Kg) 795821643 76.10:15.04 P02722
‘Male/Female 3812 73 P00233
Type of Surgery

(Aortic/non-aortic) 6144 o1 P-04195
(Coranary x non-coronary) a9 3614 P-02476
CPB time (minutes) 67.10:2005 731022123 01517
Clamping time (minutes) 38281382 3836:1382 00787
Preoperative Hb 13.70:3 67 1280160 P-01397

Preoperative PCV (%) 4110 3840 01397
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Table 6. Predictive factors of hospital mortality by logistic regression analysis.

OR 1C95% P
Tenght of stay i ward 0542 03500840 0.006
Cardiac complications 10.580 1.722- 64999 0011
Respiratory complications 12819 1352-121.586 0026
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Table 1. Demographic data and baseline characteristics of patients.

“All Patients ‘Endocarditis (+) “Endocarditis (-)

Baseline Characteristics 0837 n64 0773

Age (meduan QT e Q3) S2@0-61) SI5@-61) S2@0-61) 0002
Men [ (%)] 405 (48%) 43 (67%) 362 (47%) 0002
BMI (median. Q1 e Q3) 2422-28) 23(20-26) 24Q2-28) 0028
Diabetes Mellitus [n (%)] 46 (5%) 4(6%) 42(5%) 0773
Mitral Valve Surgery [n (%)] 602 (72%) 43 (67%) 550 (72%) 0380
Aortic Valve Surgery [n (%)] 374 (45%) 33 (52%) 341 (#4%) 0249
Tricuspid Valve Surgery [n (%)] 213 25%) 1707%) 196 (25%) 0831
Multiple Valve Surgery [n (%)] 300 (36%) 24(37,5%) 276 (36%) 0854
LV Dysfunction moderate/severe [n (%)] 121(14%) 10 (16%) 111 (14%) 0782
ECC Time (median, Q1 € Q3) 91 (76-113) 1005 (80~ 125) 90 (75-1115) 0020
‘Additive EuroScore (median. Q1 € Q3) 56-6) 9(6-11) 46-6) <0001

n=mamber of individuals; Q1 and Q3 in reference to Quartis 25%and 75%; BMI=body mass index; LV= leftventricle; ECC= extracorporeal
circulation
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‘Table 2. Perioperative clinical complications

“All Patients ‘Endocarditis (+) “Endocarditis (-)
Clinical complication 0837 n64 0773
Tength of ICU stay_(median. Q1 ¢ Q3) 0-9) 7e-m 0-9 0006
1CU Readmission [n (%)] 47 (6%) 2(%) 45 (6%) 0571
Length of ICU stay > 14 days [n (%)] 61 (7%) 10(16%) 51(7%) 0020
Reoperation [n (%)] 246 20%) 30 (47%) 216 (28%) 0001
Reintervention for bleeding [n (%)] 33 (4%) 0(0%) 33 (4%) 0168
AF [0 (%)] 78 (9%) 102%) 77 (10%) 0026
Reintubation for lung complications [n (%)] 106 (13%) 9(14%) 97(13%) 0726
Acute Renal Failure [n (%)] 220Q7%) 20(31%) 202 26%) 0373
Dialysis [n.(%)] 190%) 6(9%) 13 (2%) 0002
Mediastinitis [n (%)] 236%) 0(0%) 233%) 0248
Neurological disorder type I [n (%)] 30 (5%) 20%) 37(5%) 0761
Death in 30 days [n (%)] 82(10%) 117%) 71(9%) 0038

nmber of indviduals; ICU= Intenstve Care Unit; Q1 and Q3 in reference to Quartis 25% and 75%

trial fbrillation
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Abbreviations, Acronyms & Symbols

AMI  Acute myocardial infarction
CABG  Coronary artery bypass grafting
CAD  Coronary artery disease
CAT  Coronary arteriography

CHF  Chronic heart fallwe
CPB Cardiopulmonary bypass
CRF  Chronic remal fallwe
ot Disbetes mellitus

ca Group of adult (patients < 65years-old)
GE Growp of elderly (patients = 63years-old)

U Intensive care wnit
MV Mechanical ventilation.
PVD  Peripheral vascular disease
D ‘Standard deviation

SPSS  Statistical Package for the Social Science
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‘Abreviagdes, acrénimos & simbolos.

AE
A
FE
TV
NYHA
PDVE
PTFE
VDFVE

Didmeno o esquerdo
Areavalar mimal

Frngho de st

Gratient ransvalvar médio mital

New York Heart Associaton

Presio iastolica final do ventriclo esquerd
Poltenafuoretleno

Volume diastlio final do ventriclo esquerdo
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Abbreviations, Acronyms & Symbols

G
a
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EuroSCORE
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cv
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sD

European System for Cardiac Operative Risk.
Evaluation

Hazard ratio
Intensive care unit
Infective endocarditis
‘Standard deviation
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‘Table 1. Preoperative clinical data.

g Patients Gender  Age(vears)  Diag “Assoc Diag Etiol FC SMM
1 VG M 61 ™M b 2] v e
2 CLSF F 51 ™M - 2] m -
3 R M 50 ™M - 2] m -
4 AM M 58 ™M © 2] m -
5 AMB M 53 ™M - 23 m -
6 SEN F 23 ™M b 2] m -
7 ATF F 63 ™M CoF 2] m -
8 GMG F 60 ™M i 2] m -
9 110 M 61 ™M - 23 v e
10 PSM M 19 ™M - 2] v oiny
1 Ac M 7 ™M - 2] m -
12 M M 76 ™M - BARLOW v .
13 NAN F 45 ™M - 2] m -
14 GAL M 55 ™M - 2 m -
15 i M 66 ™M - BARLOW v -
16 MAT F 53 ™M - i) m -
17 MLPS F 62 ™M - 2] m -
18 AR M 53 ™M - BARLOW v .
19 HIA M 55 ™M - 23] v -
20 JAL F 70 ™M o BARLOW m .
2 RF M 62 ™M b BARLOW m e
2 ABR M 58 ™M - BARLOW m patee
Mean = SD 568=138

M=Male, F = Female, FC = Functional Class (NYHA) = Diag = diagnosis, Assoc Diag = Associate diagnosts, Etiol = Etiology, SMM =
Systolic mitral murmur, MF = Mitral failure, T1 =Tricuspid Insuffciency, IC = Interatrial communication, CoF = Coronary Failure, FD
ibroelastic degeneration, Bariow = Barlow syndrome, SD = Standard deviation.
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‘Table 3. Independent predictors for hospital mortality in 30 days.

Tndependent predictors for hospital mortality
B Wald HR c1o5% PValue
Univariate analysis
Infective endocarditis 0673 4318 196 104-370 0038
Age (years) 0035 18339 104 102-105 <0001
Men 0135 0372 087 057-135 0542
BMI (kg/n) 0018 0554 098 094-103 0457
Readmission in ICU 0954 8.668 260 138-490 0003
Diabetes Mellitus 0641 2969 190 092-304 0085
Multiple valve surgery 0493 964 164 120-223 0002
Acute renal faifure 1767 57483 585 371-924 <0001
Dialysis 2419 63.101 1124 619-2041 <0001
LV Dysfunction Moderate/Severe: 0197 0452 12 069-217 0501
Reoperation 0927 17507 253 164-389 <0001
Reintervention for bleeding 1943 46110 698 308-1223 <0001
Reinubation 2162 95130 860 563-1341 <0001
Neurological dysfunction type T 1885 49,689 650 390-1112 <0001
Multivaiate analysis
Age 0024 7214 103 101-104 0007
Acute renal faifure 05806 8380 224 130-386 0004
Dialysis 0771 4946 216 110-427 0026
Reoperation 0528 4937 170 106-270 0026
Reintervention for bleeding 0769 6217 216 118-395 0013
Reintubation 1076 16580 293 175-492 <0001
Neurological dysfunction type T 1093 14531 298 170-524 <0001

HR=Hazard Ratio; CI= Confidence Interval; BMI= body mass index; k=kilogram;

=meter; ICU= mtensive care unit
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Fig 1~ In-hospital survival curve following 30 days
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Table 2. Preoperative hemodynamic data.

No. Patients Gender Catdate ‘Surg Date, LV Cont MR ED.LVP
1 VG M 15/05/06 31/05/06 Sev Hipo Tmport 30
2 CLSF F 04/08/06 20/08/06 Normal Tmport 18
3 L3 M 06/06/06 20009/06 Normal Tmport 31
4 AM M 26/09/06 00/10006 Normal Mod 15
5 AMB M 1710406 16/10/06 Disc Hypo Mod 16
6 SEN F - 141106 - - -
7 ATF F 08/11/06 04/12/06 Normal Tmport 25
8 GMG. F 03/05/06 06/12/06 Normal Tmport 20
o 110 M 22/12/06 2001/07 Mod Hypo Tmport 16
10 PSM M 120107 120207 Mod Hypo Tmport 28
1 AC M 1410207 27/02/07 Disc Hypo Tmport 20
12 M M 21/05/07 3005/08 Disc Hypo Tmport 15
13 NAN F 02,0808 19/08/08 Disc Hypo Mod 14
14 GAL M 28/11/08 1512108 Mod Hypo Tmport 24
15 I M 13/07/09 19/08/09 Normal Tmport 15
16 MAT F 10/00/09 17/09/09 Disc Hypo Tmport 2
17 MLPS F 08/10009 3103710 Normal Tmport 214
13 AR M 120310 20005710 Mod Hypo Mod )
10 HIA M 28109/10 06/10/10 Mod Hypo Tmport 15
20 JAL F 201010 03/11/10 Mod Hypo Tmport 2
21 RE M 0s/01/11 16003/11 Sev Hipo Tmport 3
2 ABR M 28012 05/03/12 Normal Mod 21
Mean 198[121031]

Disc Hypo = Discrete Hypokinesia, Mod Hypo = Moderate Hypokinesia, Sev Hypo = Severe Hypokinesia, Cat date = Date of cathetertzation,
Surg Date = Date of Surgery, LV Cont = Left ventricular contractility, MR = Mitral regurgitation, ED,LVP = End-diastolic left ventricular
pressure
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‘Table 3. Surgical data.

No.  Patients Surg Date Anmlus Techniques ChordaeNo.  CBI  IMA
1 VG 05531006 Ring DeVega A0 94 4
2 CLSF  0829/06 Ring SHORT GREGORI CHORDAE A2 9% 6
3 R 092006 Ring ‘RES. CALCIF SHORT CHORDAEFRATERCARP A 30 9% 66
4 AM 100906 Ring SHORT CHORDAE CARP/ IAC CLOS P30 92 52
5 AMB 1026106 Ring 'MERENDINO + RES. ANT LEAF P30 e
6 SFN 1114006 Ring 'SHORT CHORDAE FRATER P20 % 27
7 ATF 120406 Ring 'MERENDINO + MMDA P30 87 43
8 GMG 1206106 Ring SHORT. CHORDAE CARP-DeVega P30 75 2
° JA0 012007 Ring MERENDINO + SHORT GREGORI CHORDAE A 30 U
10 PSM 01207 Ring 'MERENDINO P35 81 #
1 AC 022707 Ring ENLPOST LEAF A2 8 13
2 SM 053008 Ring - AP30 120 6l
3 NAN 0871908 Ring SHORT CHORDAEFRATER A2 7 37
14 GAL 1271508 Ring - A30 % 52
15 081900 Ring - P25 97 57
16 MAT  09/17/09 Ring - A% 67 2
17 MIPS 033110 Ring - A5 82 s
18 AR 052010 Ring 'MERENDINO P30 00 41
19 HIA 100610 Ring - A5 85 3
20 JAL 110310  Ring+ WOOLER DeVega A30 86 51
21 RF 031611 Ring MERENDINO SHORT CHORDAECARP+DeVeza 425 w0
2 ABR 030512 Ring+WOOLER 'MERENDINO A30 51
Mean w2

‘Surg Date = Date of surgery, Anmilus = Type of annuloplasty, CBT = Cardiopulmonary bypass time, TMA = Time of myocardial anoxia,
‘Short = Shortenings, RES = Resection, Calcif = Calcification, Carp = Carpentier, AntLeaf = Anterior leaflet, Post leaf = Posterior leafter,
MMDA = Mammary/anterior descending coronary artery, Enl post leaf = Enlargement of posterior leaflet, A = Anterior; P = Posterior,
IAC Clos = huteratrial communication closure.
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Table 4. Postoperative clinical data.

No. Patients  Gender Age(vears) SwgDate  EvolDate Evol FC SMM  DMM
1 VG M 61 0553106 M LATSUDDENDEATH - - -
2 CLSF F S1 082906 0616712 GooD 1 0 0
3 L3 M 50 002006 051512 GooD 1 0 0
4 AM M 58 100006 071812 GooD 1 0 0
5 AMB M 53 101606 061912 GOOD 1 0 0
6 SEN F 23 1U1406 102209 MVR REOP - 0 0
7 ATF F 68 120406 042012 GOOD 1 - -
8 MG F 60 120606 030510  LATDEATTVMREOP - 0 0
° 110 M 61 012007 06112 GooD 1 0 0
1o PsM M 1 1207 05112 GooD hid - -
1 AC M 7 007 o7pom GooD 1 - 0
12 M M 76 053008 072012 GooD 1 0 0
13 NAN F 45 091908 06112 GooD 1 0 0
14 GAL M 55 121508 031312 GooD 1 0 0
15 i M 66 01909 070512 GooD 1 0 0
16 MAT F 53 091709 oLov12 GooD 1 0 0
17 MPS F 6 03BU10 060412 GooD 1 0 0
18 AR M 53 052010 061512 GooD 1 0 0
19 HIA M 55 100610 07112 GOOD 1 0 0
20 AL F 70 100310 - IMMED DEATHLOS - - -
21 RF M 6 031611 ™M LAT DEAT VF - -
2 ABR M 58 030512 070412 GOOD

Evol = Evolution, Evol Date = Date of Evolution, FC = Functional Class, = SMM = Systolic mitral murmu, DMM = Diastolic mitral
murma; M = Male, F = Female, Lat Death = Late Deat, Immed Deat = Immediate Death, Reop = Reoperation, MVR = Mitral Valve
Replacement, VF = Ventricular Fibrillation, LOS = Low output syndrome.
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Fig. 3 - Actuarial survival curve of the surgical method, or that
s, the implanted prosthesis in the mitral valve (22 patients). It
is observed that $3.9 = 10.4% of the prostheses are free fiom
dysfinction at 70 months postoperatively
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Fig. 4 - Acnuarial curve fiee of reoperation for 21 patients who
were discharged andwere followed-up as oupatients at 70 months
postoperatively (83.9 = 10.4%)
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Fig. 1- Acruarial survival curve of the patients (22).Itis observed
that 78 3 = 10.1% of the patients are still live after 70 months
of follow-up
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Fig. 2~ Actuarial survival curve of patients who were discharged
from hospital and were followed-up as outpatients (21). It is
observed that 82.0% 9.8% are alive at 70 months postoperatively
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Table 2. Mean values of quality of ife (AQUAREL). and correlations befween the domains of the questionnaire

with functional class and age.
‘Chest pain Dyspoea Arhythmia __Total AQUAREL
Mean (SD) 908=149 7502213 800=141 849139
Correlation coeficient
‘Functional class =0.107 0508 0271 =041
P-0.042* P-0.000* P-0.005 P=0.000%
Age 0188 —0041 0051 0028
P0052 P0678 P-0600 P74

* Significant (P<0.05). Spearman correlation test
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Table 3. Mean values of quality of life (SF-36). and correlations between the domains of the questionnaire with fanctional class and age.

Functional  Physical  Pain Healh  Vitality Social Aspects Emotional  Mental
Capacity _ Aspects Conditions Acpects _Health
Mean (dp) 6022240 5842376 352270 7242236 7422206 $91=218 626431 7402230
Correlation coeficient
Class 0686 0350 0356 r—0465 10462 r—0194 0336 0358
‘Functional P0000* P=0000* P-0000* P-0000* P-0000° P-0045* P-0.000* P-0000*
Age 0383 r-0063 0089 r—008 004 0070 0003 10093

P=0000*  P=0.520 P=0360  P=0360  P<0.651 P=0476  P<0973 P=0340
* Significant (P <0.05). Spearman correlation test
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Abbreviations, acronyms & symbols

La
v
FE
MMTG
NYHA
PDVE
PTFE
VDFVE

‘LR atrium diameter
‘Mitral valve area

Ejection faction

‘Mean Miral Trasvalvar Gradient
‘New York Heart Association

‘LR venticular end.diastolc pressure
Polytetrafiuoroethylene

Left venticular end-diastolc pressure
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Table 1. General characteristics and clinical study in 107 patients.

Variables %
Gender

Female 495
Male 505
Education

Titerate. 308
Tncomplete Elementary School education 551
Incomplete High School education 19
High School 75
Higher Education 37
Chagas Disease:

Yes 121
No 878
Tmplant indication

Atrioventricular block 579
Simus node disease: 280
Others 141
‘Types of stimulation

Bicameral 869
‘Unicameral B1
Implantation time (months)

‘Mean (SD) 6362290
‘Miniomm — Maximum 1-13
‘Functional Classification

ClassT 70
Class Tl 7
Class I 2

Class IV 2






