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  EDITORIAL

  
    Braile DM. English: the new official language of BJCVS. Rev Bras Cir Cardiovasc. 2015; 30(1):I-III

  

  
    English: the new official language of BJCVS

  

   

  Inglês: novo idioma oficial da BJCVS

   

   

  Domingo M. Braile

   

   

  A year to complete its 30th birthday, the Brazilian Journal of Cardiovascular Surgery (BJCVS) brings great news to its readers. As I advanced in the last edition, from now on the journal will be published only in English. This covers not only articles, but all content, from editorial to the ads. We are taking a historic step towards increasing our internationalization and therefore we turn to raise our Impact Factor (IF), a key parameter in order to continue to receive high-level studies in Brazil and abroad.

  This is an irreversible process which the Brazilian scientific publications can not escape. The databases are increasingly adopting strict criteria for a journal is accepted - and maintained - in its collection. The same goes for development agencies, such as CAPES, requiring postgraduate programs to publish studies in journals with higher Qualis, and the CNPq, restricting its Editorial Assistance to publications indexed in PubMed, Scopus, ISI or Scielo and be at least B2 in the Qualis.

  SciELO released guidelines for its articles have greater international impact. As reported in FAPESP Journal (http://revistapesquisa.fapesp.br/2015/01/19/para-ampliar-o-impacto/), one of the goals to be met by the end of 2016, is the increased amount of articles in English. Within two years, the percentage should reach 75%. Currently, it is about 60%[1].

  That is, the BJCVS anticipated this requirement!

  We are convinced that this decision will bring positive results very soon.

  I emphasize once again that English is the lingua franca of the world, as were Latin and French, and the scientists who want their studies have repercussions need to publish them in English. Otherwise, a study that could bring advances in the knowledge of a particular disease or spread a new surgical technique remains anonymous. This is the known "Publish or Perish", whose charges are used to relax the environment in classes and lectures on scientific dissemination.

  I insist that the authors are careful to write in English, seeking help of skilled professionals, so that the text is within the standards of international publications. Before publication, the article will go through a review of our corps of translators and, if English is incompatible with the standard of quality, the text will be corrected, with the costs borne by the authors. I count on the cooperation of all to the texts have an English good quality.

  Periodicity

  Another novelty, that has also been previously reported, is the change of periodicity. The BJCVS passes from quarterly to bimonthly. It will be 6 issues per year instead of the 4 we had until 2014. This decision will allow easing the flow of articles, by reducing the time between the approval and the availability in an issue. It is another way to allow wider dissemination of the studies.

  We remember that the manuscripts, when approved, are available on Ahead of Print already with the award of the DOI (Digital_Object_Identifier) and it is therefore with the legitimate origin and may be cited, with positive effects on IF.

   

  BSCVS

  For the English version and the increase in the number of annual editions were possible, I counted on the major support from the Board of the Brazilian Society of Cardiovascular Surgery (BSCVS), under the command of the President, Dr. Marcelo Cascudo, who understood the importance of these changes and discussed the matter with the members, who approved the idea at a meeting. I thank the scientific spirit of all who believe in this endeavor.

   

  End Note

  Another good news is that, thanks to the efforts and perseverance of Dr. Marcos Aurélio Barboza, who belongs to our body of reviewers, the bibliographic style of BJCVS was included in the EndNote Web site (www.endnote.com) and EndNote Web (www.myendnoteweb.com.br).

  With these styles, it is possible the formatting and update of the sequence of the entire list of references automatically in the style of our journal, facilitating the work formatting. The use of the online program is already possible free anywhere in the world (see Letter to the Editor on page 127).

  42nd Brazilian Congress of Cardiovascular Surgery

  From 26 to March 28, the 42nd Congress of the Brazilian Society of Cardiovascular Surgery will take place at the Centro de Convenções Expo Unimed in Curitiba, PR.

  Each year, the Congress of the BSCVS has grown in quality, attracting professionals from areas related to cardiac surgery. Thus, in parallel, will be held the 5th Nursing Symposium on Cardiovascular Surgery, the 5th Symposium of Physical Therapy in Cardiovascular Surgery and the 4th Academic Congress in Cardiovascular Surgery, in addition to the Surgery Meeting, highlighting the increasing participation of women in our specialty.

  This year's theme will be "Medical Education in the face of new technologies." With technological advances incorporating rapidly to medicine, cardiovascular surgeons must be updated permanently and apply new knowledge and skills for the benefit of patients. I also highlight the "Hands On", whose level leaves nothing due to their similar performed in other conferences and the "Professional Defense Symposium" in which we discuss the future of our specialty.

  There will be several international guests, consolidating the growing and fundamental integration of BSCVS with international Societies and valuing the fundamental knowledge exchange. In addition, participants will have moments of harmony with colleagues and family, and also will enjoy leisure time knowing the beautiful capital of Paraná, whose urban solutions have been incorporated in several other cities throughout Brazil.

  I congratulate the Board of BSCVS and the Organizing Committee, coordinated by Dr. Rui Almeida, by the effort made so that the scientific program was interesting for all participants of the Congress.

  On March 26, from 12am to 14h in the Auditorium 8, there will be a meeting of the Editorial Board of BJCVS with Associate Editors and Editorial Board members, also open to all members. We will address very strongly the issues on which I wrote above and it will be of great importance to all suggestion in this transitional phase, so that we can improve the journal and leave it in accordance with the requirements of all Databases and aspiration of our readers around the globe.

  New system of evaluation of manuscripts insertion of associate editors on new tasks

  With the advent of new logistics of BJCVS, some changes will be required in the flow of the study submitted for publication in the Journal. Currently, the Chief Editor of the BJCVS, after evaluation of the Executive Editor, for the rules, shall be responsible for all movement of manuscripts, from the initial reading, followed by an indication of the reviewers, to give his opinion following the guidelines contained in the evaluation form. In return these, the Chief Editor will be responsible to analyze them, guiding collaborators to make a synthesis that, once it's ready, will be reviewed before being sent to the authors.

  They respond to the questions, describing the measures adopted in the text correction. When the corrected manuscript returns to the Editor, this evaluates the answers and the comparison of the original version with the corrected. Then, he decides whether the study is able to be published or send the material to one of the reviewers, to get a second opinion. If this indicates new corrections, the whole cycle repeats itself.

  We have had cases of studies with good potential, returning 15 or more times to be suitable for the essential standards. Often, after all this great effort, the manuscript can still be rejected, a decision to be made by the Editor-in-Chief.

  The aim now is that part of this logical sequence is shared by the Associated Editors specific for each area of knowledge. The Editor-in-Chief will continue to receive the manuscripts and after reading them he will indicate an Associate Editor who will be responsible for selecting the Reviewers and take it upon himself the task of leading the phase of reviews and corrections up to the final recommendation: the study is ready for reviews by the Editor-in-Chief, to whom it will always be the final decision.

  From this point, all the work is for the support team, final check list, with attention to names, contributions and credits of the authors and correction of references, verification of the English language and finally the digital on-line version and the limited printed version.

  Thus, the system will be more responsive and democratic, easing the work of each, by the division of labor. It will be a great leap in quality to our Journal, for aggregate responsibilities, and disseminate knowledge of the editorial process by enabling new Editors.

  This whole process counts as invaluable help of the Journal own structure, composed of the Executive Editor Ricardo Brandau, and a lean team of collaborators consisting of the Editorial Assistants Full Professor Rosangela Monteiro and Prof. Camila Safadi.

  Translators for English Language: Prof. Fernando Pires Buosi, Prof. Marcelo Almeida and Prof. Maria Carolina Zuppardo.

  Publishing and Graphic Design Heber Janes Ferreira.

  We also count on all the great structure of GNI Sistema e Publicações [http://www.gn1.com.br/], responsible for all electronic logistics, Layout, XML markup, conversion and marking - PMC, Conversion and Marking - PMC, Apps - iPad, iPhone and Android, conversion to ePub format, assignment of DOI CrossRef, scanning, CME (Continuing Medical Education), etc. Also in electronics and Internet area, we have the support of information specialist Adriel Menezes.

   

  CME

  The following items are available for testing of Continuing Medical Education (CME) in this issue: "Performance of InsCor and three international scores in cardiac surgery at Santa Casa de Marília" (page 1), "Determinants of peak VO2 in heart transplant recipients" (page 9), "Risk factors for transient dysfunction of gas exchange after cardiac surgery" (page 24) and "Abnormal heart rate variability and atrial fibrillation after aortic surgery" (page 55). CME, in addition to be a useful tool to test and update knowledge, is worth 0.5 linear in the BSCVS' Proof of Title.

  My warmest regards,

  
    Domingo M. Braile

      Editor-in-Chief

      BJVCS
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    TRALI or ARDS or TDGE versus blood transfusion

  

   

  TRALI ou SDRA ou TDGE versus hemotransfusão

   

   

  Bruno da Costa Rocha

  MD, PhD. Hospital Ana Nery- Pediatric Cardiovascular Surgery; Hospital Santa Izabel - Adult and pediatric Cardiovascular Surgery, Salvador, Brazil

   

   

  More recently in 2012 an International Task Force on ARDS-acute respiratory distress syndrome has changed the terminology of acute respiratory disorders gathering several terms in a single nomenclature, then TDGE-transient dysfunction of gas exchange was abandoned[1]. Thus, ARDS was categorized according to PaO2/FiO2 levels into three degrees of hypoxemia: mild (200 to 300 mmHg), moderate (100 to 200 mmHg) and severe (<100 mmHg).

  Rodrigues et al.[2] focused on postoperative acute respiratory disorder concerning adult patients submitted to cardiac surgery. In this retrospective cohort of 717 patients, they accounted for over 60% of patients with moderate or important degree of hypoxemia as above-mentioned. This considerable number of patients with respiratory impairment had an impact in outcomes as ICU (Intensive Care Unit) length of stay and rose susceptibility to pulmonary infection.

  Three risk factors were identified on multivariate analysis: renal replacement therapy [P=0.0005, Odds ratio (OR) 2.34], cardiac arrhythmia (P=0.045, OR 1.79) and blood transfusion (P=0.0001, OR 1.72). Indeed, blood transfusion has been considered a key point of TDGE, but in fact it is unduly burdensome.

  Certainly TRALI- transfusion-related acute lung injury is a well-known acronym used in ICU settings by health personnel as well as TDGE[3]. There is also a widespread concerning about reducing blood transfusion to prevent TRALI or ARDS or TDGE, hence decreasing morbimortality rates[4]. The etiology may be different for acute respiratory distress, but pathophysiology is alike no matter which name is given.

  For practical purposes, several studies compared restrictive transfusion strategy < 7 g per dL of hemoglobin (class IIa- level of evidence C) versus a liberal transfusion trigger of 10 g per dL of hemoglobin (class III-C). Some strategies have been used in cardiac surgery as intraoperative auto-transfusion (class IIb-C), OPCABG (Off-Pump Coronary Artery Bypass Graft) (class IIa-A), centrifugation of pump-salvaged blood (class IIb-A), red cell savage (class I-A), minicircuits (class I-A), recombinant human erythropoietin (class IIa-A) as other drugs and manoeuvres to prevent blood loss[5].
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  Evidenced-based medicine pointed out the rationale to reduce the use of blood products[5]. Nonetheless, it should have a proper balance between transfusion therapy and "permissive anemia", it also requires particularly careful on an individual case basis.

  In conclusion, ARDS is still a source of relevant morbimortality in cardiac surgery, several risk factors have been intelligibly associated to, having a special focus on blood transfusion further studies may help in achieving a gold standard guideline to this complex issue.
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  Fetal cardiac tumors are rare conditions and their incidence ranges from 0.08% to 0.2%[1]. However, this percentage during fetal life may be underestimated, given that regression commonly occurs. It should also be noted that atrial tumors may be small or, when located in the septum or ventricular cavity, often mimic an echogenic focus (golf ball sign), thus leading to difficulty in recognizing them through ultrasonographic screening[2].

  Among the various histological types, the three commonest types in fetuses, newborns and children are firstly rhabdomyoma (60%) and then teratomas (25%) and fibromas (12%)[1,3,4]. These histological types are benign tumors, since malignant types are extremely rare in fetuses[4]. Rhabdomyomas are the commonest subtypes and present as homogenous hyperechogenic masses that are generally multiple, with variable sizes. They may be intramural or intracavitary, and generally occupy the interventricular septum or right ventricle, close to the moderator band, but they can be located in any cardiac chamber[4]. Rhabdomyomas are hormone-dependent tumor, which explains their well-known capacity for spontaneous regression or reduction, along with their close relationship with tuberous sclerosis[5]. Fibromas rarely present during fetal life, but are generally located in the interventricular septum or the free wall of the left ventricle. They present as large single masses and, differently from rhabdomyomas, do not regress after birth. For this reason, they may cause obstructions[4]. Fibromas require clinical follow-up at birth because they may lead to sudden death. Because they are giant masses, resection may be difficult and therefore heart transplantation is indicated[4,6]. Teratomas generally present as extracardiac masses located close to the aorta and pulmonary artery. They have multicystic formation and may evolve with pericardial effusion[4,6].

  Diagnosing cardiac tumors by means of two-dimensional echocardiograms is a fundamental step towards follow-up and prognostic evaluation (Figure 1).

  
    

    [image: Fig. 1 - Two-dimensional echocardiographic at 22 weeks of gestation.]

  

  Three-dimensional echocardiography is now acquiring an important role in detection and evaluation of the characteristics of these masses, and it has the capacity to provide greater precision and efficacy in determining their size and how they compromise adjacent structures[7-9].

  Depending on the histological type, location and number of nodules, cardiac tumors have a range of presentations, going from silence to development of severe clinical manifestations, such as arrhythmias and blood flow restrictions due to obstruction of the ventricular cavities or the atrioventricular and semilunar valves, thereby causing valve regurgitation due to changes to the mobility of these valves, depending on the degree of insufficiency, presence of these tumors may lead to a hemodynamic disorder. Alteration of the ventricular ejection fraction, hydrops or congestive heart failure may occur and, if such situations develop, the prognosis will consequently be worse[4].

  Rhabdomyomas can often impair the conduction system of the fetal heart and lead to heart rate disorders such as extrasystoles, supraventricular tachycardia or, less commonly, prolongation of the PR space, nonspecific alterations of ST follow-up, Wolf-Parkinson-White syndrome or aberrant atrioventricular conduction[1,5,7,10]. Wacker-Gussmann et al.[1] evaluated the heart rate of 10 fetuses with rhabdomyoma, by means of electrophysiology, and observed that even the asymptomatic fetuses presented conduction disorders.

  Management of fetuses with diagnoses of cardiac tumors requires serial echocardiograms, and the approach will vary according to the symptoms. An expectant approach is used in cases of asymptomatic tumors. The echocardiographic evaluation in cases of obstructions should be very detailed, so as to be alert with regard to the presence of reverse flow in the ascending aorta and pulmonary trunk, caused by obstruction of the right and left outlets. Another important sign is increased flow in the circumflex artery, which may nourish the tumor mass[3]. In cases of obstruction of the blood flow, the management should be conservative and preterm delivery should be avoided, except in cases in which the fetus is in the third trimester and presents severe hemodynamic disorders. In these cases, delivery needs to be induced and should be done in a tertiary-level center with a multidisciplinary team, given that immediate surgical resection to relieve the flow sometimes becomes necessary[2,4,6].

  In cases of malignant arrhythmias such as supraventricular tachycardia and atrial flutter, drug treatment with anti-arrhythmia agents should be started immediately, remembering that the arrhythmia may often be refractory to treatment. In cases of fetal hydrops, with significant pericardial effusion, intrauterine pericardiocentesis may be necessary[1,4,8].

  In summary, attention is drawn to cardiac tumors because of their diversity of forms of clinical manifestations. Early diagnosis by means of fetal echocardiograms is essential, in order to evaluate the prognosis and schedule the best prenatal and delivery management, with the multidisciplinary team.
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  The article "Analysis of steps adapted protocol for cardiac rehabilitation during hospitalization"[1] aims to demonstrate the effectiveness of a cardiac rehabilitation program carried out by the physiotherapist during hospitalization in respect to post-operative complications, mortality and length of hospital stay. It stresses that there is a lack of cardiac rehabilitation protocols and is supported by the current literature on the effectiveness of physiotherapy techniques after heart surgery, as well as new strategies centered on multidisciplinary care. All this demonstrates that the article is in tune with proposals of this specialized scientific universe.

  It is noteworthy that the treatment of complex cardiovascular diseases has changed significantly with the development of new care strategies, with an ever increasing amount of data based on scientific evidence and criteria on appropriate use at presentation and recommendations to the patient and family[2].

  This article adopted a protocol that ensured that the heart surgery team could standardize the care of professionals and document activities in a comprehensive and systematic way, with immediate benefits from the applicability of early mobilization, followed by sitting and assisted or unassisted standing. The progression of the amount of effort exerted followed the Steps program depending on the situation of each patient. This program corresponds to a group of exercises at an intensity and repetition, wherein the energy spent is related to the consumption of oxygen required by the body. However, this protocol is not used in the daily clinical practice, and therefore the morbidity and mortality rates are higher with increased costs to the National Health Service, as was recently reported by the British Cardiovascular Society[3].

  I should also stress the importance of this article to heart surgery which is a complex procedure that has important organic implications and causes changes to the physiological mechanism of the patient, resulting in a higher incidence of complications that tend to significantly affect recovery. Hence, rehabilitation, by improving physical functioning, reducing immediate disability, and preventing or minimizing future dysfunction or disability, proposes a multiprofessional approach to recover the biopsychosocial well-being of the patient by a technically autonomous team. With this in mind, early mobilization interventions are necessary to prevent physical and psychological problems, and to avoid the risks involved with prolonged hospitalization and immobility.
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  It seems appropriate to mention that the treatment program for myocardial infarction until 1960 recommended six weeks of bed rest which frequently resulting in postural hypotension and venous thrombosis. In fact, muscle hypertrophy can be identified after only 24 hours of physical inactivity. Hypertrophy is a condition in which the muscle responds to immobilization by reductions in the size of muscle fibers, total weight, in the size and number of mitochondria, in the muscle tension produced, in the adenosine triphosphate (ATP) and glycogen levels during rest, and in the synthesis of protein, all of which contribute to the increase in muscle weakness.

  Protected early mobilization with support of body weight avoids the deleterious effects of immobilization and prevents secondary problems caused by immobilization. These effects include weakening of the spine and limb muscles, osteoporosis, cardiovascular deconditioning, and degenerative joint disease, regardless of age or gender.

  Thus, the human body moves in order to survive in almost all impaired health conditions and so early physical therapy interventions are imperative. Just standing uses approximately 20% more energy compared to resting and with locomotion or strenuous physical activity, the metabolic rate of muscles can increase 50-100 times above that of resting, with a greater cardiopulmonary response as blood supply increases by approximately 20 times.

  Thus, inactivity directly affects muscle strength, resistance to fatigue and physical vigor, with consequent implications to organs and systems.

  Considering the aforementioned benefits of early mobilization resulting from physiotherapy techniques in cardiac rehabilitation and the evidence of a multidisciplinary approach of its effectiveness, we ask: Why does the Brazilian National Health System not standardize this type of protocol in rehabilitation?
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    ABSTRACT

    OBJECTIVE: To apply and to compare the Society of Thoracic Surgery score (STS), EuroSCORE (Eurosc1), EuroSCORE II (Eurosc2) and InsCor (IS) for predicting mortality in patients undergoing to coronary artery bypass graft and/or valve surgery at the Santa Casa Marilia.

    METHODS: The present study is a cohort. It is a prospective, observational, analytical and unicentric. We analyzed 562 consecutive patients coronary artery bypass graft and/or valve surgery, between April 2011 and June 2013 at the Santa Casa Marilia. Mortality was calculated for each patient through the scores STS, Eurosc1, Eurosc2 and IS. The calibration was calculated using the Hosmer Lemeshow test and discrimination by ROC curve.

    RESULTS: The hospital mortality was 4,6%. The calibration is generally adequate group P=0.345, P=0.765, P=0.272 and P=0.062 for STS, Eurosc1, Eurosc2, and IS respectively. The discriminatory power of STS score 0.649 (95% CI 0.529 to 0.770, P=0.012), Eurosc1 0.706 (95% CI 0.589 to 0.823, P<0.001), Eurosc2 was 0.704 (95% CI 0.590-0.818, P=0.001) and InsCor 0.739 (95% CI 0.638 to 0.839, P<0.001).

    CONCLUSION: We can say that overall, the InsCor was the best model, mainly in the discrimination of the sample. The InsCor showed good accuracy, in addition to being effective and easy to apply, especially by using a smaller number of variables compared to the other models.

    Descriptors: Risk Factors. Hospital Mortality. Cardiovascular Surgical Procedures. Validation Studies.

  

   

  
    RESUMO

    OBJETIVO: Aplicar e comparar o Society of Thoracic Surgery score (STS), EuroSCORE (Eurosc1), EuroSCORE II (Eurosc2) e InsCor (IS) na predição de mortalidade nos pacientes submetidos à revascularização do miocárdio e/ou cirurgia valvar na Santa Casa de Marília.

    MÉTODOS: O estudo representa uma coorte. É prospectivo, observacional, analítico e unicêntrico. Foram analisados 562 pacientes consecutivos operados de revascularização do miocárdio e/ou cirurgia valvar, entre abril de 2011 e junho de 2013 na Santa Casa de Marília. A mortalidade foi calculada em cada paciente com o uso dos escores STS, Eurosc1, Eurosc2 e IS. A calibração foi calculada utilizando o teste de Hosmer Lemeshow e a discriminação mediante a curva ROC.

    RESULTADOS: A mortalidade hospitalar foi de 4,6%. A calibração foi adequada no grupo geral com P=0,345; P=0,765; P=0,272 e P=0,062 para o STS, Eurosc1, Eurosc2 e IS, respectivamente. O poder discriminatório do STS score 0,649 (IC95% 0,529 P=0,272- 0,770, P=0,012), do Eurosc1 0,706 (IC95% 0,589 - 0,823, P<0,001), do Eurosc2 foi 0,704 (IC95% 0,590 - 0,818, P=0,001) e do InsCor 0,739 (IC95% 0,638 - 0,839, P< 0,001).

    CONCLUSÃO: Podemos afirmar que no geral o InsCor foi melhor modelo, principalmente na discriminação da amostra estudada. O InsCor mostrou boa acurácia, além de ser efetivo e de fácil aplicação, principalmente por utilizar um menor número de variáveis comparado aos outros modelos.

    Descritores: Fatores de Risco. Mortalidade Hospitalar. Procedimentos Cirúrgicos Cardíacos. Estudos de Validação.

  

   

   

  INTRODUCTION

  The search for quality excellence in the delivery of health services requires, in addition to technical and structural capacity, a broad knowledge of patients regarding the severity and complexity of their disease in order to identify the factors responsible for the results and long-term prognosis. Among medical specialties, cardiovascular surgery is one of the most complex. Its results are dependent of pre-, intra- and post-operative variables and are assessed by risk scores already developed that estimate the morbidity and mortality of surgical procedure.

  The use of performance indicators has emerged as an objective way to measure the quality of health services[1]. Risk stratification serves to inform patients and healthcare professionals about the potential risk of complications or death for the group of individuals with similar risk profile who had undergone the procedure proposed[2]. The creation and validation of local models become increasingly necessary for demographic, socio-economic and cultural differences found in our environment and the need for external validation of existing prognostic models is of paramount importance for their applicability in clinical practice situations[3]. For this, every proposed method should be calibrated and discriminated, or that is, presenting good accuracy and distinguish patients at low and high risk, respectively[4,5]. The importance of external validation of the risk model is not only limited in clinical application. It also serves to recognize the limitations and structural deficiencies of different medical institutions and strategies aiming to qualify these medical services.

  Among the most commonly used risk scores are the Society of Thoracic Surgeons score (STS score), The European system for cardiac operative risk evaluation (EuroSCORE) and the EuroSCORE II. Recently, Mejía et al.[6], created and validated internally at the Heart Institute of the Clinics Hospital, Faculty of Medicine, University of São Paulo (Incor/HC-USP) a risk model, called InsCor, having meant to be a tool of easy implementation and good accuracy for prognostic analysis of patients undergoing valve replacement with or without CABG in our country. However this model has not been evaluated in any institution outside the place of origin.

  The aim of the study was to apply the InsCor in patients undergoing CABG and/or valve surgery at Santa Casa de Marília, a reference center for public patients in the state of São Paulo and compare its performance with the STS, EuroSCORE (Eurosc1) and EuroSCORE II (Eurosc2).

   

  METHODS

  The present study is a cohort. It is a prospective, observational, analytical, single-center study and performed at the Center for Cardiac Surgery in Marília. Between April 2011 and June 2013, patients older than 18 years undergoing coronary artery bypass grafting, valve surgery, and the association of the two procedures, including reoperations were included consecutively, totaling 562 patients. The exclusion criterion was patients under 18 years of age and surgical indication for any other reason. Of the 562 patients, 26 patients (4.63%) died. 368 (65.5%) CABG, 160 (28.5%) valve surgery and 34 (6%) associated coronary and valve were performed.

  Data were collected from an institutional database stored in an Excel software spreadsheet that already includes all variables of STS score, logistic EuroSCORE, EuroSCORE II and InsCor respecting their definitions (Chart 1), which allowed the calculation of the EuroSCORE II and InsCor after their publications. The calculations of the STS score, Eurosc1 and Eurosc2 were performed by own application from a smartphone and in the case of InsCor from a graph with its own scoring system. The follow-up was limited to hospital phase, with the primary outcome of hospital mortality that included the period between surgery and discharge. The estimated mortality was calculated from the scores STS score, Eurosc1 and Eurosc2 and IS.

  
    

    [image: Chart1. Description of variables used in the STS score, EuroSCORE, EuroSCORE II and InsCor.]

  

  The calibration was calculated using the Hosmer-Lemeshow test and the P value>0.05 indicates that the model fits the data and predicts mortality appropriately. Discrimination distinguishes patients at low and high risk, and is measured by the area under the ROC curve (Receiver Operating Characteristics). Statistical analysis was performed using SPSS software version 16.0 for Windows (IBM Corporation Armonk, New York). The performance of models was measured by comparing observed and expected mortality in risk groups established by models. The Fisher exact test was used for contingency tables. The P value <0.05 was considered significant. This study was approved by the Research Ethics Committee of the Faculty of Medicine of Marília under number 767 329 on August 27, 2014.

   

  RESULTS

  Performance results of the STS score, EuroSCORE, EuroSCORE II and InsCor

  Calibration Results

  STS score

  In the analysis of the whole group, association was observed between the STS score and death (P<0.001). The Hosmer-Lemeshow test showed a goodness-of-fit statistic=8.9696 with 8 degrees of freedom and P=0.3449. For coronary surgeries, we observe that the STS score was not associated with death (P=0.182) but showed good calibration (P=0.210). For valve surgery, we found that it is associated with death (P=0.009) with good calibration (P=0.460). Associated surgeries (coronary and valve), was not associated with death (P=0.4078), but showed good calibration (P=0.2648).

  EuroSCORE

  In the analysis of the whole group, association was observed between Eurosc1 and death (P<0.001). The Hosmer-Lemeshow test showed a goodness-of-fit statistic = 4.9246 with 8 degrees of freedom and P=0.7656. For coronary procedures, we found that the EuroSCORE is associated with death (P=0.021) with good calibration (P=0.529). For valve surgery, we found that the model is associated with death (P=0.004) in addition to good calibration (P=0.893). For associated surgeries (coronary and valve), although the Eurosc1 was not associated with death (P=0.1033), it showed good calibration (P=0.2911).

  EuroSCORE II

  In the analysis of the whole group, association was observed between Eurosc2 and death (P<0.001). The Hosmer-Lemeshow test showed a goodness-of-fit statistic = 9.8963 with 8 degrees of freedom and P=0.2724. For coronary procedures, we observed that Eurosc2 is associated with death (P=0.040) and demonstrates good calibration (P=0.250). For valve surgery, we found that the model is associated with death (P<0.001) and demonstrates good calibration (P=0.423). For associated surgeries (coronary and valve), although the Eurosc2 was not associated with death (P=0.5159), it showed good calibration (P=0.5659).

  InsCor

  In the analysis of the whole group, association was observed between InsCor and death (P<0.001). The Hosmer-Lemeshow test showed a goodness-of-fit statistic = 8.9533 with 4 degrees of freedom and P=0.0623. For coronary procedures, we observe that although the InsCor was not associated with death (P=0.059), it showed good calibration (P=0.110). For valve surgery, we observed that Ins-Cor is associated with death (P=0.002) and good calibration (P=0.743). For associated surgeries (coronary and valve), the InsCor was associated with death (P=0.022) but the calibration was not adequate (P<0.001).

  Discrimination results (Figure 1)

  
    

    [image: Fig. 1 - ROC curve for the Eurosc1, Eurosc2, STS-score and InsCor]

  

  STS score

  According to the discriminative power of STSscore, we observe that the area under the ROC curve was 0.649 (95% CI 0.529-0.770, P=0.012) (Table 1).
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  EuroSCORE

  According to the discriminative power of Eurosc1, we observe that the area under the ROC curve was 0.706 (95% CI 0.589-0.823, P<0.001) (Table 1).

  EuroSCORE II

  According to the discriminative power of Eurosc2, we observe that the area under the ROC curve was 0.704 (95% CI 0.590-0.818, P=0.001) (Table 1).

  InsCor

  According to the discriminative power of InsCor, we observe that the area under the ROC curve was 0.739 (95% CI 0.638 to 0.839, P<0.001) (Table 1).

   

  DISCUSSION

  The present study is the first assessing the performance of InsCor outside the institution that developed it. We apply and compare the most current and popular scores worldwide and found little difference when comparing the EuroSCORE with EuroSCORE II, a result similar to other international studies.

  The good current medical practice requires doctors and hospitals proposing to perform cardiovascular surgery to assess their patients adequately and in a responsible manner. In this preoperative evaluation, calculation and estimation of complications or death are required and able to propose strategies in the search for better results.

  The prognostic models for risk analysis are inefficient if they serve only to the population where they were developed, thus they must have good performance in other populations, or that is, they must be validated externally[4].

  The EuroSCORE system that for nearly 15 years provides an estimate of postoperative mortality in cardiac surgery is widely used to have good accuracy and adequate discriminating power in different countries[2]. In our midst, Andrade et al.[7] analyzed 804 patients undergoing valve surgery at the Heart Institute of Pernambuco and obtained a good fit with an area under the ROC curve of 0.731 (95% CI 0.660 to 0.793 P<0.001). This same effectiveness has been demonstrated by other authors who studied patients undergoing CABG and found good accuracy, estimated at 69.9% and 89.2%[8,9]. On the other hand, Carvalho et al. analyzed 546 patients undergoing CABG and observed underestimation of lethality expected, with notable differences between the predicted and observed with an area under the ROC curve estimated at 0.62 advising against the use of the model in our midst. This fact is explained by differences in prevalence among risk factors of the model and the differences found in the population studied. An adjustment to the weight of the factors that composes such model could correct its performance and make it an applicable tool[10]. In our study, we found that the EuroSCORE was associated with death, with good calibration for CABG and heart valve surgeries and proper ROC curve of 0.706 (95% CI 0.589 to 0.823, P<0.001). According to the analysis of discrimination by ROC curve we have a poor discrimination with ROC<0.70, acceptable with ROC<0.75, good with ROC<0.80 and very good with ROC>0.80.

  On October 2011, Nashef et al. showed the remodeled EuroSCORE that became known as the EuroSCORE II, only logistical and started using new variables as: calculation of creatinine clearance, insulin dependent diabetes, NYHA class and CCS class 4, in addition to reclassification of the following variables: ejection fraction, pulmonary hypertension, urgency of the procedure and type of procedure performed. In calibration, the observed mortality was 3.9% and the expected mortality by EuroSCORE II of 3.77%, compared to 4.6% of the original EuroSCORE[11]. Barili et al.[12] validated the EuroSCORE II from the retrospective analysis of the results of a database of three institutions containing 12,325 consecutive patients and reaching a hospital mortality rate of 2.2% and a high discriminative power with an area under the ROC of 0.82 (95% CI: 0.80-0.85) and good calibration curve to a mortality of 30% predicted. However, it did not appear to significantly improve the performance of older versions in the highest tertiles of risk. Paparella et al.[13], studied data on 6191 patients and found hospital mortality rate of 4.85% and EuroSCORE II of 4.40±7.04%. The area under the ROC curve of 0.83 showed good discriminative ability. In the analysis of calibration, there was an underestimation of the expected mortality in high-risk patients[13]. In South America, Borracci et al.[14], performed the validation of the EuroSCORE II in 503 patients undergoing cardiac surgery and obtained a hospital mortality rate of 4.17% with predicted mortality of 3.18% (P=0.402). The area under the ROC curve was 0.85 (P=0.0001) and the model showed good calibration in predicting in-hospital mortality (Hosmer-Lemeshow, P=0.082). The EuroSCORE II showed a good overall discriminative ability and calibration in this population, however, the performed model underestimates in-hospital mortality of patients with lower risk[14]. In Brazil, the first validation of the EuroSCORE II was performed by Lisboa et al.[15], from the analysis of 1000 consecutive patients undergoing coronary and/or valve surgery.

  In calibration, the Hosmer-Lemeshow test was inadequate (P=0.0003). However, in the discrimination, the area under the ROC curve was 0.81 [95% CI (0.76-0.85), P<0.001], concluding that the EuroSCORE II became more complex and similar to the international literature with respect to poor calibration to predict mortality in patients undergoing coronary and/or valve in our midst, reinforcing the importance of a local model[15]. In the present study, we found that the EuroSCORE II was associated with death, showing good calibration in CABG and valve surgery performed with proper ROC curve area of 0.704 (95% CI, 0.590 to 0.818, P=0.001).

  The model of surgical risk created by the American Society of Thoracic Surgeons (Society of Thoracic Surgeons-STS) allows the calculation of mortality and morbidity, including rates of complications such as the risk of prolonged hospitalization, stroke, prolonged intubation, renal failure, deep wound infection and reoperation in patients undergoing CABG, valve (replacement or repair) and the association between the two types of surgery[16]. In our environment, Ikeoka et al. evaluated the STS score and achieved good calibration and discrimination for mortality and morbidity with an area under the ROC curve of 0.76 and 0.75 (P<0.001) respectively in a group of patients undergoing CABG[17]. In study similar to ours, Wang et al.[18], Australia, analyzed four models of risk (EuroSCORE, EuroSCORE II, STS score, and a local score called AusScore) for patients undergoing CABG. The estimated 30-day mortality by EuroSCORE was 2.8% (1.6 to 5.2%), EuroSCORE II 1.6% (from 1.0 to 2.8%), STS Score of 2.3% (1.3 - 4.5%) and the AusScore 0.5% (0.2 to 1.1%). Regarding the EuroSCORE, the EuroSCORE II, the STS score and the AusScore showed a slight improvement in calibration but similar for 30-day mortality discrimination. In our study, although the STS score was not associated with death, it showed good calibration in division by groups and the ROC curve of 0.649 was poor (95% CI 0.529 to 0.770, P=0.012).

  In our study, we found overall hospital mortality of 4.6%. Regarding mortality and expected by the scores observed in the three groups the analysis shows an underestimation of mortality estimated by three international scores, especially Eurosc1 and Eurosc2. When comparing the study by Wang et al.[18], we observed a wide variation in the risk of patients seen in our service, which could be explained by delayed access to health care and/or late surgical indication of patients to the surgical procedure, a system of reflexes of poor health. In patients undergoing CABG, mortality was 3.2%, ranging from 1.0% to 4% (0.8%-72%). In valve surgery, mortality was 6.2%, ranging from 1.8% to 9.6% (0.8% -59%). In the combined surgery group, mortality was 11.7%, ranging from 2.8% to 12.5% (from 0.6 to 26%) (Table 2).
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  In 2013, a model of national risk developed from the analysis of 3000 patients undergoing coronary artery bypass and/or valve at the Heart Institute of the Clinics Hospital, Faculty of Medicine, University of São Paulo, called of InsCor was proposed by Mejia et al.[5], a remodeling product of two models (2000 Bernstein-Parsonnet and EuroSCORE) validated and faced with our reality and has become an important tool for patients treated at InCor- HCFMUSP[19]. 10 variables were selected: age >70 years; female; surgical coronary revascularization + valve; myocardial infarction < 90 days; reoperation; surgical treatment of aortic valve; surgical treatment of tricuspid valve; creatinine > 2 mg/dL; ejection fraction < 30%; and events (use of preoperative inotropic support, cardiogenic shock, cardiac resuscitation, use of intra-aortic balloon, acute renal failure, cardiac massage, tracheal intubation, tachycardia or ventricular fibrillation). The Hosmer-Lemeshow test was 0.184, indicating excellent calibration and the area under the ROC curve was 0.79 (95% from 0.74 to 0.83, P<0.001 IC)[6]. In our study, the InsCor was not associated with mortality for CABG, presented good calibration for CABG and heart valve surgeries and had adequate ROC of 0.739 (95% CI, 0.638 - 0.839, P<0,001).

  This study assessed and compared three scores of international risk, being an American and two European and one developed in our country. The Brazilian experience in creating risk scores nationwide is completing nearly a decade[20,21], but without external validation. The search for simple models containing few variables are of wider applicability, since they contain the significant risk factors and have an appropriate degree of prediction because they are easier to be incorporated in patient care[22-24]

  We can consider limitations of the study the fact that it is a single center and with a small sample. It is an ongoing multicenter study in referral hospitals in the state of São Paulo, aiming at reshaping the InsCor for creation of the SCORE-SP (São Paulo System for Cardiac Operative Risk Evaluation). This project will initiate the São Paulo State Registry of Cardiovascular Surgery, in order to improve the quality of results and the safety of patients undergoing cardiac surgery in the State of São Paulo[25].

   

  CONCLUSION

  In conclusion, the InsCor was the best model to predict the final outcome of survival or mortality, followed by EuroSCORE. The EuroSCORE was the best model in adjusted mortality for CABG and InsCor, along with the EuroSCORE II for valve surgery. Therefore, the local model InsCor showed good accuracy, in addition to being effective and easy to apply, mainly by using a smaller number of variables compared to the other models, variables that represent relevant risk factors in our population.
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    ABSTRACT

    OBJECTIVE: To establish the determinants of the peak VO2 in heart transplant recipients.

    METHODS: Patient's assessment was performed in two consecutive days. In the first day, patients performed the heart rate variability assessment followed by a cardiopulmonary exercise test. In the second day, patients performed a resting echocardiography. Heart transplant recipients were eligible if they were in a stable condition and without any evidence of tissue rejection diagnosed by endomyocardial biopsy. Patients with pacemaker, noncardiovascular functional limitations such as osteoarthritis and chronic obstructive pulmonary disease were excluded from this study.

    RESULTS: Sixty patients (68% male, 48 years and 64 months following heart transplantation) were assessed. Multivariate analysis selected the following variables: receptor's gender (P=0.001), receptor age (P=0.049), receptor Body Mass Index (P=0.005), heart rate reserve (P<0.0001), left atrium diameter (P=0.016). Multivariate analysis showed r=0.77 and r2=0.6 with P<0.001. Equation: peakVO2=32.851 - 3.708 (receptor gender) - 0.067 (receptor age) - 0.318 (receptor BMI) + 0.145 (heart rate reserve) - 0.111 (left atrium diameter).

    CONCLUSION: The determinants of the peak VO2 in heart transplant recipients were: receptor sex, age, Body Mass Index, heart rate reserve and left atrium diameter. Heart rate reserve was the unique variable positively associated with peak VO2. This data suggest the importance of the sympathetic reinnervation in peak VO2 in heart transplant recipients.

    Descriptors: Heart Transplantation. Exercise. Exercise Tolerance.

  

   

  
    RESUMO

    OBJETIVO: Estabelecer os determinantes do VO2 pico em transplantados de coração.

    MÉTODOS: Avaliação do paciente foi realizada em dois dias consecutivos. No primeiro dia, os pacientes realizaram a avaliação da variabilidade da frequência cardíaca seguida de um teste de esforço cardiopulmonar. No segundo dia, os pacientes realizaram ecocardiografia de repouso. Os transplantados foram elegíveis se estivessem em uma condição estável e sem qualquer evidência de rejeição diagnosticada por biópsia endomiocárdica. Pacientes com marca-passo, limitações funcionais não cardiovasculares, tais como osteoartrite e doença pulmonar obstrutiva crônica foram excluídos deste estudo.

    RESULTADOS: Sessenta pacientes (68% do sexo masculino, 48 anos e 64 meses após o transplante cardíaco) foram avaliados. A análise multivariada selecionou as seguintes variáveis: sexo (P=0,001), idade (P=0,049), Índice de Massa Corporal (P=0,005), frequência cardíaca de reserva (P<0,0001), diâmetro do átrio esquerdo (P=0,016), variáveis do receptor. A análise multivariada mostrou r=0,77 e r2=0,6, com P<0,001. Equação: VO2=32,851 - 3,708 (sexo receptor) - 0,067 (idade receptor) - 0,318 (IMC receptor) + 0,145 (frequência cardíaca de reserva) - 0,111 (diâmetro de átrio esquerdo).

    CONCLUSÃO: Os determinantes do pico de VO2 em transplantados de coração foram: sexo receptor, idade, Índice de Massa Corporal, frequência cardíaca de reserva e diâmetro do átrio esquerdo. A frequência cardíaca de reserva foi a única variável positivamente associada com o pico de VO2. Estes dados sugerem a importância da reinervação simpática no pico de VO2 em transplantados de coração.

    Descritores: Transplante de Coração. Exercício. Aptidão Física.

  

   

   

  INTRODUCTION

  Heart transplantation is a worldwide procedure indicated to patients with refractory heart failure. It is well known that heart transplant improves patient's survival, quality of life and exercise capacity, when compared to pre-transplant condition[1,2].

  Although heart transplant recipients have an exercise capacity greater than before the procedure, it is known that the physical capacity restoration to normal levels does not always occur[1,2]. This is attributed to physical deconditioning resulting from previous heart failure[3], a low chronotropic response (as a result of a cardiac denervation, also accessed by heart rate variability)[4] and, in many cases, impairment in cardiac function after transplantation[2]. The cardiac systolic function of the transplanted heart seems to be normal in most patients, while diastolic dysfunction appears to be present in most of the transplanted heart. Diastolic dysfunction was recently identified as one of the factors that seem to influence negatively the maximal and submaximal exercise capacity in heart transplant recipients[5,6]. Despite this, little is known about the determinants of exercise capacity in heart transplant recipients.

  The aim of this study was to establish the determinants of the peak VO2 in heart transplant recipients.

   

  METHODS

  Study design

  This study was performed in a tertiary cardiology hospital in Brazil. Patient's assessment was performed in two consecutive days. In the first day, patients performed the heart rate variability assessment followed by a cardiopulmonary exercise test. In the second day, patients performed a resting echocardiography.

  Study population

  Heart transplant recipients were eligible if they were in a stable condition (for, at least, 3 months) and without any evidence of tissue rejection diagnosed by endomyocardial biopsy. Patients with pacemaker, noncardiovascular functional limitations such as osteoarthritis and chronic obstructive pulmonary disease were excluded from this study. Patients were recruited from a tertiary cardiology hospital from September 2010 to November 2011. Subjects' characteristics are listed in Table 1.

  This protocol was approved by the Ethical Committee of our institution. All patients provided informed consent prior to participation.

  Variables considered to be potentially associated with peak VO2

  We considered to be potentially associated with peak VO2 as follows: donor and recipient age and body mass index (BMI), etiology of heart failure before transplantation (Chagas and non-Chagas), recipient heart rate reserve, gender, percentage of age-predicted peak heart rate, percentage of heart rate drop in the second minute of recovery in the cardiopulmonary test, left atrium diameter, cold ischemia time, time following heart transplantation, resting heart rate, VE/VCO2 slope, right ventricle diameter, left ventricle diastolic diameter, left ventricle ejection fraction, E/E' ratio and low/high frequency domain in heart rate variability (LF/HF).

  Cardiopulmonary exercise test

  All patients were asked to refrain from both strenuous physical activity and the consumption of any stimulants (e.g., coffee, tobacco, alcohol) for 24h prior to the cardiopulmonary exercise test. Patients' last meal was ingested at least 2h before the test. Heart transplant recipients underwent the test on a programmable treadmill (TMX425 Stress Treadmill; TrackMaster, Newton, KS, USA) in a temperature-controlled room (21-23ºC) between 10-12am with a standard 12-lead continuous ECG monitor (CardioSoft 6.5; GE Medical Systems IT, Milwaukee, WI, USA). Blood pressure monitoring was performed by an automatic device. Resting heart rate was considered the 20-min average in a supine position. Minute ventilation, oxygen uptake, carbon dioxide output and other cardiopulmonary variables were acquired breath-by-breath by a computerized system (Vmax Encore29; SensorMedics, Yorba Linda, CA, USA).

  Metabolic data were computed as the mean of the final 30 s of the resting period, whereas peak of VO2 and peak heart rate were the mean values of the final 30 s of effort before exhaustion. The respiratory exchange ratios were recorded as the averaged samples obtained during each stage of a modified Naughton protocol. A satisfactory cardiopulmonary exercise test was characterized by a peak of respiratory exchange ratio>1.05 and symptoms of maximum effort. Heart rate reserve [bpm] was defined as maximum heart rate achieved in the cardiopulmonary exercise test - average of 10-min resting heart rate in the supine position. Heart rate recovery was assessed during the first and second minutes after cardiopulmonary exercise test.

  Echocardiography

  The assessment followed the recommendations of the American Society of Ecocardiography[7]. We used a commercially available equipment, model IE 33, Philips Medical Systems, Andover, MA, USA. The acquired data considered bidimensional echocardiography, pulsed Doppler, continuous wave Doppler, tissue Doppler and color flow mapping. It was obtained at least three measurements of each echocardiographic variable and the average was considered. We analyzed: left ventricle diameters and volumes, left ventricle ejection fraction (Simpson's rule), left ventricle mass index, left ventricle diastolic assessment (pulsed Doppler of mitral inflow and the study of the flow of pulmonary veins and Tissue Doppler). Thus, we analyzed with pulsed Doppler, E and A waves, E/A ratio, deceleration time (DT), isovolumic relaxation time (IVRT), systolic component of the pulmonary venous flows (S wave), diastolic component of the pulmonary venous flow (D wave), S/D ratio. The analysis with tissue Doppler was obtained in apical four and two chambers with sample volume of 1 to 2 mm. It was checked to the maximum rate of myocardial displacement at the beginning and end of the diastole (E' and A' wave respectively) and during systole (S' wave) at the septal ring, side ring, bottom ring, front ring of right ventricle. Measurement of E/E'ratio was performed in the left ventricular annulus, from the basal septal and lateral segments (considered mean values).

  Heart rate variability

  Experimental protocol: All the heart transplant recipients remained at rest for 10 minutes on the supine position and were instructed to breathe spontaneously. Then, instantaneous R-R intervals (RRi) were recorded for 10 min with a digital telemetry system, consisting of a transmitter placed on the patient's chest and a HR monitor (Polar® RS800CX; Polar Electro Oy, Kempele, Finland) This system detects ventricular depolarization, corresponding to the R wave on the electrocardiogram, at a sampling rate of 500 Hz, which had been previously validated[8]. The signals were transmitted to a receiver and then to a computer for subsequent analysis. Data analysis: The RRi sequence of length n=256 beats was selected for each subject. The length of greatest stability was chosen from the central region of the time series. The mean and variance of the RRi were also calculated. HRV spectral analysis: The HRV frequency domain analysis was performed with an autoregressive model[9,10], on previously selected RRi sequences. Two main spectral components were considered: low frequency (LF - from 0.04 to 0.15 Hz) and high frequency (HF - from 0.15 to 0.50 Hz) that represent the sympathetic and vagal modulations, respectively[11]. The spectral components are reported as normalized units (LFun and HFun) and LF/HF ratio. Normalization consisted of dividing the power of a given spectral component (HF or LF) by the total power minus the power below 0.04 Hz, and multiplying the ratio by 100.9 All patients presented a respiratory rate in the frequency range of HF band of HRV.

  Current medication intake

  Medication profile is shown in Table 1. Patients took angiotensin conversor enzyme inhibitors, losartan and isosorbide 5-mononitrate two times per day, one half of the daily dose in the morning (9:00 am) and the other half at night (9:00 pm). Diuretics were taken in the morning (9:00 am). All heart transplant recipients were receiving immunosuppressive therapy two times per day, one half of the daily dose in the morning and the other half at night. Antihypertensive drugs were taken, most of the times, in the morning.

  Statistical analysis

  Data are presented as mean and standard deviation. We evaluated the association of the variables collected in the 60 selected patients. For this, we used univariate analysis to select the variables to be used in the multivariate model. For the univariate analysis, a significance level of less than 20% (P<0.20) was considered. In multivariate analysis, the nonsignificant variables were excluded from the model (manually, one at a time) following the criterion of greater "P" value. The model was determined when all the variables were presented with a significance level less than 5% (P<0.05). The dependent variable used was the peak VO2[1,2,5]. After the analysis, we established an equation with variables associated with peak VO2.

  For all statistical analyzes, we used SPSS (Chicago IL, USA) version 13.0.

   

  RESULTS

  Participants

  From 176 heart transplant recipients alive in our service, 109 were not found by phone calls or lived in another city that prevented the realization of the protocol. Seven patients were excluded due to refusal, pacemaker or sequel of stroke (Figure 1). Sixty patients (68% male, 48 years and 64 months following heart transplantation) were assessed (Table 1).
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  Outcome data/main results

  Univariate analysis selected the following variables: receptor's age (P=0.042), receptor's BMI (P=0.056), heart rate reserve (P<0.0001), percentage of age-predicted peak heart rate (P=0.052), percentage of heart rate drop in the second minute of recovery in the cardiopulmonary exercise test (P=0.067), slope VE/VCO2 (0.115), left atrium diameter (P=0.028), right ventricular diameter (P=0.079), E/E' ratio (0.144), cold ischemia time (P=0.15), donor's age (P=0.022), LF/HF (P=0.18) and receptor's sex (P=0.003). The following variables were withdrawn from multivariate analysis model (in order of withdrawal): slope VE/VCO2 (P=0.957), percentage of heart rate drop in the second minute of recovery in the cardiopulmonary exercise test (P=0.937), percentage of age-predicted peak heart rate (P=0.771), right ventricle diameter (P=0.456), LF / HF (P=0.434), donor's age (P=0.51), cold ischemia time (P=0.227) and E/E' ratio (P=0.449).

  Multivariate analysis selected the following variables: receptor's gender (P=0.001), receptor age (P=0.049), receptor BMI (P=0.005), heart rate reserve (P<0.0001), left atrium diameter (P=0.016). Multivariate analysis showed r=0.77 and r2=0.6 with P<0.001.

  Equation derived from the multivariate analysis: peak VO2=32,851 - receptor gender (3,708) - receptor age (0,067) - receptor BMI (0,318) + heart rate reserve (0,145) - left atrium diameter (0,111)

  Considering: peak VO2 in mL/Kg/min, gender (0=male and 1=female), age in years, BMI in Kg/m2, heart rate reserve in beats per minute and left atrium diameter in millimeters.

   

  DISCUSSION

  The main finding of this study was that peak VO2 of heart transplant recipients was determined by receptor gender, age, BMI, heart rate reserve and left atrium diameter.

  Our study is the first one to investigate the determinants of peak VO2 in heart transplant recipients using variables that are non-invasive and easy to be collected in clinical practice.

  In our study, we observed that the peak VO2 was negatively associated with gender, BMI and age of the recipient and the diameter of the left atrium of the allograft. Of these, gender and BMI seemed to be the determinants more strongly associated with exercise capacity. Moreover, the heart rate reserve was the unique variable positively associated to peak VO2.

  Our data strongly suggest that the sympathetic reinnervation is the main variable that positively influences peak VO2 in heart transplant recipients. Nevertheless, the parasympathetic reinnervation does not seem to influence the exercise capacity in heart transplant recipients. Previous studies showed that the parasympathetic reinnervation in adults is not consistent and may occur only from 5 to 10% of cases. Moreover, the sympathetic reinnervation occurs much more frequently and is related to exercise capacity in heart transplant recipients from 50 to 60% of cases in 3 years[1,12,13]. The study by Bernardi et al.[14] showed that exercise training can improve cardiovascular control in heart transplant recipients.

  The negative influence of BMI, age and gender in exercise capacity is already well established in exercise physiology field. It is known that women have lower peak VO2 than men, as well as fatter people compared to skinny and older people compared to younger, when we keep all other variables (such as exercise training levels) constant[15].

  A relatively new data appeared in our research: the negative influence of the left atrium diameter in peak VO2 in heart transplant recipients. The study by Abdul-Waheed et al.[16] showed that the left atrium of adult heart transplant recipients increased in one year of follow-up. Moreover, this study showed an inverse association between left atrium and peak VO2. The authors hypothesized that the surgical scar could be negatively influencing left atrium pumping. In agreement with Abdul-Waheed et al.[16], our study showed a similar relationship between left atrium and exercise capacity. Unfortunately, our study can not explain the mechanisms involved in this relationship, but the hypothesis raised by Abdul-Waheed at al.[16] seems to be relevant and deserves a deep investigation in future studies.

  The lack of influence of the time of transplant and the E/E' ratio in peak VO2 found in this study is an important information and deserves some discussion. The E/E' ratio is an important echocardiography index in the diagnosis of diastolic dysfunction and has been shown to be related to functional class, cardiac mortality and hospitalization in patients with heart failure[17,18]. The ratio above 15 is a strong indicator of heart failure with preserved left ventricle ejection fraction. The E/E' ratio between 8 and 15 represents a "gray zone" for diagnosis of diastolic dysfunction. In these cases, B-type Natriuretic Peptide (BNP) seem to have a great importance for the differential diagnosis[19].

  The prevalence of diastolic dysfunction in our study was 3.4%, which we consider low compared to 33% of the study by Roten et al.[5] We expected that the prevalence of diastolic dysfunction were higher and the E/E' ratio increased along the segment after heart transplantation due to the increased incidence of co-morbidities such as hypertension. There are no data in the literature regarding diastolic function (E/E' ratio) and time of cardiac transplantation. We believe the fact that our patients are well treated and compensated for comorbidities such as hypertension, the E/E' ratio remained constant throughout the follow-up. In a curious way, our study showed no association between peak VO2 and the time of transplantation, but a positive association between peak VO2 and cardiac sympathetic reinnervation through heart rate reserve. These data are quite relevant for a deeper understanding of the behavior of exercise capacity over time of transplantation. It seems that the real factor influencing exercise capacity is sympathetic reinnervation and not simply the time of transplantation. This information let us believe that for the same time following heart transplant, we will have more and less reinnervated patients. Consequently we will have patients with higher and lower exercise capacity.

  Finally, the study by Roten et al.[5] showed that the diastolic dysfunction was associated with exercise capacity limitation of heart transplant recipients. However, our study found no such association. Because of this conflicting data, some considerations must be taken into account. In our study, the prevalence of diastolic dysfunction was much lower than in the study by Roten et al.[5] Perhaps if our study had shown a higher prevalence of diastolic dysfunction (and consequent higher E/E' ratio), our data would have agreed to the study by Roten et al.[5] Therefore, further studies in this area are necessary for a deeper understanding of the relationship between peak VO2 and the E/E' ratio.

  This study has some limitations. Patients only performed resting echocardiography. Certainly, the assessment of the cardiac function during exercise would bring important information to the understanding of the relationship between E/E' ratio and in exercise capacity of heart transplant recipients. In addition, further investigation of the left atrium would be relevant for a better understanding of the mechanisms involved in the limitation of exercise capacity.

  This study was also limited by not assessing the vascular function and peripheral muscle metabolism (oxygen extraction). Tests such as the kinetics of O2, would be useful in future research to evaluate the influence of the "periphery" in the exercise capacity of transplanted patients.

   

  CONCLUSION

  In this study, the determinants of the peak VO2 in heart transplant recipients were: receptor gender, age, BMI, heart rate reserve and left atrium diameter. Heart rate reserve was the unique variable that was positively associated with peak VO2. This data suggest the importance of the sympathetic reinnervation in peak VO2 in heart transplant recipients.
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    ABSTRACT

    INTRODUCTION: Acute myocardial infarction is a social health problem of epidemiological relevance, with high levels of morbidity and mortality. Stress is one of the modifiable risk factors that triggers acute myocardial infarction. Stress is a result of a set of physiological reactions, which when exaggerated in intensity or duration can lead to imbalances in one's organism, resulting in vulnerability to diseases.

    OBJECTIVE: To identify the presence of stress and its phases in hospitalized and active labor market patients with unstable myocardial infarction and observe its correlation with the life of this population with stress.

    METHODS: The methodology used was a quantitative, descriptive and transversal research approach conducted with a total of 43 patients, who were still active in the labor market, presenting or not morbidities. Data collection occurred on the fourth day of their hospitalization and patients responded to Lipp's Stress Symptom Inventory for adults.

    RESULTS: Thirty-one patients (72.1%) presented stress and twelve (27.8%) did not. In patients with stress, the identified phases were: alert - one patient (3.2%); resistance -twenty-two patients (71.0%); quasi-exhaustion - six patients (19.4%) and exhaustion - two patients (6.5%). All women researched presented stress.

    CONCLUSION: The results suggest a high level of stress, especially in the resistance phase, in the male infarcted population, hospitalized and active in the labor market.

    Descriptors: Stress. Myocardial infarction. Psychology.

  

   

  
    RESUMO

    INTRODUÇÃO: O infarto agudo do miocárdio é um problema de saúde coletiva com altos índices de morbimortalidade com relevância epidemiológica. O estresse é um dos fatores de risco modificáveis desencadeantes do infarto agudo do miocárdio. O estresse é composto por um conjunto de reações fisiológicas que, se exageradas em intensidade ou duração, podem levar a um desequilíbrio do organismo, propiciando vulnerabilidade às doenças.

    OBJETIVO: Identificar a presença ou não do estresse e as fases do mesmo, em pacientes com infarto agudo do miocárdio, ativos no mercado de trabalho.

    MÉTODOS: Pesquisa de abordagem quantitativa, descritiva e transversal que analisou 43 pacientes com diagnóstico de infarto agudo do miocárdio entre 21 e 65 anos, ativos no mercado de trabalho com ou sem comorbidades. A coleta de dados ocorreu no quarto dia de hospitalização; os pacientes responderam ao Inventário de Sintomas de Stress para adultos de Lipp.

    RESULTADOS: A média de idade foi de 50,3 anos. A incidência de infarto agudo do miocárdio nos homens foi de 91% e nas mulheres de 9%. Em relação à escolaridade até o segundo grau entre homens e mulheres foi de 16% e com segundo grau completo ou mais, de 84%. Apresentaram estresse 31 pacientes (72,1%), não apresentaram estresse 12 (27,9%). Nos pacientes com estresse, as fases identificadas foram: alerta: 1 paciente (3,2%); resistência: 22 pacientes (71,0%); quase-exaustão: 6 pacientes (19,4%) e exaustão: 2 pacientes (6,5%). Todas as mulheres da pesquisa apresentaram estresse.

    CONCLUSÃO: Os resultados encontrados sugerem um elevado nível de estresse, principalmente na fase de resistência, na população de cardiopatas em infarto agudo do miocárdio ativos no mercado de trabalho.

    Descritores: Estresse. Infarto do miocárdio. Psicologia.

  

   

   

  INTRODUCTION

  Acute myocardial infarction (AMI) affects about 100,000 people each year, causing 35,000 deaths, corresponding to one third of the deaths caused by cardiovascular disease in Brazil. The cumulative mortality rate by ischemic cardiovascular disease for the Brazilian man, who is less than 65 years old, is 42%[1]. Cardiovascular diseases represent the first cause of mortality, being responsible for 30% of deaths and the fourth reason of hospital admission, corresponding to 10.22% in 2007[2].

  The AMI is a serious event that requires immediate care, hospitalization and is based on the parameters of the medical history, electrocardiographic analysis and tissue necrosis markers[3]. Some factor may trigger the AMI: acute emotional stress, significant elevation of the systemic arterial pressure, obesity, sedentary lifestyle and smoking, among others[4].

  According to deVries & Wilkerson's studies[5], the World Health Organization and the World Bank estimate that neuro-psychiatric illnesses affect one in four people throughout the world, reaching 40% if we include disorders caused by stress. It is estimated that only 10% of cases are diagnosed and treated. The economic effects reach 120 billion of dollars in Europe and North America, with more than 60 million related to stress.

  The cardiovascular system has broad participation in stress adaptation, and because of this it suffers the consequences of its exacerbation. The suspicion that conditions of mental stress are risk factors for higher morbid-mortality by cardiovascular disease is an old one. However, the appropriate scientific proof of this fact and its respective levels have just recently been obtained. Many professionals still face this association with a certain skepticism, finding it difficult to value in clinical practice, although mental stress is one of the main patients' complaints[6].

  According to Shuterland & Cooper[7], the epidemiological studies have identified the existence of several risk factors for coronary heart disease, among them, genetic influences, high blood pressure, high cholesterol and lipoprotein level, smoking, obesity, glucose intolerance, sedentary lifestyle and certain social-cultural and psychological factors. However, in a study with thousands of American men with high blood pressure, high cholesterol levels and smokers, just 14% presented a coronary heart disease during 10 years. These facts led some scientists to consider the need to finding other determining etiological factors, most likely related to professional and psychosocial stress.

  Stress is composed of a set of metabolical responses that, if too intense or too long may lead to the organism's imbalance, making it more vulnerable to diseases. The stress reaction is a biological attitude, necessary for the adaptation to new situations. They may manifest at a physical or psychological level. According to Lipp[8], increased sweating, gastric hyperacidity, muscular tension, high blood pressure, bruxism and nauseas may be identified as clinical manifestations. The psychological manifestations may be anxiety, anguish, and doubts regarding oneself, concentration difficulties, excessive concern and hypersensitivity.

  The reaction to stress may be divided into phases, according to Selye: alert, resistance and exhaustion. Lipp[9] identified another phase named as quasi-exhaustion. To clarify the process of stress development, it is necessary to consider that the symptomatic stress profile varies depending on its stage.

  Objective

  Thus, the aim of this study was to investigate the prevalence or not of stress in patients in acute myocardial infarct, active in labor market, and in which phase of stress the patient was in.

   

  METHODS

  This research project was submitted to the Research Ethics Committee of the Hospital Erasto Gaertner and approved under the no. 1940 on December 15, 2009.

  This research was performed with through a quantitative and non-experimental approach, through cross-sectional studies with 43 patients aged between 21 and 65 years, admitted to the hospital with AMI, active in the labor market and with our without comorbities. All patients signed the Free Informed Consent Form (FICF).

  Diagnosis of AMI

  The diagnosis of AMI was performed through clinical evaluation of with the presence of typical angina, electrocardiographic alteration with ST-segment positive or negative deflection and alteration in troponin values.

  Psychological evaluation

  The patients were addressed on the fourth day of their hospital admission. Within this scope, there was the intervention for the application of the Lipp's Inventory proposed in this research.

  Two instruments were used for the evaluation:

  - Questionnaire of sociodemographic characterization: information on professional and personal data such as age, gender, marital status, education and profession was collected;

  - LIPP's Inventory of Stress-Related Symptoms for Adults: evaluates the prevalence or not of stress in patients in phases I, II and III. The questionnaire consists of tables, divided into symptoms in temporal form[10].

  Phase I (Alert) for symptoms experienced in the last 24 hours, which correspond to the phase of contact with the stress agent, its typical sensations, when the organism loses balance and prepares itself to face the situation in order to adapt and survive. This is the positive phase of stress, when the human being automatically prepares him or herself for action. This is characterized by the production of adrenaline that makes the person more attentive, stronger and more motivated, in other words, the survival is preserved and a sensation of wholeness is frequently reached.

  Phase II (Resistance) – if the alert phase continues for very long periods or if new stressors accumulate, the organism goes into action to hinder the total energy waste, which makes it to enter into the resistance phase, when it resists to stressors and it tries, inconsistently, to reestablish the inner balance (named homeostasis), which was broken during the alert phase. The productivity drops dramatically. This phase is characterized by the production of cortisol. The person's vulnerability and bacteria are pronounced. If the stressing factors persist in frequency or intensity, there is a breakdown in the person's resistance and he or she goes into the quasi-exhaustion phase.

  Phase II (Quasi-exhaustion) when the tension exceeds the manageable limit, the physical and emotional resistance start to break; there are still some moments, in which the person gets to think clearly, make decisions, and laugh at jokes and work. All this, however, is done with great effort and these moments of normal functioning are interspersed with moments of total discomfort. There is much anxiety in this phase. The person experiences an emotional seesaw. The cortisol is produced in larger quantity and starts having negative effect, destroying the immunological defenses. In this phase, the illness process starts and the organs what have increased genetic or acquired vulnerability start revealing signs of deterioration. If there is no stress relief by removing the stressors or using confrontation strategies, the stress reaches its final phase.

  Phase III (Exhaustion) – This is the most negative phase of stress – the pathological one. A significant inner imbalance occurs at this moment. The person becomes depressed and he or she cannot concentrate or work. His or her decisions are, many times, thoughtless. Serious diseases may occur in the most vulnerable organs, such as infarction, psoriasis, ulcers, vitiligo, high blood pressure and others.

  Statistical analysis

  The results obtained in the study were expressed in averages, medians, maximum values and standard deviations (quantitative variables) or in percentages and frequencies (qualitative variables). To estimate the prevalence of patients with stress 95% confidence intervals were constructed. The data was analyzed with the software Statistica V.8.0.

   

  RESULTS

  Forty-three patients with AMI, defined from the clinical protocol, composed the sample. There was one death. The average age was 50.3 years. The AMI incidence in men was 91% and in women was 9%. In relation to schooling in both men and women: only 16% studied up to high school and the ones who completed high school or further totalized 84%.

  Figure 1 presents the distribution of participants according to their occupation. This was part of the research inclusion criteria, as all participants should be active in the labor market. The business people and technical assistants' samples were the ones that presented higher incidence of stress.

  
    

    [image: Fig. 1 - Distribution of participants according to their occupation.]

  

  50% of the sample were smokers and 50% were not. 2.5% declared themselves to be alcoholics and 97.5% declared themselves to be non-alcoholics.

  82.1% were sedentary and only 17.9% confirmed to practice physical exercises regularly (Figure 2). Regarding the body mass index (BMI), the average was 26.4 with standard deviation of ± 4.2. 72% of the patients presented criteria for inclusion in stress situations and 27% did not (Figure 3).

  
    

    [image: Fig. 2 - Graphic showing that 82.1% of the sample were sedentary and only 17.9% practice physical exercises regularly.]
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  For the phases of stress, the results indicated were: alert phase in 3%, resistance phase in 71%, quasi-exhaustion phase in 19% and exhaustion phase in 7% of the sample (Figure 4).

  
    

    [image: Fig. 4 - Phases of stress in the patients included in the study]

  

   

  DISCUSSION

  Some symptoms of stress, such as palmar sudoresis, quick breath, tachycardia, gastric hyperacidity, lack of appetite or headache, are easy to be identified Other symptoms are more subtle, such as interpersonal relationship difficulties, lack of interest in any activities that are not directly related to the reason of the cause of stress and the sensation of being sick, without the presence of any physical disturbances[11].

  Emotionally, stress may produce a series of symptoms, such as apathy, depression, anger, emotive hypersensitivity, wrath, irritability, anxiety and it may cause psychotic disturbances in predisposed people. It is important to highlight that at a psychological level, the result of the stress response shall depend on individual, social and class differences and on cultural characteristics and adaptive behavior patterns[12].

  The cardiovascular system is largely involved in adaptation to stress, therefore suffering, and the consequences from its exacerbation[6]. The cardiovascular system's answer to stress is usually an increase and its objective is to deliver glucose and oxygen to the needy tissues. The main mediator of this answer is in the sympathetic nervous system that raises the heartbeat and the blood pressure. The cardiovascular answer, when this condition persists for too long or outside the context in which it is physiologically useful, affects the cardiac muscle and the blood vessels, as well as facilitates the accumulation of atherosclerotic plaques[13].

  When performing the characterization of the studied group, we observe a higher incidence of MAI in men. It is worth remembering that, in Brazil, around 50% of male deaths caused by coronary artery disease (CAD) occur in men aged under 65 years old, while in other countries (United States of America, Cuba and England) this proportion is around 25%[14].

  Despite the lower female expressiveness, cardiovascular diseases are the main causes of death among women worldwide. In Brazil, there are three deaths caused by MAI for each death from breast cancer[15]. In our study, the age average of the studied population was 50.3 years old and it showed the MAI is manifesting itself in a population that is in the height of its professional productivity.

  As for smoking, the data of this research indicated that 50% of the patients were smokers. According to the studies "Interheart" that were designed to assess the impact of conventional and emerging cardiovascular risk factors for MAI in several regions of the world, including South America, smoking was associated as high-risk factor[16]. In another study named "Afirmar", smoking was also the risk factor of highest impact; a male smoker aged between 35 and 39 years had five times more probability of having a heart attack when compared to non-smokers[17]. There was no correlation identified between alcoholic patients and a higher risk of myocardial infarction.

  83% of the patients stated they did not exercise regularly and this was verified in the studies "Interheart", in analysis restricted to the Brazilian sample and in "Fricas", where no meaningful preventive differences of MAI were observed regarding the practice of physical activities[15-17].

  The "Interheart" study suggested that the risk of the population attributable to the relation waist-hip was higher than the risk attributable to the body mass index (BMI)[16]. The "Fricas" study confirmed the overweight as one of the risk factors for the occurrence of MAI[17]. In our study, the BMI, the average found was 26.4, characterizing patients as overweight and who presented a higher tendency to MAI. Recent studies stated the relation waist-hip is better to analyze the cardiovascular risk factor than the BMI for the prognosis of heart attack risk for several ethnic groups. If obesity was redefined according to the relation waist-hip instead of using BMI, the proportion of people with the risk of heart attack would triplicate.

  Regarding these patients' education, the vast majority of the patients present a high intellectual level; the two categories with higher incidence were the businesspersons and the administrative assistants. It is possible to make an inference that these patients' stress level is related to appointments and higher pressures is directly related to their professional activities.

  Regarding the stress analysis and its phases, the results identified in this study were meaningful. From the 42 infarcted patients, 31 (72.1%) presented stress in one of its phases. In a stressful situation, the human body redistributes its energy sources, anticipating an imminent aggression. This adaptation mechanism is advantageous if there is an imminent risk. However, if this state persists for a long time, the damage will be irreversible[18].

  Every meaningful change generates a need by the organism to adapt and this has an important role in the stress pathogenesis[19]. Drawin's studies convinced Piaget, father of the genetic epistemology, regarding two basic points for the construction of his evolutionary theory of knowledge, which are: the answer to the problem should come from an evolutionary analysis and the mutant adaptation to the mean mutant demands should be one of the keys. According to Piaget's theory, the adaptation is always the goal, which is, getting a suitable answer to the problems that the person faces at each moment, as he/she does not have the answer that allows him/her to solve the problem, the organism is unbalanced with regard to the environment; the process of finding new answers tries to restore the balance and improve, this way, the adaptation to the environment's demands.

  As the maturation opens new possibilities, the environment exploitation presents new challenges and education presents new issues, the person in development finds himself/herself building new answers in order to get more and more elaborated adaptation levels, and benefitting from a continuous and growing tendency to balance[20].

  Man naturally seeks balance through a process of constant adaptation, aiming to develop cognitively and emotionally, which fundamentally contributes to the evolution of stress. As with adaptation, the stress is a component of human development, as we grow and mature, we improve the way we deal with the unexpected. We learn to adapt our attitudes in our behavior through the identification of stressful situations with the perception of physical and/or psychological answers and the valorization of the identified context. This exercise is dynamic, it happens all the time and varies from person to person; many times a situation may be stressful to one person and not stressful at all to another. Comprehension is the healthiest way to handle this process adequately, which is an individual one. In our study, the patients presented several levels of clinical manifestations of stress and we may infer the stress had a direct participation on AMI.

  In a stressful situation, the human body redistributes its energy sources, anticipating an imminent aggression. This adaptation mechanism is advantageous when there is real danger. However, if this state persists for a long time, the damage shall be irreversible. Every meaningful change generates a need to adapt from the body and this one has a significant role in the pathogenesis of stress[19].

  The "Interheart" and "Afirmar" studies recognize that, within the nine risk factors identified for the AMI, psychosocial stress holds a prominent place. The main differences between the discoveries found in the "Afirmar" study and the population studied in "Interheart" were that central obesity, high blood pressure and stress presented higher impacts on the genesis of myocardial infarction in Latin America[16]. In both studies, the presence of psychosocial stressors is associated with increased risk of acute myocardial infarct, which suggests that approaches, which aim to control these factors suitably, should be developed.

  Literature data suggests that the manifestation of the myocardial infarct may occur with higher frequency in patients who are in the exhaustion phase. However, analyzing data from our study, there was a higher incidence at the resistance phase and this was the most important data in this sample[21].

  Similar data was identified in a study performed by Bezerra[22], in which the author verified the presence of stress in the cardiac population who would be submitted to revascularization surgery and identified that 65% of the patients evaluated presented stress symptoms and the most prevailing phase was the resistance one, with 84.6%.

  Other research performed with the same instrument of methodological analysis as our study, Lipp's questionnaire, had as its objective to evaluate the stress level in two samples: people who lived in the capital and interior of the state of São Paulo; 79% presented meaningful symptoms of stress, independent of the groups. The stress level was concentrated in the second phase, the resistance one, which is considered moderate, but which causes an inner unbalance in the body. It is found to be relevant as it confirms the reliability of the instrument in and outside of the hospital context[4]. Another study, performed by Santos et al.[23], with this same analysis questionnaire, evaluated patients who were submitted to cholecystectomy surgery; 73% of the cases showed to be stressed mainly in the resistance phase in 72% of the stressed patients.

  The resistance phase, in all research mentioned using the same measurement instrument, showed to be the most incidental one. This phase is characterized by the maintenance of the alert phase for longer periods. This is when the person resists to the stressors and tries, unconsciously, reestablishing the inner balance that was broken during the alert phase.

  The professional and intellectual productivity decreases significantly. It is characterized by a higher production of cortisol. The person is there for more vulnerable to virus and bacteria. If the stressing factors persist in frequency or intensity, there is a break in the person's resistance and he/she enters to the quasi-exhaustion phase.

  There is a huge effort of the body to recover its balance, as man's natural condition seeks adaptation to the environment. The General Adaptation Syndrome, described by Selye, informs that initially the resistance is reduced as the body prepares itself to fight or escape. However, the body ends up adapting itself and the resistance increases. Until the body is exhausted and the resistance falls rapidly[24].

  The increase in the occurrences of acute and chronic disorders of the population's circulatory system highlights the importance of the relation between diseases and work. Medical literature and media, for example, have highlighted the relation between the occurrence of acute myocardial infarction, chronic coronary disease and high blood pressure, and stressful situations and unemployment, among others[25].

  The interventions on work organizations are more efficient, but more complex, as they usually conflict with the production demands. Health professionals and people who are in charge of Human Resources in companies have been challenged to reduce stress through changes in the forms of organization and work management. Having this in mind they propose: to give more autonomy to workers' in their ways of working, reduce the pressure and demands on productivity, introducing pauses in suitable environments; establish rotation and enrichment of tasks in monotonous, isolated and repetitive jobs; reduce and/or adjust the work schemes and shifts; increase the workers' participation in decision and management processes; improve interpersonal work relationships, replacing competition with collaboration.

  Procedures that aim at early identification of problems or damage to health, derived from the exposure to risk factors and the development of actions to promote health, and healthier life habits are important. Nowadays, mainly in the framework of large cooperation, programs named Promotion of Health and Quality of Life have been implemented in order to act on the stress factors related to work[25].

  Bourdieu reports that every social agent, who acts in within a specific area, seeks to adjust his/her thoughts, perception and actions in order to meet the objective demands of that social space. For him, the motor of the action lies between habitus and area. Thus, it is within through adjustment process, transformation and adaptation of a specific area that the social agent builds up his/her practice. There is also a relation between these two structures and a third one identified as domination instruments, which are the resources used to legitimize the power of a certain social class, generating symbolic and political violence[26].

  The patient that arrives at the hospital with chest pain and infarcted belongs to the environmental context described above. He tries to adapt to several demands, including symbolic violence suffered and modified risk factors inserted in the universe of coronary diseases.

  The presence of physical and/or psychological stress constitutes a modifiable cardiovascular risk factor. We highlight that the research related to stress also approaches other cardiovascular system diseases and we recommend that the promotion of educational health actions within the hospital context may help in the reorganization of infarcted patients' life habits and in secondary prevention.

  In the pathology of stress in infarcted and hospitalized patients, the work of the hospital psychologist, who is part of a clinical team, is fundamental in accompanying the patient during the post-infarction period, helping to identify possible stress and its stressor agents, as well as allowing the patient and the doctor in charge to receive guidance regarding the need of psychotherapeutical follow-up upon hospital release, in order to maintain suitable monitoring regarding the secondary prevention against acute myocardial infarction. Research performed by Pugliese et al.[27], which aims to assess the efficiency of a program designed to promote changes in lifestyle through psychological intervention, associated to the pharmacological therapy, in order to reduce coronary risk in patients with non-controlled high blood pressure, overweight and dyslipidemia, concluded that pharmacological treatment combined with psychological intervention aimed at reducing the stress level and changed the alimentary behavior resulted in additional benefits in reducing coronary risk.

  We face stress daily and as we grow and mature we learn how to deal with the unexpected, a reserve of information helps us in the adaptation process. However, there are more serious situations that also occur and we need to consider their impact on our lives, observing the physical and emotional reactions that are initiated, derived from this new experience and try to handle them in a proper way in order to reach balance and well-being. This exercise is dynamic, happens all the time and varies from person to person in a common situation.

   

  CONCLUSION

  The data of this study suggests that it was possible to establish a direct relation between stress and its resistance phase with a higher incidence of patients affected by myocardial infarct and active in labor market.
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    ABSTRACT

    OBJECTIVE: A retrospective cohort study was preformed aiming to verify the presence of transient dysfunction of gas exchange in the postoperative period of cardiac surgery and determine if this disorder is linked to cardiorespiratory events.

    METHODS: We included 942 consecutive patients undergoing cardiac surgery and cardiac procedures who were referred to the Intensive Care Unit between June 2007 and November 2011.

    RESULTS: Fifteen patients had acute respiratory distress syndrome (2%), 199 (27.75%) had mild transient dysfunction of gas exchange, 402 (56.1%) had moderate transient dysfunction of gas exchange, and 39 (5.4%) had severe transient dysfunction of gas exchange. Hypertension and cardiogenic shock were associated with the emergence of moderate transient dysfunction of gas exchange postoperatively (P=0.02 and P=0.019, respectively) and were risk factors for this dysfunction (P=0.0023 and P=0.0017, respectively). Diabetes mellitus was also a risk factor for transient dysfunction of gas exchange (P=0.03). Pneumonia was present in 8.9% of cases and correlated with the presence of moderate transient dysfunction of gas exchange (P=0.001). Severe transient dysfunction of gas exchange was associated with patients who had renal replacement therapy (P=0.0005), hemotherapy (P=0.0001), enteral nutrition (P=0.0012), or cardiac arrhythmia (P=0.0451).

    CONCLUSION: Preoperative hypertension and cardiogenic shock were associated with the occurrence of postoperative transient dysfunction of gas exchange. The preoperative risk factors included hypertension, cardiogenic shock, and diabetes. Postoperatively, pneumonia, ventilator-associated pneumonia, renal replacement therapy, hemotherapy, and cardiac arrhythmia were associated with the appearance of some degree of transient dysfunction of gas exchange, which was a risk factor for reintubation, pneumonia, ventilator-associated pneumonia, and renal replacement therapy in the postoperative period of cardiac surgery and cardiac procedures.

    Descriptors: Thoracic Surgery. Postoperative Complications. Risk Factors. Intensive Care Units.

  

   

  
    RESUMO

    OBJETIVO: Estudo de coorte retrospectivo com objetivo de verificar a presença de disfunção transitória da troca gasosa no pós-operatório de cirurgia cardíaca e determinar se esse transtorno está relacionado a eventos cardiorrespiratórios.

    MÉTODOS: Foram incluídos 942 pacientes consecutivos submetidos à cirurgia cardíaca e procedimentos cardíacos, encaminhados para a Unidade de Terapia Intensiva, entre junho de 2007 e novembro de 2011.

    RESULTADOS: A síndrome do desconforto respiratório agudo foi observada em 15 (2%) pacientes, 199 (27,75%) pacientes apresentaram disfunção transitória da troca gasosa leve, disfunção transitória da troca gasosa moderada foi observada em 402 (56,1%) pacientes e disfunção transitória da troca gasosa grave em 39 (5,4%). A presença de hipertensão arterial sistêmica e choque cardiogênico foi associada ao surgimento de disfunção transitória da troca gasosa moderada no período pós-operatório (P=0,02 e P=0,019, respectivamente) e foram considerados fatores de risco para essa disfunção (P=0,0023 e P=0,0017, respectivamente). A presença de diabetes mellitus também foi considerada um fator de risco para disfunção transitória da troca gasosa (P=0,03). Houve correlação entre a presença de pneumonia e a presença de disfunção transitória da troca gasosa moderada em 8,9% dos casos (P=0,001). A presença de disfunção transitória da troca gasosa grave foi associada a pacientes que necessitaram de hemodiálise (P=0,0005), hemoterapia (P=0,0001), nutrição enteral (P=0,0012), ou arritmia cardíaca (P=0,0451).

    CONCLUSÃO: A presença de hipertensão arterial sistêmica pré-operatória e choque cardiogênico foi associada à ocorrência de disfunção transitória da troca gasosa pós-operatória. Os fatores de risco pré-operatórios foram hipertensão arterial sistêmica, choque cardiogênico e diabetes. No pós-operatório, pneumonia, pneumonia associada à ventilação, hemodiálise, hemoterapia e arritmia cardíaca foram associadas com certo grau de disfunção transitória da troca gasosa, que foi fator de risco para reintubação, pneumonia, pneumonia associada à ventilação e hemodiálise no pós-operatório de cirurgia cardíaca.

    Descritores: Cirurgia Torácica. Complicações Pós-Operatórias. Fatores de Risco. Unidades de Terapia Intensiva.

  

   

   

  INTRODUCTION

  Cardiac surgery has a direct influence on the respiratory system in patients with heart disease, affecting the morbidity and mortality of patients postoperatively. Respiratory complications after cardiac surgery have been described in the literature since 1965[1]. Respiratory system dysfunction can occur due to general anesthesia, median sternotomy (which leads to instability of the upper chest), cardiopulmonary bypass (CPB), prolonged myocardial ischemia, manipulation during surgery, and number of chest tubes[1-4]. Changes in pulmonary function occurring in the postoperative period of cardiac surgery with CPB are secondary to the reaction of heparin with protamine complex, edema, congestion, and lung damage, in addition to microatelectasis. In most cases, there is an absence of mechanical ventilation during CPB, which, coupled with the inflammatory response due to surgical trauma, leads to changes in respiratory mechanics[2,5].

  During CPB, blood contact occurs with non-endothelial surfaces, leading to blood clotting; this clotting occurs along with the activation of the inflammatory cascades and contributes to the increased weight of the pulmonary parenchyma and the additional breakdown of cellular units, further impairing gas exchange in these patients. Thus, the presence of postoperative hypoxemia is secondary to all these changes that impair the ventilation/perfusion ratio[6]. Due to the occurrence of transient dysfunction of gas exchange (called TDGE in this study) after surgery, the terms acute respiratory distress syndrome (ARDS) and acute lung injury (ALI) have been widely used in patients after cardiac surgery with CPB in recent decades. According to the criteria of the first consensus definitions of ARDS and ALI (1994), several studies reported the incidence of these disorders after such a procedure[4].

  Recently, the criteria for the diagnosis of ARDS have been changed. The current definition is based on the degree of hypoxemia, represented by the partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2), namely, mild ARDS (PaO2/FiO2 between 200 mmHg and 300 mmHg), moderate ARDS (PaO2/FiO2 between 100 mmHg and 200 mmHg), and severe ARDS (PaO2/FiO2<100 mmHg). In addition, four factors were included for the diagnosis of severe ARDS (refractory hypoxemia, radiographic severity, respiratory system compliance, and positive end-expiratory pressure)[7].

  The criteria for defining DTGE this study were the same ones used in the latest rankings of ARDS, described above. Therefore, the primary objective of the present study was to evaluate the presence of TDGE after cardiac surgery and to determine if there is an association between post-cardiac surgery TDGE and cardiorespiratory events. As a secondary objective, the presence of risk factors for the development of cardiorespiratory complications in the postoperative period was evaluated.

   

  METHODS

  Study design and ethical considerations

  The research project was approved by the ethics committee of the institution, under the assigned number 409,460/2013. During the research, the medical information and the privacy of the patients were kept confidential. The data from this study were obtained from the database and charts of patients from the Clinics Hospital (CH) of the State University of Campinas (UNICAMP).

  Population

  Consecutive patients undergoing cardiac surgery and cardiac procedures referred to the ICU in between June 2007 and November 2011 were included in this study. The patients included males and females and over the age of 14 years. The initial observed sample included 942 patients, whose data were collected prospectively and consecutively and stored in the database of the ICU of Clinics Hospital at UNICAMP. Data collection was performed daily, at the bedside by specially trained professionals (1998/3432 Ordinance). The data from patients who had been readmitted and the data from patients with incomplete medical records were excluded from the statistical analysis.

  The demographic and clinical variables assessed in this study were as follows:

  1) type of surgery or cardiac procedure performed;

  2) occurrence of TDGE after surgery and cardiac procedures. TDGE represents changes in PaO2/FiO2 present up to 48 hours after surgery;

  3) preoperative cardiorespiratory system background and its association with postoperative TDGE type;

  4) presence of complications, infections, and post-operative interventions and their associations with postoperative TDGE type;

  5) length of stay in the ICU, occurrence of death in the ICU, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, mortality provided by APACHE II, and their association with TDGE;

  6) risk factors for developing cardiorespiratory complications in the postoperative period.

  Measuring instruments

  The APACHE II scores were calculated for the patient's first 24 hours in the ICU; the patients' mortality figures were provided by that score[8].

  Calculation of the ratio PaO2/FiO2

  Tracks of the current classification for defining ARDS were employed to determine four patient groups with study TDGE: 1) absence of TDGE (PaO2/FiO2>300 mmHg), 2) mild TDGE (PaO2/FiO2 between 200 mmHg and 300 mmHg), 3) moderate TDGE (PaO2/FiO2 between 100 mmHg and 200 mmHg), and 4) severe TDGE (PaO2/FiO2<100 mmHg). The values of PaO2/FiO2 were from the arterial blood gas analysis on the first postoperative day, i.e., up to the 48th hour in the ICU.

  ICU protocols and procedures in the surgical center

  The heart surgeries and procedures were carried out by the same team for all patients. Surgical techniques and procedures complied with the standards described by the work-processes manuals of CH/UNICAMP. At the end of the surgery or termination of the procedure, patients presenting favorable clinical conditions were extubated in the surgical room. If the patient's clinical conditions were not favorable, they were referred to the postoperative ICU, intubated, and mechanically ventilated. Postoperative ICU patients were admitted by the multidisciplinary team and were then processed using the admission protocol for surgical patients in the ICU. The patients were then under the care of the ICU staff, who attended to the patients according to the specific protocols of the unit.

  Phases of the retrospective study

  This study consisted of a data collection period followed by the assessment and review of the database and the medical records of patients. The tabulation of the data was revised, and finally, the statistical analysis was performed. For the statistical analysis, the program SAS System for Windows, version 9.2 was used. Continuous variables are presented as the mean ± SD. Categorical variables are expressed as absolute values and percentages. To verify an association, the chi-square test or Fisher's exact test was used when necessary. To test the relationship between the disease preoperatively and TDGE, as well as the relationship between complications and interventions in the ICU and TDGE, the logistic regression model with proportional odds was used. ANOVA by ranks with transformation followed by the Tukey test was used to compare TDGE groups (no, mild, moderate, severe) with respect to the length of hospitalization in intensive care, APACHE II and predicted mortality. To verify a linear trend in proportions, the Cochran-Armitage test was applied. We used Cox regression analysis to identify factors associated with univariate complications and death. P<0.05 was considered significant for all tests.

   

  RESULTS

  Of the initial sample, 717 patients fulfilled the criteria of the study. Patients who were readmitted or had data missing from their charts were excluded from the study. There were 442 (61.6%) male and 275 (38.4%) female patients. The average age of the patients was 56.1 years (SD=13.7). The types of surgery and cardiac procedures performed are described in Table 1.
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  In Table 2, the frequencies for TDGE are presented.

  
    

    [image: Table 2. The impact of postoperative TDGE.]

  

  In Table 3, the background and preoperative comorbidities and their correlations with postoperative TDGE are stated.
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  TDGE was associated with age (P<0.0001), and age was also a risk factor (P<0.0001) for TDGE, as shown in Table 4.
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  Interventions and complications in the ICU and their association with the appearance of TDGE are described in Table 5.
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  The occurrence of death within 48 hours and after 48 hours are described in Table 6. The he average length of stay in the ICU and the mortality predicted by APACHE II are described in Figure 1 and Figure 2.
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  Death within the first 48 hours after surgery and death in the ICU were associated with the APACHE II score (P=0.0105 and P<0.0001, respectively). Death within the first 48 hours after surgery and death in the ICU were both associated with predicted mortality (P=0.0001, and P<0.0114, respectively).

   

  DISCUSSION

  Demographic variables, background, and preoperative comorbidities

  The majority of the study population was male (61.6%), with an average age of 56.1 years. This finding is consistent with reports that the male population has a higher surgical incidence (70.1%) than females in the under-60 population[9]. In this study, myocardial revascularization surgery was the most common (49.4%), corroborating the findings of Laizo et al.[10]. The preoperative comorbidities diabetes mellitus (19.5%) and hypertension (52.6%) were prevalent. A previous study observed diabetes mellitus in 29.6% of cases[8]. Compared with other developed countries, Brazil has a higher incidence of hypertension (90.7% vs. 60%) and diabetes mellitus (37.2% vs. 29%)[9]. Diseases such as hypertension, autoimmune diseases, peripheral vascular disorders, and metabolic syndrome must be controlled and require great care in the immediate postoperative period[10].

  Other studies report preoperative comorbidities of dyslipidemia in 48% of cases and a family background of coronary artery disease in 38% of cases but report hypertension in 75%[11] to 79%[2] of patients. In developed countries, cardiovascular diseases are the leading causes of death and are increasing in occurrence in developing countries[12]. Oliveira et al.[11] measured morbidity by measuring the occurrence of the postoperative complications described above and the mortality as the number of deaths. In our study, 0.84% of individuals died within 48 hours, and 9.21% died after 48 hours of intensive care.

  In Brazil, the mortality rate for myocardial revascularization is 6.2%. Several postoperative management protocols of cardiac surgery have been studied with the purpose of predicting mortality[10]. In the study of Ribeiro et al.[13], especially in the postoperative period of cardiac surgery, 115,021 pulmonary complications contributed to the overall mortality rate of 8%. In Brazil, the mortality rate after cardiovascular surgery is approximately 8% in the Unified Health System[14]. APACHE II is an index that classifies critical patients according to the severity of their condition[15]. Our patients had high APACHE II scores, similar to the study by Feijó et al.[16]. In a prospective trial of 520 patients lasting 13 months in the ICU of Hospital Sao Paulo, in which the APACHE II prognostic index was applied, scores > 25 were associated with a higher risk of death[15]. In our study, the APACHE II score (12.8 ± 4.2 points) and predicted mortality (17.9±9.5 points) were correlated with the occurrence of severe TDGE (P=0.0001 for both), demonstrating that APACHE II score was effective to determine the severity of the patients in this study. Although mortality was high (10.5%), it was less than expected.

  Occurrence of TDGE after surgery and cardiac procedures

  Respiratory failure after heart surgery is an important factor of postoperative morbidity and mortality[4]. In this study, 15 (2%) patients had ARDS, 27.7% mild TDGE, 56.1% moderate TDGE, and 5.4% severe TDGE. In a study by Szeles et al.[5], the PaO2/FiO2 ratio was used to assess the impact of the seriousness of the hypoxemia in the immediate postoperative period. The patients were divided into three groups: PaO2/FiO2>200 (45.8%); PaO2/FiO2 between 150 and 200 (26.9%) and PaO2/FiO2<150 (27.3%). That study reported that transient hypoxemia was not affected by an increase of mechanical ventilation time and that the inflammatory response to surgical trauma and CBP caused lung damage, explaining the transitional hypoxemia[5].

  ARDS was present in 0.4% to 1.32% of the patients[4]. ARDS was first described by Ashbaugh & Petty, in 1967, with these common characteristics: tachypnea, hypoxemia, persistent opacification on chest X-ray, decreased complacency, and high mortality. In 1994, the first consensus for ARDS was published, which defined four aspects: acute presentation, presence of hypoxemia (PaO2/FiO2<200 mmHg), infiltrated bilateral on chest X-ray, and pulmonary capillary wedge pressure (PCWP) less than 18 cmH2O (to rule out heart failure). Also defined in this consensus, similar to ARDS, was ALI, defined as being present when the PaO2/FiO2 ratio is between 200 and 300 mmHg[17].

  Over the years, the criteria for ARDS did not correspond to the manifestations of the syndrome. In 2012, the criteria were revised using the following classification: the term acute was defined as the occurrence of events of manifestation in one week or less; the term ALI was abandoned; and the measurement of the PaO2/FiO2 relationship was amended to require a minimal amount of positive end-expiratory pressure (PEEP)[7]. In addition, three categories of ARDS were proposed: mild, moderate, and severe, based on the PaO2/FiO2 ratio; chest X-ray criteria were clarified to improve reliability between examiners; and the PCWP criterion was removed and clarity was added to improve the ability to rule out cardiac causes of bilateral infiltrates[17]. The last definition includes the measurement of PEEP, limiting the possibilities of diagnosis for patients without mechanical ventilation, but the diagnosis of ARDS does not exclude these patients.

  To evaluate our patients under the new classification of severity of the ARDS PaO2/FiO2 ratio, we found that 89.26% fit this criterion for diagnosis, suggesting a high incidence of ARDS in this population. However, using only the PaO2/FiO2 ratio is not sufficient to define the presence of ARDS. Other factors are included in the dysfunctional gas exchange in the postoperative period of cardiac surgery, such as systemic inflammatory response syndrome (SIRS) with pulmonary repercussion, hyperdynamic frame, interstitial pulmonary edema, microatelectasis, and reduced surfactant. In most cases, the pulmonary radiological image is normal, undercommitted lung compliance, and patients recover from this dysfunction in a few hours, including extubation after a few hours in intensive care.

  In the present study, of 89.26% of patients who presented with TDGE, only 2% evolved with ARDS, according to the criteria of the last consensus. The classification of ARDS as mild, moderate, and severe was used to determine the degree of TDGE. Based on these findings, the term ARDS should only be used for patients who meet all the diagnostic criteria. Therefore, we suggest that this acute and transient hypoxia that occurs in the postoperative period of cardiac surgery (within 48 hours) be called transient dysfunction of gas exchange, as we have in this work.

  Association of TDGE with preoperative and postoperative factors

  In our sample, increasing age was associated with increasing severity of TDGE, especially in patients older than 75 years, whose risk is three times higher than patients younger than 44 years. In the study of Oliveira et al.[9], age>70 years was significantly associated with greater mortality (P<0.002). In this study, the average length of stay in the ICU was 7.3±11.9 days, similar to the average of 4.16±3.76 days in the study by Laizo et al.[10]. There was a tendency for the prevalence of severe TDGE to increase from 2007 to 2011(P=0.01).

  Hypertension and cardiogenic shock were associated with the emergence of moderate TDGE postoperatively (P=0.022 and P=0.019, respectively) and were risk factors (P=0.001 and P=0.002, respectively) for the development of this dysfunction. Diabetes mellitus was a risk factor for TDGE (P=0.035). Diabetic patients have chronic vasculitis, and when associated with the postoperative inflammatory process, this condition worsens, altering the relative pulmonary ventilation/perfusion ratio, which corresponds to changes in gas exchange.

  The postoperative complications influence the length of hospitalization of the patient, generating increased costs and hospital mortality[18]. In this study, pneumonia was present in 8.9% of cases and was associated with moderate TDGE (P=0.001), which was a risk factor (P=0.0005) for the occurrence of postoperative pneumonia. Ventilator-associated pneumonia (VAP) was present in 0.6% of the cases and was associated with severe TDGE (P=0.042), which in turn was a risk factor (P=0.003) for the development of VAP.

  The low incidence of VAP in the study may be explained by the implementation of prophylactic measures and the awareness of the professionals of the ICU at the beginning of 2007. In a previous study, lung infection was more common among the infectious complications (15.3%)[19]. In another study, 7332 patients undergoing cardiac surgery, infectious outbreaks were identified in 29 patients, 55% of them primary infections[14]. However, there is no study reporting the occurrence of postoperative pulmonary complications[20].

  Oliveira et al.[11] indicated the following as predictors of postoperative infections: body mass index > 40 kg/m2, preoperative hemodialysis, cardiogenic shock, preoperative age > 85 years, preoperative immunosuppressive treatment, diabetes mellitus, CPB > 200 minutes, and the revascularization of three or more vessels.

  Among the complications encountered in the period after surgery, those that occur in the respiratory system contribute significantly to morbidity and mortality related to cardiac surgery, as 3.5% to 10% of these morbidities and mortalities are caused by respiratory complications[21]. In large part, these complications are explained by the use of CPB, which causes an increase of inflammatory mediators leading to decreased ventricular contractility, which consequently increases vascular permeability and resistance of the organs.

  Specifically in the pulmonary circulation, inflammatory fluid accumulates interstitially, leading to the formation of microatelectasis, hypoxemia, and hypoxic vasoconstriction. These conditions decrease the local production of pulmonary surfactant, which leads to worsening pressures, lung collapse, and pulmonary dysfunction, generating losses in respiratory mechanics and increased respiratory work[12,22]. This situation results in pneumonic complications in respiratory mechanics[23]. Morsch et al.[2] used pulmonary radiological changes as diagnostic criteria for unventilated areas and/or consolidation, pleural effusion, and collapsed lung. Diagnostic criteria of postoperative lung infections are not standard in the scientific literature and are associated or not with radiological changes, leukocytosis, body hyperthermia, and isolation of pathogens in culture or in microscopic analysis of[21].

  Hypoxemia is among the leading pulmonary complications in the postoperative period of cardiac surgery; however, other complications, such as pleural effusion, pneumonia, pneumothorax, reintubation, and ventilatory insufficiency, are also observed[24]. We used non-invasive mechanical ventilation therapeutically in 2.1% of cases, reintubation in 9.6%, and tracheostomy in 3.6%. Reintubation was a risk factor (P=0.042) for only postoperative TDGE.

  Severe TDGE was associated with patients who had renal replacement therapy (P=0.0005), hemotherapy (P=0.0001), and cardiac arrhythmia (P=0.0450), with respective risk factors 2.34, 1.72, and 1.79. A large amount of information in this study was collected from patient records, so the loss of information is inexcusable. We sorted the information by category to extract the largest amount of available information.

   

  CONCLUSION

  We concluded that TDGE, in varying degrees, was present at the time of surgery and during postoperative cardiac procedures. Preoperative hypertension and cardiogenic shock were associated with the occurrence of postoperative TDGE. The preoperative risk factors included hypertension, cardiogenic shock, and diabetes. Postoperatively, pneumonia, VAP, renal replacement therapy, hemotherapy, and cardiac arrhythmia were associated with the appearance of a certain degree of TDGE, which was a risk factor for reintubation, pneumonia, VAP, and renal replacement therapy during the postoperative period from cardiac surgery and during cardiac procedures.
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    ABSTRACT

    INTRODUCTION: The knowledge of the prevalence of risk factors and comorbidities, as well as the evolution and complications in patients undergoing coronary artery bypass graft allows comparison between institutions and evidence of changes in the profile of patients and postoperative evolution over time.

    OBJECTIVE: To profile (risk factors and comorbidities) and clinical outcome (complications) in patients undergoing coronary artery bypass graft in a national institution of great surgical volume.

    METHODS: A retrospective cohort study of patients undergoing coronary artery bypass graft in the hospital Beneficência Portuguesa de São Paulo, from July 2009 to July 2010.

    RESULTS: We included 3,010 patients, mean age of 62.2 years and 69.9% male. 83.8% of patients were hypertensive, 36.6% diabetic, 44.5% had dyslipidemia, 15.3% were smokers, 65.7% were overweight/obese, 29.3% had a family history of coronary heart disease. The expected mortality calculated by logistic EuroSCORE was 2.7%. The isolated CABG occurred in 89.3% and 11.9% surgery was performed without cardiopulmonary bypass. The most common complication was cardiac arrhythmia (18.7%), especially acute atrial fibrillation (14.3%). Pneumonia occurred in 6.2% of patients, acute renal failure in 4.4%, mediastinites in 2.1%, stroke in 1.8% and AMI in 1.2%. The in-hospital mortality was 5.4% and in isolated coronary artery bypass graft was 3.5%. The average hospital stay was 11 days with a median of eight days (3-244 days).

    CONCLUSION: The profile of patients undergoing coronary artery bypass graft surgery in this study is similar to other published studies.

    Descriptors: Coronary Artery Bypass. Epidemiology. Risk Factors.

  

   

  
    RESUMO

    INTRODUÇÃO: O conhecimento da prevalência dos fatores de risco e comorbidades, bem como a evolução com complicações nos pacientes submetidos à cirurgia de revascularização miocárdica, permite a comparação entre instituições e a comprovação de modificações no perfil de pacientes e na evolução pós-operatória ao longo do tempo.

    OBJETIVO: Conhecer o perfil (fatores de risco e comorbidades) e a evolução clínica (complicações) nos pacientes submetidos à cirurgia de revascularização miocárdica em uma instituição nacional de grande volume cirúrgico.

    MÉTODOS: Estudo de coorte retrospectivo de pacientes submetidos ao procedimento de cirurgia de revascularização miocárdica no Hospital Beneficência Portuguesa de São Paulo, no período de julho de 2009 a julho de 2010.

    RESULTADOS: Foram incluídos 3010 pacientes, com idade média de 62,2 anos e 69,9% do sexo masculino. 82,8% dos pacientes eram hipertensos, 36,6% diabéticos, 44,5% dislipidêmicos, 15,3% tabagistas, 65,7% com sobrepeso/obesidade e 29,3% tinham antecedentes familiares de doença coronária. A mortalidade média esperada calculada pelo EuroSCORE logístico foi de 2,7%. A cirurgia de revascularização miocárdica isolada ocorreu em 89,3% e em 11,9% foi realizada cirurgia sem circulação extracorpórea. A complicação mais comum foi arritmia cardíaca (18,7%), especialmente a fibrilação atrial aguda (14,3%). Pneumonia ocorreu em 6,2% dos pacientes, lesão renal aguda em 4,4%, mediastinite em 2,1%, acidente vascular encefálico em 1,8% e infarto agudo do miocárdio em 1,2%. A mortalidade intra-hospitalar foi de 5,4% e na cirurgia de revascularização miocárdica isolada foi de 3,5%. O tempo de permanência hospitalar médio foi de 11 dias, com mediana de oito dias (3 - 244 dias).

    CONCLUSÃO: O perfil dos pacientes submetidos à cirurgia de revascularização miocárdica neste estudo assemelha-se ao de outros estudos publicados.

    Descritores: Revascularização Miocárdica. Epidemiologia. Fatores de Risco.

  

   

   

  INTRODUCTION

  The likelihood of patients undergoing coronary artery bypass graft (CABG) surgery with a short hospitalization period and no complications depends on the experience of the surgical team, intensive therapy care, the multidisciplinary team involved, and the postoperative follow-up period[1-3].

  The success of this procedure is also dependent on the patient's characteristics. In addition to the progress observed in the surgical procedure itself, the population undergoing CABG surgery has also been changing, and this may influence the outcomes. Currently, this population is mucholder, with a higher number of risk factors and associated comorbidities than the population undergoing CABG in the past[4-6]; moreover, increased use of medication drugs modifies the disease's natural course, such as statins[7], as do a high number of previous percutaneous procedures. In Brazil, the number of angioplasties, with or without stenting, increased from 27.5 per 100 thousand inhabitants in 2002 to 39 per 100 thousand inhabitants in 2010[8].

  Several national studies have assessed the epidemiology of patients who underwent CABG[9-13]. However, most of those studies focused on specific outcomes or have a long data collection period, with a mean duration of 4-5 years, during which time changes in the profile of the patients may occur, consequently making these studies weak references[6]. Therefore, studies with large samples and short data collection periods are very important in order to assess the demographic profile of patients undergoing CABG in the present.

  The aim of this study was to determine the current profile (prevalence of risk factors) and clinical progress of patients undergoing CABG surgery at the Hospital Beneficência Portuguesa in São Paulo.

   

  METHODS

  This was a retrospective cohort study; information on patients aged >18 years undergoing the CABG procedure at the Hospital Beneficência Portuguesa in São Paulo, between July 2009 and July 2010, was collected from an electronic database. This database contains data about 3010 patients who underwent CABG, accounting for the data regarding 69.6% of all surgeries performed at the institution over that period. The percentage of patients's loss includedin the database was random, without preference for day, time, period, team, surgeon, or patient condition. The data collection form consisted of 243 variables with data from the preoperative, intraoperative, and postoperative periods (until hospital discharge or death).

  The CABG procedure with extracorporeal circulation (ECC) was performed with the patient under general anesthesia and orotracheal intubation in the supine horizontal position, with median transternal longitudinal thoracotomy followed by graft removal (internal thoracic artery, saphenous vein, radial artery, etc.) and inverted-T pericardiotomy. After the bags for ECC were prepared, the patient was given full-dose heparin (3 mg/kg), with arterial cannulation of the ascending aorta, cavoatrial cannulation, insertion of a 14-G catheter in the ascending aorta to connect the aspiration pathways and to infuse a cardioplegic solution, clamping of the ascending aorta, and preparation of the distal and proximal anastomoses, in this sequence.

  After this procedure, the ECC system was removed and fluid replacement and protamine infusion (1:1) were performed, along with hemostasis monitoring, draining of the chest cavity and mediastinum, fixing of a pacemaker lead, sternal suturing, and usual closing. In the procedure without ECC, the patient received general anesthesia with orotracheal intubation in the supine horizontal position. Median transsternal longitudinal thoracotomy was performed followed by graft removal (internal thoracic artery, saphenous vein, radial artery, etc.), inverted-T pericardiotomy, heparin administration (1.5 to 3 mg/kg), and preparation of the distal and proximal anastomoses, in this sequence, with the help of a coronary artery stabilizer. After the procedure, the patient was given a protamine infusion (1:1), and hemostasis monitoring and draining of the chest cavity and mediastinum were performed, along with fixing of a pacemaker lead, sternal suturing, and usual closing.

  Postoperative complications were defined as:

  • Perioperative myocardial infarction: prolonged pain for more than 20 minutes/typical pain not improved with nitrates,and/or seriated electrocardiograms (at least 2) showing new changes to the ST/T segment or new Q waves of at least 0.03 sec or more than a third of the QRS (in at least 2 contiguous leads) plus elevation of cardiac enzyme (creatine kinase-MB or troponin 5 times higher than the normal upper limit) and/or a new hypokinetic area found on echocardiography.

  • Stroke: motor deficit persistent for more than 72 hours or coma >24 hours.

  • Acute kidney injury: serum creatinine level higher than 2.0 mg/dL or 2 times higher than that in the preoperative period, or the need for dialysis (any method).

  • Mediastinitis: deep infection involving the muscles, bones, and/or the mediastinum, with the following conditions: (1) open wound with tissue excision, (2) positive culture results, and (3) treatment with antibiotics.

  • Pneumonia: diagnosed on the basis of positive sputum, blood, or pleural fluid culture results; empyema; or radiography showing new infiltrates.

  • Arrhythmia: any arrhythmia (atrial fibrillation, atrial flutter, paroxysmal supraventricular tachycardia, brad arrhythmia, or other) requiring intervention.

  The study was approved by the Ethics Committee of the Hospital Beneficência Portuguesa in São Paulo under opinion number 663-10.

  Statistical considerations

  The variables were descriptively analyzed. Regarding the quantitative variables, the analysis was performed by determining the minimum and maximum values and/or the mean, standard deviation, and median values. Regarding the qualitative variables, absolute and relative frequencies were determined.

   

  RESULTS

  The patients' mean age was 62.2 years, with the proportion of men being 69.9%; 15.3% of the patients were smokers, 82.8%, hypertensive, and 36.6%, diabetic. Regarding the financial aspect, 92.2% of the surgeries were funded by the NHS, 7.0% by private health insurance, and 0.8% by personal resources. The patients' clinical-demographic characteristics are shown in Table 1.
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  Of the 3010 patients included in this study, 64.6% (1947) had the result of their coronary angiography (catheterization) stated on their patient records. Coronary obstructions larger than 50% were considered serious when located in the left coronary trunk and larger than 70% in all other blood vessels. Similarly, only 44.2% (1331) of the patients had the left ventricle ejection fraction (LVEF) mentioned on their records. In this sample, the method used for estimation of the LVEF was: echocardiography for 1288 patients (96.8%), ventriculography for 30 (2.3%), myocardial scintigraphy for 9 patients (0.7%), and nuclear magnetic resonance imaging for 4 patients (0.3%) (Table 2).
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  The preoperative risk score (logistic EuroSCORE) was individually calculated for all patients, with the mean score being 2.7 (±3.09) for the group, ranging from 0.88% to 76.6%. The median score was 1.81% (Table 2).

  Table 3 shows the characteristics of the surgical procedure.

  
    

    [image: Table 3. Operative characteristics of 3010 patients who underwent coronary artery bypass grafting, São Paulo, 2010.]

  

  The frequency of the main postoperative complications is described in Table 4.
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  The length of the hospital stay was 11 days, with a median of 8 days (range, 3-244 days). Intra-hospital mortality occurred in 162 patients (5.4%). With regard to isolated CABG, the intra-hospital mortality was 3.5%. Intraoperative death occurred in 7 patients (0.2%).

   

  DISCUSSION

  The continuous assessment of CABG surgery outcomes using records and large databases is a reality in several countries. The oldest coronary surgery database dates back to 1971 and the most widely publicized one is the United States Society of Thoracic Surgeons' database - STS National Database, which has been collecting data since 1989 and involves more than 800 sites across the country contributing every year with information on approximately 270,000 patients undergoing coronary surgery[14].

  In Brazil, although CABG surgeries have been performed for almost half a century, they have not been recorded on a large scale. This study, although not representative of the national situation, presents the immediate reality of an institution with high representativeness at the national level and involving several independent teams.

  The results of this study show that men account for the majority of the operated patients (69.9%), in line with other studies that show a proportion of men ranging from 60.0%[15] to 70.0%[16]. Regarding age, an increase in the number of patients belonging to more advanced age groups was observed as opposed to in a study performed at the beginning of the previous decade[17]. This is probably the result of an increasingly aging population and the increased safety in performing the surgery on elderly patients, thereby leading to good results in this population.

  The prevalence of cardiovascular risk factors was high, with the most frequent finding being hypertension (82.8%). A high prevalence of hypertension is usually found in studies with this type of population, reaching levels up to 90.7%[17]. Diabetes and obesity showed prevalence rates similar to those reported in the previously mentioned study, whereas the presence of dyslipidemia was relatively lower. It is noteworthy that there is a lower prevalence of smoking in our results than in the results of the other study, with data collected between 2001 and 2002, where the reported rate reaches 63%[18]. This may be the result of numerous awareness and anti-smoking campaigns that took place over the last years. However, the current smoking rate (smoking in the previous 4 weeks) was 15.3% in our study.

  The number of patients with previous percutaneous coronary angioplasty has been growing over the last years, high-lighting the increased indication for this procedure[8]. In our series, 8.7% of the patients had a history of percutaneous coronary angioplasty. A study comparing the profile of patients operated in 2 different time periods (early 1990s versus early 2000s) reported a history of coronary angioplasty in 6.5% of patients in the first period and 11% in the second period. Moreover, patient-reported previous stent use in the first moment was none in the first period and 5.8% in the second moment[18]. Regarding the 1099 patients who underwent CABG surgery at the Instituto do Coração (Heart Institute) in São Paulo between May 2007 and June 2009, 14.6%had undergone previous coronary angioplasty[19]. Coronary angiography showed that 77.3% of the patients had severe obstructive lesions in 2 or 3 arteries, a proportion that was practically identical to that reported in a recent study conducted in southern Brazil[20]. Severe left coronary trunk lesions, however, were found in our series at a lower percentage (10.5%) than that reported in other national studies, i.e. 18%[15], 19.2[19] and 21.6%[20].

  With regard to surgery, internal thoracic artery use was seen in 87.6% of cases, and this mirrors the concern of the surgery teams for ensuring the implantation of superior grafts whose superiority has been well supported in studies and considered as a quality indicator in CABG surgery.

  Regarding ECC use, only 11.9% of the surgeries were performed without ECC support. However, this percentage varied greatly between teams, ranging between 0% and 89.1% for different teams. Data from other national services show that 18.6% of the surgeries were performed without ECC in the southern region[16] and 39.5% of isolated bypass grafting surgeries were performed at the Instituto do Coração, located in the city of São Paulo, from 2000 to 2007[21].

  The mean length of hospital stay in this study (11 days) shows a progressive decrease from the length of hospital stay in previous studies. Between 1996 and 1998, the mean was 14.5 days[22] and between 2005 and 2007, 12 days[11].

  Comparison of the frequency of postoperative complications between this study and other national data was impossible because of the lack of studies including all the complications. Several studies address this subject by focusing on a specific complication and not on all other complications.

  In order to stratify the operative mortality risk, the European Cardiac Surgery Risk Assessment Score (EuroSCORE) was used, a model that was initially validated in 128 sites across Europe[23]. This tool was easy to use and accessible over the Internet, and showed good accuracy in non-European populations as well. In Brazil, although some authors have demonstrated good applicability of the EuroSCORE[24-26], some health services have developed scoring models of their own, better suited to their population[27].

  In this study, the isolated CABG mortality was 3.5%. A broad survey using the DATASUS database encompassing 175 hospitals of the NHS showed a mean hospital mortality of 6.22%. Among the hospitals with high volume of surgeries (>100 CABG/year), the mean mortality was 5.77%, ranging between 1.9% and 19%[11].

  Advantages and limitations of the study

  This study showed the profile of the population who recently underwent CABG surgery at an institution with high volume of surgeries. Several previous publications have assessed the profile of patients undergoing CABG surgery. However, such studies were mostly retrospective, with a long data collection period to obtain a significant sample. This type of data collection may lead to accumulation of several biases arising from changes in the profile of patients over the data collection period as well as from changes in the functioning of the health service itself. In this study, a significant sample was obtained in only 1 year of data collection, thereby minimizing the mentioned effects. The expressive volume of data and the abundance of variables contributed towards the undertaking of several scientific studies in future as well as improvements in the procedure. The variables representing coronary surgery quality led to the setup of an indicator-based quality improvement procedure at the institution, with all the involved surgical team members taking part of it.

  The main limitation of this study was the fact that the database used was that of a single institution (single-center), although comprising 14 different surgical teams, with independent procedures. In spite of the broad experience and the high volume of procedures, it cannot be stated that the results are representative of the national scenario, especially of institutions with low volume of surgery. Another limitation was the fact that the data were collected from patient medical records, the quality and completeness of which is dependent on the note-taking skills of the health care team.

   

  CONCLUSION

  The clinical-demographic profile of a typical patient undergoing CABG surgery at the Hospital Beneficência Portuguesa in São Paulo is similar to that identified in other studies and mirrors the changes caused by demographic changes and the availability of other therapeutic options.

   

  REFERENCES

  1. Lima RC, Kubrusly LF, eds. Diretrizes da cirurgia de revascularização miocárdica, valvopatia e doenças da aorta. Arq Bras Cardiol. 2004;82(supl V):1-20.

  2. Guidelines and indications for coronary artery bypass graft surgery: a report of the American College of Cardiology/American Heart Association Task Force on Assessment of Diagnostic and Therapeutic Cardiovascular Procedures (Subcommittee on Coronary Artery Bypass Graft Surgery). J Am Coll Cardiol. 1991;17(3):543-89.

  3. Eagle KA, Guyton RA, Davidoff R, Edwards FH, Ewy GA, Gardner TJ, et al.; American College of Cardiology; American Heart Association Task Force on Practice Guidelines; American Society for Thoracic Surgery and the Society of Thoracic Surgeons. ACC/AHA 2004 guideline update for coronary artery bypass graft surgery: summary article: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee to Update the 1999 Guidelines on Coronary Artery Bypass Graft Surgery). Circulation. 2004;110(9):1168-76.

  4. Dinh DT, Lee GA, Billah B, Smith JA, Shardey GC, Reid CM. Trends in coronary artery bypass graft surgery in Victoria, 2001-2006: findings from the Australasian Society of Cardiac and Thoracic Surgeons database project. Med J Aust. 2008;188(4):214-7.

  5. Clark RE, Edwards FH, Schwartz M. Profile of preoperative characteristics of patients having CABG over the past decade. Ann Thorac Surg. 1994;58(6):1863-5.

  6. Ferguson TB Jr, Hammill BG, Peterson ED, DeLong ER, Grover FL; STS National Database Committee. A decade of change--risk profiles and outcomes for isolated coronary artery bypass grafting procedures, 1990-1999: a report from the STS National Database Committee and the Duke Clinical Research Institute. Society of Thoracic Surgeons. Ann Thorac Surg. 2002;73(2):480-9.

  7. Walley T, Folino-Gallo P, Schwabe U, van Ganse E; EuroMedStat group. Variations and increase in use of statins across Europe: data from administrative databases. BMJ. 2004;328(7436):385-6.

  8. Viacava F, Porto S, Laguardia J, Moreira RS, Ugá MAD. Diferenças regionais no acesso a cirurgia cardiovascular no Brasil, 2002-2010. Ciênc Saúde Colet. 2012;17(11):2963-9.

  9. Bianco ACM, Timerman A, Paes AT, Gun C, Ramos RF, Freire RBP, et al. Análise prospectiva de risco em pacientes submetidos à cirurgia de revascularização miocárdica. Arq Bras Cardiol. 2005;85(4):254-61.

  10. Oliveira SF, Jatene AD, Solimene MC, Oliveira SA, Meneguetti C, Jatene FB, et al. Cirurgia de revascularização do miocárdio em pacientes com cardiomiopatia isquêmica e disfunção ventricular acentuada: resultados imediatos e de longo prazo. Rev Bras Cir Cardiovasc. 1997;12(1):1-9.

  11. Piegas LS, Bittar OJNV, Haddad N. Cirurgia de revascularização miocárdica: resultados do Sistema Único de Saúde. Arq Bras Cardiol. 2009;93(5):555-60.

  12. Mesquita ET, Ribeiro A, Araujo MP, Campos LAM, Fernandes MA, Colafranceschi AS, et al. Indicadores de qualidade assistencial na cirurgia de revascularização miocárdica isolada em centro cardiológico terciário. Arq Bras Cardiol. 2008;90(5):350-4.

  13. Amato VL, Timerman A, Paes AT, Baltar VT, Farsky P, Farran JA, et al. Resultados imediatos da cirurgia de revascularização miocárdica: comparação entre homens e mulheres. Arq Bras Cardiol. 2004;83(no.spe):14-20.

  14. Shahian DM, Edwards FH, Ferraris VA, Haan CK, Rich JB, Normand ST, et al.;; Society of Thoracic Surgeons Quality Measurement Task Force. Quality measurement in adult cardiac surgery- conceptual framework and measure selection. Ann Thorac Surg. 2007;83(4 Suppl):S3-12.

  15. Campagnucci VP, Silva AMRP, Pereira WL, Chamliam EG, Gandra SMA, Rivetti LA. EuroSCORE e os pacientes submetidos a revascularização do miocárdio na Santa Casa de São Paulo. Rev Bras Cir Cardiovasc. 2008;23(2):262-7.

  16. Oliveira EL, Westphal GA, Mastroeni MF. Características clínico-demográficas de pacientes submetidos à cirurgia de revascularização do miocárdio e sua relação com a mortalidade. Rev Bras Cir Cardiovasc. 2012;27(1):52-60.

  17. Oliveira TML, Oliveira GMM, Klein CH, Souza e Silva NA, Godoy PH. Letalidade e complicações da cirurgia de revascularização miocárdica no Rio de Janeiro, de 1999 a 2003. Arq Bras Cardiol. 2010;95(3):303-12.

  18. Feier FH, Sant'anna RT, Garcia E, De Bacco FW, Pereira E, Santos MF, et al. Modificações no perfil do paciente submetido à operação de revascularização do miocárdio. Rev Bras Cir Cardiovasc. 2005;20(3):317-22.

  19. Lisboa LAF, Mejia OAV, Dallan LAO, Moreira LFP, Puig LB, Jatene FB, et al. Intervenção Coronariana Percutânea prévia como fator de risco para Revascularização Miocárdica. Arq Bras Cardiol. 2012;99(1):586-95.

  20. Tonial R, Moreira DM. Perfil clínico-epidemiológico dos pacientes submetidos à cirurgia de revascularização do miocárdio no instituto de cardiologia de Santa Catarina, São José- SC. ACM Arq Catarin Med. 2011;40(4):42-6.

  21. Lisboa LAF, Moreira LFP, Mejia OAV, Dallan LAO, Pomerantzeff PMA, Costa R, et al. Evolução da cirurgia cardiovascular no instituto do coração: análise de 71.305 operações. Arq Bras Cardiol. 2010;94(2):174-81.

  22. Noronha JC, Martins M, Travassos C, Campos MR, Mais P, Panezzuti R. Aplicação da mortalidade hospitalar após a realização de cirurgia de revascularização do miocárdio para monitoramento do cuidado hospitalar. Cad Saúde Pública. 2004;20(Suppl 2):S322-30.

  23. Roques F, Nashef SA, Michel P, Gauducheau E, de Vincentiis C, Baudet E, et al. Risk factors and outcome in European cardiac surgery: analysis of the EuroSCORE multinational database of 19030 patients. Eur J Cardiothorac Surg. 1999;15(6):816-22.

  24. Moraes Neto F, Duarte C, Cardoso E, Tenório E, Pereira V, Lampreia D, et al. Avaliação do EuroSCORE como preditor de mortalidade em cirurgia de revascularização miocárdica no Instituto do Coração de Pernambuco. Rev Bras Cir Cardiovasc. 2006;21(1):29-34.

  25. Mejia OAV, Lisboa LAF, Dallan LAO, Pomerantzeff PMA, Moreira LFP, Jatene FB, et al. Validação do 2000 Bernstein-Parsonnet e EuroSCORE no Instituto do Coração - USP. Rev Bras Cir Cardiovasc. 2012;27(2):187-94.

  26. Sá MPBO, Soares EF, Santos CA, Figueredo OJ, Lima ROA, Escobar RR, et al. EuroSCORE e mortalidade em cirurgia de revascularização miocárdica no Pronto Socorro Cardiológico de Pernambuco. Rev Bras Cir Cardiovasc. 2010;25(4):474-82.

  27. Gomes RV, Tura B, Mendonça Filho HTF, Campos LAA, Rouge A, Nogueira PMM, et al. RIOEscore: escore preditivo de mortalidade para pacientes submetidos à cirurgia cardíaca baseado em variáveis de pré, per e primeiro dia de pós-operatório. Rev SOCERJ. 2005;18(6):516-26.

   

   

  Correspondence address:

  Alexandre Gonçalves de Sousa

  Beneficência Portuguesa de São Paulo

  Rua Maestro Cardim, 769, Bela Vista

  São Paulo, SP - Zip code: 01323-900

  E-mail: a.g.sousa@uol.com.br

  Article received on June 21st, 2013.

  Article accepted on March 24th, 2014.

   

   

  This study was carried out at Hospital Beneficência Portuguesa in São Paulo, São Paulo, SP, Brazil.

  No financial support.

   

   

  
    [image: Abreviations]

  

  
    [image: Authors' roles]

  




 
  DOI: 10.5935/1678-9741.20140048

  ORIGINAL ARTICLE 

  
    Winkelmann ER, Dallazen F, Bronzatti ABS, Lorenzoni JCW, Windmöller P. Analysis of steps adapted protocol in cardiac rehabilitation in the hospital phase. Braz J Cardiovasc Surg 2015;30(1):40-8

  

  
    Analysis of steps adapted protocol in cardiac rehabilitation in the hospital phase

  

   

  Análise do protocolo adaptado de steps na reabilitação cardíaca na fase hospitalar

   

   

  Eliane Roseli WinkelmannI; Fernanda DallazenII; Angela Beerbaum Steinke BronzattiIII; Juliara Cristina Werner LorenzoniIV; Pollyana WindmöllerV

  IPhD. Physiotherapist, in Health Sciences: Cardiovascular Sciences, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil, Master of Biological Sciences: Physiology, UFRGS, Specialist in Cardiorespiratory Physiotherapy and Acupuncture, Teacher of Physiotherapy Course at Universidade Regional do Noroeste do Estado do Rio Grande do Sul (UNIJUÍ), Master in Comprehensive Health Care Scrictu Sensu Program (UNIJUI/UNICRUZ). Ijuí, RS, Brazil

  IIPhysiotherapist, Master Degree in Gerontology from the Federal University of Santa Maria (UFSM), Post graduate in Physiotherapy in Intensive Care Faculty Inspire - Porto Alegre. Member of the Cardiology Institute of Hospital de Caridade de Ijuí, Ijuí, RS, Brazil

  IIIPhysical Therapy Student from UNIJUÍ, Ijuí, RS, Brazil

  IVPhysiotherapist and Specialist Hospital Physiotherapy by UNIJUÍ, Ijuí, RS, Brazil

  VPhysiotherapist and Specialist Hospital Physiotherapy by UNIJUÍ. Member of the Cardiology Institute of Hospital de Caridade de Ijuí, Ijuí, RS, Brazil

   
  
  
    ABSTRACT

    OBJECTIVE: To analyze a cardiac rehabilitation adapted protocol in physical therapy during the postoperative hospital phase of cardiac surgery in a service of high complexity, in aspects regarded to complications and mortality prevalence and hospitalization days.

    METHODS: This is an observational cross-sectional, retrospective and analytical study performed by investigating 99 patients who underwent cardiac surgery for coronary artery bypass graft, heart valve replacement or a combination of both. Step program adapted for rehabilitation after cardiac surgery was analyzed under the command of the physiotherapy professional team.

    RESULTS: In average, a patient stays for two days in the Intensive Care Unit and three to four days in the hospital room, totalizing six days of hospitalization. Fatalities occurred in a higher percentage during hospitalization (5.1%) and up to two years period (8.6%) when compared to 30 days after hospital discharge (1.1%). Among the postoperative complications, the hemodynamic (63.4%) and respiratory (42.6%) were the most prevalent. 36-42% of complications occurred between the immediate postoperative period and the second postoperative day. The hospital discharge started from the fifth postoperative day. We can observe that in each following day, the patients are evolving in achieving the Steps, where Step 3 was the most used during the rehabilitation phase I.

    CONCLUSION: This evolution program by steps can to guide the physical rehabilitation at the hospital in patients after cardiac surgery.

    Descriptors: Thoracic Surgery. Rehabilitation. Hospital Service of Physiotherapy.

  

   

  
    RESUMO

    OBJETIVO: Analisar o protocolo adaptado de reabilitação cardíaca na fisioterapia durante a fase hospitalar pós-operatória de cirurgia cardíaca em um serviço de alta complexidade, nos aspectos complicações e prevalência de mortalidade e dias de internação.

    MÉTODOS: Estudo observacional transversal, retrospectivo, analítico. Realizado por meio da investigação de 99 prontuários de pacientes submetidos à cirurgia cardíaca de revascularização do miocárdio, troca de valva cardíaca ou associadas. Foi analisado um programa de step adaptado para reabilitação pós-operatória de cirurgia cardíaca executado pela equipe de Fisioterapia.

    RESULTADOS: Em média, o paciente permanece dois dias na Unidade de Terapia Intensiva e de três a quatro dias no quarto, ficando, em média, seis dias internado no hospital. O óbito ocorreu em maior percentual no período hospitalar (5,1%) e até dois anos (8,6%) quando comparado ao período de 30 dias pós-alta hospitalar (1,1%). Dentre as complicações no pós-operatório, as hemodinâmicas (63,4%) e respiratórias (42,6%) foram as mais predominantes. De 36% a 42% das complicações ocorreram entre o pós-operatório imediato e o segundo dia pós-operatório. A alta hospitalar teve início a partir do quinto dia pós-operatório. Podemos observar que, com o passar dos dias, os pacientes vão evoluindo na realização dos steps, sendo que o mais utilizado durante a reabilitação na fase I foi o Step 3.

    CONCLUSÃO: Este programa de evolução por steps pode nortear a reabilitação fisioterapêutica nos pacientes no pós-operatório de cirurgia cardíaca na fase hospitalar.

    Descritores: Cirurgia Torácica. Reabilitação. Serviço Hospitalar de Fisioterapia.

  

   

   

  INTRODUCTION

  Currently cardiovascular disease (CVD) is a public health problem. According to the World Health Organization (WHO), about 17 million people die annually from cardiovascular diseases[1]. Coronary artery bypass grafting is an effective alternative for the treatment of CVD, optimizing the prevention of acute myocardial infarction (AMI), improved quality of life and delay death. Likewise, surgical intervention is the treatment of degenerative rheumatic valvular heart disease[2,3]. However, cardiac surgery is a complex procedure that carries significant implications, both organic, and changes the patient's physiological mechanism, resulting in a higher incidence of complications that tend to significantly decrease the potential for recovery[4]. Moreover, physiotherapy participates in the process of cardiac rehabilitation, pre and postoperative cardiac surgery, to contribute significantly to better prognosis, acting in the preoperative period with techniques aimed at the prevention and minimization of pulmonary complications, and in the postoperative period, with hygiene maneuvers and pulmonary expansion, to contribute on reducing the effects of time spent in bed and decrease the length of hospital stay[5,6].

  Thus, cardiac surgery requires the work of a multidisciplinary team, and the physiotherapist is one of the professionals involved and of great importance in the rehabilitation process. According to the Guidelines for Cardiopulmonary and Metabolic Rehabilitation[7] cardiac rehabilitation should take place in phases. Phase 1 applies to inpatients, being the first step toward an active and productive life, which should predominate the combination of low-intensity exercise, techniques for stress management and education programs in relation to risk factors. The program aims at this stage that the patient is discharged with the best possible physical and psychological conditions, with all the possible information regarding healthy lifestyle.

  Phase 2 starts after discharge and lasts three to six months, during this period the exercise program is individualized in terms of intensity, duration, frequency, type of training and progression, as well as constant monitoring, aiming to return to social and professional activities. The third phase lasts 6 to 24 months and may or may not be following the previous phase. The improvement of the physical condition is the main purpose, as well as improved quality of life. The phase 4, following long-term programs, with the main objective of increasing and maintaining physical fitness. Activities are not necessarily supervised and should adequate time availability for the maintenance of physical exercise program and preference for recreational sporting activities. In this study, we discuss the phase I of cardiac rehabilitation in patients in the postoperative period (PO) of cardiac surgery.

  In the Literature it becomes clear protocols for cardiac rehabilitation during hospitalization deficit. There are protocols that demonstrate a progression in which individuals go through stages (steps) that evolve according to their recovery[8,9] and others as a daily rehabilitation, adopting different therapeutic strategies in PO, both in cardiac rehabilitation after acute myocardial infarction as in the postoperative period of cardiac surgery[10,11]. An example for postoperative care of cardiac surgery is proposed by Umeda[8] protocol that works as developing global Steps exercises, daily progression involving large muscle groups and stretches developed in 5 days.

  Other authors have also highlighted in phase I cardiac rehabilitation in other cardiac pathologies and similar to the postoperative cardiac surgical actions. The protocol Babu et al.[11] worked with three levels of evolution and with lower intensity exercise during five days. In rehabilitation in post-AMI, Regenga[9] adapted its protocol from the Emory University School of Medicine, occurring progression of 7 Steps to simultaneous work of motor and respiratory therapy.

  Currently, studies bring the effectiveness of physiotherapy techniques in phase I in the Literature, cardiac rehabilitation individualized[10] having so few studies that are directed to protocols with progression to hospital discharge in cardiac rehabilitation in postoperative cardiac surgery[8,9]. Thus, the physiotherapy team, along with staff health professionals of the Heart Institute of the Hospital de Caridade de Ijuí (General Hospital of IV status), cardiology reference in the countryside of the State of Rio Grande do Sul, by the occasion of the opening service of cardiac surgery and cardiac rehabilitation process chose to adapt the Regenga[9] protocol. This protocol is intended for patients after acute myocardial infarction[9] and adapted by the team to be performed in patients in the postoperative period of cardiac surgery. The adoption of a protocol ensured that the team could standardize care among professionals and conduct the registration of a comprehensive and systematic way activity. Therefore, the aim of this study was to analyze the adapted protocol for cardiac rehabilitation in physical therapy during the postoperative hospital stay (PO) of cardiac surgery in a service of high complexity, prevalence and complications in aspects of mortality and hospitalization days.

   

  METHODS

  Study of cross observational, retrospective and analytical form, approved by the Ethics Research Committee of the Regional University of the Northwestern of Rio Grande do Sul, - UNIJUÍ under Opinion No. 201 602, and it is in accordance with the Guidelines and Standards Regulating Research Involving Human beings, according to the Resolution of the National Health Council (CNS) No. 466/2012.

  Data collection was conducted through research into patient charts, so it does not have any risk of damage, being subject to the secrecy of information. A total of 111 records analyzed, 12 were eliminated from the sample because they belonged to individuals who died more than a year before the data collection, and they were in a position to inactive file or by not reporting on the program of Steps in hospital rehabilitation. It is the sample of 99 patients undergoing heart bypass surgery (CABG) or heart valve replacement (HVR), in the Cardiology Institute of Hospital de Caridade de Ijuí, Brazil (General Hospital of status IV from the Northwest of Rio Grande do Sul). Data were analyzed from April to September 2012.

  Through an analysis of patient records, data collection was performed using a specifically designed form for this purpose, containing the variables for identifying individuals, clinical variables: family history of cardiovascular disease (CVD), hypertension (SAH) diabetes mellitus (DM), dyslipidemia, smoking, physical inactivity and stress and comorbid conditions: acute myocardial infarction (AMI), chronic obstructive pulmonary disease (COPD) and surgical history. The analyzed variables were intraoperative time of surgical procedure, duration of cardiopulmonary bypass (CPB) time, aortic clamping, recovery rate (spontaneous or shock) and type of drain used. In the postoperative period, the variables analyzed were duration of mechanical ventilation (MV), length of stay in the coronary care unit (CCU), days of hospital stay and total hospital days.

  The Cardiology Institute of Hospital de Caridade de Ijuí opened its cardiology unit in 2010 and since its inception, the physiotherapy team entered in the cardiac rehabilitation in order to prevent and minimize pulmonary complications, reduce the effects of time spent in bed and shorten hospitalization. Thus, physical therapy along with the team of professionals, adopted and adapted a cardiac rehabilitation program through steps (Chart 1) from the protocol of cardiac rehabilitation after myocardial infarction[9]. The protocol is composed of seven progressive stages, with low intensity activities starting at 2 METs and reaching around 4 METs in the last step. It begins with early mobilization, followed by sedestation and active assisted or free standing position.
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  The progression of the intensity is made individually, following the program steps in which each Step is equivalent to a set of exercises at an intensity and repetition, wherein the energy consumption of each group are related in accordance with oxygen consumption required by the body for the task. The physiotherapist opted by Step after performing the assessment to the bedside, observing the general condition of the patient and performed the medical record entries. By the time the analysis was performed physiotherapy twice a day. The adoption of this protocol by physiotherapy was performed at the time the service began and professionals performed the standardization of care, as well as a detailed record of the protocol in the medical record. This allowed the holding of a protocol analysis of cardiac rehabilitation, as well as it was possible to verify the postoperative complications, mortality and length of hospital stay in postoperative cardiac surgery. It is noted that the present study performed the analysis for a range of time of application.

  Data were stored and analyzed using the Statistical Package for Social Sciences (SPSS, version 18.0) software. The variables were presented as absolute and relative, average, standard deviation and percentage frequencies.

   

  RESULTS

  The study consisted of 99 patients undergoing cardiac surgery, with an average age of 59.7±10.3 years, 60 (60.6%) were male and 39 (39.4%) were female. The predominant type of surgery was CABG (53.5%), followed by aortic valve replacement (22.2%), mitral valve replacement (11.1%), exchange of pulmonary valve (1.0%), CRM associated with aortic valve replacement (3.0%), CRM associated with mitral valve replacement (1.0) and aortic valve replacement associated with mitral valve (7.1%), aortic valve replacement associated with pulmonary (1.0%).

  The presence of cardiovascular risk factors and comorbidities have a high prevalence of cardiac patients. Thus, it is observed that family history (67.7%), hypertension (65.7%), physical inactivity (55.6%) and history of smoking (49.5%) are the most occurring in this sample. Among the comorbidities, AMI (32.3%) was more prevalent followed by several surgical history (23.2%) and chronic obstructive pulmonary disease (4.0%).

  Table 1 shows the analysis of intraoperative and postoperative factors of patients undergoing cardiac surgery. It is observed in most patients that the recovery rate was spontaneous, ejection fraction was above 55%, average duration of mechanical ventilation was three times greater than the time of cardiac surgery, most did not require blood transfusion and when it did, it was through erythrocytes. On average it is two days in the ICU and three to four days in the room, with an average of six days in hospital. The PO mortality had a higher percentage in hospital and two years compared to 30 days after hospital discharge.
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  To facilitate analysis, the complications of PO were divided into seven groups, they are the neurological complications (psychomotor agitation, confusion and syncope), cardiovascular complications (hypotension, tachycardia and cardiogenic shock), respiratory (hemoptysis, pleural effusion, pleural fistula, pneumothorax, atelectasis, and reintubation), vascular complications (ischemia and bleeding); hemodynamic complications (bleeding and thrombocytopenia), gastrointestinal complications (nausea and vomiting), renal (aerodynamics evaluation and oliguria).

  Respiratory complications such as atelectasis and pleural effusion in small proportions were found in 100% of patients after surgery. Table 2 shows all the complications that occurred in each PO, and hemodynamic and respiratory complications were the most prevalent. Complications occur in about 36-42 % between the immediate postoperative periods, until the second postoperative day. The discharge started from the fifth to the seventh postoperative day, 80.2% of patients were sent home, while 17 still remaining hospitalized (17.7%).
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  Table 3 describes the steps performed on each postoperative day. It is observed that by each passing day, the patients were progressing in achieving Steps, and the step most used during the rehabilitation phase I, it was the Step 3. In the analysis of the implementation of the step, at each postoperative day, most of the time: the PO immediately was step 1, on the first postoperative day step 1 and 2, in the second and third PO the step 2 and 3, the fourth, fifth, sixth and seventh PO the step 3 and 4; and some patients already managed to evolve step 5 and 6 from the fourth postoperative day. Most patients were discharged on postoperative day 5. Each postoperative day, starting from the first postoperative day, on average 3.4% of patients did not undergo physiotherapy for being unable or refusing to perform such activity. Seventeen patients remained hospitalized.
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  Seventeen patients were hospitalized for a prolonged period of eight days or more, and of these, ten were male and seven females. We performed a comparison between the overall average values of the sample (99 patients) with the values of these patients (17 patients) who were hospitalized for eight days or longer. The results were respectively for the following variables: duration of MV (654.46±312.48 and 734.53±313.611 min); hospitalization time in CCU (61.69±26.86 and 97.47±41.25 hours), stay in the room (90.43±50.08 and 139.76±65.85 hours), and total length of stay of patients (151.23±51.73 and 238.59±63.19 hours). The death rate of the patients who remained for a long time was 2 patients (11.8%) from 30 days to a year after the PO.

   

  DISCUSSION

  Over the years, cardiac rehabilitation programs have been evolving and gaining in importance as a result of their social relevance and effectiveness in the rehabilitation of patients[12]. Although the benefits of cardiac rehabilitation for patients who underwent CABG, HVR are known[13], still require larger scale studies, especially in phase I.

  The cardiac rehabilitation programs aim at physical, social and psychological improvement of the individuals, and studies show the reduction of anxiety and depression[14], beyond patients expressing who believe in physical therapy as a possibility of improved health status[15]. At this hospital physiotherapy rehabilitation phase aims to avoid the negative effects of prolonged bed rest, stimulates a fast return to daily activities, maintains functional capacity, develops the patient's confidence, reduces the psychological impact (such as anxiety and depression), maximizes chance of early discharge and provides the basis for a home program[9]. In the hospital, physiotherapy also acts preoperatively, aiding the team in the instruction and guidance of ventilatory physiotherapy exercises and pre -operative hospital routines, which leads to reduced levels of anxiety in these patients[16].

  Several studies have been done showing the effectiveness of cardiac rehabilitation as Herdy et al.[6], adopted the procedures of Phase I with breathing exercises, Stein et al.[17] using EPAP mask, bronchial hygiene, progressive walking and calistemic exercises. Hirschhorn et al.[18] with physiotherapy and moderate walking and Ferreira et al.[19] with incentive therapy associated with expiratory positive airway pressure. Although the therapy is effective, there is still need for more studies showing the scientific evidence for most physiotherapy techniques[20]. There are questions about the cardiac rehabilitation protocols applied during the in-hospital phase (phase I) presenting subjectiveness, and its results were contested when evaluated considering that they must follow the three basic principles of exercise prescription: specificity, overload and reversibility[21].

  This study performed an analysis of a protocol for cardiac rehabilitation AMI[9] patients, it was adapted for patients in postoperative cardiac surgery which proposes the progression to exercise through stages, individualized treatment because selection step is performed and executed after evaluating the bedside. They follow a pattern of evolution 2-4 MET from the beginning of rehabilitation until discharge. The use of specific protocols for patients receiving postoperative cardiac surgery physiotherapy services, since there is a standardization of the adoption of procedures for patients and also their attention to evaluate the effectiveness of their procedures. A simple evolution of the physical therapy procedures that are performed in the records does not guarantee this, as well as the loss of information, they are not standardized and there is an adoption of the techniques performed in ways of measuring the same qualification. But unfortunately this is the adoption by most physical therapy services during hospitalization.

  The role of physiotherapy in rehabilitation Phase I, according Herdy et al.[6] leads to a reduced rate of postoperative complications (reducing the incidence of pleural effusion, atelectasis, pneumonia, and atrial fibrillation). The analysis of this study revealed that the most frequent complications were also hemodynamic and respiratory, and these were also the complications that increased the length of stay in the intensive care unit due to cardiac surgery, according to Lazio et al.[22]. It is noteworthy that most of these complications occurred until the third postoperative day. Physiotherapy also provides a shorter hospital stay[6]. The hospitalization was 151.23 hours, in other words, the majority was discharged on the fifth postoperative day, and this average hospital stay was lower than that found in other studies as Fernandes et al.[23]. This analysis of hospital stay shows that the role of physiotherapy is important in the health service for these patients while minimizing the costs of hospitalization. A literature review[5] showed that the preoperative therapy reduces postoperative pulmonary complications (atelectasis and pneumonia) and decreases the length of hospitalization in patients after elective cardiac surgery. But it also noted that there is a gap of evidence on the role of physiotherapy in reducing preoperative pneumothorax, prolonged mechanical ventilation or mortality from all causes.

  During the protocol analysis, we found out that by each passing day, patients are evolving in achieving the Steps, and the most used during the rehabilitation phase I was the Step 3. Cardiac rehabilitation through the introduction of standardized exercise protocol reduces the deleterious effects of immobility during hospitalization, allowing the professional physiotherapist inserted in the multidisciplinary team, take care of the functional health of the patient immediately after surgery. That is, the therapist guides and monitors the physical and hemodynamic parameters of the patient that is undergoing exercises after surgery. This helps to prevent the perpetuation of the myth experienced by many patients bedrest after surgery.

  In our study, two sessions of physical therapy were held daily, which is consistent with the literature in which the supervised exercise sessions are recommended at least twice a day, with an average duration of 15 to 20 minutes, including time for education and informal conversation[9]. It is worth noting that the work of therapy should be initiated in the preoperative period[24], with patient education about the work of breathing and motor to be performed before and after surgery. The protocol of this study did not include these activities, but they should be included in physiotherapy routine. Physical therapy provides early rehabilitation which allows the patient to have a social inclusion and reduced costs for the healthcare system. But still, there is need for further studies and therapeutic proposals that seek to shorten the period of hospitalization, provide the patient with early and safe social inclusion and hence lower costs for the healthcare system.

   

  CONCLUSION

  This study investigated an adapted protocol of cardiac rehabilitation in the postoperative period of cardiac surgery during hospitalization in a service of high complexity checking postoperative complications, mortality and length of hospitalization. It was observed that the most common complications were respiratory and hemodynamic, with the most of these complications occuring until the third postoperative day. Regarding the type of surgical procedure performed was the predominance of CRM and hospitalization time was 151.23 hours, and death during hospital stay was 5.1%. The step program was an important to guide the work of therapy, and the steps have been evolving over the days postoperatively until hospital discharge and the most used step during the rehabilitation phase I was the Step 3. Therefore, this program can guide evolution by physical therapy rehabilitation in patients after cardiac surgery during hospitalization. The limitation of this study lies in being a retrospective study. We suggest further studies with a prospective design and randomized clinical trials in order to show the effectiveness of cardiac rehabilitation program in postoperative cardiac surgery.
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    ABSTRACT

INTRODUCTION: Perioperative myocardial infarction adversely affects the prognosis of patients undergoing coronary artery bypass graft and its diagnosis was hampered by numerous difficulties, because the pathophysiology is different from the traditional instability atherosclerotic and the clinical difficulty to be characterized.

OBJETIVE: To identify the frequency of perioperative myocardial infarction and its outcome in patients undergoing coronary artery bypass graft.

METHODS: Retrospective cohort study performed in a tertiary hospital specialized in cardiology, from May 01, 2011 to April 30, 2012, which included all records containing coronary artery bypass graft records. To confirm the diagnosis of perioperative myocardial infarction criteria, the Third Universal Definition of Myocardial Infarction was used.

RESULTS: We analyzed 116 cases. Perioperative myocardial infarction was diagnosed in 28 patients (24.1%). Number of grafts and use and cardiopulmonary bypass time were associated with this diagnosis and the mean age was significantly higher in this group. The diagnostic criteria elevated troponin I, which was positive in 99.1% of cases regardless of diagnosis of perioperative myocardial infarction. No significant difference was found between length of hospital stay and intensive care unit in patients with and without this complication, however patients with perioperative myocardial infarction progressed with worse left ventricular function and more death cases.

CONCLUSION: The frequency of perioperative myocardial infarction found in this study was considered high and as a consequence the same observed average higher troponin I, more cases of worsening left ventricular function and death.

Descriptors: Myocardial Infarction. Myocardial Revascularization. Postoperative Complications. Troponin I.



 


RESUMO

INTRODUÇÃO: O infarto do miocárdio perioperatório afeta negativamente o prognóstico dos pacientes submetidos à cirurgia de revascularização do miocárdio e seu diagnóstico esbarra em inúmeras dificuldades, pois a fisiopatologia é diferente da tradicional instabilidade aterosclerótica e o quadro clínico de difícil caracterização.

OBJETIVO: Identificar a frequência de infarto do miocárdio perioperatório e seu desfecho em pacientes submetidos à cirurgia de revascularização do miocárdio.

MÉTODOS: Coorte retrospectiva realizada em hospital terciário especializado em cardiologia, de 1 de maio de 2011 a 30 de abril de 2012, que incluiu todos os prontuários contendo registros de cirurgia de revascularização do miocárdio. Para confirmação diagnóstica do infarto do miocárdio perioperatório, foram utilizados os critérios da Third Universal Definition of Myocardial Infarction.

RESULTADOS: Foram analisados 116 casos. Foi diagnosticado infarto do miocárdio perioperatório em 28 pacientes (24,1%). Número de enxertos e utilização e tempo de circulação extracorpórea foram fatores associados a este diagnóstico e a média de idade foi significativamente mais elevada neste grupo. O critério diagnóstico elevação de troponina I foi positivo em 99,1% dos casos, independentemente do diagnóstico de infarto do miocárdio perioperatório. Não foi encontrada diferença significativa entre tempo de internação hospitalar e em unidade de terapia intensiva nos grupos com e sem esta complicação, porém pacientes com infarto do miocárdio perioperatório evoluíram com pior função ventricular esquerda e mais casos de óbito.

CONCLUSÃO: A frequência de infarto do miocárdio perioperatório encontrada neste trabalho foi considerada alta e como consequência do mesmo observou-se média mais elevada de troponina I, mais casos de piora da função ventricular esquerda e óbito.

Descritores: Infarto do Miocárdio. Revascularização Miocárdica. Complicações Pós-Operatórias. Troponina I.



 

 

INTRODUCTION

The coronary artery bypass graft (CABG) is very frequent. It aims to relieve symptoms caused by coronary artery disease (CAD), protect the ischemic myocyte, improve ventricular function, prevent acute myocardial infarction (AMI) and prolong life as well as its quality[1].

In the last three decades, a better understanding of the pathophysiology of atherosclerotic disease and advances in technology and surgical technique, promoted the reduction of the consequent complications to CABG. It was observed that even small atherosclerotic plaques can evolve into important and limiting lesions of the coronary flow and that any board can suffer rupture and can cause an acute event. Considering the operating framework, to perform procedures without cardiopulmonary bypass (CPB) and use of arterial grafts are the most relevant contribution[1,2].

Despite these improvements, the surgical treatment of coronary disease have been performed in patients with increasingly complex lesions and with more comorbidities, which has resulted in increased incidence of postoperative complications[3].

In cardiovascular surgery, perioperative myocardial infarction (PMI) is a complication that adversely affects the prognosis of patients, and their pathophysiology may be different from the traditional instability of atherosclerotic plaque[4,5]. In general, it happens secondary to hypotension, inadequate myocardial protection during surgery, technical factors related to anastomosis and hypovolemia during procedures and in the postoperative period[3].

The diagnosis of PMI has its particularities. Its characterization may be difficult, especially in the first hours after surgery, when you cannot get the patient's report, which may be under tracheal intubation, present changes in cognition by residual anesthetic effect or confuse it with the pain generated by the chest wall incision, through drains or pericardium with ischemic pain[5].

This cohort study aims to identify the frequency of PMI and its outcome in patients undergoing CABG surgery in a hospital specialized in cardiology.

 

METHODS

This is a retrospective cohort study conducted at the Instituto Estadual de Cardiologia Aloysio de Castro (IECAC), in the city of Rio de Janeiro, developed between May 1, 2011 and April 30, 2012.

All records of medical files containing isolated or associated cardiac surgeries performed in the period described above were included.

Patients who did not have a recorded echocardiogram, and those who performed pre and postoperative electrocardiogram (ECG), preoperative troponin I and seriated on the postoperative period, and those with illegible or incomplete records were excluded from the study.

To confirm the diagnosis of PMI the following criteria were adopted: elevated troponin greater than ten times the 99th percentile in patients with normal baseline; associating to a new pathological Q wave or new left bundle branch block (LBBB) on ECG or coronary angiography showing occluded graft or native vessel or image test showing loss of viable myocardium or new abnormal segmental movement[6]. Paradoxical septal motion on echocardiography was not considered an element belonging to the previous criteria as it happens after cardiac surgery without necessarily being secondary to ischemic response[7].

The test used to determine the level of troponin I in serum or plasma was VIDAS® Ultra Troponin I (TNIU) by ELFA technique (EnzymeLinked Fluorescent Assay). The value was considered normal when less than 0.01 µg/L (as bull test)[8]. The dosage, for all patients, was performed before CABG (basal troponin) at the time of admission at the intensive care unit, 12 and 24 hours after the procedure.

The results of echocardiographic studies used for the analysis of global and segmental function of the left ventricle (LV), performed at times by different and experienced examiners, were transferred to individual spreadsheets and divided into seventeen segments, as requested by the Comittee of Cardiological Images from the Council on Clinical Cardiology of the American Heart Association[9]. The left ventricle ejection fraction (LVEF) was considered normal if greater than 55% and abnormal when between 54 and 45% (mild dysfunction), between 44 and 30% (moderate dysfunction) and less than 30% (severe dysfunction) according to the Guidelines recommendations for quantifying cardiac chambers[10].

All patients underwent surgical treatment with a technique involving median sternotomy transsternal. CPB was performed with moderate core hypothermia (32˚C-34˚C) and myocardial protection was established by means of hypothermic blood cardioplegia (4˚C), infused into the aortic root or directly into the coronary sinus. All patients received a balanced closed loop absorber veno inhalationed general anesthesia, with CO2 (Soda Lime) absorber and mechanical ventilation. The inhalational agent isoflurane with 50% oxygen mixed with nitrous oxide was used as an inhaler agent. As venous drugs, the hipnotics etomidate and midazolam; as opiod, fentanyl; and as muscle relaxant, pancuronium bromide were used[11].

This study was approved by the IECAC Research Ethics Committee, registered in Brazil under the Platform number 0328411112.0.0000.5265.

Data were stored and analyzed using Epi Info™ version 3.5.3 program. It was used the Fisher exact test to demonstrate association between qualitative variables and the Kruskal-Wallis test to compare the means. They were considered statistically significant when P<0.05.

 

RESULTS

A hundred and thirty-eight CABG procedures were listed in the medical files, 22 of which were excluded, one by treating it exclusively of valve surgery, 10 due to incomplete records and 11 records were not located, with a final sample comprised of 116 cases.

PMI was diagnosed in 28 (24.1%) patients and the variable mean age was significantly higher in this group. The overall profile of the sample, separated by groups (with and without PMI) and its epidemiological characteristics, are in Table 1.
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The reoperation occurred in one patient and he did not receive a diagnosis of PMI.

The number of grafts, usage and CPB time were factors associated with a diagnosis of PMI. However, incomplete revascularization, emergency surgery, cardiac surgery associated, type of coronary lesion, surgical time and length of clamping (CLAMP) of the aorta were similar between groups (Table 2).
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A new Q wave on the electrocardiogram was observed in 11 cases (9.5%) and LBBB in 10 (8.6%). The paradoxical interventricular septum movement was reported in 25% of echocardiograms performed after CABG.

In the comparison between the groups with and without a diagnosis of PMI, no significant difference was found regarding the hospitalization time and intensive care unit after CABG (Table 3).


  

    [image: Table 3. Variables related to perioperative myocardial infarction.]


The elevation of the troponin I level above ten times the 99th percentile was demonstrated in 99.1% of the measurements performed after CABG. Their levels were significantly higher in patients undergoing surgery with CPB (P<0.00) and in those who died (P=0.01). Mean troponin I in patients who died was 11.3 µg/L and those who survived 2.9µg/L. When analyzing the mean troponin I in the group with and without PMI, it was found 1.1µg/L in the former and 7.4 µg/L in the latter.

Amongst the complications related to the PMI, we can name five degree atrioventricular blocks, a mural thrombus in LV and a vascular ischemic brain (associated with carotid endarterectomy combined with CABG), without any statistical significance. Signs of low cardiac output requiring intra-aortic balloon pump were observed in three cases, two (7.1%) in a group with PMI and one (1.1%) in the group without PMI (Table 3).

All deaths (3; 10.7%) occurred in the group with PMI, making this a significant finding (P=0.01) compared to patients without this complication.

 

DISCUSSION

The epidemiological characteristics of age and gender were similar to those described by Mohammed et al.[12]. According to Houlind et al.[13], age is an independent factor of serious complications after CABG, which is in agreement with the data of this study, once we found significantly higher age in the group with PMI.

In this cohort the prevalence of hypertension and diabetes was high, as well as that described by Jagger et al.[14]. Mohammed et al.[12] described in their study fewer smokers and more dyslipidemia regarding the data from this sample.

This study found 24.1% of PMI, above the value found by Jagger et al.[14]- 14%; and by Díaz Arrieta et al.[5]- 15%; but within 2 to 30% in the literature. This difference can be attributed to different criteria used in the diagnosis, as quoted by Díaz Arrieta et al.[5].

The average length of hospitalization of patients in this work contributed negatively to the means of the county and state of Rio de Janeiro (Table 4)[15]. This greater permanence can be explained, at least partially, by the fact that IECAC have undergone renovations in June and July 2011, during which there was a CABG per month, a very small number when compared to the 11.4 procedures done in the months in which there was not this impediment.
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Mohammed et al.[12] reported that after CABG, 98% of patients had elevation more than 10 times the 99 percentile of troponin T, a fact that made them question the value arbitrarily assigned to this criterion for diagnosis of PMI. In the present study, while dosing troponin I, the same data was reproduced by finding these levels in 99.1% of the revascularized patients.

The high levels in the CABG postoperative troponin do not always represent myocardial ischemia and may be caused by mechanical damage related to the procedure. However, it is known that its levels are linearly related to worse prognosis[16]. In this study's sample, the mean serica dosage of troponin, both the PMI group and for the group that evolved to death, was significantly higher. There is evidence in the literature that biomarkers are significantly higher in surgery with CPB[6,17], and it is consistent with that found in this research.

It is estimated that about 25% of CABG in the United States do not use CPB, value above the one found in this sample (13.8%)[17]. Evidences show that patients operated with CPB have a higher incidence of this complication and IMP is also directly related to the duration of CPB[14,18]. These findings were also obtained in this research.

In the sample analyzed, when compared the anatomical alterations, it was found that both the three-vessel disease (significantly more common in the group with PMI) as the disease of the left main coronary artery (LMCA) are not independent predictors of PMI. However, it could be argued that injury in LMCA is related to the higher prevalence of PMI[14].

It may be noted that in this study there was a direct relationship between high number of grafts and the prevalence of PMI, a correlation previously reported by other authors[14]. This fact can be justified by a direct trauma to the myocardium, heart manipulation and surgical time, factors that may be related to myocardial injury and necrosis after CABG[6].

According to Pomerantzeff et al.[18], PMI is more common in patients who did not undergo elective surgery, unlike the data analyzed in this study, where this diagnosis was proportionately lower.

Despite being reported a higher incidence of PMI in CABG combined with other cardiac surgery[19], this association was not found in this study.

The incomplete revascularization was not significantly more common in the group with PMI, opposing the findings by Pomerantzeff et al.[18].

As reported by López Mora & Fiscal López[3], it was observed in this study that developed heart failure in post CABG is related to the PMI.

Brick et al.[1] reported increased risk of death in patients with PMI. In this study, death was significantly more prevalent in the group with this complication.

Concerning the mortality rate, at the IECAC it was 2,5%, what positively stands out in comparison to the municipal and state rates, that have approximately three times higher indices (Table 4).

The retrospective study has limitations such as the inability to standardize the echocardiographic analysis and loss of patients due to lack of data in the medical records. Despite of the inclusion of patients with procedures associated with CRM having the potential to contaminate the sample, it was thought to observe whether these cases were associated with the outcome of CABG.

 

CONCLUSION

The frequency of PMI found in this study (24.1%) was high since, in the literature, this rate varies from 2 to 30% depending on the diagnostic criteria used.

As a consequence of PMI it was observed that when the average of troponin is higher, more cases of worsening of the left ventricular function and death occur.
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    ABSTRACT

    INTRODUCTION: Complete denervation of transplanted heart exerts protective effect against postoperative atrial fibrillation; various degrees of autonomic denervation appear also after transection of ascending aorta during surgery for aortic aneurysm.

    OBJECTIVE: This study aimed to evaluate if the level of cardiac denervation obtained by resection of ascending aorta could exert any effect on postoperative atrial fibrillation incidence.

    METHODS: We retrospectively analysed the clinical records of 67 patients submitted to graft replacement of ascending aorta (group A) and 132 with aortic valve replacement (group B); all episodes of postoperative atrial fibrillation occurred during the 1-month follow-up have been reported. Heart Rate Variability parameters were obtained from a 24-h Holter recording; clinical, echocardiographic and treatment data were also evaluated.

    RESULTS: Overall, 45% of patients (group A 43%, group B 46%) presented at least one episode of postoperative atrial fibrillation. Older age (but not gender, abnormal glucose tolerance, ejection fraction, left atrial diameter) was correlated with incidence of postoperative atrial fibrillation. Only among a subgroup of patients with aortic transection and signs of greater autonomic derangement (heart rate variability parameters below the median and mean heart rate over the 75th percentile), possibly indicating more profound autonomic denervation, a lower incidence of postoperative atrial fibrillation was observed (22% vs. 54%).

    CONCLUSION: Transection of ascending aorta for repair of an aortic aneurysm did not confer any significant protective effect from postoperative atrial fibrillation in comparison to patients with intact ascending aorta. It could be speculated that a limited and heterogeneous cardiac denervation was produced by the intervention, creating an eletrophysiological substrate for the high incidence of postoperative atrial fibrillation observed.

    Descriptors: Autonomic Nervous System. Atrial Fibrillation. Aortic Aneurysm. Heart Rate.

  

   

  
    RESUMO

    INTRODUÇÃO: Denervação completa do coração transplantado exerce efeito protetor contra a fibrilação atrial no pós-operatório; vários graus de denervação autonômica aparecem também após a transecção da aorta ascendente durante a cirurgia de aneurisma da aorta.

    OBJETIVO: Este estudo teve como objetivo avaliar se o nível de denervação cardíaca obtida por ressecção da aorta ascendente poderia exercer algum efeito sobre a incidência de fibrilação atrial no pós-operatório.

    MÉTODOS: Foram analisados retrospectivamente os prontuários de 67 pacientes submetidos a enxerto de substituição de aorta torácica (grupo A) e 132 com a substituição da valva aórtica (grupo B). Foram relatados todos os episódios de fibrilação atrial pós-operatória ocorridos durante 1 mês de seguimento. Parâmetros de variabilidade da frequência cardíaca foram obtidos a partir de 24 h de gravação do Holter; dados clínicos, ecocardiográficos e de tratamento também foram avaliados.

    RESULTADOS: No geral, 45% dos pacientes (grupo A 43%, grupo B 46%) apresentaram pelo menos um episódio de fibrilação atrial no pós-operatório. Idade mais avançada (mas não gênero, tolerância à glicose anormal, fração de ejeção, diâmetro do átrio esquerdo) foi correlacionada com a incidência de fibrilação atrial pós-operatória. Apenas em um subgrupo de pacientes com transecção aórtica e sinais de maior desarranjo autonômico (parâmetros de variabilidade da frequência cardíaca abaixo da mediana e a média de frequência cardíaca acima do percentil 75), indicando possivelmente denervação autonômica mais profunda, foi observada menor incidência de fibrilação atrial pós-operatória (22% vs. 54%).

    CONCLUSÃO: Transecção da aorta ascendente para correção de um aneurisma da aorta não confere qualquer efeito protetor significativo de fibrilação atrial no pós-operatório em comparação com pacientes com aorta ascendente intacta. Pode-se especular que uma denervação cardíaca limitada e heterogênea foi produzida pela intervenção, criando um substrato eletrofisiológico para a elevada incidência de fibrilação atrial pós-operatória observada.

    Descritores: Sistema Nervoso Autônomo. Fibrilação Atrial. Aneurisma Aórtico. Frequência Cardíaca.

  

   

   

  INTRODUCTION

  Atrial fibrillation (AF) is the most common complication after cardiac surgery procedures; its incidence has been reported to range from 14 to 49% of cases after coronary artery by-pass grafting (CABG)[1] as well as after aortic or mitral valve surgery[2,3], with lower incidence after minimally invasive approach compared with median sternotomy surgery[4].

  Pre-existing electrophysiological vulnerability in the atria, injury from atrial ischemia and reperfusion, impairment of sino-atrial node function due to direct trauma to its nervous supply[5], acute atrial stretch, metabolic derangements and pericarditis are all factors that could contribute to appearance of AF in the early postoperative period[1].

  Oscillations of cardiac autonomic tone play an important role in the modulation of normal cardiac electrophysiology[6]; fluctuations of autonomic balance have been recognized to precede and accompany the development of perioperative AF (POAF) in patients undergoing cardiac and major thoracic surgery[7,8].

  In heart transplant recipients POAF is uncommon, unless in the setting of myocardial dysfunction or graft rejection; it has been supposed that in heart transplant patients a protective effect is produced by the complete cardiac autonomic denervation that derives from the intervention[9-11]. It has been demonstrated, as well, that almost total cardiac denervation occurs also after transection of ascending aorta during the switch procedure for correction of transposition of the great vessels, and that a partial denervation occurs after grafting of ascending aorta/aortic arch for type A aortic aneurysm[12-16]. If such partial denervation could exert a protective affect against POAF is not yet clear. To our best knowledge, no data are present in literature about the incidence of AF in the early post-operative period after transection of ascending aorta and its relations with the degree of HRV derangement occurring after the surgical procedure.

  The aim of this study was to evaluate if the level of cardiac denervation obtained by removal of autonomic nerves and ganglia during substitution of ascending aorta for type A aneurism (evaluated by HRV parameters) could exert any effect on the incidence of AF in the postoperative period.

   

  METHODS

  We retrospectively reviewed the clinical records of all the patients consecutively transferred to our residential cardiac rehabilitation unit (CR) in the period January 2008 - August 2013 after graft replacement of ascending aorta and after aortic valve replacement. Exclusion criteria were: pre-existing AF, heart rhythm induced by pace-maker, coexisting cardiomyopathy, incomplete data.

  For all patients, history of diabetes, haemoglobin (Hb) level and medications used were registered. To control different effects of various beta-blocker drugs on heart rate (HR), the dosages of beta-blockers were expressed as percentages of target dosage, based on data from clinical trials[17]. During the third week after intervention, patients without history of diabetes underwent an oral glucose tolerance test, in order to identify subclinical abnormalities of glucose metabolism[18].

  On the day of transferral to CR, all patients were submitted to 24-h Holter recording; cardiac autonomic function was evaluated by time-domain heart rate variability (HRV) on this recording. For the purposes of this study, mean heart rate (mean-HR), standard deviation of all normal RR intervals (SDNN) and standard deviation of the 5-min average of normal RR intervals (SDANN) have been considered.

  During the whole hospitalization in cardiac surgery and during at least the first five days of CR, all patients were maintained under continuous telemetry monitoring; all episodes of AF have been recorded.

  Left ventricle ejection fraction (LVEF) was assessed by means of two-dimensional transthoracic echocardiogram (Simpson's method in patients with good quality echo windows; area-length method in the other cases); standard atrial dimensions and volume have been recorded, however, for this study, only antero-posterior left atrial diameter has been considered (absolute length and indexed by body surface area)[19].

  Statistical analysis

  SPSS 15 Statistics Package for Social Sciences (SPSS Inc., Chicago, Illinois, USA) was used for the analysis. Descriptive statistics are expressed as mean ± standard deviation for continuous variables; categorical variables are presented as absolute values with percentages.

  Continuous variables have been evaluated by means of the Student t test for unpaired samples. Categorical variables were compared using the Pearson chi-square test ( χ2). Statistical significance was set at a probability value of 0.05.

  Univariate analysis was performed to assess the association between occurrence of POAF (dependent variable) and demographic, clinical and HRV variables; all variables with a P value <0.2 in the univariate analysis were entered into a multivariate logistic regression model, in which variables were selected by step-wise, backward elimination; a P value <0.05 was considered significant.

  Statement

  All participants were informed about the procedures they were undergoing. The usual diagnostic and follow-up routine for the CR had been applied; no special test or treatment was performed; no specific approval of the Provincial Ethics Committee was needed for the study.

   

  RESULTS

  Table 1 presents the clinical characteristics of the patients, while the main results are summarized in Table 2.
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  Among the total of 244 patients' records analysed, 45 cases had to be excluded because of the presence of exclusion criteria. A total of 199 patients were included in the present study: 67 of them belonged to Group A (50 men; age range 21-83 years) transferred to residential CR 15±11 days after surgery for graft replacement of ascending aorta; 132 patients formed the reference group (group B: 85 men; age range 29-88 years), admitted 13±9 days after aortic valve replacement without repair of ascending aorta.

  Patients in group A were on average 9 years younger than those in group B; there was a slight, but not significant, prevalence of males in group A.

  Diabetes prevalence was similar among the two groups, while abnormal glucose metabolism (AGM: diabetes + pre-diabetes) was slightly more frequent in patients of group B.

  At the time of the study, the greatest majority of patients were anaemic, with evidence of lower Hb levels in patients of group A.

  Echocardiographic LVEF showed mean values in the normal range in both groups. Left atrial antero-posterior diameter was similar among the two groups in absolute terms, however, its values resulted higher in group B when indexed by body surface area.

  Although moderately higher in group B, the percentage of patients that had undergone also simultaneous CABG or intervention on the mitral valve did not reach statistically significant difference.

  During the observation period, 45% of patients presented one or more episodes of AF, without statistical difference between the two groups.

  Multivariate analysis of age (P<0.001), mean-HR (P<0.005) and min-HR (P<0.05) recorded by the 24 h Holter, history of previous CABG or PCI (P<0.02) and present treatment with amiodarone (P<0.001) were correlated with the appearance of POAF.

  Patients who developed episodes of AF were older than those without episodes of AF (70.0±11.1 vs 61.0±14.3 years, P<0.001); patients older than the median age of 68 presented a significantly higher incidence of postoperative AF in comparison to younger cases (whole study population: 60% vs 30%, χ2 17.95, P<0.001).

  No difference was found as regards sex distribution of patients with or without episodes of AF (68% of males in both sets).

  As regards comorbidities, hypertension was equally present among patients with (77%) or without (65%) episodes of AF ( χ2 3.14, P=0.076); the presence of AGM (31% in patients with AF vs 40% in patients without AF) did not correlate with the incidence of AF, both in the whole population of the study ( χ2 1.83, P=0.176) and in the separate analysis of groups A ( χ2 0.01, P=0.907) and B ( χ2 3.09, P=0.078).

  The incidence of episodes of AF did not show correlation with the echocardiographic parameters analyzed. It was similar in patients with higher antero-posterior diameter of left atrium (diameter over the 75th percentile, >25.4 mm/m2) and in patients with smaller atria (whole population: χ2 2.48, P=0.115; group A: χ2 1.40, P=0.237; group B χ2 1.07, P=0.300). No significant difference in LVEF was found between patients that presented one or more episodes of AF (AF-yes) and those without episodes of AF (AF-no), both in group A and B (mean LVEF in group A: AF-yes 58.0±7.4, AF-no 59.2±6.6, P=0.499; mean LVEF in group B: AF-yes 56.3±6.7, AF-no 58.5±9.1, P=0.127).

  The study of cardiac autonomic function (HRV from 24-h Holter recording) showed significantly more depressed values of SDNN and SDANN (mean values <60 ms) in patients of group A than in group B, being on average around 15% lower.

  Only in a subgroup of patients of group A (transection and substitution of ascending aorta) that presented more compromised HRV parameters, the incidence of AF was significantly reduced: in cases with SDNN below the median (<59.2 ms), the incidence of AF was 22%, while it was 48% in cases with SDNN greater than median ( χ2 4.31, P=0.038). These results were confirmed also in cases with SDNN in the lowest quartile (SDNN <46.9 ms: incidence of AF 12%, vs 43% in patients with higher SDNN values, χ2 5.07, P=0.024). On the contrary, in the patients without transection of ascending aorta (group B) no difference in the incidence of AF was observed in relation to the degree of SDNN depression (for SDNN below vs over the median: 31% vs 45%, χ2 2.19, P=0.139; for SDNN lowest vs higher quartiles: 23% vs 43%, χ2 3.42, P=0.064).

  Stratifying the whole group of patients into 4 sets according to quartiles of mean-HR recorded at 24-h Holter, a slightly greater percentage of cases from group A was in the highest quartile of mean-HR (>93 bpm: group A 34%, group B 23%), but the difference was not statistically significant ( χ2 3.06, P=0.080). Only those patients of group A with mean-HR in the highest quartile presented a significantly lower incidence of AF in comparison to the remaining patients with lower mean-HR (22% vs 54%; χ2 6.62, P=0.01); no difference in incidence of AF was noted in patients of group B stratified according to quartiles of mean-HR (in patients with mean-HR >93 bpm the incidence of AF was 37% versus 49% in the remaining patients, χ2 1.42, P=0.233) .

  In patients treated with beta-blockers, the average dosages were similar between the two groups at transferral from cardiac surgery to CR; during the rehabilitation period, beta-blockers have been progressively titrated, so that at the end of the observation phase the average dosages were significantly higher than the initial ones (group A 58±28% of target, P=0.001; group B 49±29% of target, P=0.000), without differences between the two groups (P=0.089). No correlation was found between beta-blocker treatment or individual dosage and incidence of AF, both for the whole group of patients ( χ2 1.52, P=0.218) and for groups A ( χ2 0.18, P=0.674) and B ( χ2 1.49, P=0.222) separately considered. Due to episodes of AF occurred in the immediate postoperative period, one fourth of patients in both groups ( χ2 0.09, p=ns) were under treatment with amiodarone, with similar dosages of the drug. Amiodarone treatment was strictly related to previous episodes of AF ( χ2 81.968, P<0.001) even though not all cases of AF had been put on amiodarone: out of the 90 patients that presented one or more episodes of AF, 42 (47%) were on amiodarone treatment at admission to CR and 12 more patients received amiodarone during the remaining hospitalization period. Of the 109 cases without episodes of AF during the observation time, only 6 (5%) were on prophylactic treatment with amiodarone at admission to CR. Among patients treated with amiodarone that presented AF, an equal percentage of cases had undergone transection of ascending aorta or aortic valve substitution ( χ2 0.000, P=1.000).

   

  DISCUSSION

  In this study from a real world population, almost a patient every two presented one or more episodes of AF after an intervention of major cardiac surgery not primarily involving left atrium or mitral valve; such incidence of POAF is one of the most elevated reported in the literature for cardiac surgery cases[1-3]. It must be said that our patients underwent a rather long clinical observation, they have been evaluated also by a 24-h Holter and submitted to prolonged telemetry monitoring, and all episodes of AF (including asymptomatic and self-limited episodes) have been recorded.

  Comparing the whole group of patients that underwent graft substitution of ascending aorta (group A) with the group of patients in which ascending aorta was left intact (group B), no significant protective effect against POAF could be exerted by the resection of periaortic nerve terminations in the patients of group A. Knowing that fluctuations of activity of the cardiac autonomic nervous system precede the development of POAF in patients undergoing major cardiac or thoracic surgery[7,8], it could be expected that altering the autonomic tone by surgical cardiac denervation could lead to reduction of the incidence of atrial arrhythmias in the postoperative period. This was not the case in our patients; indeed, conflicting results are reported in literature with techniques that aimed to alter cardiac autonomic control, by removing the epicardial anterior fat pad[20-24] or all the nerves around the great vessels at the ventral surface of the base of the heart[25-28]. Differently from these surgical techniques, aortic transection leads to complete removal of periaortic nerves and plexuses as well as of aortic mechanical stress receptors (while nerves and plexuses surrounding venae cavae and pulmonary artery are usually left in situ). A profound cardiac autonomic denervation is hence achieved[12-15], and such level of denervation alters the sympatho-vagal balance in the heart and could exert major influence on atrial electrical properties and susceptibility to fibrillate[29,30].

  While in our patients of group A no reduction of POAF is apparent compared to group B, the situation is somehow different in a subgroup of them. A significantly lower incidence of AF (22% vs 54%) was observed in a minority of cases from the group of aortic transection, that seemingly experienced a more advanced autonomic derangement after resection of ascending aorta: this is the subgroup of group A patients with more altered HRV parameters (SDNN below median; mean-HR over the 75th percentile). If the more depressed HRV parameters in this subgroup express a more extensive surgical denervation is unknown. In any manner, no significant reduction of incidence of AF (37% vs. 49%) was observed in the subgroup of patients from group B that also presented a similarly marked depression of HRV parameters. This observation could support the hypothesis that the possible protective factor against appearance of AF is not the level of postoperative depression of HRV parameters by itself (expression of the autonomic derangement usually present after cardiac surgery and attributable to a variety of mechanisms)[31,32], but an advanced autonomic blockade obtained by extensive heart denervation (as after resection of ascending aorta). This situation somehow resembles the protective effect given by the marked denervation-dysautonomia that occurs after heart transplant. It must be in some way acknowledged that the small number of cases in the subgroups could leave the doubt that the results could simply be an effect of chance.

  We must also remember that when cardiac autonomic nervous system is irregularly altered by surgical intervention, or only a partial or patchy cardiac autonomic denervation is achieved (as it could have been the case in some of our group A patients), no protection against episodes of postoperative AF can be expected; this consideration is based on studies that demonstrate no impact on incidence of postoperative AF from interventions (such as anterior fat pad removal) that produce only partial denervation of the heart and do not achieve the complete removal of nerve terminals observed in heart transplant. No protective effect against postoperative AF has been described also in patients after lung transplant, in which the sutures of donor's pulmonary veins to recipients left atrium lead only to incomplete heart denervation[33]. Instead of being protective, an heterogeneous autonomic denervation in most cases could have contributed to the rather high incidence of AF in both groups of our patients, through a possible irregularity in the residual innervation of the atria.

  As reported in previous studies[2,34], older patients presented a greater incidence of postoperative AF; on the contrary, no significant correlation was found with presence of diabetes or impaired glucose metabolism, or with linear measures of atrial dimensions, or left ventricular ejection fraction.

  Prophylactic administration of drugs such as amiodarone or beta-blockers have demonstrated to be effective at preventing the incidence of AF after cardiac surgery[35,36], even though not all studies were able to demonstrate that commonly used preventive agents were associated with lower rates of AF in high-risk population[37]. Our study was not aimed at verifying the effects of drugs on incidence of postoperative AF; amiodarone was administered after the first episode of postoperative AF; no correlation was found between beta-blocker treatment or individual beta-blocker dosage and incidence of AF in any of the two groups.

  Limitations of the study

  This is a retrospective study; no details were available about the surgical technique used in specific patients, and in particular if anterior fat pad had been removed or injured during aortic valve substitution (group B); even though this was the case, patients of group B did not gain any advantage in terms of incidence of postoperative AF.

  The total number of episodes of AF that occurred both in cardiac surgery and in cardiac rehabilitation has been recorded; the study did not collect data about duration of the single episodes. Although a part of patients was under treatment with amiodarone and/or beta-blockers during the study, they were equally distributed among the two groups; thus, treatment should not have influenced the results.

  A limited number of cases was studied. Nevetheless, the number of patients that underwent transection of ascending aorta in our study (67 cases; 132 controls) is not dissimilar from that of subjects submitted to anterior fat pad removal or ventral cardiac denervation in other studies (Davis et al.[20] 73 cases, 58 controls; Cummings et al.[22] 29 cases, 26 controls; Alex et al.[28] 70 cases, 70 controls; AFIST-III study[23]: 88 cases, 92 controls; Breda et al.[26] 25 cases, 25 controls); only in the study by Melo et al.[25], a greater number of cases was recruited (207 cases, 219 controls).

  HRV was not analyzed in our patients before surgery; it is already known that heart surgery leads to cardiac autonomic dysfunction, while the aim of this study was to compare influence of autonomic disturbances on POAF in two different types of heart surgery. The HRV analysis was performed on average 15 days after surgery; abnormalities of HRV persist during at least some weeks after cardiac surgery[38], so that the time of HRV study in our patients should not have affected our findings. We were unable to perform frequency domain HRV analyses, that could have allowed a more specific determination of the variations of vagal tone and of the sympatho-vagal balance. In any manner, previous studies have determined that time-domain HRV indices measured over a 24-h period are well correlated with frequency domain indices in general population[39] and in thoracic surgery patients[8].

   

  CONCLUSIONS

  A high incidence of AF was observed in the postoperative period of patients submitted to surgery of the aortic valve and ascending aorta. Transection of ascending aorta for surgical repair of an aortic aneurysm did not confer a significant protective effect towards POAF in comparison to reference patients in which ascending aorta was left intact. A reduced incidence of POAF was observed only in a minority of cases with aortic transection, that presented a probably greater autonomic denervation indicated by markedly depressed HRV parameters and elevated mean-HR; in the remaining cases, it could be hypothesized that a likely heterogeneous cardiac denervation, secondary to limited or patchy nervous lesions, may have created the electrophysiological substrate for the observed high incidence of POAF.
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    ABSTRACT

    INTRODUCTION: In spite of its importance as an experimental model, the information on the great cardiac vein in pigs is sparse.

    OBJECTIVE: To determine the morphologic characteristics of the great cardiac vein and its tributaries in pigs.

    METHODS: 120 hearts extracted from pigs destined to the slaughterhouse with stunning method were studied. This descriptive cross-over study evaluated continuous variables with T test and discrete variables with Pearsonχsquare test. A level of significance P<0.05 was used. The great cardiac vein and its tributaries were perfused with polyester resin (85% Palatal and 15% Styrene) and then subjected to potassium hydroxide infusion to release the subepicardial fat. Calibers were measured, and trajectories and relations with adjacent arterial structures were evaluated.

    RESULTS: The origin of the great cardiac vein was observed at the heart apex in 91 (76%) hearts. The arterio-venous trigone was present in 117 (97.5%) specimens, corresponding to the open expression in its lower segment and to the closed expression in the upper segment in the majority of the cases (65%). The caliber of the great cardiac vein at the upper segment of the paraconal interventricular sulcus was 3.73±0.79 mm. An anastomosis between the great cardiac vein and the middle cardiac vein was found in 59 (49%) specimens.

    CONCLUSION: The morphological and biometric characteristics of the great cardiac vein and its tributaries had not been reported in prior studies, and due to their similitude with those of the human heart, allows us to propose the pig model for procedural and hemodynamic applications.

    Descriptors: Cardiovascular System. Models, Cardiovascular. Heart/anatomy & histology. Coronary Disease.

  

   

  
    RESUMO

    INTRODUÇÃO: Apesar de sua importância como um modelo experimental, a informação sobre a grande veia cardíaca em suínos é esparsa.

    OBJETIVO: Determinar as características morfológicas da grande veia cardíaca e suas tributárias em suínos.

    MÉTODOS: Foram estudados 120 corações extraídos de suínos destinados para o matadouro com método de atordoamento. Este estudo descritivo cross-over avaliou variáveis contínuas com teste T e variáveis discretas com testeχquadrado de Pearson. O nível de significância P<0,05 foi usado. A grande veia cardíaca e suas tributárias foram perfundidas com resina de poliéster (85% palatal e estireno de 15%) e, em seguida, submetidas à infusão de hidróxido de potássio para remover a gordura subepicardal. Os calibres foram medidos e trajetórias e relações com estruturas arteriais adjacentes foram avaliadas.

    RESULTADOS: A origem da grande veia cardíaca foi observada no ápice do coração em 91 (76%) espécimes. O trígono arteriovenoso estava presente em 117 (97,5%) espécimes, correspondente à expressão aberta no seu segmento inferior e para a expressão fechada no segmento superior na maioria dos casos (65%). O calibre da grande veia cardíaca no segmento superior do sulco interventricular paraconal foi de 3,73±0,79 mm. Uma anastomose entre a grande veia cardíaca e da veia cardíaca média foi encontrada em 59 (49%) espécimes.

    CONCLUSÃO: As características morfológicas e biométricas da grande veia cardíaca e suas tributárias não haviam sido relatadas em estudos anteriores e, devido à sua semelhança com as do coração humano, nos permite propor o modelo porcino para procedimentos e aplicações hemodinâmicas.

    Descritores: Sistema Cardiovascular. Modelos Cardiovasculares. Coração/anatomia & histologia. Doença das Coronárias.

  

   

   

  INTRODUCTION

  Since prior studies have indicated few morphological differences between pigs and humans and since the information available on the venous drainage of the heart is poor, these anatomic characteristics of the pig need to be enriched. The few works conducted on this subject have made vary basic descriptions and have used a limited number of specimens, so the statistic robustness of their findings is debatable[1-3].

  The great cardiac vein (GCV) in humans drains into the coronary sinus (CS), the territories irrigated by the left coronary artery (LCA). This vein originates at the lower third of the anterior interventricular sulcus (AIS) or even at the heart apex, and continues its course along said sulcus in parallel to the anterior interventricular branch (AIB) to the upper portion of that artery[4-8]. Then it crosses to the left until it reaches the left atrioventricular sulcus (LAVS) forming the basis of the arterio-venous trigone of the heart (AVT) together with the AIB and the circumflex branch (CxB). Its trajectory is mostly superficial with respect to the artery it runs along with. After a short run through the LAVS, the GCV, receives the drainage of the left posterior veins (PLCV) and gives origin to the SC[4,5,8-15]. The configuration of the AVT of the heart has been based on its crossing or not the GCV to the AIB and the CxB, which determines closed trigones when there is a crossing, or open trigones if the vein does not cross through these arterial branches. The expression of the open AVT in its lower segment and closed AVT in the upper segment have been reported as most frequent (50-73%)[5,8,14,16].

  Knowing the cardiac vein system of the pig is useful for experimental anatomic models to train hemodynamists, cardiologists and surgeons[2,3,15,17]. The aim of this study was analyze anatomy of pig cardiac vein and discuss the similarities between these and human cardiac veins.

   

  METHODS

  This descriptive cross-over study evaluated the characteristics and main tributaries of the GCV in 120 hearts pigs of commercial breeds destined to the slaughterhouse with stunning method, with a mean age of 5 months. This study was supported by the Bioethics Committee of the Cooperative University of Colombia. The organs were subjected to an exsanguination process in a water source for 6 hours. An arciform plicature was made with silk 2.0 around the CS orifice and a number 14 catheter was installed, through which semisynthetic polyester resin was perfused (palatal GP40L to the 85%; styrene to the 15%) with mineral blue dye. Similarly, prior identification of the ostium and application of a reference point with 2.0 silk, the LCA was perfused with red-stained resin.

  Later, the hearts were subjected to a partial corrosion process with 15% potassium hydroxide (KOH) in order to remove the subepicardial fat situated on the bottom of the interventricular and atrioventricular sulci. Then, the GCV and its tributaries were dissected from their origin to their distal segment. The caliber of the GCV was measured with an electronic calibrator (Mitutoyo®), at its upper interventricular and atrio-ventricular segments and at its end. The GCV tributaries were measured at their medium and distal segments. The presence of a venous communication of the GCV with other venous branches was determined. The superficial or deep relation of the GCV with respect to the paraconal interventricular branch (PIB) was established, as well as the trajectories parallel to the right or left and the proximal or distal crossings of the GCV with respect to the PIB. The configuration of the AVT of the heart determined by the relation of the GCV with the branches of the LCA, PIB and CxB were classified according to Pejkovic & Bogdanovic[10] criteria; as opened in its lower segment and closed in its upper segment; both lower and upper opened; both lower and upper closed; lower closed and upper opened.

  The data thus obtained were recorded in a physical matrix and were consigned in digital media using Excel tables. Photographs were taken to each one of the pieces evaluated with digital camera. Continuous variables were described with means and standard deviation, nominal variables with proportions.

   

  RESULTS

  One hundred and twenty hearts were evaluated, 101 (84.2%) of which were from male pigs and 19 (15.8%) from female pigs. The mean weight of the hearts was 375±78.12 g. The specimens were obtained from pigs with a mean weight of 90 kg and between 4 and 5 months of age. In 91 (76%) hearts the GCV originated at the heart apex and in 29 (24%) at the lower third of the sternocostal surface of the heart. This vessel showed a left parallel course with respect to the PIB in 87 (72.5%) specimens and a right parallel trajectory with distal crossing in 1 (0.8%) case (Table 1).

  
    

    [image: Table 1. Course of the great cardiac vein (GCV) with respect to the interventricular paraconal branch (PCIB), by gender.]

  

  The AVT was present in 117 (97.5%) specimens. In the cases in which it was absent, the GCV took an ascending course crossing the proximal segment of the CxB, going then to the left of the ascending aorta, and finally draining into the right atrium above the outlet of the CS (2.5%). In these 3 cases the CS received the drainage of the left marginal vein (LMV), of the PLCV and the middle cardiac vein (MCV) (Figure 1).

  
    

    [image: Fig. 1 - Left surface of the heart. LA=Left Atrium; LV=Left Ventricle; RV=Right Ventricle; GCV=Great cardiac vein draining directly into the right atrium; PIB=Paraconal interventricular branch; CxB=Circumflex branch]

  

  An open configuration of the AVT at the lower portion and closed at the upper portion was observed in 76 (65%) cases (Figure 2); closed in both its lower and upper segments in 20 (17%) especimens (Figure 3); open in its lower and upper portions in 15 (13%) hearts (Figure 4), and closed at its lower portion and open at its upper portion in 6 (5%) specimens (Figure 5).

  
    

    [image: Fig. 2 - Left surface of the heart. LA=Left Atrium; LV=Left Ventricle; RV=Right Ventricle; GCV=Great cardiac vein; PIB=Paraconal interventricular branch; CxB=Circumflex branch; (*)=Arteriovenous triangle, open at the lower end and closed at the top]

  

  
    

    [image: Fig. 3 - Left surface of the heart. LA=Left Atrium; LV=Left Ventricle; RV=Right Ventricle; GCV=Great cardiac vein. PIB: Paraconal interventricular branch; CxB=Circumflex branch, LDB=Left diagonal branch; (*)=Arteriovenous triangle, closed at the lower end and top]

  

  
    

    [image: Fig. 4 - Left surface of the heart. LA=Left Atrium; LV=Left Ventricle; RV=Right Ventricle; GCV=Great cardiac vein; PIB=Paraconal interventricular branch; CxB=Circumflex branch; (*)=Arteriovenous triangle, open at the lower end and top]

  

  
    

    [image: Fig. 5 - Left surface of the heart. LA=Left Atrium; LV=Left Ventricle, RV=Right Ventricle; GCV=Great cardiac vein; PIB=Paraconal interventricular branch; CxB= Circumflex branch; (*)=Arteriovenous triangle, closed at the lower end and open at the top]

  

  The caliber of the GCV at the paraconal interventricular sulcus was 3.73±0.79 mm; at the LAVS it was 4.99±1.04 mm, and at the site of drainage into the coronary sinus was 5.3±0.98 mm. The GCV received on average the drainage of 3.5 right anterior ventricular branches and 5.5 left anterior ventricular branches and in 99% of the cases it was superficial with respect to the PIB. A venous communication between the GCV and the MCV was found in 59 (49%) specimens (Figure 6) and with the right marginal vein (RMV) in 2 (1.5%) cases.

  
    

    [image: Fig. 6 - Venous communication between middle and great cardiac veins. LV=Left Ventricle; RV=Right Ventricle; MCV=Middle cardiac vein; GCV=Great cardiac vein; (*)=Venous communication near the apex of the heart]

  

  The PLCVs had a caliber of 1.61±0.61 mm and drained into the GCV in 58% of the cases, and into the CS in 42% (Figure 7). One to four branches drained into each one of these structures, with a predominance of the expression of a single branch (Table 2).

  
    

    [image: Fig. 7 - Right surface of the heart. RV=Right ventricle; LV=Left ventricle; RA=Right atrium; CS=Cylindrical coronary sinus, MCV=Middle cardiac vein; CxB=Circumflex branch; GCV=Great cardiac vein; AV=Azygos vein; LPV=Left posterior vein]

  

  
    

    [image: Table 2. Number of branches of the left posterior veins (PLCV) draining into the great cardiac vein (GCV) or the coronary sinus (CS).]

  

  The LMV was originated at the heart apex in 54 (46%) specimens, and at the middle third of the obtuse edge of the heart in 30%; whereas in 16 (14%) hearts this structure was originated at the lower third and was very short, having its origin at the upper third in 12 (10%) cases. The LMV drained into the distal segment of the GCV in 116 (97%) specimens and into the proximal segment of the CS in 3 (2.5%) specimens; in one case it drained into an anterior ventricular branch (0.5%). The mean caliber of the LMV was 1.53±0.51 mm and the distal caliber was 2.61±0.75 mm.

   

  DISCUSSION

  There are no data from pigs on the caliber and length of the GCV; most prior studies have only limited to describe its qualitative characteristics[1,2]. With respect to the GCV originating mostly at the heart apex, our findings are consistent with reports in humans, but while the frequency in our series is of 76%, in humans it has been reported in a range of 27-57.4%[6,8,18,19]. In 24% of the cases the GCV originated at the lower third of the paraconal interventricular sulcus coinciding with some studies in humans[6,19]. Some other authors have reported the origin of the GCV at this level with a greater frequency, within a range of 57-74%[5,9,11]. When this anatomic expression occurs, the venous drainage is compensated with the finding of a long MCV originating at the lower third of the anterior ventricular surface.

  The location of the GCV to the left of the PIB of the LCA observed in our series in 93% of the specimens exceeds what has been reported in humans[8], with this characteristic being determinant for the high percentage of open forms of the lower segment of the AVT. The characterization of the trajectory of the GCV in parallel to the PIB, together with the proximal or distal crossings of the vein over the artery where it runs along with, is new information on anatomy of the GCV in pigs and are useful for procedures using this animal model.

  In our study a few specimens of the GCV ran along the PIB until the vicinity to the point of division of the LCA, without giving place to the formation of the cardiac AVT as classically described. The high incidence of the AVT in our series (97.5%) is considerably greater than that reported in humans (59-80%)[5,8,11,12,16,20]. The absence of an AVT could hamper the pass of electrodes during radiofrequency ablation procedures utilized for the management of heart failure due to foci of arrhythmia[9]. Similarly, our findings are consistent with those reported in human heartsindicating an open expression of the TAV inferiorly as the most frequent, although the frequency observed in our sample was slightly higher (65%)[5,8,16]. In our series the incidence of the open form of the upper and lower segments of cardiac AVT (13%) was similar to the study by Ortale et al.[5], and slightly higher than the reports by other authors[8,16].

  In humans the superficial location of the GCV with respect to the AIB of the LCA has been reported within a range of between 60-85%, consistent with our findings where the vein runs superficially to the PIB, but its frequency (99%) is superior to what has been reported in humans[8,9,11,12]. This situation in humans has been considered relevant because in the presence of occlusive coronary heart disease cases where the GCV runs deeply in the AVT this vessel could be compressed by rigid arteries that would alter the venous return of the heart and would worsen the disease[16,20].

  The mean calibers of the GCV found in our study at the interventricular sulcus and at the distal segment (3.73 mm and 5.3 mm, respectively), are consistent with the majority of the reports from studies in humans[4,9,16,21,22].

  The venous communication found between the GCV and the MCV at the heart apex (49%) in our study, is considerably more numerous than those reported in humans indicating ranges between 15-34%[5,8,9,11,14,16]. Melo et al.[4], in a study conducted in humans, reported venous communication of these veins in 90% of the cases, although they do not discriminate where these venous communication occurred. This morphological characteristic has been considered as protective because in certain pathophysiologic conditions allow to attenuate or prolong the history of the cardiovascular disease by providing alternative routes for venous drainage[8].

  The caliber of the LMV reported in prior studies in humans[5,8,11,21] is similar to our findings (2.61 mm). Concerning the drainage of the LMV, our results are consistent with reports in humans indicating this vascular structure draining into the GCV in the majority of the cases, but there is some controversy about the frequency of its drainage into the CS, which was found in our study in 2.5%, whereas in humans it has been reported within a range of 5-19%[5,8,11]. The findings about the qualitative and morphometric characteristics of the LMV are new knowledge that had not been previously described in the literature.

  The drainage of the PLCV in the GCV had been described in humans in a range of 28-35%, whereas in our study we observed in 42% of the specimens. Similarly, our findings are consistent with those of prior studies conducted in humans, with respect to the caliber and the prevalent expression of one or two PLCV at their turn receiving small tributaries that drained the lateral and posterior surface of the left ventricle, then to drain into the GCV or into the CS[7,8,13,15]. The large variations in number of the PLCV should be taken into account for the insertion of devices in the management of arrhythmias; the absence of the lateral veins or the small number of PLCV, may virtually limit the possibility of going into the left ventricle through a venous access. The dimensions of the PLCV, have a negative correlation with its number, which leads to the high number of tributaries, the lower the accessibility with the available catheters, so that these characteristics become relevant in the practice of intravenous approaches to the heart[5,6]. Interventionist cardiologists consider that the minimum diameter of these vessels for an appropriate manipulation with an intracoronary mapping catheter should be 1.3 mm, because the diameter of the devices is 1.1 mm[3,4]. The mean caliber of the PLCV found in our series (1.61 mm) allows us to propose to the young adult pig model as a good training scenario for the application of intravenous devices through the GCV and its left posterior ventricular tributaries.

   

  CONCLUSION

  The morphological and biometric characteristics of the GCV and its tributaries in pigs had not been reported in prior studies, similitudes of GCV anatomy in pigs enable the use of pig hearts as models for surgical and hemodynamics procedures.
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    ABSTRACT

    OBJECTIVE: An unclear issue is whether gender may influence at cardiac remodeling after myocardial infarction (MI). We evaluated left ventricle remodeling in female and male rats post-MI.

    METHODS: Rats were submitted to anterior descending coronary occlusion. Echocardiographic evaluations were performed on the first and sixth week post-occlusion to determine myocardial infarction size and left ventricle systolic function (FAC, fractional area change). Pulsed Doppler was applied to analyze left ventricle diastolic function using the following parameters: E wave, A wave, E/A ratio. Two-way ANOVA was applied for comparisons, complemented by the Bonferroni test. A P<0.05 was considered significant.

    RESULTS: There were no significant differences between genders for morphometric parameters on first (MI [Female (FE): 44.0±5.0 vs. Male (MA): 42.0±3.0%]; diastolic [FE: 0.04±0.003 vs. MA: 0.037±0.005, mm/g] and systolic [FE: 0.03±0.0004 vs. MA: 0.028±0.005, mm/g] diameters of left ventricle) and sixth (MI [FE: 44.0±5.0 vs. MA: 42.0±3.0, %]; diastolic [FE: 0.043±0.01 vs. MA: 0.034±0.005, mm/g] and systolic [FE: 0.035±0.01 vs. MA: 0.027±0.005, mm/g] of LV) week. Similar findings were reported for left ventricle functional parameters on first (FAC [FE: 34.0±6.0 vs. MA: 32.0±4.0, %]; wave E [FE: 70.0±18.0 vs. MA: 73.0±14.0, cm/s]; wave A [FE: 20.0±12.0 vs. MA: 28.0±13.0, cm/s]; E/A [FE: 4.9±3.4 vs. MA: 3.3±1.8]) and sixth (FAC [FE: 29.0±7.0 vs. MA: 31.0±7.0, %]; wave E [FE: 85.0±18.0 vs. MA: 87.0±20.0, cm/s]; wave A [FE: 20.0±11.0 vs. MA: 28.0±17.0, cm/s]; E/A [FE: 6.2±4.0 vs. MA: 4.6±3.4]) week.

    CONCLUSION: Gender does not influence left ventricle remodeling post-MI in rats.

    Descriptors: Gender and Health. Myocardial Infarction. Ventricular Remodeling.

  

   

  
    RESUMO

    OBJETIVO: A influência do gênero no remodelamento cardíaco após o infarto do miocárdio é uma questão em intenso debate. Nós avaliamos o remodelamento ventricular esquerdo em ratos infartados de ambos os gêneros.

    MÉTODOS: O infarto do miocárdio foi induzido por oclusão da artéria coronária descendente anterior (fêmeas [FM]; machos [MC]). A ecocardiografia foi realizada na primeira e sexta semana pós-oclusão para determinar o tamanho do infarto do miocárdio e a função sistólica do ventricular esquerdo (mudança na área fracional [FAC]). A função diastólica derivou dos seguintes parâmetros: onda E; onda A; razão E/A. ANOVA duas vias com pós-teste de Bonferroni foi aplicado nas comparações (P<0,05).

    RESULTADOS: Todas variáveis morfométricas foram similares (P>0,05) entre os gêneros com uma (infarto do miocárdio [FM: 44,0±5,0 vs. MC: 42,0±3,0, %]; diâmetro diastólico [FM: 0,04±0,003 vs. MC: 0,037±0,005, mm/g] e sistólico [FM: 0,03±0,0004 vs. MC: 0,028±0,005, mm/g] do VE) e seis (IM [FM: 44,0±5,0 vs. MC: 42,0±3,0, %]; diâmetro diastólico [FM: 0,043±0,01 vs. MC: 0,034±0,005, mm/g] e sistólico [FM: 0,035±0,01 vs. MC: 0,027±0,005, mm/g] do ventricular esquerdo) semanas. Achado similar ocorreu para os dados funcionais com uma (FAC [FM: 34,0±6,0 vs. MC: 32,0±4,0, %]; onda E [FM: 70,0±18,0 vs. MC: 73,0±14,0, cm/s]; onda A [FM: 20,0±12,0 vs. MC: 28,0±13,0, cm/s]; E/A [FM: 4,9±3,4 vs. MC: 3,3±1,8]) e seis (FAC [FM: 29,0±7,0 vs. MC: 31,0±7,0, %]; onda E [FM: 85,0±18,0 vs. MC: 87,0±20,0, cm/s]; onda A [FM: 20,0±11,0 vs. MC: 28,0±17,0 cm/s]; E/A [FM: 6,2±4,0 vs. MC: 4,6±3,4]) semanas.

    CONCLUSÃO: O gênero não é determinante para o remodelamento ventricular esquerdo pós-infarto do miocárdio em ratos.

    Descritores: Gênero e Saúde. Infarto do Miocárdio. Remodelação Ventricular.

  

   

   

  INTRODUCTION

  Myocardial infarction (MI) is an important cause of heart failure and mortality among adults. A number of factors can determine a worsening in prognosis such as infarct expansion, hypertrophy of the non-infarcted myocardium, increased collagen deposition in the infarcted and non-infarcted areas, progressive dilatation, geometric changes in chamber shape, and eventual progression to chronic heart failure.

  It is well known that premenopausal women are less likely to develop coronary heart disease than men. Previous studies have also shown that gender can be a key factor in cardiac remodeling post-MI. Thus, studies show gender as a risk factor of unfavorable prognostic[1,2]. Although valuable, these findings cannot be considered as absolute truth. Several issues such as age heterogeneity, drug therapy, associated risk factors, and hemodynamics (e.g., pre- and afterload; blood volume) may cause difficulties in ensuring that the there is differential cardiac remodeling between genders post-MI[2,3]. Moreover, some researchers have found higher survival rates in women[4,5] while others show higher mortality in women due to higher severity of MI[6].

  Since possible gender differences in post-MI left ventricle (LV) remodeling are not clear, we conducted the current study using a rat MI model. The MI model by coronary occlusion represented a significant advance to provide accurate control of bias[7-13]. Moreover, coronary occlusion is the most commonly used experimental model to induce MI in rats and somewhat reproduces the findings in humans with cardiac decompensation[14]. We performed paired time evaluations in the LV with transthoracic echocardiography. This approach has been shown to be readily reproducible in longitudinal assessment of morphology and function of LV in rodents[15,16].

   

  METHODS

  Animal MI model

  The study was approved by the Committee on Ethics from the Federal University of São Paulo and use the "Principles of Laboratory Animal Care formulated by the National Institutes of Health (National Institutes of Health publication number 96-23, revised, 1996; http://bioethics.od.nih.gov/animals.html)". The MI was induced in three-month-old female Wistar-EPM rats weighing between 180 to 220g. The animals were housed at regular temperature (22º-24ºC) on a 12h dark/light cycle with food and water provided ad libitum. Rats were anesthetized with ketamine (50 mg/kg) plus xylazine (10 mg/kg) intraperitoneally, intubated, and ventilated with room air (rate: 90 breaths/minute; tidal volume: 2.5 ml on a Harvard rodent respirator [model 683, Harvard Apparatus Co., South Natik, MA, USA]). After thoracotomy, the MI was produced by ligation of the left descending coronary artery as previously described[17,18]. Sham surgery was performed with a similar process except the suture was tied loosely around the coronary artery. Afterward MI or Sham surgery, the rats returned to their plastic boxes and were kept under observation without any drug therapy. Survivor animals were assigned to the following groups: (1) Female sham (n=8); (2) Female MI (n=11); (3) Male sham (n=9); (4) Male MI (n=12).

  Echocardiographic measurements

  Echocardiography has been shown accurate in evaluating cardiac remodeling post-MI[16,19-20]. Echocardiographic analysis was applied on the first and sixth week post-MI. The rats were anesthetized as described above and measurements were performed using a 12-MHz transducer connected to an HP Sonos-5500 echocardiograph (Hewlett-Packard, California, USA)[11]. MI size was evaluated by transversal LV two-dimensional view on the basal, mid-transversal, and apical planes. In the diastolic phase, measurements of the endocardial perimeter (EP) and length of the infarcted segment (ISe) for each view were taken. MI size for each segment (ISi), expressed as the proportion of the LV perimeter for each view, was calculated by the following equation: ISi (%) = ISe/EP x 100. MI was defined as a segment with increased echogenicity and/or change in myocardial thickening or systolic movement.

  Only rats with large infarctions (> 40% of LV) were included for evaluation since this is the group that shows the highest severity of the disease[8]. The diastolic (DA) and systolic (SA) transverse areas of the LV were measured by two-dimensional images on the basal, middle and apical parasternal transverse planes. The final value was the arithmetic mean of the measurements of the three views. Systolic function was analyzed by the fractional area change (FAC=DA - SA/DA, %) in the three transverse planes (basal, middle, and apical). Pulsed Doppler at the LV side of the mitral valve provided the flow velocity curve to analyze the diastolic function parameters (E and A waves and E/A ratio). Echocardiographic images for cardiac effects of MI are shown in Figure 1.

  
    

    [image: Fig. 1 - Illustrative example of two-dimensional]

  

  Statistical analysis

  Data were analyzed with GraphPad Prism software 4.0 (San Diego, CA, USA) and values are expressed as mean ± S.D. The Shapiro-Wilk and Levene tests were applied to verify normal statistic distributions and error variances, respectively. To determine the effect of time and infarction on the echocardiographic parameters of respective genders, two-way analysis of variance (ANOVA) with repeated measures was performed. To evaluate the difference between genders at each respective time point, regular two-way ANOVA was performed. The Bonferroni post-hoc was carried out for all analyses and level of significance was set at 5%.

   

  RESULTS

  To characterize the MI repercussions in both genders, echocardiography analyses were taken into account over six weeks after coronary occlusion. LV morphology and function were evaluated in the first and sixth week after ischemic insult. The sham group was evaluated at the same time.

  LV morphology data are shown in Table 1. None of the evaluated parameters changed for female and male sham-operated rats during follow-up. MI size was similar between female and male rats, and we did not see expansion of MI in either gender during follow-up. Left atrium size was significantly higher in the infarcted rats regardless of gender; moreover, there was not difference in the left atrium size between female and male rats on any assessment time. There was LV dilatation with only a week post-MI; therefore, female and male rats showed a significant increase in diastolic and systolic LV diameter when comparing the first and sixth week. For all follow-ups, LV dilatation level was similar between genders. When LV diameters were indexed by body weight, LV dilation post-MI was similar comparing first to sixth week for both genders.

  
    

    [image: Table 1. Echocardiographic morphology parameters for female and male rats post-MI.]

  

  The LV performance data are shown in Table 2.

  
    

    [image: Table 2. Echocardiographic functional parameters for female and male rats post-MI.]

  

  The MI resulted in a significant reduction of LV systolic function within a week of coronary occlusion. The systolic dysfunction level was not significantly different compared to the sixth week post-MI. Our findings indicate that gender did not influence the deleterious MI effects on LV systolic function. Both genders showed significant increases in E wave in the sixth week post-MI, whereas the A wave remained unchanged. Thus, female and male rats had a restrictive LV filling pattern defined as an increased ratio of early (E) to late (A) filling velocities and rapid deceleration of the early filling wave with six weeks post-MI. There were no significant differences between genders for these parameters (Table 2).

   

  DISCUSSION

  We performed this study to evaluate if there are gender-related differences in the LV remodeling post-MI. Echocardiography serial analyses were performed including sham non-operated rats for paired comparisons. We have included in the study only animals with large infarcts, and this was based on the issue that large infarcts are representative of notable cardiac remodeling[8,21].

  The current study showed that several indicators for poor prognosis were seen with only one week of coronary occlusion[22-25]. Except for restrictive LV filling pattern (increased in the sixth week), the left atrium size, LV end-systolic and end-diastolic dimensions as well as depressed LV systolic function were increased. These findings are consistent with previous studies in rats on similar MI sizes and follow-up analysis[3].

  As the main interest was the comparison between genders, we directly compared male and female rats with similar infarction sizes. The negative effects of MI on LV morphology and function were similar for both genders. Therefore, gender was not decisive for LV remodeling post-MI. In respect to LV dilatation and systolic dysfunction, we have shown similar results to other studies[3]. On the other hand, our results do not corroborate results reported by Litwin et al.[3] in regards to restrictive LV filling pattern. Although Litwin et al.[3] showed a higher increase of E wave and E/A ratio in male rats, we have shown that there was a similar increase in these variables for both genders.

  In terms of gender as a determinant of LV remodeling after MI, the reasons for the different patterns in male and female are not clear. Better remodeling of noninfarcted regions in female than in male animals can result in lower operating chamber stiffness; thus female rats may have attenuated the development of a restrictive LV filling pattern[3]. Lines of evidence have attributed a key role for sex hormones. This is based, for example, in observations that testosterone is a potent inducer of LV hypertrophy while estradiol has an inhibitory action[26,27]. There is evidence that estrogen reduces collagen content[28,29] as well as wall stress in late MI[30]. Moreover, studies showed that estrogen may favor remodeling by preventing apoptosis[31] and increasing angiogenesis in female[32]. It is also possible that sexual hormones may indirectly regulate myocardial adaptation by vascular or endocrine effects. For example, cardiac preload or afterload may be different between males and females with MI as a result of differences in blood volume regulation, venous or arterial tone[13].

  The female rats used in this study were young adults with normal ovaries. This study was not designed to assess the role of sex hormones in post-MI LV remodeling, and we did not monitor the serum hormone changes. Although we can not exclude that there were minor effects of sex hormones on LV functional and echocardiographic parameters, our data do not support the view that the positive effects of the sexual hormones may spread for a beneficial LV remodeling in female rats with MI.

   

  CONCLUSION

  The current study had a preset end point of 6 weeks in which male and female rats showed similar morphological and functional abnormalities. Therefore, we cannot draw conclusions about gender differences in the LV remodeling post-MI. It should be noted that the rats were young adults with no atherosclerotic disorder. It is unlikely that humans would have MI at such a young age. However, this experimental model has been widely accepted in studying post-MI LV remodeling.
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    ABSTRACT

    INTRODUCTION: Previous studies have demonstrated that thymoquinone has protective effects against ischemia reperfusion injury to various organs like lungs, kidneys and liver in different experimental models.

    OBJECTIVE: We aimed to determine whether thymoquinone has favorable effects on lung, renal, heart tissues and oxidative stress in abdominal aorta ischemia-reperfusion injury.

    METHODS: Thirty rats were divided into three groups as sham (n=10), control (n=10) and thymoquinone (TQ) treatment group (n=10). Control and TQ-treatment groups underwent abdominal aorta ischemia for 45 minutes followed by a 120-min period of reperfusion. In the TQ-treatment group, thymoquinone was given 5 minutes. before reperfusion at a dose of 20 mg/kg via an intraperitoneal route. Total antioxidant capacity, total oxidative status (TOS), and oxidative stress index (OSI) in blood serum were measured and lung, kidney, and heart tissue histopathology were evaluated with light microscopy.

    RESULTS: Total oxidative status and oxidative stress index activity in blood samples were statistically higher in the control group compared to the sham and TQ-treatment groups (P<0.001 for TOS and OSI). Control group injury scores were statistically higher compared to sham and TQ-treatment groups (P<0.001 for all comparisons).

    CONCLUSION: Thymoquinone administered intraperitoneally was effective in reducing oxidative stress and histopathologic injury in an acute abdominal aorta ischemia-reperfusion rat model.

    Descriptors: Aorta, Abdominal. Ischemia-Reperfusion Injury. Oxidative Stress.

  

   

  
    RESUMO

    INTRODUÇÃO: Estudos prévios demonstraram que a timoquinona tem efeitos protetores contra a lesão de isquemia/reperfusão em vários órgãos como pulmão, rins e fígado em diferentes modelos experimentais.

    OBJETIVO: Determinar se timoquinona tem efeitos positivos em tecidos do pulmão, rim e coração e no estresse oxidativo em lesão de isquemia/perfusão da aorta abdominal.

    MÉTODOS: Trinta ratos foram divididos em três grupos: sham (n=10), controle (n=10) e tratamento com timoquinona (TQ) (n=10). Os grupos controle e de tratamento com TQ foram submetidos à isquemia da aorta abdominal durante 45 minutos, seguido por um período de 120 minutos de reperfusão. No grupo de tratamento com TQ, a timoquinona foi administrada 5 minutos antes da reperfusão, dose de 20 mg/kg através da via intraperitoneal. A capacidade total antioxidante, estado oxidativo total (TOS) e o índice de estresse oxidativo (OSI) no soro do sangue foram medidos, e a histopatologia dos tecidos do pulmão, rim e coração foram avaliados com microscopia de luz.

    RESULTADOS: Estado oxidativo e índice de estresse oxidativo total em amostras de sangue foram estatisticamente mais altos no grupo controle em relação aos grupos sham e tratamento com TQ (P<0,001 para TOS e OSI). Escores de lesões no grupo controle foram estatisticamente mais altos em relação aos grupos sham e tratamento com TQ (P<0,001 para todas as comparações).

    CONCLUSÃO: A timoquinona administrada por via intraperitoneal foi eficaz na redução do estresse oxidativo e lesão histopatológica em modelo de rato de isquemia/reperfusão aguda da aorta abdominal.

    Descritores: Aorta Abdominal. Isquemia Traumática por Reperfusão. Estresse Oxidativo.

  

   

   

  INTRODUCTION

  Acute abdominal aorta ischemia followed by reperfusion may be encountered in several clinical circumstances, such as abdominal aortic aneurysm or dissection repair, acute thromboembolism with aortic atherosclerosis, or trauma surgery being brought to the emergency room. Such clinical scenarios are associated with high mortality and morbidity rates due to a systemic inflammatory response and multiple organ dysfunction occurring during the reperfusion phase. Reperfusion of an acutely ischemic aorta may, paradoxically, lead to systemic complications that account for significant morbidity and mortality[1,2]. Overproduction of reactive oxygen species (ROS) and proinflammatory molecules and the subsequent inflammatory response is one of the most crucial underlying mechanisms[2] that initiates injury, especially in the lungs and vital organs, such as kidney and heart, with a subsequent high morbidity[1-4].

  Thymoquinone (TQ; 2-isopropyl-5-methyl-1, 4-benzoquinone), the active constituent of Nigella sativa seeds, is a pharmacologically active quinone that has been shown to have pharmacological actions, such as antibacterial[5], antihypertensive[6], antidiabetic[7], neuroprotective[8], anti-inflammatory[9] and antiapoptotic[10] as well as, in some studies, apoptotic[11,12].

  It has been reported that TQ prevents oxidative injury in various in vitro and in vivo studies[13,14]. TQ possesses strong antioxidant properties through its ability to scavenge different free radicals[15,16]. It has also been reported that TQ attenuated several organ injuries (lung, renal, hepatic) in different ischemia-reperfusion (I/R) models (renal, hepatic). However, no studies have evaluated the protective effects of TQ in an aorta I/R model[17-20].

  The purpose of this study was to determine the efficacy of TQ in preventing injury in vital organs (lung, heart and kidney) in an acute abdominal aorta ischemia-reperfusion model in rats.

   

  METHODS

  The experimental study was performed on a total of 30 three-month-old Wistar-albino rats weighing 200-250 g. All animals were maintained under standard conditions and treated in compliance with National Institutes of Health guidelines. They were housed on a 12-h dark/light cycle schedule with lights on at 06.00 h. Rats were deprived of food, though not water, for 12 hours before surgery. Experiments were done in the Harran University Experimental Research Center. The rats were randomly assigned to three experimental groups: sham operation, control (I/R; non-treated), and TQ-treated I/R. Rats were anesthetized using ketamine hydrochloride (0.2mL/100 g) in all experiments. The abdomen was explored through a midline incision after shaving and disinfection. In the sham group, only laparotomy was performed. In the control group, I/R injury was induced by clamping the aorta under renal vascular pedicles for 45 minutes, followed by 2 hours of reperfusion. In the TQ-treated I/R group, I/R injury was also induced by clamping the aorta under renal vascular pedicles for 45 minutes and TQ was given 5 minutes before reperfusion at a dose of 20 mg/kg via the intraperitoneal route, and again reperfusion was established for 2 hours. Heparin was not used due to possibility of affecting histopathological or biochemical results. At the end of the procedures, the rats were sacrificed after blood sampling, and then kidney, lung, and heart tissues were obtained from all rats.

  TQ were purchased from Sigma-Aldrich (St. Louis, MO). The purity (GC) of TQ was >98.5% as per the manufacturer's specification and was dissolved in dimethyl sulphoxide.

  Biochemical Analyses

  Measurement of Total Antioxidant Capacity

  TAC of supernatant fractions was determined using a novel automated measurement method developed by Erel[21]. Hydroxyl radicals, the most potent biological radicals, are produced in this method. In the assay, the ferrous ion solution present in Reagent 1 is mixed with hydrogen peroxide, which is present in Reagent 2. The subsequently produced radicals, such as brown-colored dianisidinyl radical cations produced by the hydroxyl radicals, are also potent radicals. Using this method, the antioxidative effect of the sample was measured against the potent-free radical reactions initiated by the produced hydroxyl radicals. The assay has excellent precision, with values lower than 3%. The results are expressed as nmolTrolox Equiv./mg protein.

  Measurement of Total Oxidant Status

  TOS of supernatant fractions was determined using a novel automated measurement method developed by Erel[22]. Oxidants present in the sample oxidize the ferrous ion-o-dianisidine complex to ferric ion. The oxidation reaction is enhanced by glycerol molecules, which are abundant in the reaction medium. The ferric ion produces a colored complex with xylenol orange in an acidic medium. The color intensity, which can be measured spectrophotometrically, is related to the total amount of oxidant molecules present in the sample. The assay was calibrated with hydrogen peroxide, and the results are expressed in terms of nmol H2O2 Equiv/mg protein.

  Oxidative Stress Index

  The percent ratio of TOS level to TAC level was defined as OSI. OSI values were calculated according to the following formula[23]:

  OSI (arbitrary unit) = TOS (nmol H2O2 Equiv/mg protein)/TAC (nmolTroloxEquiv/mg protein).

  Histopathological Evaluation

  The kidney, lung, and heart of each animal were obtained for histological evaluation. Samples of these organs were placed in formalin and embedded in wax according to standard protocols. They were subsequently sectioned at 5 µm slice thickness and stained with hematoxylin and eosin. Magnification of × 20 was used (Olympus BX51 TF, USA). Samples were then graded histologically according to the severity of injury using a predetermined scoring system[24]. The predetermined scoring system, from Solez et al.[24], included tubular necrosis, interstitial edema, loss of brush border, and cast formation, in which the score was 0 for absent; 1 for mild to moderate; and 2 for marked renal involvement. The histological parameters for lung evaluation were alveolar congestion, intra-alveolar hemorrhage, and interstitial-perivascular infiltration of neutrophils, in which the assessment score was 0 for absent; 1 for mild focal; 2 for moderate focal; and 3 for severe marked lung involvement. Interstitial edema, inflammatory cell infiltration, and coagulation necrosis were assessed for heart examination, in which the score was 0 for absent; 1 for mild focal; 2 for moderate focal; and 3 for severe marked heart involvement. Histological analysis was performed by a blinded expert.

  Statistical Analysis

  Statistical analyses were performed using SPSS 11.5 (SPSS for Windows 11.5, Chicago, IL). Continuous data are expressed as mean±SD whereas categorical variables are presented as number (count) and percentage. Distribution of continuous variables was assessed with one-sample Kolmogorov-Smirnov test and indicated that all variables were abnormally distributed. Therefore, nonparametric independent group comparisons were made: for multiple comparisons, the Kruskal-Wallis test was used, and for comparisons between groups, the Mann-Whitney test was used if any statistical significance was found. A two-sided P value of <0.05 was considered statistically significant.

   

  RESULTS

  All animals survived through the experimental protocol. TAC activity in blood samples were significantly higher in the sham group than in the treatment and control groups (P<0.001; for all comparisons) but there were no statistically significant differences between the treatment group and control group for TAC activity (P>0.05). TOS and OSI activity in blood samples were statistically higher in the control group than in the sham and thymoquinone group (P<0.001 for all comparisons). Histopathologic injury scores of renal, lung and heart tissues are summarized in Table 1. Control group injury scores were statistically increased compared to sham and thymoquinone groups (P<0.001 for all comparisons). The results are summarized in Figures 1, 2, and 3.
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  Upon histopathological evaluation, renal, lung and heart tissues were found to be normal with no pathological changes in the sham group (Figures 4A and 4D). Histopathological examination of the tissues in the control group revealed severe lesions, such as tubular damage characterized by cast formation, the loss of brush border and interstitial edema in the kidney. Histopathological examination of the tissues in the control group revealed neutrophil and leukocyte infiltration with alveolar congestion in the lung. Histopathological examination of the tissues in the control group revealed interstitial edema in the heart (Figures 4B and 4E). In rats receiving TQ intraperitoneally, these lesions were less severe than in the control group (Figures 4C and 4F).
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  DISCUSSION

  In our experimental study, we hypothesized that abdominal aorta ischemia for 45 minutes followed by reperfusion for 2 hours would cause renal, lung, and heart pathology and we have found that (i) abdominal aorta ischemia for 45 minutes followed by reperfusion for 2 hours caused significant pathology in lung, renal, and heart tissues (ii) TOS and OSI levels were increased in the control group and (iii) TOS, OSI, and histopathological injury scores were decreased in sham and TQ+IR groups.

  It has been recognized that multiple organ dysfunction syndrome is a major cause of morbidity and mortality after abdominal aortic surgery and contributes to approximately 25% of all deaths in elective abdominal aorta repair. It is postulated that aortic cross-clamping during open repair may cause ischemia-reperfusion (I/R) injury of the intestine and subsequently result in the translocation of bacteria and endotoxin across the intestinal mucosal barrier, leading to the systemic release of reactive oxygen species (ROS) and inflammatory cytokines, which not only damage the gut itself but also harm distant organs, including heart, kidney, and lung[25].

  Nigella sativa (NS), also known as black seed or black cumin, has long been used in folk medicine. NS contains more than 30% of a fixed oil and 0.40-0.45 w/w of a volatile oil. The volatile oil has been shown to contain 18-24% thymoquinone (TQ) and 46% monoterpenes[7]. NS has been reported to exhibit anti-inflammatory, immunomodulatory, and anti-neoplastic effects in many experimental and clinical studies[26-28]. TQ, the active constituent of Nigella sativa seeds similar to NS, also showed favorable effects with respect to oxidative stress and inflammation. Thus, TQ has attracted the attention of scientists to investigate its molecular mechanisms and potential use in the treatment of different diseases. It has been shown to have antioxidant/anti-inflammatory effects in several diseases, including experimental allergic encephalomyelitis, colitis, arthritis encephalomyelitis, diabetes, asthma, and carcinogenesis[10]. TQ attenuated lipid peroxidation and increased antioxidant enzyme activities. It has been reported to have strong antioxidant potential through its ability to scavenge different free radicals, its scavenging power being as effective as SOD against superoxide anions[16-18]. It acts as a scavenger of superoxide, hydroxyl radicals and singlet molecular oxygen[29]. Furthermore, recent studies have demonstrated that TQ supplementation increases the expression of antioxidant genes, SOD, catalase and glutathione peroxidase in rat liver. Thus, TQ may reduce oxidative stress through a direct antioxidant effect as well as through the induction of endogenous antioxidant enzymes[30].

  TQ also inhibited inducible nitric oxide synthase mRNA expression in rat lipopolysaccharide-stimulated peritoneal macrophage cells[31,32], which has been attributed to its ability to reduce oxidative stress-induced inflammation leading to the prevention of inducible NOS (nitric oxide synthase) upregulation.

  Several studies reported protective effects in the lung in different situations with different mechanisms. Suddek et al. showed that TQ produces a protective mechanism against cysplatin-induced pulmonary damage with anti-oxidant and anti-inflammatory properties and, in addition, TQ has been found to have potential antifibrotic effects besides its antioxidant activity, which could be through NF-κB inhibition, in bleomycin-induced oxidative stress of rat lungs[20,33]. Renal protective effects of TQ have also been discussed in several studies, including vancomycin induced nephrotoxicity, inorganic mercury intoxication, and gentamicin-induced acute renal toxicity. These studies highlight the importance of reactive oxygen species in renal pathophysiology and the intriguing possibility of TQ play a role in the prevention of and/or protection from renal injury in humans[17,34-36]. Myocardial protective effects of TQ have also been demonstrated in injury induced by isoproterenol, cyclophosphamide-induced cardiotoxicity, and doxorubicin-induced cardiotoxicity[37-39]. TQ has also been widely studied in different ischemia reperfusion models and reported to have favorable effects with different potential mechanisms, including primarily antioxidant mechanisms[18,40]. In this study we also found protective effects of TQ in the lung, kidney, and heart with histopathologic evaluation. Significant oxidative stress in the control group compared to sham and TQ groups also emphasizes that the anti-oxidant properties of TQ might be the probable protective mechanism in the acute abdominal aorta ischemia-reperfusion model in the rat.

  We believe that there are sufficient preclinical research results with a considerable amount of information about TQ regarding its molecular antioxidant, anti-inflammation, anticancer activity, drug toxicity, bioavailability and pharmacokinetics, and novel drug delivery approaches, to encourage the use of TQ in clinical settings[41]. However, the clinical implications and appropriate pathophysiological mechanisms of the findings of the present study remain to be elucidated with further large-scale clinical studies.

  Several limitations of this study should be considered. One of the potential limitations is the absence of oral administration of TQ versus an intraperitoneal route. Another limitation is the absence of biochemical analysis of different biochemical markers, including urea, creatinine, creatinine phosphokinase and creatinine kinase MB for the heart. Further studies focusing on IR injury of other end organs, such as intestine, brain and medulla spinalis injury are needed.

   

  CONCLUSION

  In conclusion, TQ administered intraperitoneally was effective in reducing oxidative stress and histopathologic injury in an acute abdominal aorta I/R rat model. Oxidative stress indices and tissue injuries might be modified with TQ treatment in different clinical settings. However, further large scale studies are needed to define the possible favorable effects of TQ in clinical settings.
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    ABSTRACT

    OBJECTIVE:This study was conducted to reassess the concepts established over the past 20 years, in particular in the last 5 years, about the use of methylene blue in the treatment of vasoplegic syndrome in cardiac surgery.

    METHODS: A wide literature review was carried out using the data extracted from: MEDLINE, SCOPUS and ISI WEB OF SCIENCE.

    RESULTS: The reassessed and reaffirmed concepts were 1) MB is safe in the recommended doses (the lethal dose is 40 mg/kg); 2) MB does not cause endothelial dysfunction; 3) The MB effect appears in cases of NO up-regulation; 4) MB is not a vasoconstrictor, by blocking the cGMP pathway it releases the cAMP pathway, facilitating the norepinephrine vasoconstrictor effect; 5) The most used dosage is 2 mg/kg as IV bolus, followed by the same continuous infusion because plasma concentrations sharply decrease in the first 40 minutes; and 6) There is a possible "window of opportunity" for MB's effectiveness. In the last five years, major challenges were: 1) Observations about side effects; 2) The need for prophylactic and therapeutic guidelines, and; 3) The need for the establishment of the MB therapeutic window in humans.

    CONCLUSION: MB action to treat vasoplegic syndrome is time-dependent. Therefore, the great challenge is the need, for the establishment the MB therapeutic window in humans. This would be the first step towards a systematic guideline to be followed by possible multicenter studies.

    Descriptors: Methylene blue. Vasoplegic syndrome. Vasoplegia. Circulatory shock. Cardiac surgery. Nitric oxide.

  

   

  
    RESUMO

    OBJETIVO: O presente estudo foi realizado com a finalidade de reavaliar conceitos estabelecidos em 20 anos, com ênfase nos últimos 5 anos, sobre a utilização do azul de metileno no tratamento da síndrome vasoplégica em cirurgia cardíaca.

    MÉTODOS: Foram considerados dados da literatura utilizando-se três bases de dados (MEDLINE, SCOPUS e ISI Web of Science).

    RESULTADOS: Os conceitos reavaliados e reafirmados foram: 1) Nas doses recomendadas o AM é seguro (a dose letal é de 40 mg/kg); 2) O AM não causa disfunção endotelial; 3) O efeito do AM só aparece em caso de supra nivelamento do NO; 4) O AM não é um vasoconstritor, pelo bloqueio da via GMPc ele libera a via do AMPc, facilitando o efeito vasoconstritor da norepinefrina; 5) A dosagem mais utilizada é de 2 mg/kg, como bolus EV, seguida de infusão contínua porque as concentrações plasmáticas decaem fortemente nos primeiros 40 minutos, e; 6) Existe uma "janela de oportunidade" precoce para efetividade do AM. Nos últimos cinco anos, os principais desafios foram: 1) Observações de efeitos colaterais; 2) A necessidade de diretrizes, e; 3) A necessidade da determinação de uma janela terapêutica para o uso do AM em humanos.

    CONCLUSÃO: O efeito do AM no tratamento da SV é dependente do tempo, portanto, o grande desafio atual é a necessidade do estabelecimento da janela terapêutica do AM em humanos. Esse seria o primeiro passo para a sistematização de uma diretriz a ser seguida por possíveis estudos multicêntricos.

    Descritores: Azul de metileno. Sídrome vasoplégica. Vasoplegia. Choque circulatório. Cirurgia cardíaca. Óxido nítrico.

  

   

   

  INTRODUCTION

  The vasoplegic syndrome (VS) concepts are a valuable Brazilian contribution to cardiac surgery. Gomes[1-3] described the syndrome and the MB treatment was proposed by Evora et al.[4-8]. VS is a constellation of signs and symptoms: hypotension, high cardiac index, low systemic vascular resistance, low filling pressures, diffuse bleeding tendency, and sustained hypotension despite the use of high doses of vasoconstrictor amines. There is experimental and clinical evidence to show that the pathophysiology of VS is associated with endothelial dysfunction caused by systemic inflammation. The most important mediator is nitric oxide (NO) produced from L-arginine by polymorphonuclear blood cells. NO release is dependent on the expression of inducible nitric oxide synthase (iNOS). It has been demonstrated along the years, that the blockade of NO synthesis is associated with prohibitive morbidity and mortality by microcirculation impairment. This has led to the proposition of using MB, a blocking of soluble guanylate cyclase (sGC), an enzyme whose expression is related to the formation of cGMP, which is the final messenger of the NO pathway responsible for vasoplegia.

  Although MB has been used for over 20 years in the treatment of VS, there are few quality clinical studies that would allow the treatment to become a protocol. Three studies involving a higher number of patients deserve to be cited: 1) In 2003, Leyh et al.[9] reported, in Germany, 54 cases of cardiac surgery patients not carrying bacterial endocarditis who had been treated with MB, with over 90% of the patients responding to the treatment. 2) Levin et al.[10-12], in Argentina, reported the incidence of 8.8% of VS in 638 patients. Among the 56 vasoplegic patients randomly receiving MB or placebo, there was no mortality in the group treated with MB, and it was possible to discontinue vasoconstrictors in a short period time, with less consequential morbidity and mortality. In contrast, in the placebo group two deaths occurred and the use of amines lasted in average 48 hours, with a higher incidence of respiratory and renal problems. 3) From the prevention point of view, Ozal et al.[13], in Turkey, showed in a prospective and randomized study that MB was associated to with lower incidence of vasoplegia and amines use.

  In 2009, targeting MB for VS treatment in heart surgery, we published a personal statement including fifteen years of questions, answers, doubts and certainties. Some observations can be applied to VS: 1) MB is safe in the recommended doses (the lethal dose is 40 mg/kg). 2) The use of MB does not cause endothelial dysfunction. 3) The MB effect appears in cases of NO up-regulation. 4) MB is not a vasoconstrictor, by blocking the cGMP pathway it releases the cAMP pathway, facilitating the epinephrine vasoconstrictor effect. 5) It is possible that MB acts through this "crosstalk" mechanism and its use as a drug of first choice may not be right. 6) The most used dosage is 2 mg/kg as IV bolus followed by the same continuous infusion because the plasma concentrations sharply decrease in the first 40 minutes. 7) Although there are no definitive multicentric studies, the MB used to treat heart surgery VS, at the present time, is the best, safest and cheapest option. 8) But there is a possible 'window of opportunity' for the MB's effectiveness[14].

  The above observations, dranw from 15 years, of use of MB, were presented in the introduction of this text as a reaffirmation of concepts. However, the ultimate aims will be centered in the subsequent five years (2009-2014).

  The relevant literature review (1994-2008) will be updated, emphasizing that the great majority of the articles are letters and case reports as well as and some excellent reviews. Most of the present discussion is based on our letters motivated against the concept that MB is a rescue and not a first line therapy. This study was carried out to critically examine the use of MB in treating cardiac surgery VS, based on literature data and 20 years of clinical and experimental experience, highlighting what has been going in the last 5 years. It was presented on the 22nd Annual Meeting of the Asian Society for Cardiovascular and Thoracic Surgery (Istanbul - April 2014).

  The text will discuss the following points that address why the use of MB to treat cardiac surgery VS remains questionable: 1) Observations about side effects; 2) Restrictions in using MB in cases of pulmonary hypertension and acute respiratory distress syndrome (ARDS); 3) The need for prophylactic and therapeutic guidelines, and; 4) The need for the establishment of the MB therapeutic window in humans.

   

  METHODS

  A wide review of literature and the authors' documented observations over a period of 20 years was carried out using the data extracted from: MEDLINE, SCOPUS and ISI WEB OF SCIENCE. The following combinations of key words were adopted: 1) "Methylene blue and heart surgery" or; 2) "Methylene blue and cardiac surgery". This combination of MB with rather generic keywords was intentional in the sense obtaining a wider view of the subject.

   

  RESULTS

  The previous fifteen years bibliographical survey (1994 - 2009) on the therapeutic use of MB, based on MEDLINE and SCOPUS database searches, revealed a total of 58 publications directly related to VS in cardiac surgery. Approximately 30 more publications were added on the last five years (2010 - 2014).

  Concerning the number of publications, there are about 70 publications, showing an increasing trend in the number of publications and citations (Figure 1).
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  Concerning the type of articles, there is prevalence of article reports (50-70%), reviews (21%), and letters (11-18%) (Figure 2).
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  The country of origin of the publications is shown on Figure 3.
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  DISCUSSION

  It is crucial to emphasize the increasing number of citations. The prevalence of articles kept to the profile (case reports, letters, and reviews). Regarding the country of origin of the publications, Brazil has been the sixth place in the last five years, dropping four positions in the rank.

  Conceptual aspects

  One problem still present when describing VS is the lack of consistency in its definition. There is neither a clear definition, nor a single biomarker, and even the determination of nitrite/nitrate (NOx) failed to characterize the syndrome[15].

  At present, clinical management of inflammatory vasoplegia associated to sepsis or anaphylaxis is symptomatic. Volume is expanded by administration of fluids, and low blood pressure is managed by administering positive inotropes and vasoconstrictors. This therapeutic approach is mainly associated with cyclic AMP (cAMP) and, many times the circulatory shock is refractory to high amines concentrations.

  Methylene blue side effects (binomial efficiency/safety)

  Methylene blue administration may also result in worsening of arterial oxygenation. The pathophysiology thought to be responsible for this finding is that MB leads to systemic vasoconstriction as well as pulmonary vasoconstriction. Impaired gas exchange in the lung and pulmonary hypertension are caused by this pulmonary vasoconstriction. The adverse pulmonary effects of MB may limit its use in patients with adult respiratory distress syndrome. In addition, high-doses of MB may also result in mesenteric bed constriction and compromise blood flow in mesenteric vessels[16].

  More recently, MB has been shown to cause a serotonin syndrome reaction in patients who are concomitantly taking serotonergic agents such as serotonin reuptake inhibitors. This is attributable to an inhibitory action of MB on monoamine oxidase.

  MB's monoamine oxidase-inhibiting property and its ability to display anxiolytic and antidepressant activity are likely the reason it was used to treat neuropsychiatric illnesses as early as 1989. The syndrome only occurs in a small percentage of patients and it is treatable with benzodiazepines and supportive care. Its incidence is less impeditive than the risk of untreated vasoplegia and potential end-organ injury and graft loss[17].

  Weiner et al.[18] hypothesized that patients with vasoplegia who were treated with MB were more likely to show increased postoperative morbidity and mortality. A multiple logistic regression model demonstrated that receiving MB was an independent predictor of in-hospital mortality. A propensity score matching the association with morbidity was also seen, but the relationship with mortality was not found. The study identified the use of MB treatment was independently associated with poor outcomes. The authors concluded that, while further studies are required, a thorough risk-benefit analysis should be applied before using MB and, perhaps, it should be relegated to rescue use and not as first-line therapy[18].

  It is remarkable that the risks are taking into more consideration than the lifesaving benefits. As to the safety and ethical aspects of MB's clinical use, it can be affirmed that in recommended doses it is a safe drug (the lethal dose is 40 mg/kg). The accumulation of clinical experience has tested the binomial efficiency/safety. These results show that intravenous infusion of MB seems to be safe. The findings support clinical trials where MB was used to treat VS after coronary artery bypass grafting with CPB on inflammatory response syndrome patients - SIRS and anaphylaxis. These results are not unexpected, especially when analyzed in healthy animals, in which hemodynamics present fine, but not total regulation under the control of NO. In these conditions, no action is expected when there is inhibition of guanylate cyclase by MB.

  Methylene blue injection in a non VS carrier individual does not have hemodynamic effects in normal conditions. The MB effect appears only in the case of NO supra-regulation, and thus, spasm occurrence in coronary arterial grafts is unlikely. The risk of vasospasm and thrombosis of these grafts require confirmation in vivo. The perception of safety is fully grounded in data set in studies in healthy animals that received MB in vivo. Although ischemic events were not evidenced in the ECG monitoring, normal endothelium-dependent and endothelium-independent vascular reactivity was determined by in vitro studies. With a wide safety range, these data support the assumption that, unlike the NO (L-NAME) synthesis inhibition, the injection in vivo does not cause endothelial dysfunction[4,14,19].

  Methylene blue and endocarditis

  Infective endocarditis is a life-threatening condition that occasionally necessitates emergency valve replacement. Patients with an ongoing systemic inflammatory response as a result of infective endocarditis and those who require CPB for emergency valve replacement may demonstrate resistant hypotension related to vasoplegia. It has a spectrum of clinical presentation and is associated with a systemic inflammatory response and the release of nitric oxide. Hemodynamically, it is characterized by arterial vasodilation, high cardiac output despite myocardial depression, and a decreased sensitivity of the heart and peripheral vessels to sympathomimetic agents.

  Grayling et al.[20] described the first case of methylene blue used in the CPB prime and in the context of refractory hypotension in a patient undergoing valve replacement surgery for infective endocarditis, suggesting that methylene blue should be added to the CPB prime (2 mg/kg), and as a continuous infusion (0.25-2 mg/kg × h) to ameliorate the hypotension.

  In a prospective, randomized, controlled, open-label, pilot study to evaluate the effects of continuous infusion of methylene blue (MB), on hemodynamics and organ functions in human septic shock, Kirov et al.[21] concluded that, in human septic shock, continuously infused MB counteracts myocardial depression, maintains oxygen transport, and reduces concurrent adrenergic support. Infusion of MB appears to have no significant adverse effects on the selected organ function variables.

  Ozal et al.[13] prospectively studied whether preoperative MB administration would prevent vasoplegic syndrome in these high-risk patients. Angiotensin-converting enzyme inhibitors, calcium channel blockers, and preoperative intravenous heparin use are independent risk factors for cardiac surgery VS. They did not include septic endocarditis as a risk factor. The results suggested that preoperative MB administration reduces the incidence and severity of vasoplegic syndrome in high-risk patients, thus ensuring adequate systemic vascular resistance in both operative and postoperative periods and shortening both intensive care unit and hospital stays. This report may be the first suggestion of the prophylactic use of MB prior to CPB.

  The accentuated NO release that is induced by the systemic inflammatory response associated with infective endocarditis (IE) and cardiopulmonary bypass (CPB) may result in catecholamine refractory hypotension (vasoplegia) and increased transfusion requirement due to platelet inhibition. Cho et al.[22] aimed to evaluate the effect of prophylactic MB administration before CPB on vasopressor and transfusion requirements in patients with IE undergoing valvular heart surgery (VHS). Forty-two adult patients were randomly assigned to receive 2 mg/kg of MB (MB group, n=21) or saline (control group, n=21) for 20 min before the initiation of CPB. According Cho et al.[22], "the primary end points were comparisons of vasopressor requirements serially assessed after weaning from CPB and hemodynamic parameters serially recorded before and after CPB. The secondary endpoint was the comparison of transfusion requirements". The results of the sudy showed that "there were no significant differences in vasopressor requirements and hemodynamic parameters between the two groups. The mean number of units of packed erythrocytes, transfused per patient, was significantly less in the MB group. The numbers of patients transfused with fresh frozen plasma and platelet concentrates were lesser in the MB group". The authors concluded that in IE patients undergoing VHS, prophylactic MB administration before CPB did not confer significant benefits in terms of vasopressor requirements and hemodynamic parameters, but it was associated with a significant reduction in transfusion requirement[22].

  Taylor & Holtby[23] have presented a case of refractory hypotension in a child with native mitral valve endocarditis with cerebral complications in whom MB was less effective than previously described. Although these authors seemed disappointed with the effect of the MB on blood pressure, we believe that their case had an impressive evolution despite its severity. We disagree that obvious clinical improvement using MB was not evident in this case since most of the pharmacologic support to the circulation was necessary for a short time. In our opinion, the controversy about the use of MB to treat similar cases arises when one uses MB merely as a "last-minute vasopressor". MB sometimes seems to work for this purpose and sometimes it does not, perhaps due the fact that, unlike many vasopressors, MB does not act through a membrane receptor. We believe that the pivotal action of MB is not exclusively the guanylyl cyclase blockage, resulting in a cGMP release decrease. This blockage also enhances the "crosstalk" between cyclic adenosine monophosphate (cAMP) and cGMP pathways, which facilitates the effect of the cAMP-dependent vasopressors. Many clinical reports in the medical literature, including sepsis treatment, substantiate that the guanylyl cyclase blockage seems to improve the effect of the vasopressors, shortening the length of pharmacologic cardiovascular support. Another quite advantageous effect of MB is its capacity to reduce vascular permeability.

  We operated on a drug-addicted young man with native aortic valve endocarditis. The patient received a bileaflet valve prosthesis (St Jude Medical, Inc, St Paul, Minn). A high dose of norepinephrine was necessary to maintain a reasonable blood pressure during CPB. After weaning from CPB, he was hypotensive and had high cardiac output, low systemic vascular resistance, and pulmonary edema. The arterial oxygen saturation was below 80%, even though he was being ventilated with 100% oxygen and positive end-expiratory pressure. We started MB in a continuous infusion in a way quite similar to that used by Taylor & Holtby[23], followed by a bolus of 3 mg/kg (in 100 mL of 5% glucose in water) twice a day. Even though the mean arterial pressure did not increase, even with norepinephrine, the cardiac output gradually decreased, and the systemic vascular resistance increased. In addition, the rapid resolution of lung edema, improving arterial oxygen saturation, was astonishing[19].

  Methylene blue and heart transplant.

  Grubb et al.[17] reported a case of a 60-year-old male with history of nonischemic cardiomyopathy and end-stage heart failure who underwent placement of a left ventricular assist device (LVAD), replacement of a mechanical aortic valve with a porcine prosthesis complicated by multiple driveline infections. Heart transplantation was the last option. During the operation, the authors reported: "episodes of hypotension during the extensive lysis of adhesions for LVAD removal. Intermittent boluses of phenylephrine were administered to maintain a sufficient mean arterial pressure. Subsequently, a MB 1-mg/kg bolus followed by continuous infusion of 0.5 mg/kg per hour was administered. In the postoperative, the patient presented signals of serotonergic syndrome assumed as a consequence of the association of MB with antidepressants"[17].

  This report has two crucial points 1) the alert to the possibility of serotonergic syndrome triggered by the association of MB with antidepressants, and; 2) the routine use of MB to handle vasoplegia in the milieu of heart transplant. Kofidis et al.[24] reported the first experience of vasoplegia treatment with MB after heart transplantation and pointed that this drug deserves attention because of its catecholamine-saving effect, thus preventing possible malperfusion. When searching MEDLINE, Kofidis's report is the only reference on the use of MB to treat vasoplegia associated to heart transplant.

  To prevent morbidity and mortality associated with VS, Grubb et al.[18] implemented an intraoperative protocol that includes administration of MB for VS resistant to vasopressor drugs". It is clear that they trusted the MB treatment since they concluded for it use while weighing the risks of serotonin syndrome[25].

  Methylene blue as rescue therapy

  Blacker & Whaler[26] reported a distributive shock case during an on pump coronary artery bypass grafting with no response to MB. A possible explanation, was given based on Fernandes academic thesis using a mouse sepsis model, that evidenced three eight-hour windows of guanylate cyclase (GC) activity[27]. In the first eight hours, there was increased nitric oxide synthase (NOS) activity and GC upregulation. In the second eight hours, there was absence of GC expression and a downregulation of NOS. In the third eight hour window, there is an upregulation of GC and NOS. The authors emphasized two practical and educational fundamental aspects: 1) The disclosure in using the MB treatment considering the window opportunity, and; 2) The need for the establishment of this window in humans, perhaps choosing cGMP as biomarker since our attempt to use nitrite/nitrate, measured by chemiluminescence, was frustrating[15]. In conclusion, MB use as a last rescue therapeutic option is against the above mentioned concepts, and it is possible that MB does not act (second window), or acts too late (third window) when the circulatory shock is metabolically irreversible, presenting high lactate levels and intractable metabolic acidosis. It might be more sensible to consider MB not as a late rescue treatment, but as an adjuvant drug to be used precociously (window 1)[28,29].

  Methylene blue use in pulmonary hypertension and/or acute respiratory distress syndrome (ARDS)

  The restriction to ARDS and pulmonary hypertension deserve some comments. Global NO blockade can contribute to an increase in pulmonary vascular resistance, which worsens the pulmonary hypertension that can be associated with sepsis. Trials that used high bolus doses of MB demonstrated an increase in pulmonary pressures, but this effect was absent in trials that used MB infusions. Some researchers have thus suggested that infusions at low doses should be always used for this reason. Simultaneous treatment with inhaled NO might also be considered for this side effect of NO inhibition. There is also evidence that MB attenuates the inhibition of mitochondrial function as well as decreases acute lung injury in sepsis. In addition, Evgenov et al.[30,31] demonstrated that MB reduces the increments in pulmonary capillary pressure, lung lymph flow, protein clearance, and pulmonary hypertension and edema in endotoxemic sheep. Raikhelkar et al.[32] report a case of the use of MB in a patient with acute right ventricular failure and vasoplegic shock after surgical pulmonary embolectomy. The authors discussed, based on the medical literature, that studies have reported MB to increase pulmonary artery pressures and pulmonary vascular resistance. These elevations in pulmonary vascular indices were noted to be clinically and statistically insignificant. One may argue this small increase may exacerbate RV dysfunction in susceptible individuals. This aspect of administration of MB has not been systematically studied. The authors feel the benefits of augmentation of MAP and coronary perfusion may offset small increases in the right ventricle end diastolic pressure (RVEDP)[32].

  Methylene blue neuroprotection and cardiac arrest

  Cerebral edema, increased blood-brain barrier (BBB) permeability and neurologic injury, are observed early in ischemia induced by cardiac arrest. Upregulation of NO synthase (NOS) is associated with increased production of NO that induces breakdown of the BBB. It has been suggested that pretreatment with pharmacological agents that reduce NO excess or oxidative stress might reduce disruption of BBB permeability caused by ischemia/reperfusion injury. MB, a nontoxic dye and also a scavenger, recently proved to be a potential aid in resuscitation from cardiac arrest by attenuating oxidative, inflammatory, myocardial and neurologic injury[33-35].

  Experimental investigations have proven the cardioprotective and neuroprotective effects of MB in a porcine model of experimental cardiac arrest. The main physiological effects during reperfusion include systemic circulation stabilization without significantly increasing total peripheral resistance and moderately increasing cerebral cortical blood flow; a reduction of lipid peroxidation and inflammation, and less anoxic brain and heart tissue damage[34,35].

  One intriguing investigation studied the effects of cardiac arrest and CPR on BBB permeability and consequent neurological injury. In addition, this investigation studied the MB effects on the maintenance of BBB integrity, and NO release in the cerebral cortex. In a piglet model of 12 minutes of cardiac arrest, the authors demonstrated a time-dependent increase of necrotic neurons, caused by ischemia and reperfusion. Moreover, the immunohistochemistry analysis indicated less blood brain barrier disruption in the animals receiving MB, evidenced by decreased albumin leakage, water content and potassium, and less neuronal injury[34,35]. Similarly, MB treatment reduced nitrite/nitrate ratio, iNOS expression, and nNOS expression. In summary, MB markedly reduced BBB disruption and subsequent neurologic injury. In addition to these cerebral morphologic effects, the exposure to MB was associated with a decrease of NO as measured by nitrate/nitrite content and partial inhibition of NOS activity[34,35].

  Induced mild hypothermia and administration of MB proved to have neuroprotective effects in CPR. However, induction of hypothermia is time consuming. A study was conducted to determine if the MB administered during CPR can enhance the neuroprotective effect of hypothermia. A piglet model of cardiac arrest with variable duration of CPR showed that the neuroprotective effect of MB in combination with hypothermia was significantly greater than the delayed hypothermia alone[36].

  Effects of MB in cardiac arrest and CPR were investigated. A pig model of cardiac arrest, comparing 12 min without CPR and 8 min of CPR, was employed to assess the addition of MB to a hypertonic saline-dextran solution. Hemodynamic variables were slightly improved at 15 min, and MB, co-administered with a hypertonic-hyperoncotic solution, increased 4-hr survival, reducing neurologic injury[36].

  MB could be used in association with hypertonic sodium chloride, but it precipitates. However, an alternative mixture of MB in hypertonic sodium lactate was developed and investigated, using the same piglet model, during and after CPR. This association could be used against reperfusion injury during experimental cardiac arrest, presenting similar effects as MB plus hypertonic saline-dextran[36].

  There are no publications considering MB, VS and neuroprotection, but the above concepts would be relevant considering brain protection in cardiac surgery.

   

  CONCLUSION

  In summary, as already mentioned, there are 2 opposing concepts: (1) The use of MB as rescue therapy to treat vasoplegic syndrome, and (2) the use of MB as an early adjuvant drug (window 1). Methylene blue use as a final rescue therapeutic option is against the above-mentioned concepts. There is the possibility that MB does not act (second window) or acts too late (third window) when circulatory shock is metabolically irreversible, presenting high lactate levels and uncontrollable metabolic acidosis. Regardless of the strong limitations, pointed out by Weiner et al.[18], it would be more sensible to consider MB, not as a late rescue treatment, but as an adjuvant drug to be used early (window 1), not just dismissing its action. Perhaps, an easier concept to understand than the "Window of Opportunity" definition is that MB's action to treat vasoplegic syndrome is time-dependent.

  Many authors are reluctant to recommend early use MB given the unusually limited level of evidence at this time, and the potential adverse effects, encouraging trials that systematically collect data to help address these issues. As emergency situations involving risk of death, circulatory collapse does not permit prospective randomized studies. Although there are no definitive multicenter studies, the use of MB to treat VS, at the present time, is the most rational, safest, and cheapest option.

  The data from this extended review leaves the impression that the number and quality of publications do not reflect the frequency at which MB is used in clinical practice. Therefore, it the difficulty of conducting multicenter studies is implied. The disclosure and possible consecration of this therapy will be passed on as verbal information and depending on the increase of publications, in studies based on evidence. In the literature data and medical practice set, there is still certainty that the soluble guanylate cyclase blockage in distributive shock control remains underestimated.
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    ABSTRACT

    OBJECTIVE: A systematic analysis was made in view of the epidemiology, clinical features, diagnosis, treatment and main outcomes of mycobacterial endocarditis.

    METHODS: The data source of the present study was based on a comprehensive literature search in MEDLINE, Highwire Press and Google search engine for publications on mycobacterial endocarditis published between 2000 and 2013.

    RESULTS: The rapidly growing mycobacteria become the predominant pathogens with Mycobacterium chelonae being the most common. This condition has changed significantly in terms of epidemiology since the 21st century, with more broad patient age range, longer latency, prevailed mitral valve infections and better prognosis.

    CONCLUSION: Mycobacterial endocarditis is rare and the causative pathogens are predominantly the rapidly growing mycobacteria. Amikacin, ciprofloxacin and clarithromycin are the most frequently used targeted antimicrobial agents but often show poor responses. Patients with deep infections may warrant a surgical operation or line withdrawal. With periodic multidrug therapy guided by drug susceptibility testing, and surgical managements, patients may achieve good therapeutic results.

    Descriptors: Heart Valves. Endocarditis. Mycobacterium.

  

   

  
    RESUMO

    OBJETIVO: Uma análise sistemática foi feita considerando epidemiologia, quadro clínico, diagnóstico, tratamento e principais resultados da endocardite micobacteriana.

    MÉTODOS: Foi realizada uma pesquisa bibliográfica abrangente no MEDLINE, Highwire Press e no Google para publicações sobre endocardite micobacteriana, publicados entre 2000 e 2013.

    RESULTADOS: As micobactérias de crescimento rápido tornam-se os patógenos predominantes, com Mycobacterium chelonae sendo a mais comum. Essa condição se alterou significativamente em termos de epidemiologia, desde o início do século 21, abrangendo faixa etária mais ampla, maior latência, prevalecendo infecções da valva mitral e melhor prognóstico.

    CONCLUSÃO: Endocardite micobacteriana é rara e os patógenos causadores são predominantemente as micobactérias de crescimento rápido. Amicacina, ciprofloxacina e claritromicina são os agentes antimicrobianos mais frequentemente utilizados, mas muitas vezes apresentam respostas pobres. Pacientes com infecções profundas podem justificar um procedimento cirúrgico ou retirada de linha. Com a poliquimioterapia periódica guiada por testes de sensibilidade às drogas, e abordagens cirúrgicas, os pacientes podem obter bons resultados terapêuticos.

    Descritores: Valvas Cardíacas. Endocardite. Mycobacterium.

  

   

   

  INTRODUCTION

  Cardiac disorders, pregnancy and other surgical maneuvers can be risk factors of bacterial infective endocarditis[1-4]. Increasingly utilization of foreign medical materials, indwelling catheter insertions and intravenous drug uses are recognized risk factors predisposing to bacterial infective endocarditis of the present era[5]. Continuous changes in terms of epidemiology and management strategies of the bacterial infective endocarditis have been elucidated[5]. Staphylococcus aureus has become the most common microorganism of the bacterial infective endocarditis particularly associated with increasing foreign material implant[6], while Streptococcus viridans infections reduced[5]. However, there is no updated elaboration on recent changes of mycobacterial endocarditis.

  Mycobacterial endocarditis is rare. It showed a significant predilection of non-tuberculous over tuberculous mycobacteria in terms of infective endocarditis. Due to more resistant to antimicrobial therapies than other pathogens, mycobacteria are often refractory to antimicrobial treatments and are associated with a very high mortality[7]. Rapid-growth non-tuberculous mycobacteria including Mycobacterium (M.) chelonae, M. abscessus and M. fortuitum accounted for 68% of the isolates[8] and thus being the predominant mycobacteria for the infections. There have been systemic reviews on infective endocarditis caused by M. fortuitum[7,9] in 2002, and by M. abscessus[10] and M. chelonae[11] in recent years. Due to the rarity, regular management strategies are still scanty. As for the difficulty of pathogen identifications, poor responses to antimicrobial therapy and poor prognosis, this condition remains a challenge with regard to diagnosis and treatment. However, mycobacterial endocarditis has not been sufficiently elaborated. The present study is designed to highlight the clinical pictures of mycobacterial endocarditis based on relevant literature information published since 2000.

   

  METHODS

  MEDLINE, Highwire Press and Google search engine were searched for publications in the English language on mycobacterial endocarditis from 2000 to 2013. The terms "mycobacteria", "heart valve", "heart valve prosthesis", "tuberculous", "non-tuberculous" and "endocarditis" were used for the searches. All the articles, titles and subject headings were screened carefully for potential relevance. Articles were included if the patient had an established diagnosis of mycobacteria endocarditis on current admission and outcome data were reported.

  Due to the rarity of the condition, all the discovered articles reported only sporadic single or small series; no large population, comparative studies were retrievable. Therefore, data from this systematic review were qualitatively analyzed as suggested in the Quality of Reporting of Meta-Analyses recommendations.

  The search identified 31 relevant studies from 2000 to 2013[7,9-38], including 24 case reports[7,9,10,12,13,15,17-22,24-28,30-33,36-38], 2 case series[14,23], 2 original articles[11,34], 1 medical imaging[16], 1 poster abstract session[29], and 1 "letter to the editor"[35]. After reviewing selected articles, all 31 articles were included and no one was excluded. Data were extracted from the text, figures, or tables and included details of the study population, demographics, types of mycobacteria, sites of infections, locations of vegetations, latency, sensitivity, antimicrobial spectrum, management strategies, clearance time, follow-up length and main outcomes (survivals, complications, relapses, reinterventions and mortality).

  Quantitative data were presented as mean±standard deviation, and intergroup differences were compared by unpaired t-test. Comparisons of frequencies were performed by Fisher's exact test. P<0.05 was considered statistically significant.

   

  RESULTS

  Demographics

  The patient setting included 50 patients with mycobacterial endocarditis. There were 29 males and 21 females with a male-to-female ration of 1.38:1. Their ages were 45.9±19.8 (range, 0.5-78; median 50) years (n=50). Age distribution of the patients conformed to the normal distribution by probability-probability plot.

  Clinical features

  The major symptoms on admission were described in 46 patients including fever in 35 (76.1%)[7,9-29,33,37,38], dyspnea in 10 (21.7%)[10,11,31,32] and chest pain in 1 (2.1%) patient[30] (χ2=60.7, P=0.000). The duration of the symptoms was 4.0±4.4 (range, 0.17-18; median, 2) months (n=31). The temperature of the febrile patients were 38.9±0.8ºC (n=12). Of the febrile patients, fever grade was not indicated in 22[11,14,18,23,24,26,28,29,33,35,36,38]. In the remaining 13 patients, 5 (38.5%) had a high fever[12,17,19,20,22,29], 5 (38.5%) had a moderate fever[13,15,21,25,34] and 3 (23.1%) had a low-grade fever[9,27,37] (χ2=0.9, P=0.630). Of them, 4 were prolonged fever[24,35,36] and 2 were fever of unknown origin[14,16].

  The cardiac murmur was mentioned in 15 patients: a cardiac murmur in 12 (80%) (a pansystolic murmur at the apex in 5[14,21,27,30,38], a diastolic murmur in the aortic region in 2[13,18], a systolic murmur in the aortic region[36], a pansystolic murmur at the apex + a diastolic murmur in the aortic region[25], a pansystolic murmur at the apex + a systolic murmur in the aortic region[15], a systolic murmur at the lower left sternal boarder[37] and an unspecified cardiac murmur[32] in 1 patient each) and an absence of a cardiac murmur in 3 (20%) patients[20,22,24] (χ2=10.8, P=0.001).

  Laboratory examinations revealed their hemoglobin was 9.9±1.8 (range, 5.9-12.5; median, 10) g/L (n=10)[9,10,12,13,15,18,20, 27,30,36,38], white blood cell count was 8.9±4.4 (range, 3.3-16.8; median, 8.2) ×109/L (n=13)[9,10,13,15,20-22,24,27,28,30,33,38], platelet count was 165.6±128.7 (range, 67-450; median, 124)×109/L (n=7)[10,13,15,18,20,27,38], C-reaction protein was 6.8±4.7 (range, 0.14-11; median, 8) mg/dL (n=4)[10,20,27,28], and CD4 was 240.5 ± 206.3 (range, 44-587; median 196)/mm3 (n=6)[9,10,13,14,19,37]. CD4 was normal (>500/mm3) in 1 (16.7%) patient, and was abnormal (<500/mm3) in 5 (83.3%) patients (χ2=5.3, P=0.021).

  Predisposing risk factors

  Cardiac surgery, foreign material implant, intravenous drug use and miscellaneous risk factors were the underlying etiologies for the development of infective endocarditis (χ2=31.9, P=0.000) (Table 1). Of the causative cardiac operations, 23 (85.2%) were heart valve operations and 4 (14.8%) were congenital atrial/ventricular defect patch repairs (χ2=26.7, P=0.000). There were 22 (95.7%) valve replacements and 1 (4.3%) valve repair (χ2 = 38.4, P=0.000). Eighteen (81.8%) were single valve replacements, and 4 (18.2%) were double valve replacements (χ2=17.8, P=0.000); and 17 (77.3%) were first time valve replacements and 5 (22.7%) were redo operations (χ2=13.1, P=0.001). A total of 26 valves were replaced including 13 (50%) aortic and 13 (50%) mitral valve replacements; 20 (80%) were biological, and 5 (20%) were mechanical valve prostheses (χ2 = 18, P=0.000), except the one whose detail of aortic valve prosthesis was not given.
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  The latency from the presence of the predisposing risk factors to symptom onset was 21.9±25.9 (range, 0.067-96; median, 12) months (n=31)[7,9,11,12,14-18,20,21,23,26,27,31-33,37]. There were 9 (29.0%) early onsets (latency <8 weeks), 2 (6.5%) intermediate onsets (latency was between 8 weeks and 8 months) and 20 (64.5%) late onsets (latency >8 months) (χ2=23.9, P=0.000). The latency of the patients with cardiac operations was much shorter than that of the patients with a foreign material implant, but did not reach a statistical significance (16.4±20.1 months vs. 34.8±39.0 months, P=0.136). It was incompatible with intravenous drug use patients, of which latency was reported in only one patient, and was much shorter than that of the miscellaneity reaching a quasi-statistical difference (16.4±20.1 months vs. 44±34.6 months, P=0.051) (Figure 1). Bioprosthetic valve endocarditis was associated with a longer latency than mechanical without showing a significant difference (17.5±22.5 months vs. 10.8±7.1 months, P=0.569). Four patients had a delayed diagnosis for 0.81±0.24 (range, 0.5-1; median, 0.88) months (n=4)[12,13,20,26].
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  Infection sites

  The infection sites could be divided into 5 types according the location and number of the mycobacterial infections: single intracardiac infection in 38 (76%), two intracardiac infections in 9 (18%), and triple valve infections, single intracardiac + single extracardiac infections, and double intracardiac + single extracardiac infections in 1 (2%) patient, each (χ2=128.5, P=0.000). Including extracardiac infections associated with the endocarditis, totally 64 sites were affected with a mean of 1.28±0.54 (range, 1-3; median, 1) infection sites per patient. There were 1.24±0.48 infection sites in the non-tuberculous and 1.75±0.96 infection sites in the tuberculous endocarditis patients (P=0.067). Native aortic, mitral and tricuspid valves were the most commonly affected sites of mycobacterial endocarditis, representing 29.7%, 26.6% and 10.9%, respectively (Figure 2). No difference was found in the prevalence of infection sites between non-tuberculous and tuberculous mycobacterial endocarditis (Table 2), or in the strain distributions between aortic and mitral valves (Table 3).
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  Vegetations were detected in 44 patients with 43 detected by echocardiography and 1 patient detected by positron emission tomography with 18F-fluorodeoxyglucose uptake[16]. Of them, 12 (27.3%) patients did not have a visualized vegetation[7,9,11,14,17,28,31], but one of them with an abscess along the inferior and septal walls, instead[31] and 32 (72.7%) patients had (χ2=18.2, P=0.000). The vegetation locations of the remaining 32 patients were mitral valve in 10 (31.3%)[11,20,21,30,36,37] (two of them were in the prosthetic mitral valve)[20,21], aortic valve in 7 (21.9%)[11,13,18,32,33,38] (one was in the prosthetic aortic valve)[33], pacemaker lead in 3 (12.5%)[16,26,27], tricuspid valve in 3 (9.4%)[10,19,35], both mitral valve and right subclavian catheter in 1 (3.1%)[36], both mitral and aortic valves in 2 (6.3%)[12,15], both aortic and tricuspid valves in 2 (6.3%)[22,24], mitral, aortic and tricuspid valves in 1 (3.1%)[25], tricuspid valve and ventricular septal defect patch in 2 (6.3%)[35] and atrial septal patch in 1 (3.1%) patient[23], respectively. The detection time for a positive vegetation was described in 3 patients, which was 5[13], 21[20] and 105 days[15] after admission, respectively. Dimensions of the vegetations were recorded in 16 patients for 17 vegetations. Five vegetations of 5 patients from a single report[11] were recorded as "minimal", which were excluded from the calculation of the vegetation size. The size of the remaining 12 vegetations of 11 patients was 19.7±18.4 (range, 5-70; median, 15.5) mm[10,15,18,20,23-26,30,32,37]. Valve insufficiency was present in 23 (46%) patients: mitral valve regurgitation in 9 (39.1%)[11,30,31,37] (6 were prosthetic mitral valve leaks[11]), aortic valve regurgitation in 5 (21.7%)[11,28,32] (4 were prosthetic aortic valve leaks[11,32]), aortic and mitral valve regurgitation in 5 (21.7%)[11,12,14,38] (2 were prosthetic aortic and mitral valve leaks[11]) and tricuspid valve regurgitation in 4 (17.4%) patients[10,27,35]. There were totally 11 (47.8%) native valve regurgitations and 12 (52.2%) prosthetic valve leaks (χ2=0.1, P=0.768). Besides, one patient had inferior and septal wall abscess associated with mitral valve regurgitation[31] and one patient had ventricular septal patch dehiscence[35].

  Pathogens

  The initial blood culture results were not indicated in 5 patients[29,34]. In the remaining 45 patients, a negative culture prevailed, followed by an acid-fast bacterium (Table 4).
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  Thirty-seven patients had more investigations performed for strain identifications. Fourteen patients had more samples than blood for cultures: 7 (50%) patients had one more sample, 4 (28.6%) patients had 2 more samples, 2 (14.3%) patients had 3 more samples and 1 (7.1%) patient had 4 more samples for cultures, respectively. There were totally 25 additional samples for cultures including 4 (16%) intraoperative excised valves[12,18], or valve prosthesis[7], or prosthetic valve ring[14], 4 (16%) resected vegetations[27,30,35], 3 (12%) sputum[27,28,34], 2 (8%) bronchoalveolar lavage[14,27], 2 (8%) urine[14,27], 2 (8%) bone marrow[14,37], 1 (4%) removed patch[35], removed pacing lead[26], intraoperative specimens (with no details available)[34], pacemaker generator pocket site[26], aspirated fluid[26], sternum[7], cerebrospinal fluid[37] and tracheal swab[15] for each, respectively. Lowenstein-Jensen medium was once used for valve, sternum and blood cultures[7]. Three (12%) were negative and 22 (88%) were positive (χ2=28.8, P=0.000). The 22 positive cultures identified the strains to be M. fortuitum in 7 (31.8%), M. chimaera in 4 (18.2%), M. abscessus in 3 (13.6%), M. chelonae in 2 (9.1%), M. neoaurum in 1 (4.5%), acid-fast bacilli in 2 (9.1%), rapidly growing mycobacteria in 1 (4.5%) and tubercule bacilli in 2 (9.1%), respectively. At least 15 (68.2%) cases were rapid growing mycobacteria infections.

  Seventeen patients (four of them had additional samples for cultures) had a positive histological staining results by Ziehl-Neelsen and auramine-rhodamine stains[12,17,18,27] with acid-fast organisms shown on fluorescence microscopy.

  Ten patients had a molecular analysis of the mycobacteria, where 16s ribosomal deoxyribonucleic acid sequencing was applied in 4 (40%)[14,20,21,23], reverse line blot hybridization in 4 (40%)[29] and a polymerase chain reaction-restriction fragment length polymorphism analysis in 2 (20%) patients [10,33], respectively. All patients had fresh samples, and one of them had additional cryopreserved samples for investigations. However, analyses on the cryopreserved samples disclosed negative results, while all fresh specimens displayed positive results. In addition, two patients had mycolic acid analysis by biochemical and chromatographic techniques[7,9].

  By preliminary blood cultures, histological staining, molecular analyses and chromatographic techniques, the eventual mycobacterial strains were identified in all but one patient (Figure 3). Distributions of the mycobacteria responding to the four predisposing risk factors showed cardiac operation was associated with more, prevailed rapidly growing mycobacteria (M. chelonae, M. fortuitum and M. chimaera) endocarditis, foreign material implant was associated with M. fortuitum, and intravenous drug use and miscellaneity were prone to be of tuberculous endocarditis (Figure 4, Table 5).
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  According to the antimicrobial spectrum, intravenous amikacin 300 mg twice daily, ciprofloxacin 400-500 mg twice daily and clarithromycin 500 mg twice daily were the most frequently used targeted antimicrobial agents, and imipenem (500 mg/6 hours), linezolid, rifampicin and trimethoprim/sulfamethoxazole 160 mg/800 mg (p.o., thrice daily) were more frequently used for non-tuberculous mycobacterial infection; while ethambutol (20 mg/kg/day), isoniazid (10 mg/kg/day), pyrazinamide (25 mg/kg/day) and rifampicin (10 mg/kg/day) were for tuberculous mycobacterial infection. The antimycobacterial course was life in 2 patients[18,35]. In another 19 patients[10-13,22-24,26,28,33,34], the treatment course was indicated, which was 2.7±2.3 (range, 0.83-9; median, 1.67) months. The clearance time interval was 31.8±58.4 (range, 2-210; median, 12.5) days (n=12)[12,13,15,19-21,23,34,35].

  Prognosis

  Patients were at a follow-up of 48.7±39.8 (range, 3-116; median, 32) months (n=23)[9,11,17,19-21,23,26,30,32,34]. Totally 27 (50%) patients were event-free survivals[12,16,17,19,20,22-24,26,28,30,33-35], 3 (6.25%) patients relapsed at 0.5, 5 and 10 months, respectively[9,10,18], 4 (6.25%) patients were complicated[21,25,29,32] and one of them required reintervention[32], which constituted the only reintervention of the whole setting, and 17 (34%) patients died[11-15,18,27,29,31,36-38] at 83.9±85.9 (range, 1-270; median, 64) days (n=11). The death causes were described in 8 patients, which were multiorgan failure in 2[12,15], and candidaemia and hospital-acquired pneumonia[36], persistent mycobacteremia and stroke[29], progressive heart failure[14], respiratory distress[37], splenic rupture[14] and variceal bleeding[31] in 1 patient, each.

  Two patients did not receive either medical or surgical treatment, but had a good prognosis in each. Of the remaining 48 patients, 32 (66.7%) patients received an antimicrobial therapy alone, 10 (20.8%) patients had a cardiac operation and 6 (12.5%) patients had an intervention for removal of catheter/lead/defibrillator (χ2=36.8, P=0.000).

  In the patients with medical treatment, there were 17 event-free survivals[11,19,22,30,34,35], 11 deaths[11,13,14,29,31,37,38], 2 complicated (spleen infarct, renal infarct and cerebral abscess on day 10, and prosthetic valve endocarditis due to coagulase negative staphylococcal species at 1 year in one patient[21]; and periaortic abscess in another[29]) and 2 relapses[9,10]. In the surgical treatment group, all patients received a valve replacement operation, including 2 aortic valve replacements (AVRs), 1 AVR with root replacement, 1 redo-AVR, 1 2nd redo-AVR, 2 AVRs + mitral valve replacements (MVRs), 1 AVR + MVR + tricuspid valvuloplasy, 1 2nd redo-AVR + MVR and 1 redo-MVR. There were 5 event-free survivals[12,17,20,28,33], 3 deaths[12,18,29], 2 complicated (1 preoperative stroke and 1 complication related with his previous ascending aortic replacement)[25,32], 1 relapse[18] and 1 reintervention[32]. In the patients with a catheter/lead/defibrillator removal, there were 3 event-free survivals[16,24,26] and 3 deaths[15,27,36]. Time of deaths was described in 11 patients. There were 4 (36.4%) early deaths and 7 (63.6%) late deaths (χ2=1.6, P=0.201).

   

  DISCUSSION

  In 1959, Runyon[39], according to pigment of colony and rate of growth, divided mycobacteria into 4 types: photochromogen, scotochromogen, nonphotochromogen and rapid grower. The latter one, rapidly growing mycobacterium, was defined so because the mycobacterial colonies form at 25-45ºC on solid agar in 5-7 days. Both slowly and rapidly growing mycobacteria are environmental opportunistic mycobacteria that are normal inhabitants of natural waters, drinking water and soils[40]. The most important slowly growing species are M. avium and M. intracellulare, called the M. avium complex; and rapidly growing mycobacteria (M. abscessus, M. chelonae and M. fortuitum), which are opportunistic pathogens[40].

  Mycobacterial endocarditis is rare. In a recent report of infective endocarditis incorporating information from 13 tertiary hospitals in Turkey, no myocabacterial endocarditis was reported[41]. Wallace et al.[42] stated that the incidence of mycobacterial endocarditis was 33.3% (4/12) out of M. fortuitum or M. chelonae bacteria and was 3.2% of rapid growth mycobacterial blood infections. Olalla et al.[7] reviewed 19 cases of rapid growth mycobacterial endocarditis and noted that patients' age was 45 (range, 20-74) years, including 4 native and 15 prosthetic valve endocarditis, with a biological valve prosthesis in 6 and a mechanical valve prosthesis in 9 patients.

  The degree of fever may not correspond to the severity of the illness[43]. As it was illustrated in the present article, no dominance of fever grade was associated with mycobacterial endocarditis. Strabelli et al.[11] reported that the latent for the febrile onset and development of valve dysfunction was few days and months to years, respectively. In 5 of 13 patients with prosthetic mycobacterial endocarditis, the latent period for the diagnosis of bioprosthetic endocarditis was 1-4 years[11]. Olalla et al.[7] reported a latency of 12 weeks from infection to symptom onset with no difference found between biological and mechanical prosthetic valve endocarditis. The present study revealed a more broad patient age range from infant to 78 years old with a normal age distribution, equality of affected aortic and mitral valves, more native than prosthetic valve and more bioprosthetic than mechanical bioprosthetic endocarditis. Moreover, cardiac operations caused a shorter latency to endocarditis occurrence than foreign material implant and miscellaneous risk factors. Bioprosthetic valve endocarditis was associated with a longer latency than mechanical but lack of a significant difference. Kunin et al.[9] reported a prevailed early onset of mycobacterial endocarditis. Valve dysfunction was noted in 10 (76.9%) patients, while only 3 (23.1%) patients were free of valve dysfunction (χ2=12.5, P=0.001). The present study demonstrated a predominant late onset and a decreased incidence of valve dysfunction.

  The most common predisposing risk factors for mycobacterial infections include medical procedures (central venous access, hemodialysis catheter indwelling, various surgical operations including mammoplasty, arthroplasty and cardiothoracic operations)[9], immunocompromised, particularly patients with human immunodeficiency virus/acquired immunodeficiency syndrome, hematological malignancies, or those treated with immunosuppressive drugs after solid organ transplantation[44]. More recently, the use of tumor necrosis factor-αblockers has become an additional risk factor[45]. Line-related non-tuberculous infections did not have any predominant organisms including M. abscessus, M. chelonae, M. neoaurum, M. fortuitum and M. mucogenicum[34]. Further, possible manufacturer contamination of bioprosthesis by M. chelonea has been recognized[46]. In addition, nosocomial infections were once evidenced from sources like cardioplegic solutions[47], water supply[48], antiseptic solutions[49] and valve prosthesis preservation solutions[50].

  Positivity of blood cultures varied according to types of affected valves. It was 75% in mechanical, 20% in biological and 100% in native valves[7]. Removed valve prostheses showed a high positivity of mycobacterial cultures[48]. Upon colonial growth, gram and acid-fast stains should be performed, and then when blood cultures are negative, acid-fast bacilli stains on histological examination of the removed prosthetic valves[11] and Ziehl-Neelsen stain should be employed, followed by subcultures[40].

  Mycobacteria are more resistant to chemical disinfection than other pathogens[11]. Infective endocarditis caused by rapidly growing mycobacteria is always refractory due to extensive drug resistance and substantially delayed diagnosis[36]. The poor response to therapy can be a result of various factors that may lead to drug resistance, including the presence of biofilms, type of antimicrobial agent used and presence of a novel inducible erm(41) gene[51]. With periodic multidrug therapy guided by drug susceptibility testing, patients may achieve good therapeutic results[51]. Therefore, antimicrobial susceptibility tests of the isolates are of important clinical significance[36]. The management of rapidly growing mycobacteria is usually an empiric therapy with two agents and a successive targeted regimen according to drug sensitivity tests[9]. Amikacin was the most reliable agent for the treatment of non-tuberculous mycobacteria and alternative effective agents included ciprofloxacin, clarithromycin, imipenem and linezolid[34]. Non-tuberculous mycobacteria are more sensitive to some antibiotics than other rapidly growing mycobacteria[32]. Clarithromycin was proved to be sensitive to M. abscessus/chelonae. Moxifloxacin was discovered to be the best to treat M. fortuitum infections, very active against M. chelonae when used alone and more effective against all the strains when combined with clarithromycin and amikacin[52]. A combined use of clarithromycin with moxifloxacin or linezolid at a high concentration (16 µg/ml) also displayed activity against M. abscessus[51]. Disseminated infections with atypical mycobacteria often develop in immunocompromised patients with reduced CD4 count and complement levels[37]. A combined antimicrobial therapy with prolonged treatment duration is often the regimen of choice. Amikacin and imipenem have been proved to be effective agents for the disseminated cases[32].

  Patients with deep infections of rapidly growing mycobacteria often warrant a surgical intervention including line removal, debridement, or removal of the foreign material[34]. An improved survival was advocated to be associated with surgical interventions[33], whereas some patients with conservative managements failed to survive[13]. In the patient series of Olalla et al.[7] reported in 2002, 15 of 19 cases of M. fortuitum complex (M. fortuitum and M. chelonae) endocarditis were prosthetic valve endocarditis and valve replacement was performed in 8 (42.1%) patients with an overall mortality of 88%. Recently, Strabelli et al.[11] reported 13 patients with M. chelonae endocarditis received a valve replacement and an overall mortality was decreased to 23.1% (3/13) including 1 (7.7%) early and 2 (15.4%) late deaths. Exceptionally, a few patients did not receive any antimicrobial treatment and patients were at long-term event-free survival[11]. These results implied that foreign material implant becomes an apparent risk factor for infective endocarditis, and usage of higher dose and combined antimicrobial regimens with reference to the mycobacterial species and surgical treatment can lead to improved outcomes.

  The rarity of this condition as well as the relevant published materials made this study a limited patient population. Abundant valuable date in the future may replenish the research with more accurate results.

   

  CONCLUSION

  Mycobacterial endocarditis is rare but dreadful. The rapidly growing mycobacteria become the predominant pathogens with chelonae being the most common. This condition has changed significantly in terms of epidemiology since the 21st century, with more broad patient age range, longer latency, prevailed mitral valve infections and better prognosis. The better prognoses than before might be attributed to the faster strain identification molecular techniques, higher dose of antimicrobial agents, periodic multidrug therapy guided by drug susceptibility testing and more requirements of surgical interventions.
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  Although this essay focuses on the situation in the emergent countries, "the less privileged parts of the world" can exist anywhere. To illustrate my point, consider the 42 million people living below the poverty level in the United States of America.

  Lack of diversity due to social, intellectual, educational, and professional inbreeding, the latter representing cultural stagnation — doing the same thing repeatedly while expecting different results — can easily be responsible for the lack of scientific progress and development. It could be your problem! As Einstein reminds us: "The significant problems we face cannot be solved at the same level of thinking we were at when we created them".

  The accumulation of mistakes combined with hubris, ignorance, hypocrisy, excess of diplomacy, bureaucracy and rampant corruption at all levels of the society are common findings in places where development is elusive. As a native of one of those countries, I experienced it; therefore, it is not without sorrow that I am making these observations. Easy to describe, hard to fix.

  Because this eclectic article is based on realism — the practice of regarding things in their true nature and dealing with them as they are — rather than employing the primitive defense mechanism of refusing to accept reality, I have no judgment about this piece, nor control over it. Nonetheless, it is possible to transform reality by creatively doing something never completed before. Novelties are often the result of the disruption of reality.

  As Dean Williams reminds us, "Fundamentally, the adaptive work of a creative challenge is group effort, and not to produce an individual psychological state of creativity... Anyone who has tried to exercise leadership in the face of a creative challenge soon realizes that creativity depends on the interaction among multiple people with different skills, perspectives, personalities, and attitudes. One individual may have a novel idea but not the ability to make it attractive or inspirational to others"[1].

  The fight for the future now requires a different mind-set, one that includes a future that is struggling to be born, as former President Clinton put it: "Many of the world's greatest challenges today are modern expressions of our oldest demons. The future never had enough voters — those interested in present gain usually win out".

  Our profession is immersed in the society and professionals are often absorbed in their daily activities without realizing that events beyond and around them have a significant impact in their lives and work. An intellectual revolution in performance, looking for ways to assess and apply the right changes to encourage ongoing growth in developing countries is required. Governments, the private sector and foundations working together in innovative ways can lead to greater advancements than any of those groups could do on their own[2].

  Assault on the Senses: First, listen! Then Boo! Although in their own way, some may hear it and become a factor of change altering the course of the events.

  Sometimes it is necessary to push audiences to the very limits of what they could understand or accept — and far beyond even if it sounds dissonant and that little immediate tradition lies behind it, as happened in Paris, in May 1913, during the premier of Stravinsky's "The Rite of Spring" ballet. Though it is now one of Stravinsky's most famous works, the inharmonic notes of the avant-garde music of his creation was first met with harsh criticism, negative reviews, and yes - a riot[3].

  There is no easy time to say hard things. When to speak or not speak about pressing issues?

  Michael Bloomberg, former mayor of New York City, said in his 2014 Harvard University Commencement discourse "Do not feel reticent to speak what is right. Do not be complicit. Do not follow the crowd. Speak up and fight back." Supporting the free debate of opposing views is "a sacred trust" of universities and the basis of a democratic society. At the same event, Drew Faust, President of Harvard University, emphasized that universities owe the future answers to new questions that stimulate inquiry and debate, and the ability to understand answers to questions — about truth, justice, goodness, and our origin — and develop meaning from them.

  In Atlas Shrugged, in which Ayn Rand expresses the advocacy of reason, individualism, capitalism, and the failures of governmental coercion, she aptly described what we find in many developing countries: "When you notice that to produce, you need to obtain authorization of those who produce nothing. When you see that the money flows to those who traffic not in goods, but favors. When you see that men get richer by graft and by pull rather than by work and your laws do not protect you against them, but protect them against you. When you see that corruption is rewarded and honesty becomes a self-sacrifice, then you will be able to claim without fear to be wrong, that your society is doomed"[4]. The drama unfolds between predator and victim. Altogether, it is the sanction of the victims defined by Leonard Peikoff as "the willingness of the good to suffer at the hands of the evil, to accept the role of sacrificial victim for the 'sin' of creating values"[5].

  The driving forces of societies are Politics, Economics, and Culture

  Politics: Governments can play great roles in their countries, regions, and cities facilitating or leading the resolution of festering problems and opening new pathways for progress. Good citizens generate good politicians that are eventually responsible for good governance — the ability of a society's leaders to think long term, address their problems with the optimal legislation and attract capable and honest people into government. Collaborative political leaders would look very different from the ones we are used to. In the first place, they would do what they could to create a culture of cooperation, not competition. An educated population should know how to elect honest and competent politicians.

  What is a True Democracy? Depending on the kind of political philosophy people are used to embracing, a true democracy is a society in which the citizens are not only electors, but also permanent actors in public affairs. When their participation is limited to elections, they lose their sovereignty soon after the vote. A true democracy is sustainable when people are committed to develop themselves intellectually, to expand their scientific knowledge, history, and making religious beliefs and erroneous beliefs a personal affair[6]. Faith must never be the final word when it comes to writing the law.

  Ambiguous Democracy. Democracy vs. populism: Some believe that it is possible to achieve collective wisdom born out of individual ignorance. For others, democracy is self-correcting. Winston Churchill once said, "Democracy is a terrible thing — until you look at all the alternatives." However, it is eroding because corporations and finance capitalism are growing faster than democracy and influencing it for their own ends.

  People spend their time "getting into politics" and too little time on why they want to be in politics, failing to ask:

  • First, "What do I believe in and why do I believe it?"

  • Second, "What do I want to do about giving effect to those beliefs, what policies would I want to change and what would I want to replace them with?"

  • Third, "What can I do now to bring about those changes?"[7]

  How could politicians that live in fear of mobilizing the "wrong" voters ever vote to change the system that keeps them comfortably in power and provides lucrative post-politics careers? In addition, politicians have no interest in projects promoted by their predecessors — a potential explanation for the political landscape littered with minefields to stop action from happening. Their intentions sound good but then the actions are like a snail, with wonderful speeches not followed by coherent actions, using democracy for decoration rather than direction. The result is a loss of leadership and momentum, affecting the implementation of policies that assure sustainable growth for those living ten years from now. When blaming the politicians and showing your disrespect for the government, please remember that they are not aliens; they are elected members of your society with the same idiosyncrasy and values.

  Economics: Man wishes are growing continuously.

  Maslow's Sets of Needs: As soon as needs on a lower level of the pyramid are fulfilled, those on the next level will emerge and demand satisfaction.

  1. Physiological needs. The basic needs cannot be postponed for long. These are food, shelter, clothing, rest, air, water, sleep, etc.

  2. Safety needs. The desire to be safe is connected with the psychological fear of loss of jobs, property, natural calamities or hazards.

  3. Social needs. Our needs for love, friendship, and to stay in a group.

  4. Esteem needs. Our needs for social recognition, status and respect.

  5. Self-actualization. This is about fulfilment and the opportunity for personal growth, to become what one is capable of becoming[8].

  Persistent Development Failure: The causes are multiple and the consequences have an enormous negative impact on people and society. Listing the problems may be easy; finding solutions is not, creating a capability trap that is responsible for the persistent development failure. Fundamental changes in the world's architecture and economy are needed.

  Development is jeopardized by unique levels of daily interruptions that erode people's ability to identify their purpose, to focus their attention on it, eventually disrupting their efforts to achieve excellence[9]. In this complex environment, repeating history and failing to form a direct path to destination is a common finding - circular progress — instead of a straight pathway to it — linear progress[10].

  Restricted Resources: Leadership, patience, perseverance, dedication, the capacity to adapt, and the creativity that will come with having to work under adverse circumstances, can result in temporary achievements but do not necessarily ensure sustainability in a social order with limited wealth. Things happen thanks to the hard work and creative adaptation of individuals who are able to stretch the bounds of their abilities in spite of the restricted means. Inadequate funds are a constant problem forcing them to focus on short-term creativity and innovation about tomorrow's needs. A great deal of energy, in the form of leadership and negotiations, is required to insure that people surpass themselves and continue to work hard for a low pay continuously challenging themselves and those around them[11]. Altogether, contributing factors for emotional exhaustion, high level of depersonalization and a low level of personal accomplishment.

  Culture:

  Social ills in developing countries are blamable for the deterioration of the civil society.

  Lower rankings on such measures as the Index of Economic Freedom and Transparency International government corruption index, plus a fragile judiciary with limited independence, and a cloudy legislative process, are manifestations of unaddressed institutional weakness[12]. Interestingly, the world's maps depicting corruption, health expenditures per capita, the burden of congenital heart disease and the absence of economic freedom clearly point to these countries.

  Importance of Institutional Quality: Low quality institutions create "contaminated" incentives. Institutions are the site of many of our difficult moral problems, and the source for many of the solutions. Institutional quality requires quality people. They are the key to making quality products and making the best use of the ordinary distribution of human talent. Countries with a long history of incentivizing the development of strong political institutions (constitutions, regulatory authority, legal systems, and distribution of power) are more likely to succeed. In contrast, those that fail to develop have weak institutions where the government violates property rights and concentrates wealth and power in a class of elites at the cost of the majority — frequently an undesirable side effect of populism[13].

  Society, a complex system. Understanding Complexity: A system is a group of mutually supporting elements that are working together with a common objective. They are made up of individuals, activities, connections, and pathways. Ideally, in complex systems, all members contribute to the quality of outcomes through an integrated manner in which communication, organization, interdependence and reciprocal supervision are crucial. Still, like in an orchestra, a conductor is vital.

  The observations below describe the complexity and the difficulty in finding a way out:

  Crime-Security expenditures are a drain on the economy: "Criminal activity acts like a tax on the entire economy: it discourages domestic and foreign direct investments; it reduces firms' competitiveness, and reallocates resources creating uncertainty and inefficiency"[14]. "Crime not only leads to material and immaterial costs for those who have become victimized, but crime also forces local and national authorities to spend billions on the prevention of crime and the detection, prosecution and punishment of criminals".

  Unfortunately, some governments prioritize economic reforms, and play down law and order, as the way to modernize their countries, without admitting that both are equally important.

  Suboptimal education. Education of the underclass is a challenge with many unanswered questions: "When will we start to talk about practical ways of confronting the fact that many so-called at-risk children are in family situations that place them at a disadvantage at birth? What are both constitutionally acceptable and morally acceptable and practicable solutions to addressing this issue? How can we support families (single mothers) who lack the knowledge, motivation, and capability for preparing their children to benefit from education? These are tough questions that are not being addressed. Without doing so, "education, education, and education" is a mere saying"[15].

  "Unfortunately, the parents of these children are barely surviving and do not have the money and time to prepare them to learn in school. So where are the funds coming from? Our capitalist culture does not agree to provide these children with more services. We watch them fall behind because of their parents' lack the knowledge, motivation, and capability for preparing their children to benefit from education"[16].

  There is a gap between what educational systems provide and what employers need. Universities should modernize their curriculum according to individual learning needs rather than the one-size-fits-all approach, adopting educational models that allow adaptation of resources to address local priorities. In today's economy, we need people who can take knowledge, apply it to new things and create new possibilities. Education is not a luxury; it is a necessity in this new century.

  Lessons of the Finnish education system:

  Purpose: to create a system that people are happy with — 90% in Finland vs. 29% in the USA when most of the ideas come from the USA!

  Successful State: among the best in most of World Economic Forum indexes. Six percent of GDP invested in education.

  Equal Society: Low-income inequality (child poverty rate 4%) and low Gini coefficient demonstrating that when you close the gap the bar will rise.

  Cooperative Society: Teaching is a team effort. Schools ready for all children. Great schools for each child. Winners do not compete they collaborate.

  Autonomy of the schools: over curricula and assessment to improve quality and to find your talent. Strong correlation between student's achievement and family background[17].

  Knowledge gap: Latin America, with a low number of patents has not excelled at doing new things or at doing the same things in a new and better way — disruptive innovations. It has been slow to acquire, adopt and adapt technologies that exist in other places. Yet there is no lack of talented and passionate people in this part of the world, nor of problems to solve. The bottleneck is in the support to let their innovative talents flourish. Talent and intelligence may be spread evenly across the planet, but opportunities are not. Regrettably, most of the requirements for innovation, including reforms in tertiary education are often not present in poor countries and in emerging economies.

  Inequality and Poverty. Social Considerations: Growing income inequality affecting intergenerational mobility — even among advanced economies — is one of the biggest social, economic and political challenges of our time. "Should the improvement in the circumstances of the lower ranks of the people — Great Divide — be regarded as an advantage or as an inconvenience to society? The answer seems at first abundantly plain. What improves the situation of the greater part can never be regarded as problematic to the whole. No society can surely be flourishing and happy, if the greater part of the numbers are poor and miserable" [18].

  Scarcity has many faces, changing from place to place and across time. Scarcity creates a similar psychology for everyone struggling to manage with less than they need. Just as busy people fail to manage their time efficiently for the same reasons, the poor fail to manage their money. Up to now, efforts to develop a unified field theory to solve the problem have inevitably fallen short[19].

  - Poverty is hunger, is lack of shelter, and is being sick and not being able to see a doctor.

  - Poverty is not having access to school and not knowing how to read.

  - Poverty is not having a job, is fear for the future, and is living one day at a time.

  - Poverty is losing a child to illness brought about by unclean water.

  - Poverty is powerlessness, lack of representation and freedom.

  - "Poverty is the most lethal weapon of mass destruction"[20].

  "Nearly 164 million people live in poverty in Latin America (27.9% of the population), 68 million of whom are considered destitute. Since 2002, poverty in Latin America has fallen by 15% and destitution has dropped by 8%, but figures from a recent study by the Economic Commission for Latin America and the Caribbean (ELAC) show that the rate of decrease is slowing. While poverty and destitution in this region decreased in 2012 in comparison with 2011, it remained unchanged in 2013. Countries in this region should push for more rapid structural changes in their economies to promote sustained growth with greater equality"[21].

  Nonetheless, the middle class has grown in those countries with faster economic growth — in which center-left governments have adopted redistributive policies, spending the fruits of the now ending commodities boom on social programs, young people are more educated, empowered, and demanding better public services[22].

  In addition to the economic inequality, there is often inequality before the law — one law for the poor and disadvantaged and another for the rich and famous that can afford to hire the best lawyers and mount the best defense possible. When was the last time that a wealthy man was executed? A two-tiered criminal justice system discriminating based on socioeconomic status, race, and geography is morally unacceptable. Influence brings privilege, and privilege can plainly mean getting away with wrongdoing.

  A further burden of poverty is inadequate health care: In emerging economies, low per capita expenditures and the inadequate allocation of funds explain the differences in success in the rich countries. Sixty percent of cancer cases and 70% of deaths from cancer happen in Africa, Asia, Central America and South America[23].

  Unemployment: Although two thirds of the recent global economic growth happened in the developing world, a vast number of the young grew restless because of unemployment. Furthermore, the development of the infrastructure and professional skills has not kept pace with the surging demand for skilled workers despite the expanding economy[24]. Thanks to the electronic media, people are increasingly aware that these wrongs cannot be easily or rapidly put right and that those opportunities are more attractive in developed countries.

  Corruption: What is happening in many countries today is not just a pathology, but a predictable pathology that arises whenever a society has no checks on behavior, no acceptance of any rule of law, and no respect for rules of procedure[25].

  Does corruption arises from individuals' diminished personal integrity and misconduct or from institutional arrangements? Institutional corruption is the result of a guidance within an economy of influence that illegitimately weakens institutional effectiveness especially by weakening the public trust — "Crisis of Credibility"[26].

  Interestingly, Aristotle in "Nicomachean Ethics", a compilation of lecture notes, emphasizes the role of an active condition in the moral search for ethical virtue, a state that consists in choosing "the just one" between the two ends. The no and the yes are always in our power. Both, virtue and corruption are in our control. It is in our power to do something, as it is not to doing it[27].

  In "Theory of Moral Sentiments", Adam Smith introduced a different explanation about the acquisition of moral values, suggesting that it is a process starting early in life and based on the approval or disapproval of what happens around us.

  Are these concepts compatible in an era in which social, political, and financial systems are corrupted, elections and democracy manipulated by corporate interests, religious groups taking over governments, or charlatans dominating and controlling financial systems, and thereby influencing the legislative and judicial integrity? Corruption is not just a question of ethics, but also one of economics. As companies in rich nations push into poorer regions, illicit gains connected with politics or business go global.

  The World Bank estimates that $1 trillion in bribes is paid annually to officials. An estimated $1 trillion a year is being taken out of poor countries and 3.6 million lives are lost because of corruption. In Africa alone, $148 billion is siphoned off annually.

  Not surprisingly, protective of their interests, corporations prefer settlements to the catastrophic financial penalties and the bad publicity if they lose in court. In the end, some of the people that are charged are extremely rich and powerful, and can afford great attorneys[28].

  Corruption is a societal pathology closely related to blind spots and perception of legality: "Why do we often fail to do what is right? When confronted with an ethical dilemma, most of us like to think we would stand up for our principles, but we may not be as ethical as we think we are, due to blind spots. We often overestimate our ability to do what is right and act unethically without meaning to. There is no good reason to believe that we would behave any differently from the agent, the auditor, the buyer, or the seller when we have conflicting motivations and interests. To avoid such unintended unethical behaviors, the first step is to recognize our own fallibility."[29]. Not surprisingly, ethical fading — the removal of ethics from the decision making process — can negatively affect our judgment by shifting our ethical values. "We can become more ethical by bridging the gap between who we are and who we want to be."[30]. Lack of integrity is the main obstacle. "Without integrity, there is no trust. Without trust, there is no leadership, with everyone for himself. Without integrity, there is corruption, no respect for rule of law, and no true democracy. Unfortunately, once corruption becomes ingrained and an integral part of the society, it takes a miracle to change it"[31].

  Tax evasion. Merits of taxes:

  •"No one size fits all": An effective strategy to reduce tax evasion and avoidance that needs to be tailored to the specific country's environment.

  •A strategy should involve both measures at the national as well as the international level. Actions at the international level can only be implemented successfully if specific prerequisites on the national level are guaranteed.

  •Equally, measures undertaken at the international level have to be accompanied by adequate strategies at the national level.

  Main Factors facilitating tax evasion and avoidance:

  -Low willingness to pay taxes by taxpayers usually results from the tax rates and perception that they are unfair, or from the lack of transparency and accountability in the use of public funds, or the lack of service in return, or of the rule of law, as well as poor tax morale, and high compliance costs.

  -Low ability to enforce tax law and tax collection due to low probability of detection, low penalties, high level of corruption, large informal sector, and incompetence of the tax administration[32].

  Lack of independent and reliable justice. Checks and balances: In many developing countries, because of the lack of separation of powers, it is never easy and often impossible to legislate against the will of the executive branch. Government systems that employ a separation of powers need a way to balance each of the branches to induce them to cooperate and to prevent one branch from becoming supreme. Typically, the latter is avoided through "checks and balances" — a system-based regulation that allows one branch to limit another, helping to ensure that no one branch becomes too powerful. Although it will not be an easy win, it is also necessary to balance the power of big money with the power of big ideas.

  http://en.wikipedia.org/wiki/Separation_of_powers

  Unfortunately, regimes that violate these principles could survive a long time despite an economic crisis if the level of control over all government institutions, the press, education, and the business environment, is strong. Many perceive the job of the police and the courts as implementing political control, rather than investigating thugs.

  Lack of long-term planning and a consistent model: Has the traditional approach of the Big World Planners found the solution to enrich the poor, to feed the hungry, and to save the dying? The answer is No, due to ineffective efforts, despite spending more than $ 2 trillion[33].

  Outdated infrastructure. The recent Ebola epidemics is a clear example of the dismal infrastructure in the affected countries and the weaknesses of their health systems. The risks for volunteers is high. According to the WHO, a significant number of healthcare workers have been infected since the outbreak began and many of them have died[34]. "If there was a health care infrastructure able of rapidly identifying and isolating cases and providing adequate medical care and doing the proper contact tracing then this epidemic might have been put under control a long time ago"[35]. As Paul Farmer, co-founder of Partners in Health put it, "Outbreaks are inevitable. Epidemics are optional."

  A Coalition of Inaction: The inadequate and late response to the current epidemic stresses how little focus has been on the need of a strong global health set-up and making global health security a priority in individual countries. Alarmed by Ebola, the public is not reassured by what specialists say, and anxiety has soared about the potential for contagion. Lessons from this epidemic can be helpful for future outbreaks.

  The absence of a social contract: an actual or hypothetical agreement among the members of an organized society or between a community and its rulers that defines and limits the rights and duties of each. The people agree to obey the ruler in all matters in return for a guarantee of peace and security. In surrendering their individual freedom, they acquire limited agreed-upon political liberty and civil rights, a covenant for mutual benefit between an individual or group and the government or community as a whole. Regrettably, people often act slavishly by voting every few years and then passively accept what their representatives say[36].

  Lack of solidarity and social responsibility. Participation: It is important that people take an active role in the social, political, and economic aspects of the society in order to defend the interests of those suffering. The time has come, to decide whether they will continue to be a part of the problem, or whether they will be part of the solution.

  Modest philanthropic efforts: Philanthropy is sub-optimal despite not everyone's being poor in the poor countries due to culture and/or interpretation, religion, lack of trust, and lack of tax incentives, as well as tax evasion. Philanthropy is not the solution for poverty. A combination of economic growth, higher human capital, social inclusion, and political will can help.

  All of the above indicate that social and human capital as defined below, are low in developing countries:

  Social Capital and Social Bonds: The levels of trust, tolerance, cooperation and reciprocity among individuals in a particular social environment is the base for teamwork. The success of a society depends on the strength of its communities rather than on peer pressure. Bad things happen when good people do nothing.

  Human Capital: This is the knowledge, skills, and expertise that individuals acquire through education and training, used to produce things, services or ideas. The greater quantity and quality of skilled workers in rich countries suggest that human capital is a central vessel for social and economic development. The quantity and quality of competent workers has a direct effect on the economic improvement of a society. The power is in the hands of each citizen[37].

  Collaborative Rationality: Both social and human capital are complementary for getting better together, which is a different way of knowing, generating, making and justifying decisions based on diversity, interdependence, and authentic dialogue. The agents, facing a common problem, think logically and interact exchanging information in an open system, to identify a common solution for the benefit of all, avoiding the limitations of acting unilaterally. The culture of the group overcomes the culture of the superstar[38].

  Raising the bar. Upward Comparison. Since we tend to overestimate where we stand in contrast to others, comparing our self to others is not bad if we avoid a twisting strategy to fit data — Pseudo Mathematics[39]. Upward comparison, as economists and psychologists call it, can diminish our success — we are not the best anymore — but also encourage us to learn. Although looking around us can be punishing, it is better to watch good players, and improve our performance, than bad ones and feel superior[40].

  Why some nations are rich and others are poor and volatile. Order vs. Disorder

  Regardless of the effort and brainpower that go into designing complex systems and their "system of work", it is impossible to do it perfectly and to predict the behavior of individuals under the conditions in which they must perform[41].

  Order. Developed countries set themselves apart in how they deal with the unpredictable problems of complex systems. They manage to stay ahead because of their endurance, responsiveness, and their velocity in self-correction by bringing their modules together and making them better than the sum of their parts. Altogether bring about more capabilities, and the more capabilities they have the more likely they are to grow economically[42].

  Disorder. Conversely, in emerging countries their parts come together through hard work, goodwill, and improvisation — a patchwork approach to fixing problems. Their components are managed as if they operated independently when in fact they are interdependent[41].

  Are foreign advisors useful? Yes, when they are aware of the local context. International executives need "contextual intelligence" — the ability to recognize the limits of their knowledge and adapt it to different environments [43]. The link between leadership and culture is complex. It is not always easy to appreciate or understand that what people do, mean, and say, varies from one culture to the next. Understanding another part of the world better is an avenue for transcultural understanding. Without this understanding, it is impossible to lead in another culture. A style that would be effective in one culture might be dysfunctional in another. This is the case in the national culture as well as in the corporate culture. Furthermore, diplomacy is often necessary to pass the borders of ignorance, culture, and geography.

  "Despite what we would like to believe, management practices — even the most effective ones — do not travel across borders"[43].

  Notwithstanding the extensive use of foreign advisors in emergent countries, there has been little examination of their roles. Outside consultants should not become insiders. One of the things necessary for them is to remain outsiders. Foreign technical advisers work by a different set of rules than nationals within the hierarchy. How do their roles differ from those of the host country? How do outsiders acquire influence? To whom are they accountable? These remain important questions since the advisors exercise vast influence with limited accountability and without organizational authority. Foreigners have the responsibility to consider the feasibility and broader context of their recommendations for moving people from dependency to self-sufficiency[44].

  Useful Rules for Wise Advisors. Listening is an act of love: -"Encourage your advisee to tell their stories in order to understand the problems faced by locals. First listen and let them tell you why they need your help, and then ask what help they feel they need."

  -"Do not talk too soon. Avoid proving your value by offering advice before you know the problem fully."

  -"Avoid early judgment. If the advisee senses that you are judgmental, he/she will probably become defensive and guarded. An open-minded understanding helps to gain trust and cooperation"[45].

  The Power of Noticing: What Effective Leaders See. What are the critical threats and challenges that we are ignoring or denying? Why the leaders of some organizations fail to identify key problems and act before things turn catastrophic?

  Cognitive dissonance: a pandemic phenomenon, whereby people do not want to see or cannot see because the group is not designed to see, and there are other people who are keeping us from seeing — motivated blindness, projecting an "Everything is just fine" attitude.

  Adapting Development Models: Experiences from other global efforts may reveal the obstacles while providing valuable strategies for success[46]. However, as Lant Pritchett has noted, "models with proven effectiveness in other settings often fail to take hold in developing countries even despite having governments and international support. The name for the practice behind the problem is isomorphic mimicry. This happens when consultants and public officials drop a replica of a proven model into an obsolete system. Unless resident agents work to give it a life of its own, it remains a replica"[47].

  Recipient Responsibility. Impact of mindset: In the words of Robert G. Gard, "What cannot be taught, however, is motivation or incentive — morale or confidence in, and commitment to, the nation's institutions and leadership. This intangible element, essential to success, depends on the legitimacy of domestic governance. The legitimacy of the parent institutions is as necessary to success as well-trained personnel"[48]. People's self-theories about intelligence have an intense influence on their motivation to learn and subsequently on institutions. Those who hold a "fixed" theory are mainly concerned with how smart they are — they prefer tasks they can already do well and avoid ones on which they may make mistakes and not look smart. In contrast, people who believe in an "expandable" or "growth" theory of intelligence want to challenge themselves to increase their abilities, even if they fail at first[49].

  Resistance to change. Ask what you can do and imagine what we can do together: Instinctively, people know that something is wrong but talk about change is often located in the near future, rarely in the present. Almost everybody accepts the idea of an out-of-date society or system trying to become a normal and modern developed country. The ability to see room for improvement, however, is not of much use unless one also has a strong desire to improve.

  Agreement on a problem does not produce agreement on a solution. An early desire to look different can be abandoned when key supporters realize this means real changes and is against their interest — which produces a policy-implementation gap. Unfortunately, people appear to have the right to complain but do not believe that it is their duty to do something about it, fix what is broken, and to make the world a better place. Reinforcing a dysfunctional system strangles innovation and stifles the progress of organic adaptation.

  Fundamental transformation of human nature is utopian, but partial transformations of human behavior occur all the time. Progress can change people's awareness of what is possible. Without failure, there is no innovation. Do not be afraid to explore what you could be! Change is in each of us[50]. "If we who have the talent and knowledge don't look after the problems ourselves, then others who are less talented and more ignorant of those problems will certainly do it for us"[51].

  Business Model Innovation: a different way of generating change. A less radical and less expensive alternative is creating value through business model innovation — how companies do business; this can decrease resistance and simplify execution. It can be done by business model improvements, which can occur in a number of ways by adding and integrating novel activities and/or linking activities in a new way, changing one or more parties that perform any of the activities. "Who performs what? The "whats" are nonspecific, the "hows" are specific to you and the organization you are working with: going from what to how has to be understood through practice"[52].What they do will be less important providing that quantitative evaluation of its impact follows the change. Countries and organizations can survive dramatic changes by deciding which parts of their business model to preserve and which to dump.

  Real Leadership: Instead of looking for saviors, we should be calling for a leader that will challenge us to face difficulties for which there are no simple solutions, requiring us to learn new ways. Making progress on these problems demands not someone who provides answers from on high but changes in our attitudes, behavior, and values[1]. Successful leaders have the guts to marginalize radicals and nihilists who refuse to play by the rules of the institution.

  Maladaptive practices exist everywhere and they eventually become adaptive challenges that do not subside with the application of technical skills provided by the professional. The frequency and persistence of maladaptive practices is related to the resistance of people to change and human nature's tendency to apply the "minimal risk" and "least effort" strategies that result in incomplete adaptive work, allowing subsistence but no optimal result[1]. The principle-policy-implementation gap plays an additional roll.

  Flexible adaptive leadership allows leaders to adjust, react and operate according to the needs of different contexts. The capacity to adapt enables both individual and business needs to be met through making changes to the time (when), location (where), and manner (how) in which people work[53].

  Technology vs. Humans. Will technology assist individuals or limit them?

  Advances in artificial intelligence will mean that computers rather than people will make more judgments and computers may not be able to explain their reasoning. All of us should ask ourselves what we could do now to improve the chances of gaining the benefits and avoiding the risks. In the near future access to information and new technology may make profits and privacy obsolete, and force us to redefine the boundaries between humanity and machines. These are advancing fast, and bring with them great hopes, but also great fears. Technology is neutral but people are not!

  Hopes:

  •Internet: communications, information, networking. "Exported knowledge fuels development. Tacit knowledge is spread through human interactions, which usually requires proximity. Bridges between people in different countries have increased, as global communications develop. This local diffusion of knowledge can help explain the well-known fact that rich and poor countries tend to be geographically clustered"[54]. Cluster: a geographically proximate group of interconnected companies and associated institutions in a particular field, linked by commonalities and complementarities[55].

  • Education: free online education, classes, courses and degrees.

  • Innovation: robotics, automation, energy, additive manufacturing and 3D bioprinting in which tissues containing blood vessels and multiple cell types can now be assembled in architectures approaching the complexity of human tissues.

  • Sciences: improving connectivity and removing barriers to cooperation, exchange of knowledge and interdisciplinary alliances.

  • Health Care Quality

  Fears to the downsides of advancing technology:

  The only way to beat an existing technology is to bring in a disruptive and creative new technology that is a strong alternative. Just bad-mouthing it and stressing its handicaps do not go very far.

  • Overuse/misuse

  • Health Care Cost. "In every other sector of the economy, technology makes life cheaper, easier and better. In medicine, new treatments and devices usually do the last thing in that trio, sometime the second but rarely if ever the first"[56].

  • Unemployment (youth): a time bomb!

  • Inequality

  • Cybercrime. National security. Many countries have nuclear materials in installations that are not safe. Sophisticated technology is not yet in the hands of terrorist organizations, but it might be one day in the future.

  • Addiction, dependence, and distraction: today, all facets of the information age lead to overwhelmingly negative interruptions. In the end, a person requires a method. He must be able to distinguish between creative and destructive distractions by the sort of taste they have, whether they feel depleting or fulfilling. Moreover, this can work only if he is in good communication with himself — an artist of his own life.

  • Quality of life, stress?

  A Word of Caution: "Often people get what they could get, but getting the wrong thing is not necessarily the right thing to do. In medicine, for example, there is always a risk of being satisfied with delivering sub-standard care in resource-limited settings, assuming that offering some care is better than no care, or that reaching a larger number of people with sub-optimal care is preferable to reaching fewer people with more sophisticated and therefore more expensive care" [57].

  Quo Vadis? In developing countries, government officials and their population have to decide where they are heading:

  - "For the sailor who does not know where it goes, there is never a favorable wind"

  -"Para o marinheiro que não sabe para onde vai, nunca há um vento favorável"

  - "Para el navegante que no sabe adónde va, nunca hay vientos favorables"

  Lucio Seneca (4 BC - 65 AD)
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  ABSTRACT
    The dehiscence after median transesternal sternotomy used as surgical access for cardiac surgery is one of its complications and it increases the patient's morbidity and mortality. A variety of surgical techniques were recently described resulting to the need of a classification bringing a measure of objectivity to the management of these complex and dangerous wounds. The different related classifications are based in the primary causal infection, but recently the anatomical description of the wound including the deepness and the vertical extension showed to be more useful. We propose a new classification based only on the anatomical changes following sternotomy dehiscence and chronic wound formation separating it in four types according to the deepness and in two sub-groups according to the vertical extension based on the inferior insertion of the pectoralis major muscle.

    Descriptors: Thoracotomy. Surgical wound infection. Sternum. Postoperative complications.

  

   

  
    RESUMO

    A deiscência após a esternotomia transesternal mediana utilizada em cirurgia cardíaca é uma de suas complicações e provoca o aumento da morbidade e mortalidade dos pacientes. Várias técnicas cirúrgicas têm sido descritas para o seu tratamento, o que contribuiu para aumentar a importância da classificação destas deiscências. Os métodos de classificação inicialmente descritos se baseavam na infecção do sítio cirúrgico, entretanto, é cada vez mais clara a relevância da descrição exata da localização e a extensão da área cruenta resultante como parâmetros para definição da técnica cirúrgica a ser escolhida. Neste relato é sugerida uma nova classificação baseada somente nas alterações anatômicas das feridas que as classifica em quatro tipos, de acordo com a profundidade, e em dois subgrupos, de acordo com a sua extensão vertical, tendo como referência a inserção da margem inferior do músculo peitoral maior.

    Descritores: Toracotomia. Complicações pós-operatórias. Infecção da ferida operatória. Esterno.

  

   

   

  INTRODUCTION

  The median transsternal thoracotomy was first described as an access route in cardiac surgery in 1957[1] and, since then, is widely used. One of the complications is the dehiscence of edges that usually occurs after infection, and is associated with high rates of morbidity and mortality[2].

  In cases of infection, the first-line treatment in the acute phase is early debridement, use of antibiotics and, in some cases, the use of retail of the pectoralis major muscle or omentum to improve vascularization. However, some patients develop dehiscence of the sutures and the chronicity of wounds[3,4].

  Some of dehiscence can be corrected only with debridement of the edges and its approach after improvement of the conditions of the tissues involved. For the correction of more complex defects, various techniques were being described including muscle, musculocutaenous and skin flaps, also omentum flaps with subsequent skin graftting, and recently the fasciocutaneous flap including the pectoralis major muscle fascia[3-8].

  Due to the recent increase of surgical options, it became necessary to classify these wounds in order to assist the decision-making process of the surgeons as to the best technique to be used, and to facilitate the exchange of knowledge in scientific reports. The first classification was described by Pairolero& Arnold in 1984[3], based on the postoperative time of establishment of the infection (Table 1), subsequently, Oakley in 1996[9] used the same criteria, but added risk factors of the establishment and attempts of treatment of the initial infection (Table 2).
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  Infections following a sternotomy are generically termed in the literature as mediastinitis, although infection may be limited to a tissue or anatomical area, not necessarily involving the mediastinum. Other terms are used: esternites, mediastinitis, dehiscence of sternotomy and post-sternotomy infection.

  According to the Center for Disease Control and Prevention (CDC), the infection in surgical wounds after sternotomy should be classified into three types: (A) surface when only the skin and subcutaneous are involved; (B) when the infection reaches the sternum, but not affecting it, and (C) of cavity or organ when there is sternum osteomyelitis and/or when there is involvement of the mediastinum[10]. These definitions clarify the site of infection, but do not keep exact correlation with the existing real anatomical change.

  Jones et al.[5] in 1997, suggested for the first time a classification based on the affected anatomical site but still using as parameter the presence of infection (Table 3). Greig et al.[11] in 2007 proposed a classification based on the affected anatomical site (Table 4). The author was the first to specify the vertical extent of the wound, because it is recognized the more difficult to reconstruct the lower portion when it extends below the insertion of the lower border of the pectoralis major muscle. However, the concept of emphasizing only the location of the wound was not widely used in scientific reports and classifications based on infection continued to be the most used[12].
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  The recent expansion of the variety of surgical techniques and the discussion of their indications proved to be fundamental the anatomical description of the raw area to facilitate understanding and discussion of the results[6-8].

  Consequently, we created a uniquely classification based on the depth and anatomical extent of the wounds which seemed to us to be more complete and objective. Initially, we divided the surgical wound into four types, according to the depth affected: type I, when there is loss of skin and subcutaneous tissue; type II, when the bone is exposed; type III, when there is loss of bone tissue of sternum or ribs; type IV and when there is exposure of the mediastinum (Table 5). Next, we define whether it is partial or total in relation to its vertical extent and in the end whether it is of higher or lower position, considering as reference the inclusion of the lower margin of the pectoralis major muscle. To illustrate the use of this classification we present three examples of patients with chronic wounds in which different surgical techniques have been adopted based on anatomical changes of the surgical wound (Figures 1A, 1B, 2A, 2B, 3A, 3B). The result of the classification proposed in these cases was more precise and specific than if we used the classification methods previously used.
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    [image: Fig. 3B - Patient with post-CABG]

  

  It should be noted that use the infectious process, related to the length of its establishment or its depth, as classification criteria seems to be inappropriate, since the infection is not the only cause of dehiscence of the edges in these patients, and surgical reconstruction is only performed when there is no infection at the site of dehiscence and possible donor sites.

  We therefore consider that this classification is objective and easy to understand, thereby facilitating the exchange of data. This favors the exchange of information between teams and systematises the evaluation of the success of the various existing surgical techniques.
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    ABSTRACT

    OBJECTIVE: To evaluate the behavior of castor oil-derived polyurethane as a hemostatic agent and tissue response after abdominal aortic injury and to compare it with 2-octyl-cyanoacrylate.

    METHODS: Twenty-four Guinea Pigs were randomly divided into three groups of eight animals (I, II, and III). The infrarenal abdominal aorta was dissected, clamped proximally and distally to the vascular puncture site. In group I (control), hemostasis was achieved with digital pressure; in group II (polyurethane) castor oil-derived polyurethane was applied, and in group III (cyanoacrylate), 2-octyl-cyanoacrylate was used. Group II was subdivided into IIA and IIB according to the time of preparation of the hemostatic agent.

    RESULTS: Mean blood loss in groups IIA, IIB and III was 0.002 grams (g), 0.008 g, and 0.170 g, with standard deviation of 0.005 g, 0.005 g, and 0.424 g, respectively (P=0.069). The drying time for cyanoacrylate averaged 81.5 seconds (s) (standard deviation: 51.5 seconds) and 126.1 s (standard deviation: 23.0 s) for polyurethane B (P=0.046). However, there was a trend (P=0.069) for cyanoacrylate to dry more slowly than polyurethane A (mean: 40.5 s; SD: 8.6 s). Furthermore, polyurethane A had a shorter drying time than polyurethane B (P=0.003), mean IIA of 40.5 s (standard deviation: 8.6 s). In group III, 100% of the animals had mild/severe fibrosis, while in group II only 12.5% showed this degree of fibrosis (P=0.001).

    CONCLUSION: Polyurethane derived from castor oil showed similar hemostatic behavior to octyl-2-cyanoacrylate. There was less perivascular tissue response with polyurethane when compared with cyanoacrylate.

    Descriptors: Polyurethanes. Cyanoacrylates. Guinea Pigs. Hemostasis. Castor Oil.

  

   

  
    RESUMO

    OBJETIVO: Avaliar o comportamento hemostático e a reação tecidual do poliuretano, derivado da mamona, após injúria da aorta abdominal de cobaias e compará-lo com o 2-octil-cianoacrilato.

    MÉTODOS: Vinte e quatro cobaias foram divididas aleatoriamente em três grupos de oito animais (I, II e III). A aorta abdominal infrarrenal foi dissecada, pinçada proximal e distalmente ao local que se procedeu à punção vascular. No grupo I (controle), a hemostasia foi feita com digitopressão; no grupo II (poliuretano), aplicou-se o selante vegetal e, no grupo III (cianoacrilato), aplicou-se o 2-octil-cianoacrilato. O grupo II foi subdividido em IIA e IIB, conforme o tempo de preparo do poliuretano.

    RESULTADOS: A média de perda sanguínea nos grupos IIA, IIB e III foi 0,002 g, 0,008 g e 0,170 g, com desvios padrões de 0,005 g, 0,005 g e 0,424 g, respectivamente (P=0,069). O tempo de secagem do selante cianoacrilato foi em média 81,5 segundos (s) (desvio padrão: 51,5 s), enquanto o poliuretano B levou 126,1 segundos (desvio padrão: 23,0 s) (P=0,046). Entretanto, houve tendência (P=0,069) do cianoacrilato apresentar um tempo maior de secagem que o poliuretano A. Além disso, o poliuretano A teve um tempo de secagem menor que o poliuretano B (P=0,003), com média para o IIA de 40,5 segundos (desvio padrão: 8,6 s). No grupo III, 100% dos animais tiveram fibrose moderada/acentuada, enquanto no grupo II apenas 12,5% (P=0,001).

    CONCLUSÃO: O poliuretano derivado da mamona apresentou comportamento hemostático semelhante ao 2-octil-cianoacrilato. A cola vegetal demonstrou menor reação tecidual perivascular.

    Descritores: Poliuretanos. Cianoacrilatos. Cobaias. Hemostasia. Óleo de Rícino.

  

   

   

  INTRODUCTION

  Hemostatic control of small vessels sutures is a crucial point in cardiovascular surgeries and demands great experience of the surgeon[1]. Nevertheless, bleeding through the suture line is a major cause of mortality. In other areas such as surgical trauma, solid organs such as liver and spleen may also have bleeding or may difficult to control due to friability and high vascularization[2].

  One major concern is the length of clamping time during vascular injury repair, considering the ischemic damage observed in terminal organs—the longer the ischemia, the more severe the organ injury. Therefore, it is crucial to minimize the duration of ischemia in any type of vascular injury[3].

  In the search for a simpler and faster technique, alternative methods of anastomosis have been studied, such as the use of mechanical connecting devices. However, those devices are impractical in some contexts, for instance, when there is a discrepancy in the caliber of the vessels to be joined by anastomosis. Another alternative are vascular sealants such as cyanoacrylate and fibrin glue, a synthetic and a natural (biological) adhesive, respectively[1].

  The mechanism of action of cyanoacrylate is polymerization on contact with proteins that function as catalysts, leaving a crust on the lesion surface. Among the cyanoacrylate characteristics worth emphasizing are its bactericidal and bacteriostatic power, minimal tissue toxicity, and blue color, which allows easy visualization of the adhesive in the operative field[4]. On the other hand, cyanoacrylate causes some adverse effects, such as intense inflammation with dissection of the elastic lamina, calcification of the media, and thinning and deformation of the vessel wall. Furthermore, there are accounts of pseudoaneurysm formation and it has been reported that leakage of the glue into the vessel lumen invariably leads to thrombosis[1].

  Ideally, a hemostatic agent should be easy to use and conserve, be amiable to sterilization, act only at the site of application, bond quickly to tissue, not release excess heat, be stable at body temperature, maintain adhesiveness even in contact with moist surfaces, only degrade at the final stage of wound healing, be safe for both patient and surgeon, and not have toxicity or carcinogenic action. Unfortunately, an adhesive like this is not yet available[5,6].

  It has been demonstrated that vascular sealants, adjuncts to vascular suture, play a major role in reducing operative time, enhancing hemostasis, and reducing the need for additional stitches. Time-honored sealants such as fibrin glue and cyanoacrylate have shown disadvantages in some respects, such as the high cost and intense inflammatory response, respectively[1,3,7].

  The aim of the present study was to determine the hemostatic behavior and induced tissue response of bio-based polyurethane derived from castor oil in comparison to 2-octyl-cyanoacrylate following aortic artery injury in guinea pigs.

   

  METHODS

  This experimental randomized interventional study was conducted by the Denton Cooley Institute at the histology and cell biology laboratories, the animal colony, and the clinical and surgical experimentation laboratory of the Faculdade Evangélica do Paraná (FEPAR).

  Ethical Statement

  The Animal Research Ethics Committee (Comitê de Ética em Uso de Animais–CEUA) approved the present study under Formal Opinion No. 5517/2012. The study was conducted in compliance with the ethical principles in animal experimentation adopted by the Brazilian College of Animal Experimentation (Colégio Brasileiro de Experimentação Animal–COBEA) and the regulations laid out in the "Guide for the Care and Use of Laboratory Animals" (Institute of Laboratory Animal Resources, National Academy of Sciences, Washington, D.C., 1996). Moreover, there is no conflict of interest.

  Sample Design

  The study sample was composed of 24 male guinea pigs (Cavia porcellus), Rodentia, Mammalia, Caviidae, aged 4 months and weighing between 623-882 g (mean, 757.29 g), obtained from the Instituto de Tecnologia do Paraná (TECPAR).

  The animals were housed at the FEPAR animal colony in a controlled environment-a room with a low noise level, 12-h light/dark cycles, and mean temperature of 21ºC, varying from 19ºC to 24ºC. The guinea pigs stayed in the animal colony for 30 days prior to the experiment for acclimation and observation. They were kept in cages and received Nuvital chow and water ad libitum[8]. The animals were randomly allocated into three groups of eight animals each[9]: group I (control), group II (polyurethane), and group III (cyanoacrylate).

  Group II was subdivided on the basis of the adhesive/catalyst mixture time: 6.5 min for subgroup IIA and 3.5 min for IIB. This difference derived from the homogenization time of polyurethane.

  Material

  The guinea pigs were purchased from the Institute of Technology of Paraná (TECPAR), while the vascular sealants, polyurethane (Vetasuper®) and 2-octyl-cyanoacrylate (Dermabond®), from processed products.

  Surgery Description

  After a 6-hour fast for chow and a 4-hour fast for water, the guinea pigs were anesthetized according to the Barzago protocol with ketamine (87 mg/kg) and xylazine (13 mg/kg), intraperitoneally[10]. Abdominal hair was shaved using an electric razor, after which the animals were weighed and tied to the operating board in the supine position. Subsequently, prophylactic enrofloxacin (5-15 mg/kg) was administered intramuscularly. The guinea pigs were wrapped in plastic to prevent hypothermia. Extensive antisepsis with PVPI was done, followed by local anesthesia of the abdominal wall with 2% lidocaine diluted in normal saline (1:4)[11].

  We performed median laparotomy with an incision of about 5 cm. The bladder was emptied by puncture with a 13 mm x 0.45 mm needle. The small bowel loops and the descending colon were pushed aside to the right. The ureters were pushed aside and the retroperitoneum was opened. The aorta was dissected from the infrarenal region about 5 mm from the iliac arteries using a small curved hemostat to ensure minimal direct manipulation to minimize vascular injury. Papaverine was applied all around the dissected aorta to prevent vasospasm[12]. The aorta was isolated from the vena cava and clamped using two DeBakey bulldog clamps, proximally and distally to the site being manipulated. We punctured the infrarenal abdominal aorta using a 0.70 mm x 25 mm needle[3]. From this point onward, hemostasis was performed differently for each group. In group I, after puncture of the aorta, the clamps were released and hemostasis was achieved through digital compression with gauze. After it finished bleeding, compression was stopped, restoring blood flow.

  In group II, hemostasis was achieved using the bio-based polyurethane sealant in conjunction with a catalyst (at a ratio of 2:1). The mixture was prepared on a sterile slide with varying preparation times as mentioned above. For both subgroups, the sealant was applied at the puncture site using the bare end of a sterile swab stick (Figure 1). To assess the drying time of the adhesive, the proximal clamp was partially released approximately every 15 seconds and blood loss was estimated. After the polyurethane drying process was completed, the DeBakey bulldog clamps were released and arterial blood flow was restored.

  
    

    [image: Fig. 1 - Proximal and distal clamping of the aorta with Bulldog]

  

  For group III, the process began when the capsule containing the 2-octyl-cyanoacrylate adhesive was broken and the product was exposed to air humidity. The adhesive was then placed on a sterile slide. In this group, there was no specific preparation time, since the synthetic adhesive was ready for use in only a few seconds. The technique to apply the cyanoacrylate to the injury site and to assess drying time was identical to that of group II.

  To estimate blood loss after the aortic puncture in groups II and III, gauze sponges were weighed on a high-precision scale immediately before they were used and again immediately after. Hemostasis was achieved with sealants; for that reason, the gauze sponges were only used to allow an estimate of blood loss after the puncture and in case of hemostasis failure.

  Subsequently, the bowel loops were repositioned without retroperitoneal closure. The abdominal wall was closed in two planes (muscle and skin) with a continuous mononylon 3.0 suture[13].

  During the experiment, the following were evaluated: weight of the animal, time of application (puncture of the aorta until the application of sealant), drying time (applying the glue until the opening of the clamps) and blood loss. Except for the weight of the animal, the other variables were analyzed only in groups II and III.

  Postoperative period

  Postanesthesia recovery took place in a glass box with incandescent light heating, under constant observation of the investigators. After recovery, the animals were returned to their cages. They were given pain medication (5 mg/kg tramadol hydrochloride, intramuscularly) during the first 3 postoperative (PO) days[14].

  On PO day 14, the guinea pigs were humanely killed in a CO2 chamber. Following a second median laparotomy, the aorta was surgically removed en bloc from the infrarenal region to about 5 mm from the iliac arteries for histological studies.

  Histological Study

  The surgical specimens, properly identified, were immersed in 10% formaldehyde for 72 hours at room temperature. The material was routinely processed for slide preparation at the FEPAR histotechnique laboratory. Twelve cuts were made throughout each piece.

  The microscope for the histological study was a Nikon Eclipse 200 model. The specimens were analyzed qualitatively and quantitatively at 100x and 400x magnification, respectively.

  Fibrous tissue formation was analyzed qualitatively on glass slides using the Masson's trichrome staining technique. Fibrosis was rated as absent/mild or moderate/severe.

  In the quantitative analysis with hematoxylin-eosin staining, the cell types were counted in 5 fields under the microscope. The following types were counted: histiocytes, neutrophils, giant cells, and lymphocytes[11].

  Statistical Analysis

  The results of the quantitative variables were expressed as means, minimum values, maximum values, and standard deviations. The qualitative variables were represented as frequencies and percentages. The nonparametric Mann-Whitney test was used in pairwise comparisons for quantitative variables; comparisons involving more than two groups were made using the nonparametric Kruskal-Wallis test. For the qualitative variables, the groups were compared using Fisher's exact test. Values of P<0.05 indicated statistical significance. The data were analyzed with the aid of the Statistica software, version 8.0.

   

  RESULTS

  There were no anesthetic complications. Two animals died postoperatively: 1 in group I on PO day 1 (embolism) and 1 in group III on PO day 2 (evisceration). Given that the deaths occurred in the PO period, we analyzed the intraoperative variables; however, it was not possible to analyze the histological variables, since those animals did not survive through PO day 14.

  Group I was only assessed in relation to the weight of the animal and histological variables.

  The subdivision of group II was only considered for the intraoperative variables, since this group was judged to be homogeneous for the purposes of the histological study, which assessed the tissue response to the same material across groups.

  Comparison between groups I, IIA, IIB, and III for intraoperative variables

  Application time (seconds): Group IIA (4 animals, mean 55.2, minimum 34.4, maximum 63.9, SD 13.9). Group IIB (4 animals, mean 45.0, minimum 26.6, maximum 69.9, SD 20.7). Group III: (8 animals, mean 53.7, minimum 25.7, maximum 89.0, SD 24.4). There was no statistical significance (P>0.05) among the three groups.

  Drying time (seconds): Group IIA (4 animals, mean 40.5, minimum 28.2, maximum 48.4, standard deviation 8.6), Group IIB (4 animals; 126.1 average, minimum 102.8, maximum 156.6, SD 23.0). Group III (8 animals, mean 81.5, minimum 33.5, maximum 192.8, SD 51.5). Drying times were statistically different (P=0.023) among the three experimental groups. In the pairwise comparisons, we observed a trend for a longer drying time in group III relative to group IIA (P=0.069). Group III had a shorter drying time than subgroup IIB (P=0.046); group IIA had a shorter drying time than subgroup IIB (P=0.003).

  Blood Loss (grams): Group IIA (4 animals, mean 0.002, minimum 0.000, maximum 0.010, standard deviation 0.005); Group IIB (4 animals, mean 0.008, minimum 0.000, maximum 0.010, standard deviation 0.005); Group III: (8 animals, mean 0.170, minimum 0.000, maximum 1.22, standard deviation 0.424). There was no statistical significance between the three groups (P>0.05).

  Descriptive statistics regarding the comparison between groups I, IIA, IIB, and III are shown in Table 1.
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  Comparison between groups I, II, and III regarding the histological qualitative variable (fibrosis)

  Fibrosis was categorized as either absent/mild or moderate/severe on the slides (Table 2).
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  Fibrosis: Group I: absent/mild: 4 (57.14%); moderate/severe: 3 (42.86%). Group II: absent/mild: 7 (87.50%); moderate/severe: 1 (12.50%). Group III: absent/mild: 0 (0.00%); moderate/severe: 7 (100%).

  We used pairwise group comparisons to test the null hypothesis that the likelihood of a moderate/severe rating was the same for the two groups compared vs. the alternative hypothesis that the likelihood was different. Group II had statistically less fibrosis than group III (P=0.001), as shown in Figure 2. There was a trend toward increased fibrosis in group III relative to group I (P=0.07). No statistical significance was found between groups I and II.

  
    

    [image: Fig. 2 - Fibrosis absent/mild in polyurethane]

  

  Comparison between groups I, II, and III regarding the histological quantitative variables

  For each of these variables, we tested the null hypothesis that the results were equivalent across groups vs. the alternative hypothesis that at least 1 of the groups had different results from the others. The descriptive statistics for the groups and the P-values of the statistical tests are shown in Table 3.
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  No statistically significant differences were found in the quantitative analysis of the cell types.

   

  DISCUSSION

  We chose to work with guinea pigs (Cavia porcellus) because of the small body size of the animal, the ease of handling, and the experience of the research group with this specie.

  The choice for 2-octyl-cyanoacrylate was due to our knowledge of several promising studies in cardiovascular surgery such as those of Hall et al.[15], Aziz et al.[16], and Buijsrogge et al.[17]. In addition, this adhesive type is easily accessible-both commercially and financially-compared to other cyanoacrylates for external/internal use (n-butyl-2-cyanoacrylate) or fibrin glue.

  In the case of polyurethane, its biocompatibility and mechanical properties (eg, flexibility and adhesiveness) are advantageous; hence, this adhesive is an alternative to the available sealants[11,18]. The currently used polyurethane formulation costs approximately R$ 25.00 (Brazilian Reals) per liter, which would make its use feasible on a large scale. However, for polyurethane to be commercially available as a medical grade product, sterilization processes would be required-and this would raise costs.

  The ideal choice for the present experiment regarding hemostasis would be the microvascular suture technique with an adjunctive sealant, as used by Reicher et al.[13], Cho[1], and Ersoy et al.[3]. However, this procedure demands a long learning curve to reduce the risk of anastomotic stenosis, morbidity, and mortality. Therefore, we chose a relatively more simple technique: the aortic puncture, similarly to that described by Ferretti et al.[9].

  The intention of the control group was to prove that the diameter of the orifice caused in the aorta was sufficiently large not to stop bleeding spontaneously, requiring a hemostatic method. As the hemostatic technique was different from the other two groups (control had partial blood flow), we did not calculate the surgical time or blood loss.

  Therefore, the aim of the intraoperative variables was to compare only IIA, IIB with III, that is, to analyze the efficiency of a sealant known as cyanoacrylate with different preparations of polyurethane.

  The drying time was more effective in the cyanoacrylate group (III) compared with the polyurethane B subgroup (IIB), that is, its shorter drying time propitiated quicker hemostasis. However, when group III was compared with subgroup IIA, we noted a trend for polyurethane to be more effective than cyanoacrylate. Considering that the length of time for polyurethane preparation (mixture of adhesive and catalyst) influences drying time, we might have found a statistically significant difference between the hemostatic efficacy of polyurethane vs. cyanoacrylate if the preparation time of the bio-based adhesive were longer than 6.5 minutes. The reason for this is that polyurethane acquires greater adhesiveness with the passing of time after the mixture.

  One major advantage of cyanoacrylate is the fact that it is a one-part drying adhesive; thus, it does not require a catalyst, which shortens operative time. One possibility to bring polyurethane closer to this favorable characteristic would be to formulate a novel catalyst or to improve timing in the operating room so that one member of the surgical team would initiate the adhesive mixture only a few minutes before use. The downside of 2-octyl-cyanoacrylate is its short working life (ie, fast preparation). The cyanoacrylate adhesive quickly solidifies after exposed to air humidity, which precludes manipulation if an error leads to a delay in the application of the adhesive. This aspect could entail greater loss of cyanoacrylate in unskilled hands and further raise the costs of the procedure.

  In some animals, it was observed by researchers that there was a relatively greater blood loss in group III than in groups IIA and IIB, but without statistical significance. One possible explanation is that cyanoacrylate forms a crust, as noted by Bettes[19] and Fontes et al.[4], and in the event of the crust coming off, massive bleeding would ensue. By contrast, polyurethane, which has elastomeric properties, showed minimally progressive bleeding, thus enabling prompt control of the bleeding.

  Radosevish et al.[20], in a review study, stated that cyanoacrylate could lead to extensive fibrosis. Herrera et al.[21] investigated the topical application of cyanoacrylate surrounding previously healthy common carotid arteries in rats-a technique used to strengthen aneurysm walls. Those authors observed intense inflammation, with marked presence of fibroblasts over the first 14 PO days, and moderate presence of fibroblasts at 30 and 60 PO days. The adventitia was found to be thickened due to increased fibrotic connective tissue. In addition, those authors found smooth muscle cell necrosis and rupture of elastic fibers in the media. Gürhan Ulusoy et al.[22] constructed anastomoses with both suture and cyanoacrylate in the femoral artery of rats and, after 21 days, observed periluminal fibroblasts and foreign body giant cells. These works corroborate our findings of enhanced fibrosis at 14 PO days in the 2-octyl-cyanoacrylate group.

  Maria et al.[23] reported that the proximal portions of bone grafts of castor-derived polyurethane were covered by fibrotic tissue, with the degree of fibrosis varying between mild, moderate, and severe. Testing the biocompatibility of implants containing polyurethane, Lu et al.[24] affirmed that those prostheses were only partially surrounded by fibrotic tissue. In vascular surgery, Hu et al.[25] demonstrated that, unlike polytetrafluorethylene, which induces marked fibrosis, polyurethane grafts caused fibrosis to a small degree. In our experiment, polyurethane used as a vascular sealant induced significantly less fibrosis than 2-octyl-cyanoacrylate, with a predominance of absent or mild fibrosis.

   

  CONCLUSION

  Castor oil-derived polyurethane exhibited a similar hemostatic behavior to that of 2-octyl-cyanoacrylate and showed less intense perivascular tissue response compared to 2-octyl-cyanoacrylate.
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  BJCVS/RBCCV and Endnote

  Dear Editor,

  Certainly, it is a difficult task to elaborate, develop and write a scientific paper to publish. Therefore, we can surely say that this following approach can be useful to everyone who wants to publish and share the agreement of others who have just published papers; studies such as Master and Doctorate thesis. All has experienced some constraint drawn on data format as well as updating references mainly extensive ones. In view of this, we developed the formatting styles in the EndNote program (www.endnote.com) for both the Brazilian Journal of Cardiovascular Surgery (BJCVS/RBCCV) and the Postgraduate course of Faculdade de Medicina de São José do Rio Preto (São José do Rio Preto Medical School). Through these styles, the sequence of the entire list of references can be automatically formatted and updated. This mechanism would ease only to the researchers who has acquired the EndNote program (which is paid). It would be very comfortable if this mechanism could be available to every cardiovascular surgeon for free. After being in touch with Thomson Reuters, EndNote right owner, we had a favorable understanding toward these formatting styles. Also Shriram Venkatesh, product support analyst, and Cheryl Rodriguez, technical support, both kindly sent us several suggestions improving significantly the final product. These two programs were included in the Endnote website and they are now available for use after 14 months of waiting.

  Today, we are very happy to announce to colleagues the inclusion of both bibliographic styles: the BJCVS / RBCCV and the Postgraduate course of São José do Rio Preto medical school in the EndNote site (www.endnote.com) and EndNote Web (www.myendnoteweb.com.br). Now one can use the online program free for charge anywhere in the globe. The tutorial addressing how to use EndNote Web will be further found in another information article. Below, we attached the last Thomson Reuters's email:

  From: Thomson Reuters Technical Support <rs.support@thomsonreuters.com>

    Date: 23 de janeiro de 2015 14:53:23 BRST

    To: "maboliveira@gmail.com" <maboliveira@gmail.com>

    Subject: Addition of 2 new styles

    Greetings, Marcos:

    Good news! The styles "FAMERP" and "RBCCV" should now be available in the general EndNote online collection.

    If you have any further questions, please do let me know.

    And thank you again for your patience!

    Sincerely,

    Shriram

  ______________________________________

  Shriram Venkatesh

    Product Support Analyst

    Thomson Reuters
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  Is clinical treatment the gold standard in the treatment of acute type B aortic dissections?

  The type B aortic dissection treatment is showing a paradigm change with the consolidation of the endovascular treatment. Duarte et al.[1] present a review of the most important works that demonstrate this evolution. The concept that the type B aortic dissection treatment is primarily clinical, with surgery reserved for complicated cases, are based on the first publications of IRAD[2], in 20001. This work showed hospital mortality of 10% for clinically treated cases. The surgical treatment presented mortality rate of 31% with 18% of paraplegia. These results were not obtained by randomized controlled trials, nor considered the technical innovations of the elephant's trunk and cerebral anterograde perfusion. However, the patients initially treated medically, showed 20 to 50% of mortality[3] in late evolution, providing the search for new treatments. The INSTEAD TRIAL[4] was the first randomized multicenter study comparing the optimized medical treatment with endovascular treatment in uncomplicated type B aortic dissections in sub acute phase (15 to 30 days of evolution) and chronic (more than 30 days of evolution). This study showed that, after three years follow up, the endovascular treatment had lower mortality than medical treatment and greater aortic remodeling and minor complications related to the aorta. There is'nt scientific evidence, about the best treatment for cases of uncomplicated type B aortic dissection in acute phase (less than or equal to 14 days of evolution). Recently, the one year ADSORB TRIAL[5] results were publishing. This work randomized the cases of uncomplicated type B aortic dissection in acute phase to optimal medical treatment and endovascular treatment + optimized medical treatment. Both groups showed no hospital mortality. The endovascular treatment group had higher aortic remodeling, with increased in the true lumen diameter, decrease the false lumen and aortic transverse diameter in one year follow up. This study, despite the small sample, brings new information and concepts. The hospital mortality was zero, lower than that of 10% presented by IRAD[2], moreover, equalized the medical treatment results with the medical treatment associated with endovascular treatment, presented the latter positive bias after 1 year for aortic remodeling in the last group. Long-term results will be needed to consolidate the concept that the early closure of the false lumen is really independent factor for better performance and lower mortality and higher aortic remodeling, as affirmed INSTEAD TRIAL[4] and Akutsu et al.[6].

  João Jackson Duarte

  MsC, PhD; Universidade Federal de Mato Grosso do Sul (UFMS), Campo Grande, MS, Brazil

   

  REFERENCES

  1.	Duarte JJ, Pontes JCDV, Benfatti RA, Ferrachini AL, Karakhanian WK, Razuk Filho A. Indication of endovascular treatment of type B aortic dissection - Literature review. Rev Bras Cir Cardiovasc 2014;29(3):396-401.

  2.	Hagan PG, Nienaber CA, Isselbahcher EM, Bruckman D, Karavite DJ, Russman PL, et al. The International Registry of Acute Aortic Dissection (IRAD): new insights into an old disease. JAMA. 2000;283(7):897-903.

  3.	Fann JI, Smith JA, Miller DC, Mitchell RS, Moore KA, Grunkemeier G, et al. Surgical management of aortic dissection during a 30-year period. Circulation. 1995;92(9 Suppl):II113-21.

  4.	Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders TC, Kundt G, et al; INSTEAD-XL trial. Endovascular repair of type B aortic dissection: long-term results of the randomized investigation of stent grafts in aortic dissection trial. Circ Cardiovasc Interv. 2013;6(4):407-16.

  5.	Brunkwall J, Kasprzak P, Verhoeven E, Heijmen R, Taylor P; ADSORB Trialists,  et al. Endovascular repair of acute uncomplicated aortic type B dissection promotes aortic remodelling: 1 year results of the ADSORB trial. Eur J Vasc Endovasc Surg. 2014;48(3):285-91.

  6.	Akutsu K, Nejima J, Kiuchi K, Sasaki K, Ochi M, Tanaka K, et al. Effects of the patent false lumen on the long-term outcome of type B acute aortic dissection. Eur J Cardiothorac Surg. 2004;26(2):359-66.





  REVIEWERS

  
    Reviewers BJCVS 30.1. Braz J Cardiovasc Surg 2015;30(1):129

  

  
    Reviewers BJCVS 30.1

  

   

   

  The Brazilian Journal of Cardiovascular Surgery (BJCVS) is grateful for the useful work of the dedicated reviewers, listed below, which collaborate in this issue. They are essential to maintain the high scientific level of our journal.

  
    [image: Domingo Braile]

      Domingo Braile

      Editor-in-Chief

      BJCVS/RBCCV

  

   

  Anderson Benício

   

  Bruno Botelho Pinheiro

    Bruno da Costa Rocha

   

  Djair Brindeiro Filho

   

  Elaine Soraya Barbosa de Oliveira Severino

   

  Juliana Bassalobre Carvalho Borges

   

  Lindemberg da Mota Silveira Filho

    Luiz César Guarita Souza

   

  Manuel de Jesus Antunes

    Marcelo Arruda Nakazone

    Mauricio de Nassau Machado

    Mauro Paes Leme de Sá

    Michel Pereira Cadore

    Moacir Fernandes de Godoy

    Moise Dalva

   

  Neuseli Marino Lamari

   

  Omar Asdrúbal Vilca Mejía

    Otoni Moreira Gomes

   

  Paulo Roberto Barbosa Evora

   

  Reinaldo Bestetti

    Ricardo Adala Benfatti

    Roberto Gomes de Carvalho

    Rubens Toffano de Barros

   

  Tomas Salerno

   

  Victor Rodrigues Ribeiro Ferreira

   

  Walter José Gomes





  ERRATUM

  
    Erratum. Braz J Cardiovasc Surg 2015;30(1):130

  

  
    
      Erratum

    

  

   

   

  In the print version of the 29.4 edition of the Brazilian Journal of Cardiovascular Surgery/Revista Brasileira de Cirurgia Cardiovascular, due to a failure in internal control, the article "Distribution of saphenous vein valves and its pratical importance" was published in duplicate, while the "Aortic Center: specialized care Improves outcomes and Decreases mortality "was not published. In the on-line version, the two articles were made available correctly.





  
    Information for authors. Braz J Cardiovasc Surg 2015;30(1):131-5

  

  
    
      Information for authors

    

  

  BRAZILIAN JOURNAL OF CARDIOVASCULAR SURGERY/ Revista Brasileira de Cirurgia Cardiovascular

  Editor

    Prof. Dr. Domingo M. Braile

    Av. Juscelino Kubitschek de Oliveira, 1.505 – Jardim Tarraf I

    15091-450 – São José do Rio Preto – SP – Brasil

    E-mail: revista@sbccv.org.br

   

   

  The Brazilian Journal of Cardiovascular Surgery (BJCVS) is the official journal of the Brazilian Society of Cardiovascular Surgery (BSCVS). It is a quarterly publication, with regular circulation since 1986. BJCVS is indexedin the Thomson Scientific (ISI), Medline/PubMed, SCOPUS,SciELO, LILACS, Scirus and SCImago database.

  BJCVS aims to record the scientific production in cardiovascular surgery, encouraging the study, improving and updating the professional specialty.

  Studies submitted for publication in BJCVS must deal with themes related to cardiovascular surgery and related fields. The journal publishes the following types of articles: original article, editorial, review article, special article, case report, how to do it, short communications, preliminarynotes, clinical-surgical correlation, experimental study, multimedia and letter to editor.

  Acceptance will be based on originality, significance andscientific contribution. Articles with merely propaganda or commercial purposes will not be accepted.

  The authors are responsible for the content and information contained in their manuscripts.

  BJCVS vehemently rejects plagiarism and self-plagiarism. On submission of manuscripts, the authors sign a statement declaring they are aware of the consequences of violation.

  The journal will be published in full on the journal's website(www.rbccv.org.br/www.bjcvs.org) and SciELO (www.scielo.br/rbbcv), with specific links in the BJCVS site (www.sbccv. org.br) and CTSnet (www.ctsnet.org).

   

  EDITORIAL POLICY

  Standard

  BJCVS adopts the Standards of Vancouver - Uniform Requirementsfor Manuscripts Submitted to Biomedical Journals, organized by the International Committee of Medical Journal Editors, available at: www.icmje.org

  Submission and Publication Policy

  Only manuscripts whose data is not being assessed by other journals and/or have not been previously published will be considered for review.

  Manuscripts accepted may only be reproduced in whole or in part, with out the express consent of the editor of BJCVS.

  Electronic Submission

  Manuscripts should be compulsorily submitted electronically on site http://www.rbccv.org.br/sgp/. When entering this link, the system will ask for the username and password if the user have already registered. Otherwise, click on "I want to register" and register. Or, if the user have forgotten his password, the mechanism to remember the password can be used, which will generate an email containing such password. The submission system is self-explanatory and includes eight steps:

  
    Step 1: Classification of the article

      Step 2: Adding title and keywords

      Step 3: Registering for authors

      Step 4: Inclusion of summary and Abstract

      Step 5: Inclusion of the manuscript itself with references

      Step 6: Sending images

      Step 7: Generation of copyright declarations, conflict of interest and copy of the Opinion of the Research Ethics Committee of the Institution

      8th Step: Author's approval / finalization of submission

  

  The texts must be edited in word format and figures and tables should be in separate files.

  Keep your records updated because communication with authors is exclusively by e-mail.

  When finishing the submission of the study, it will generate an e-mail stating that the submission was made correctly, another email will be generated after checking if it is within the standards.

  If the article is "Out of Standard", the author will be notifiedby email and can fix it into the SGP / BJCVS in www.bjcvs.org/sgp.

  Authors may follow the course of their study at any time by SGP/BJCVS through the flow code automatically generated by GSP, or even by the title of his study.

  Peer review

  All scientific contributions are reviewed by the Editor, Associate Editors, Editorial Board Members and/or Guests Reviewers. The reviewers answer a questionnaire in which they rated the manuscript, their rigorous examination on all items that compose a scientific study by assigning a score foreach of the questionnaire items. At the end, general comments about the study and suggestion if it should be published, corrected according to the recommendations or definitively rejected are made. With these data, the Editor will make a decision. In case of discrepancies between the reviewers, a new opinion can be requested in order to provide a best judgment.

  When modifications are suggested, they will be forwarded to the author and then the reviewers to verify that these requirements have been met. The authors have 30 days to make the changes requested by reviewers and resubmit the article. In response to the comments/suggestions of the reviewers, authors should highlight the changes made in the text. The non-observance of this period will involve the removal of the article from the review process.

  Once the article is approved, authors will be notified by e-mail registered on the site and shall forward an abstract of up to 60 words in Portuguese and English, of the article. They are inserted into the electronic mailing and sent to all members when the BJCVS is available online.

  Once accepted for publication, a proof of the edited article (PDF format) will be sent to the corresponding author for assessment and final approval.

  Language

  Articles should be written in English, using easily and accurately language and avoiding informality of colloquial language. For those studies whose standard the English language is deemed inappropriate by the Editorial Board, the journal will provide correction, and costs should be assumed by the authors.

  Research on human subjects must be submitted to the Ethics Committee of the institution, fulfilling the Declaration of Helsinki 1975, revised in 2008 (World Medical Association,  available at: http://www.wma.net/en/30publications/10policies/b3/ 17c.pdf) and Resolution 196/96 of the National Health Council (available at: http://conselho.saude. gov.br/resolucoes/reso_96.htm).

  In experimental study involving animals the guidelines established in the Guide for Care and Use of Laboratory Animals should be respected (Institute of Laboratory Animal Resources, National Academy of Sciences, Washington, DC, United States), 1996, and Ethical Principles Animal Experimentation (Brazilian College of Animal Experimentation - COBEA, available at: www.cobea.org.br), 1991.

  Randomized studies should follow the CONSORT guidelines (available at: www.consort-statement.org/consort-statement).

  BJCVS supports policies for the registration of clinical trials of the World Health Organization (WHO) and the International Committee of Medical Journal Editors (ICMJE), recognizing the importance of these initiatives for the registration and international open access dissemination of information on clinical trials. Thus, only be accepted for publication, the clinical research articles that have received an identification number in one of the Clinical Trial Registers validated by the criteria established by WHO and ICMJE, whose addresses are available at the ICMJE website (http://www.icmje.org/). The number should be recorded at the end of the abstract.

  The statement of approval of the study by the Ethics and/ or Scientific Institutional Committee must be sent at the time of submission of the manuscript.

  Copyright Transfer and Declaration of Conflict of Interest

  The authors should submit manuscripts at the time of submission, the copyright declaration signed by all authors.

  All published manuscripts become the permanent property of the Brazilian Journal of Cardiovascular Surgery and can not be published without the written consent of the editor.

  Likewise, for confirmation of the submission of the manuscript a statement of conflict of interest, signed by all authors should be sent.

  Both documents, statement of copyright transfer and declaration of conflicts of interest, are standardized and generated by the SGP at the time of submission of the manuscript.

  Authoring Criteria & Individual Contribution to Research

  We suggest the author to adopt the criteria for authorship of the articles according to the recommendations of the International Committee of Medical Journal Editors. Thus, only those people who contributed directly to the intellectual content of the study should be listed as authors.

  Authors should meet all the following criteria in order to be able to take public responsibility for the content of the study:

  1. have conceived and planned the activities that led to the study or interpreted the data it presents, or both;

  2. have written the study or revised successive versions and took part in the review process;

  3. have approved the final version

  People who do not meet the above requirements and who had purely technical or of general support participation, should be mentioned in the acknowledgments section.

  On submission, the kind of contribution of each author when performing the study and manuscript preparation in the following areas should be made explicit:

  1. Study Design

  2. Collection, analysis and interpretation of data

  3. Drafting of the manuscript

  Abbreviations and Terminology

  The use of abbreviations should be minimal. When extensive expressions need to be repeated, it is recommended that their initial capital letters replace them after the first mention. It should be followed by the letters in parentheses. All abbreviations in tables and figures should be defined in the respective legends.

  The use of abbreviations in the Summary and Abstract Should be avoided.

  Only the generic name of the drug used should be cited in the study, and we discourage the use of trade names.

  BJCVS adopts Universal Official Anatomical Terminology, approved by the International Federation of Anatomists Associations (FIAA).

   

  PREPARATION OF MANUSCRIPT

  Manuscript Sections

  Title and Authors. The study title, in Portuguese and English, should be concise and informative. The full names of authors, tities and their institutional affiliation should be provided.

  Summary and Abstract. The abstract should be structured in four sections: Objective, Methods, Results and Conclusion. The Abstract (literal version, in English, of Abstract in Portuguese) should follow the same structure of the summary into four sections: Objective, Methods, Results and Conclusion. Abbreviations should be avoided. The maximum number of words should follow the recommendations in the table. In the Articles Case Reports and How-I-Do, the abstract should not be structured (informative or free). The Clinical and Surgical Correlations and sections Multimedia exempt summary and abstract.

  Descriptors: From three to five descriptors (keywords) should also be included as well as their translation. The descriptors can be found at the website http://decs.bvs.br/, which contains terms in Portuguese, Spanish and English or www.nlm.nih.gov/mesh for terms in English only, or in the respective links available at the submission system of the journal.

  Body of the manuscript. Original Articles and Experimental Study should be divided into the following sections: Introduction, Methods, Results, Discussion, Conclusion and Acknowledgements (optional). The Case Reports should be structured in sections: Introduction, Case Report and Discussion, and Clinical-surgical Correlations in Clinical Data, Electrocardiography, Radiogram, Echocardiogram, Diagnosis and Operation. The section Multimedia should have the following sections: Patient Characterization and Description of the Technique. The Review Articles and Special Articles can be structured into sections according the author's criteria.

  Letters to the Editor, in principle, should comment, discuss or criticize articles published in BJCVS, but it can also be about other topics of general interest. It is recommended a maximum size of 1000 words, including references - that should not exceed five, and they may or may not include title. Whenever possible and appropriate, a response from the authors of the article in question will be published with the letter.

  References

  The references of the print and electronic records must be standardized according to the Vancouver standard, prepared by the International Committee of Medical Journal Editors (ICMJE, available at: http://www.icmje.org).

  References should be identified in the text with Arabic numerals in square brackets, following the order of citation in the text, overwritten. The accuracy of references is the responsibility of the author. If more than two references were cited in sequence, only the first and last must be typed, separated by a dash (Example: [6-9]) . In case of alternate citation, all references should be typed, separated by commas (Example: [6-7-9]).

  Publications with up to six authors, all authors should be cited; publications with more than six authors, the first 6 followed by the Latin phrase "et al." should be cited.

  Titles of journals should be abbreviated according to the List of Journals Indexed for MEDLINE (available at: http://www.nlm.gov/tsd/serials/lji.html).

  References Models

  Journal Article

  Issa M, Avezum A, Dantas DC, Almeida AFS, Souza LCB, Sousa AGMR. Fatores de risco pré, intra e pós-operatórios para mortalidade hospitalar em pacientes submetidos à cirurgia de aorta. Rev Bras Cir Cardiovasc. 2013;28(1): 10-21.

  Organization as Author

  Diabetes Prevention Program Research Group. Hypertension, insulin, and proinsulin in participants with impaired glucose tolerance. Hypertension. 2002;40(5):679-86.

  No indication of authorship

  21st century heart solution may have a sting in the tail. BMJ. 2002;325(7357):184.

  Article electronically published before the print version ("ahead of print")

  Atluri P, Goldstone AB, Fairman AS, Macarthur JW, Shudo Y, Cohen JE, et al. Predicting right ventricular failure in the modern, continuous flow left ventricular assist device era. Ann Thorac Surg. 2013 Jun 21. [Epub ahead of print]

  Online Journal Article

  Machado MN, Nakazone MA, Murad-Junior JA, Maia LN. Surgical treatment for infective endocarditis and hospital mortality in a Brazilian single-center. Rev Bras Cir Cardiovasc [online]. 2013[cited 2013 Jun 25];28(1):29-35. Available from: <http://www.scielo.br/scielo.php?script=sci_arttext& pid=S0102-76382013000100006&lng=en&nrm=iso>

  Book Chapter

  Chai PJ. Intraoperative myocardial protection. In: Mavroudis C, Backer C, eds. Pediatric cardiac surgery. 4th ed. Chichester: Wiley-Blackwell; 2013. p.214-24.

  Book

  Cohn LH. Cardiac surgery in the adult. 4th ed. New York: McGraw-Hill;2012. p.1472.

  Thesis

  Dalva M. Estudo do remodelamento ventricular e dos anéis valvares na cardiomiopatia dilatada: avaliação anátomo- patológica [Tese de doutorado]. São Paulo: Universidade de São Paulo, 2011. 101p

  Legislation

  Conselho Nacional de Saúde. Resolução n. 196, de 10 de outubro de 1996. Dispõe sobre diretrizes e normas regulamentadoras de pesquisas envolvendo seres humanos. Bioética. 1996;4(2 Supl):15-25.

  Other examples of references can be found at:

  http://www.nlm.nih.gov/bsd/uniform_requirements.html

  Tables and Figures

  Tables and Figures should be numbered according to the order of appearance in the text, with a title and be in separate files. Tables should not contain redundant data already cited in the text. They should be open on the sides and a totally white background.

  The abbreviations used in the tables should be listed alphabetically at the bottom, with their forms in full. Likewise, the abbreviations employed in the figures should be explained in the legends.

  The figures will be published in color only if the author agrees to bear the cost of printing color pages.

  We will only accept images in TIFF or JPEG format with a minimum resolution according to the type of image, both for black and white and for color images.

  BJCVS prompts the authors to archive their possession the original images, as if the images submitted online present any impediment to print, we will contact the author to send us these originals.

  Limits by Type of Article

  Aiming at streamlining the space of the journal and allow a higher number of articles per issue, the criteria below outlined should be met according the type of publication. The electronic counting of words should include the home page, abstract, text, references, and figure legends. The titles have a maximum of 100 characters (counting spaces) for Original Articles, Review and Update Articles and Experimental Study and 80 characters (counting spaces) for the other categories.

  Table example:

  
    [image: Cardiovascular Risk Factors in Study]

  

  Figure example

  
    [image: Figure example]

  

  Checklist before sending the manuscript

  
    [image: Checklist before sending the manuscript]

  

  
    [image: Chart 1]

  





  
    Meetings Calendar - 2015. Braz J Cardiovasc Surg 2015;30(1):136-8

  

  
    
      Meetings Calendar - 2015

    

  

   

   

  
    March

  

  
    
      
        	1 to 6 - Interventional Cardiology 2015: 30th Annual International Symposium

            Snowmass Village, USA

            Informations: Promedica International CME

            Phone: 760-720-2263

            E-mail: rlaw@promedicacme.com

            Site: http://www.promedicacme.com/meeting/Interventional-Cardiology-2015-30th-Annual-106.html

          1 to 4 - APACVS 34th Winter Educational Meeting

            Las Vegas, USA

            Informations: Lisa Weber

            Phone: 978-927-8330Phone: 978-927-8330

            Site: http://apacvs.org/conferences/Winter-Educational/

          5 to 7 - The Houston Aortic Symposium: Frontiers in Cardiovascular Disease, the Eighth in the Series

            Houston, USA

            Informations: Promedica International CME

            Phone: 760-720-2263

            Fax: 760-720-6263

            E-mail: rlaw@promedicacme.com

          8 to 15 - 33rd Cardiovascular Surgical Symposium

            Arlberg, Austria

            Informations: Karl Landsteiner, Institute of Cardiovascular

            Surgical Research

            E-mail: congress@surgery-zurs.at

          12 to 15 - General Thoracic Surgical Club 28th Annual Meeting Naples, USA

            Informations: Bonnie Lemmerman

            Phone: 507-696-4665

            E-mail: gtscmail@gmail.com

            Site: www.gtsc.org

          19 to 21 - Introduction to Aortic Surgery

            Windsor, UK

            Informations: EACTS

            Phone: +44 (0)1753 832166

            Fax: +44 (0)1753 620407

            E-mail: info@eacts.co.uk

            Site: http://www.eacts.org/academy/2015-programme/

          20 to 22 - 2nd Annual Chest Medicine Conference: State-of-the-Art Therapies in Thoracic

            Oncology/Hands-On Training & Simulation

            New York, USA

            Informations:Mary B. Strong, MA

            Phone: 516-465-3263

            Fax: 516-465-8204

            E-mail: mstrong@nshs.edu

            Site: www.northshorelij.edu/cme

          20 to 22 - Asia-Pacific Masterclass in Coronary Revascularization 2015 Phuket, Thailand

            Informations: Peenutchanee Chartiburus

            Phone: +66 81 9153651

            Fax: +66 2 3548149

            E-mail: peenuchee@hotmail.com

            Site: http://www.rsbonline.org

          25 to 27 - ACTA/SCTS Joint Annual Meeting & Cardiothoracic Forum

            Manchester, UK

            Informations: Isabelle Ferner

            Phone: +44 (0) 20 7869 6893

            Fax: +44 (0) 20 7869 6890

            E-mail: sctsadmin@scts.org

            Site: www.scts.org

          26 and 27 - 12th Annual Advanced Pectus Course

            Norfolk, USA

            Informations: Children's Hospital of The King's Daughters

            Phone: (757) 668-9646

            E-mail: pectus@chkd.org

            Site: www.chkd.org/nussconference

          26 and 27 - 3rd Asian Single Port VATS Symposium & Live Surgery

            Hong Kong, China

            Informations: Secretariat

            Phone: 852 - 2632 2629

            Fax: 852 - 2637 7974

            E-mail: s-portvats2015@surgery.cuhk.edu.hk

            Site: http://www.surgery.cuhk.edu.hk/vats2015/

          26 and 27 - Aortic Valve Repair: A Step by Step Approach

            Paris, France

            Informations: Emmanuel Lansac and Sabine Ruck

            E-mail: s.ruck@kelcon.de

            Site: http://www.caviaar.com/

          26 to 28 – 42th Congress of the Brazilian Society of Cardiovascular Surgery

            Curitiba, Brazil

            Informations: Ab Eventos

            Phone: +55 51 3061-2959

            E-mail: recepcao@abev.com.br

            Site: http://sbccv.org.br/42Congresso/

          26 to 29 - 64th International Congress of the European Society for Cardiovascular and Endovascular Surgery

            Istambul, Turkey

            Informations: Bengu Tokatlioglu

            Phone: +90 212 292 88 08

            Fax: +90 212 292 88 07

            E-mail: info@escvs2015.org

            Site: http://escvs2015.org/

          28 and 29 - First Southeast Asian Workshop on Totally Endoscopic Cardiac Surgery Using Einstein 3D Vision

            Coimbatore, India

            Informations: Dr. Prashant Vaijyanath

            Phone: +917708455111

            Fax: +917708455111

            E-mail: vaijyanath3@gmail.com

            Site: www.kmchhospitals.com

      

    

  

   

  
    April

  

  
    
      
        	13 and 14 - 62nd Annual Conference of the Israel Heart Society in Association With the Israel Society of Cardiothoracic Surgery

            Telaviv, Israel

            Informations: (Paragon Israel) Dan Knassim

            Phone: 972-2-9591034

            E-mail: secretariat@israelheart.com

            Site: http://2015.en.israelheart.com

          13 to 17 - Thoracic Surgery: Part I

            Windsor, UK

            Informations: EACTS

            Phone: +44 (0)1753 832166

            E-mail: info@eacts.co.uk

            Site: http://www.eacts.org/academy/2015-programme

          15 to 18 - European Lung Cancer Conference

            Genebra, Switzerland

            E-mail: www.esmo.org

          15 to 18 - Australasian Thoracic Aortic Symposium 2015

            Melbourne, Australia

            Informations:Taylored Images

            E-mail: 2015atas@tayloredimages.com.au

            Site: http://www.tayloredimages.com.au/atas2015/index.html

          17 - Essential Surgical Skills for Cardiologists

            Informations: RCS Education

            Phone: 020 7869 6300

            Site: https://www.rcseng.ac.uk/courses/course-search/essential-surgical-skills-for-cardiologists

          23 to 24 - AATS Mitral Conclave 2015

            New York, USA

            Informations: American Association for Thoracic Surgery

            E-mail: mitral@aats.org

            Site: http://aats.org/mitral/

          25 to 29 - AATS 95th Annual Meeting

            Seattle, USA

            Informations: American Association for Thoracic Surgery

            E-mail: mitral@aats.org

            Site: http://aats.org/mitral/

      

    

  




 [image: Cover] 

OPS/images/a21img06.png
Table 4. Initial blood culture results.

Tnitial blood culfure n (%) References
Negative 18 (40) [11,14,25,27,28.30]
Acid-fast bacteria 9(20) [7.10,13,22,23,35,36]
Gram-positive bacilli/rod 5(11.1) [15,20,26,31,33]
Atypical mycobacterial infection 122) B7
Non-tuberculous mycobacteria 122) 58]
Rapidly growing mycobacteria 122) B4]
Mycobacterium species 122) 1]
Fortuitum 4(8.9) [9.12,17,24]
Abscessus 122) 18]
Neoaurum 122) 4]
Chimaera 122) [14]
Peregrinum 122) [16]
Tuberculous 122) [19]
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Table 1. Companson ot groups IIA (polyurethane A), IIB (polyurethane B), and III (cyanoacrylate) regarding the
intraoperative variables.

Variable Group N Mean __ Minimum _ Maximum sD P-value*
Application Time Cyanoacrylate B 537 257 890 244
(seconds) Polyurethane A 4 552 344 639 139

Polyurethane B 4 450 26.6 699 207 0810
Drying Time Cyanoacrylate 8 815 33.50 1928 515
(seconds) Polyurethane A 4 40.5 282 484 86

Polyurethane B 4 126.1 1028 156.6 230 0.023
Blood Loss Cyanoacrylate 8 0170 0.0000 1220 0.424
(grams) Polyurethane A 4 0.002 0.000 0010 0.005

Polyurethane B 4 0.008 0.000 0010 0.005 0.069

*Nonparametric Kruskal-Wallis test, P<0.05
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Table 3. A comparison of pathogens between aortic and mitral valve endocarditis.

Pathogen ‘Aortic valve Mitral valve ba Pvalue
@=22) (@=20)
Chelonae 8 (364) 11G5) i3 0226
Fortuitum 6(27.3) 105 37 0053
Abscessus 3(13.6) 3015) 0.0 0900
Chimaera 1(45) 105 0.0 0945
Peregrinum 1(45) 0(0) 14 0235
Rapidly growing mycobacteria 1(45) 0(0) 14 0235
Goodit 0(0) 105 17 0199
Neoaurum 0(0) 105 17 0.199

Tuberculous 209.1) 2(10) 0.0 0920
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Abbreviations, acronyms & symbols

AVR Aortic valve replacement
M Mycobacterium
MVR

Miral valve replacement
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Fig. 4 - Distributions of the mycobacteria responding to the four
predisposing risk factors.
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Table 5. Pathogens corresponding to predisposing risk factors.

Strain Cardiac  Foreignmaterial Injective  Miscellaneity 7 P value
operation implant drug use
Chelonae 14619 TeD 00 2G0) 204 0.000
Fortuitum 6(222) 5(45.5) 2(333) 0(0) 93 0.025
Chimaera 2(7.4) 0(0) 0(0) 0(0) 80 0.046
Abscessus 16.7) 3(7.3) 10167 2(50) 21 0558
Goodii 167 0(0) 0(0) 0(0) 40 0261
Massiliense 16.7) 0(0) 0(0) 0(0) 40 0261
Neoaurum 16.7) 0(0) 10167 0(0) 27 0.446
Peregrinum 16.7) 10.) 0(0) 0(0) 27 0.446
Rapidly growing mycobacteria 0 (0) 10.1) 0(0) 0(0) 40 0261
Tuberculosis 0(0) 0 2(333) 2 (50) 80 0.046
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Fig. 1- ROC curve for the Euroscl, Eurosc?, STS-score and InsCor
EuroSc]  ROC=ROC curve presented by EuroSCORE score;
EuroSc2 ROC=ROC curve presented by EuroSCORE I score; STS
ROC=ROC curve presented by STS-score score; InsCor ROC=ROC
curve presented by InsCor score.
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Table 3. Classiication proposed by Jones mn 1997 based on anatomical site plus a type mcluding sepsis.

Classification Depth Description

Type 1a Superficial Skin and subcutaneous

Type 1b Superficial Exposure of sutured deep fascia

Type 2a Deep Bone exposure, sternum with stable steel suture

Type 2b Deep Bone exposure, sternum with unstable steel suture

Type 3a Deep Necrotic bone exposure or fractured, unstable sternum, exposed heart

Type 3b Deep Type 2 or 3 with septicemia
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e patient, 65 years of age with post-CABG dehiscence in

postoperative day, reated with patch composed of mammary

tissue and right lower pedicle.
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STS=score 0.649 0529-0.770 0.061 0012
ES 0.706 0580- 0.823 0.060 <0001
EST 0.704 0590-0818 0058 0001
InsCor 0739 0.638-0.839 0051 <0001

ROC=Receiver Operating Characteristic, STS-score=Society of Thoracic Surgeons score,
Euroscl=EuroSCORE, Eurosc2=EuroSCORE II CI=Confidence interval; se=Standard error.
vahie
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Table 1. The classilication proposed by Pairolero based in the postoperative period that installs the infectious
process in the surgical wound.

Classification Postoperative phase on which the infection occurs
Type T Tn the first week
Type IT Between 2 to 6 weeks

Type Il After 6 weeks to years (in general are fistulas and chronic osteomyelitis)
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Chartl. Description of vanables used in the 515 score, EuroSCORE, EuroSCOKE Il and InsCor.

STSscore  Surgical intervention. age, gender, ethniciy, peripheral disease, cerebrovascular disease and stroke,
‘weight, height, diabetes mellitu, creatinine, dialysis, hypertension. endocarditis, pulmonary disease,
immunosuppression. previous cardiac surgery or angioplasty, use of preoperative inotropic, cardiogen-
i shock cardiac resuscitation. cardiac arthythmia, myocardial infarction. cotonary symptoms, NYHA
fanctional class, mumber of coronary arteries involved, LMCD lesion, LV ejection fraction. associated
valvular heart isease, mumber of previous surgeries, procedure status (elective, urgent. emergen), use
ofintra-aortc balloon.

Euoscl  Age, gender, COPD, peripheral vascular disease, neurological dysfunction, creatinine, endocarditi,
previous cardiac surgery, preoperative critical state (use of preoperative inotropic support, cardio-
‘genic shock cardiac resuscitation, use of intra-aortic balloon), unstable angina . recent myocardial
infarction, left ventricular ejection fraction. pulmonary hypertension (PSAP greater than 60 mmHg).
emergency, associated surgery, aortic surgery, post-infarction VSD.

Eurosc2  Age, gender, creatinine clearance, peripheral vascular disease, poor mobility, endocarditi, previous
cardiac surgery, COPD, critical condition (use of preoperative inotropic, cardiogenic shock. cardiac
resuscitation. se of intra-aortic balloon pumyp), insulin diabetes dependent, NYHA functional class,
CCS angina classification, previous myocardial infarction. left ventricular ejection fraction. degree
of pulmonary hypertension, procedure stafus (elective, urgent, emergent), associated surgery, aortic
surgery.

InsCor  Age over 70 years, female gender, associated surgery (coronary + valve), recent infarction. reopera-
tion, aortic valve surgery, ricuspid valve surgery, creatinine reater than 2 me/d, LV ejection frac-
tion less than 30%, preoperative events (use of preaperative inotropic support, cardiogenic shock.
cardiac resuscitation. use of intra-aortic balloon, acute renal failure, cardiac massage. tracheal infu-
bation, tachycardia or ventricular fibillation)

STS=Society of Thoracic Swrgeons; Eurosc]EwoSCORE; Eurosc2-EwoSCORE II; NYHA=New York Heart Association;

LMCD=Left Main Coronary Atery Disease; COPD=Chronic Obstructive Pulmonary Disease; PSAP=Pulmonary Artery Systol-

ic Pressure: LV=Left ventricle: CCS=Canadian Cardiovascular Society: VSD=Ventricular Septal Defect
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Table 2. Classihication reported i 1996 by Oakley, based on postoperative period of the infectious process
and the presence of clinical risk factors.

Classification Description
Typel Mediastinitis present in up to two weeks after the operation in the absence of risk factors
Type IT Mediastinitis present in 2 to 6 weeks after surgery in the absence of risk factors
Type IA Mediastinitis type I in the presence of one or more risk factors

Type IIIB Mediastinitis type IT in the presence of one or more risk factors

Type VAT Mediastinitis type I, I or III after treatment failure

Type IVB Mediastinitis type L, I or III after failure of one or more treatments

Type V Mediastinitis present for the first time after 6 weeks postoperatively
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Fig. 14 - Male patient, 60 years of age with post-CABG dehiscence
in the 37% postoperative day, treated with fasciocutaneous flap of
bilateral pectoralis major muscle.

CABG=coronary artery bypass grafting
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Variables Number of patients (%). dose(mg/day)
Efiology:

Chagas (%) 45%
Non-Chagas (%) 55%

Men (%) 68%
Recipients age (years) 48215

Donors age (years) 31211

Donors weight (kg) 7629
Recipients weight (kg) 68213

Donors height (cm) 1767
Recipients height (cm) 16610
Ischemic fime (min) 2062115
Recipients BMI (Kg/m?) 2524

Donors BMI (Kg/m?) 2522

Time following heart transplant (months) 64254

Resting heart rate (bpm) 82512
Recipients heart rate reserve (bpm) 49217

% of age-predicted peak heart rate 77212

% of heart rate drop in the second minute of secovery 828

Left atrium diameter 44210

Cold ischemia time (min) 2072115
VE/VCO, slope 3056

Right ventricle diameter (mm) 2243

Left ventricle diastolic diameter (:m) 4824

Left ventricle ejection fraction (%) 6255

E/E’ ratio 68223

LF/HF 69289
Medication:

Cyclosporine 71%. 174£58 mg/day
Diuretics 83%

ACE inhibitors (enalapril) 10%, 23214 mg/day
Angiotensin receptor antagonist (losartan) 10%, 62+31 mg/day
Corticosteroids (prednisone) 30%. 5,223 4 mg/day
Azathioprine 30%, 76225 mg/day
Mycophenolate 37%. 10962422 me/day
Tacrolimus 25%. 724 mg/day
Sirolimus 1.6%. 1 mg/day
Everolimus 3.3%, 1£0.35 mg/day
Calcium channel blocker (diltiazem) 58%. 126+71 mg/day
Ezetimibe 1.6%. 10 mg/day
Simvastatin 68.3%.11.424.4 mg/day
Hydralazine 6.6%, 1442116 mg/day
Metformin 6.6%.170000 mg/day
Fluoxetine 3.3%, 32211 mg/day
Gabapentin 1.6%, 400 mg/day
Olanzapine 5%. 10 mg/day
Topiramate 3.3%, 1252106 mg/day
Bromazepam 5%. 3 mg/day
Insulin 7.5%, 69+53 mg/day

BMI=Body mass index, ECA=Angiotensin conversor encyme mhibitors. LF/HF=Low/high frequency domain in
heart rate variability
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Table 5. Classihication proposed by the authors based on anatomuical
changes, considering the depth and location of the surgical wound.
The limit that defines upper and lower region is the inclusion of the
lower margin of the pectoralis major muscle.

Classification _ Affected fissues Wound location as the
vertical extension
rarial 0
Type T Skin and subcutaneous tissue
Total
Patial I‘j"p“
Typell  Exposure of the sternum or ribs ower
Total
Partial  UPPr
Lower
TypeIl  Bone loss of sternum or ribs
Total
Pl PP
Lower

Type IV Exposed mediastinum
Total
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“Expected mortality (Median)
Observed mortality Euroscl Eurosc2 STS
Global 16% 30%0872)  13%(0532)  37%(02:60)
CABG 32% 25%(0872)  10%(0524)  27%(02-60)
Valve 62% 50%(084)  18%(0532)  9.6%(09-59)
CABG=+Valve  117% S8%(1523)  28% (061D  125%(1926)

CABG=Coronary artery bypass grafting; STS-score=Society of Thoracic Surgeons score;
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Fig.1 — Patients flow throughout the study.
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1able example:

Cardiovascular Risk Factors in Study Group

Cardiovascular Risk Factors Number of Patients __Percentage of Patients
Hypertension (>140 mm Hg systolic and >00 mm Hg diastolic) 1T 55
Insulin-dependent diabetes mellitus 6 30
Hypercholesterolemy ( 240 mg/dL) 12 60
Hypertriglyceridemy ( 250 mg/dL) 6 30
Cigarette smoking ( 10 cigarettes/d) 12 60
Previous contraceptive therapy 2 10
Previous myocardial infarction 11 55
Family history of cardiovascular disease 12 60
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Fig. 4 - Phases of stress in the patients included in the study.
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Fig. I - Distribution of participants according to their occupation.
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Fig. 2 - Graphic showing that 82.1% of the sample were sedentary
and only 17.9% practice physical exercises regularly.
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Table 1. Data of heart procedures.

Procedures performed. n %
Myocardial revascularization 354 494%
Valve exchange 212 295%
Correction of aortic aneurysm 68 95%
Atrial septal defect or interventricular
communication 35 49%
Coronary artery bypass grafting combined
with valve replacement 17 24%
Resection of cardiac tumor 4 0.6%
Pacemaker implant 6 0.8%
Reconstruction of left ventricle 6 0.8%
Pericardial drainage 4 0.6%
Cardiac transplantation 3 0.4%
Other* 8 11%
717 100%

*Percentage of total group in parentheses
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Fig. 2 - Fibrosis absent/nild in polyurethane group (Ieft) and moderate/severe in the cyanoacrylate
eroup (right) stained with Masson's trichrome.
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Table 2. The impact of postoperative TDGE.

TDGE levels n %
Absence 77 10.7%
Mild 199 27.8%
Moderate 402 56.1%
Severe 39 5.4%
717 100%

TDGE=Transient Dysfunction of Gas Exchange. Absence of
TDGE=Pa0 /FiO,>300 mmHg; Mild TDG
200 mmHg and 300 mmHg; Moderate TDG]
100 mmHg and 200 mmHg; Severe TDGE=PaO /FiO,<100 mmHg
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Table 2. Percentage ot fibrosis 1n groups L, II, and IIL

Group
Fibrosis Control _ Polyurethane _ Cyanoacrylate
Absent/Mild 7 7 0
57.14% 87.50% 0.00%
Moderate/Severe 3 1 7
42.86% 12.50% 100.00%
Total 7 8 7
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Abbreviations, acronyms & symbols

AMI Acute myocardial infarction
cap Coronary artery disease
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Table 3. Comparison of groups I, II, and III 1n relation to the histological quantitative vanables.

Anatomo-pathological Variables* Group N Mean  Median Minimum  Maximum _ SD _ P-valuef
Histiocytes Cyanoacrylate 7 470 25 18 112 206
Polyurethane 8 26.1 12 0 135 444
Control 7 284 12 0 120 426 0094
Neutrophils Cyanoacrylate 7 171 8 4 54 181
Polyurethane 8 151 45 0 54 214
Control 7 43 s 0 8 34 0254
Lymphocytes Cyanoacrylate 7 583 2 12 220 749
Polyurethane 8 323 10.5 7 120 124
Control 7 26.0 10 5 82 288 0267
Giant cells Cyanoacrylate 7 27 3 0 6 23
Polyurethane 8 15 0 0 4 21
Control 7 29 0 0 12 50 0578

* Counting the number of respective cells in five microscopic fields at 400x
fNonparametric Kruskal-Wallis test, P<0.05
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Table 3. Association of history and preoperative comorbidities with postoperative TDGE.

Prevalence on TDGE levels Test for Test for Risk Factor
Preoperative data Sample Absent Mild Moderate Severe Association Significance
n % n n n n P-value* Pvalue** OR _ 95%CI

Diabetes mellitus 140 195% 7 39 83 11 0.057 0035 149  1.032.14
Hypertension 377 52.6% 34 93 224 2 0.022 0002 156  1.172.07
Cardiogenic shock 15 21% 0 1 1 3 0019 0001 567 1921675
Cardiac arrhythmia 26 36% 2 16 1 0.098 0.738 114 053245
Congestive heart failure 63 8.8% 7 19 34 3 0.966 0645 089  0.54146
Cardiopulmonary arrest 17 2.5% 1 5 8 3 0172 0297 168  0.63:4.46
Pneumopathy 68 95% s 17 40 6 0.442 015 144 088237
Pneumonia 12 1% 3 2 7 0 0373 0405 064 022185
Deep vein thrombosis 2 03% 0 1 1 0 - - - -

TDGE= transient dysfinction of gas exchange; TDGE absent=Pa0 /Fi0,>300 mmHg; TDGE mild=Pa0 /FiO, between 200 mmHg and 300 mmHg;
TDGE moderate=Pa0 /FiO, between 100 mmHg and 200 mmHg; severe TDGE=Pa0 /Fi0,<100 mmHg; Parentheses=percentage of the
total group OR=odds ratio; CI=confidence interval; P-value® (chi-square test); P-value** (logistic regression); Deep vein thrombosis: There
were not enough patients in the deep vein thrombosis group for statistical calculatios
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Table 4. Association of age with TDGE (n=717).
TDGE levels Test for Test for Risk Factor Significance

Age Classes Absent Mild Moderate Severe Association

n % n n n n P-value* P-value** OR 95%CT
<44 124 17.3% 26 42 49 7 0.0001 Reference class (baseline)
45-54 162 22.6% 16 55 86 5 0.0001 0.0001 159 1.03;248
55-64 229 319% 21 52 139 17 0.0001 0,0001 262 1.72;3.99
65-74 153 214% 8 45 91 9 0.0001 0.0001 241 1.53;381
=75 49 6.8% 6 5 37 1 0.0001 0.0001 3.00 1.56;5.78

717 100%

TIDGE=transient dysfinction of gas exchange; TDGE absent=Pa0 /FiO, > 300 mmHg; TDGE mild= PaO /FiO, benween 200 mmHg and 300 mmHg;
TDGE moderate= PaO /FiO, between 100 mmHg and 200 mmHg; severe TDGE=PaO /Fi0,<100 mmHg; parentheses=percentage of total
group; OR=odds ratio; CI=confidence interval; * P-value (chi-square test); ** P-value (logistic regression) of lower risk compared to the

< 44-year group





OPS/images/a18img02.png
Table 1. Echocardiographic morphology parameters for female and male rats post-ML

Female Male

Week 1 Week 1 Week 6 Week 6 Week 1 Week 1 Week 6 Week 6

Sham MI Sham M Sham MI Sham MI
MI size(%) 2455 — 2229 — 223 — =7
SLA (mm) 4205 4.9+1% 4202 6144 3205 S5x1% 3404 G1%#
SLA/BW(mm/g) 0.02:0.001 002:0.0005* 002:0002 003:0.003* 00120002 002+0.0005% 0.01£0.0003 0.02£0.002*
LVDD(mm) 5205 8+0.5% 551 ox14# 421 9x1* 551 100,01
LVDD/BW(mm/g) 0.03%0.002 0.040.003* 0030001  0.040.01*  0.03x0.001 0.04%0.005* 0030002 0030005%
LVSD(mm) 2203 6x1* 3£1 T 241 7203 321 8:0.3+#

LVSD/BW (mm/g) 0.02+0.002 0.03£0.0004* 0.02:0.0001 0.0320.01* 002:£0.0001 0.0320005* 0.02+0.0002 0.03x0.005%

MI=myocardial infarction; BW=body weight; SLA=left atrium size; LVDD=left ventricle diastolic diameter; LVSD=left veniricle systolic
diameter: Data are shown as means=SD. Two-way ANOVA and Bonferront tests were applied for comparisons.

*P<0.05 vs. Sham on first and sixth week.

% P<0.05 vs. MI on first week
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Table 1. Oxidative and anfioxidative parameters and lustopathological evaluation in Sham, Control and TQ + IR rats.

Sham Control TQHR
(@=10) (@=10) (@=10) P
TAC (amol TroloxEqv./mg protein) 13920.18* 053012 0.6520.12 P<0.001
TOS (nmol H,0, Eqv/ mg protein) 283485 44.128.1% 258223 P<0.001
OSI (arbitrary units) 20044 835123 1.30£0.41 P<0.001
Renal Pathology score 17125 442069 214137 P<0.001
Lung Pathology score 17115 46051 3.04124 P<0.001
Heart Pathology score 032048 1.520.52 094073 P<0.001

TAC=Total Antioxidant Capacity; TOS=Total Oxidant Status; OSI=Oxidative Stress Index
P<0.05 was considered as statistically significant.

* P<0.001 (for all comparisons) compared with IR and TO+I/R

+ P<0.001 (for all comparisons) compared with sham and TO+I/R
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Table 2. Echocardiographic functional parameters for female and male rats post-ML

Female Male
Week 1 Week 1 Week 6 Week 6 Week 1 Week 1 Week 6 Week 6
Sham ML Sham M Sham ML Sham MI
FAC (%) 634 3456+ 673 20+7% 66=7 3254% 634 3157%
E (cnv/s) 692 702 736 8542% 592 731 674 87£2%
A (con/s) 241 201 20+5 20£1 305 281 306 2842
E/A ratio 31 53 321 6£4% 1£0.5 342 202 5+3%

FEAC=fractional area change; E=E wave; A=A wave; Data are shown as means=SD. Two-way ANOVA and Bonferroni tests were applied for

comparisons.
*P<0.05 vs. Sham on first and sixth week
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Abbreviations, acronyms & symbols

FE Female
ot Left ventricle
MA Male

M Myocardial infarction
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Fig. 3 - OSI levels in sham, control, and thymoquinine groups.
+P<0.001 (for all comparisons) compared with sham and
thymoquinine groups
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Fig. 4 - A and D show renal and lung tissues samples of the sham group and there were no pathological changes. B)
shows lung tissues samples of control group and neutrophil and leukocyte infiliration with alveolar congestion were
observed. E) shows renal tissues samples of control group and tubular damage characterized by cast formation;
the loss of brush border and interstitial edema were observed. C and F show lung and renal tissues samples of
thymoquinine treated group and there were les: lesions than in the control grou;
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Fig. I - TAC levels for sham, control, and thymoquinine groups.

* P<0.001 (for all comparisons) compared with I/R and I/R+TQ
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Fig. 2 - TOS levels in sham, control, and thymoquinine groups.
+ P<0.001 (for all comparisons) compared with sham and
thymoquinine groups
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Table 2. A comparison of infection sites between non-tuberculous and tuberculous mycobacterial miective
endocarditis

Infection site Non-tuberculous  Tuberculous ‘ Pvalue
(=56) (@=8)
Rortic valve 16 (28.6) 3G75) 03 0605
Mitral valve 15 (26.8) 2(25) 0.0 0915
Aortic valve, prosthetic 5(89) 0(0) 14 0237
Lead 5(89) 0(0) 14 0237
Tricuspid valve 5(89) 2(25) 19 0173
Mitral valve, prosthetic 2(3.6) 0(0) 05 0.460
Pulmonary valve 2(3.6) 0(0) 05 0.460
VSD patch 2(3.6) 0(0) 05 0.460
ASD patch 1(18) 0(0) 03 0603
Right atrium 1(1.8) 1(12.5) 27 0.103
Right subclavian dialysis catheter 1(1.8) 0(0) 03 0603
Sternum 1(1.8) 0(0) 03 0603

ASD=atrial septal defect; VSD:

nivicular septal defect
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Table 1. Predisposing risk factors.

Predisposing risk factors n (%)
Cardiac operation 27 (54)
MVR 9(33.3)
AVR 5(18.5)
AVR + coronary artery bypass grafting 16.7)
Composite AVR 16.7)
MVR + AVR 16.7)
Redo-MVR + AVR 3011
Redo-AVR 2(7.4)
Mitral valve ring plasty with aortic valve repair 16.7)
Ventricular septal defect patch repair 3011
Atrial septal defect patch closure 16.7)
Foreign material implant 1@
Pacemaker 4(36.4)
Percutaneous coronary intervention 3(73)
Automatic implantable cardioverter defibrillator implant 10.)
Dialysis, catheter infection, immunosuppressive therapy 10.)
Hemodialysis 10.)
Stenting of the abdominal aorta + renal angioplasty 10.)
DU 5(10)
IDU alone 2(40)
IDU + human immunodeficiency virus infection 2(40)
IDU + tricuspid endocarditis (Methicillin-resistant Staphylococcus aureus) 1(20)
Miscellaneity 704)
Colostomy and colostomy revision 1(143)
Left foot gangrene 1(143)
Annular subvalvular left ventricular aneurysm (ASLVA) 1(143)
Rheumatic heart disease 1(143)
Radiation therapy + previous infective endocarditis 1(143)
Travel to El Salvador 1(143)
Not stated 1(143)

AVR=aortic valve replacement; IDU=intravenous drug user: MVR=mitral valve replacement
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Fig. 1 - A comparison of latencies between different risk fuctors.
IDU= intravenous drug use.
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Table 4. Length of hospital stay and hospital mortality by place of occurrence, May 2011 to April 2012.

Place Number of hospitalizations Days of stay “Average length of stay Deaths
IECAC 116 4711 406 25
Rio de Janeiro city* 534 13920 26.1 82
Rio de Janeiro* 1241 22682 183 73

IECAC - Instituto Estadual de Cardiologia Aloysio de Castro; (*) source: www.datasus.com.br
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Table 3. Vaniables related to perioperative myocardial mfarction.

Total sample (a=116) With PMI (n=28) Without PMI (n=88)
Variables Pale
n meamsSD % n meansSD % n meamsSD %

Mean troponina I (ug/L) 31244 - - 74468 - - 1818 - 0001

Time on ICU* 5342 - - 52427 - - 53446 - 0661

Surgery — hospital discharge 1484110 - - 160104 - - 14.4£113 - 0261

Deterioration in LV function

postoperative 20 - 172 14 - 50 6 - 68 0.00f

Intra aortic balloon 3 - 26 2 - 71 1 - 11 014

Deaths 3 - 26 3 - 107 0 - 0o o001t

PMI=perioperative myocardial infarction; LV= left ventricle; ICU=Intensive Care Unit; SD=standard deviation; (*) time in days; (7) Fisher
exact test; (1) Kruskal-Wallis test
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Table 2. Mam results of the study.

Group A Growp B

(0=67) (@=132) P
HRV parameters
mean-HR, bpm 86.0+143 8334115 15 (0.157)
SDNN, ms 60.1+22.0 70.8+37.7 <0.05 (0.050)
SDANN, ms 53.6+£19.6 63.0£32.7 <0.05 (0.048)
Incidence of Atrial Fibrillation
- in whole groups, n (%) 29 (43) 61 (46) N (0.695)
- in patients aged >68, n (%) 1707 44(55)
_in patients aged <68, n (%) 12(27) FPe0001 17¢3 00
- in patients with mean-HR >93 bpm 522 167
 in patients with mean-HR <93 bpm 24(s4) F<001 s09) ™
- in patients with SDNN <75% percentile 2312) 6(23)
 in patients with SDNN >75% percentile 17@3) FP<005 E 12

Group A=patients with grafting of ascending aorta/aortic arch; group B=patients with aortic valve replacement without
aortic repair; P=level of significance (between Groups A and B); mean-HR=mean heart rate recorded at 24-h Holter;
bpm=beats per minute; SDNN=standard deviation of all normal RR intervals during the whole 24-h Holter recording
period; SDANN=standard deviation of the 5-min average of normal RR intervals during the whole 24-h Holter recording
period: Ms=milliseconds
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Table 1. Patients characteristics.

GroupA  Group B

(@=67) (@=132) P

Patients’ characteristics
Age, years 59.0+143  68.1=123  <0.001 (0.000)
Gender (male: 1, %) 50 (75) 85 (64) s (0.144)
Days from intervention to CR 153110 129489  ns(0.101)
Duration of CR, days 14443 154236 15 (0.110)
Total observation period, days 298:111 283295  ns(0295)
Prevalence of Diabetes, n (%) 12(18) 26 (20) s (0.762)
Prevalence of abnormal glucose metabolism, n (%) 1827) 54(a1) s (0.051)
Hb level, g/l 100410 104=11  <0.02(0.015)
Left Ventricular Ejection Fraction, % 5947 5728 s (0.308)
Left atrial diameter, mm 4146 4327 s (0.148)
Left atrial diameter-indexed, mm/m2 222434 23542 <0.05(0.038)
Simultaneous CABG, n of cases (%) 10 (15) 36 27) s (0.051)
Previous coronary revascularization (CABG or PCI), n of cases (%) 20) 8(6) <0.05 (0.034)
Simultaneous intervention on mitral valve, n (%) 3(4) 1) s (0.315)
Amiodarone treatment during Holter monitor test

« 1 of cases (%) 1725) 31(23) s (0.769)

« average dosage, mg 235479 232475 s (0.895)
Metoprolol treatment during Holter monitor test

« 1 of cases (%) 35(52) 66 (50) s (0.765)

« % of target dosage 45221 38220 5 (0.112)

Group A=patients with grafting of ascending aorta/aortic arch; Group B=patients with aortic valve replacement without
aortic repair; P=level of significance (between Groups A and B); CR=Cardiac Rehabilitation; Hb=haemoglobin;
CABG=coronary artery by-pass eraft; PCI=percutaneous coronary intervention
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ig. 1 - Left surface of the heart. LA=Left Atrium; LV=Left Ventricle;
RV=Right Veniricle; GCV=Great cardiac vein draining directly
into the right atrium; PIB=Paraconal interventricular branch;
CxB=Circumflex branch
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Table 1. Course of the great cardiac vemn (GCV) with respect to the mterventricular paraconal branch (PCIB), by gender.

Males Females Total sample
Course n(%) n (%) n (%)
Parallel left 73 (12.3) 14(73.7) 87(72.5)
Parallel left, crossed proximal 10(9.9) — 10(8.4)
Parallel left, crossed distal 11(109) 401 15 (12.5)
Parallel right, crossed proximal 6(59) 1(53) 7(58)
Parallel right, crossed distal 1) — 1(08)
Total 101 19 120 (100)
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Fig 4~ Laftsurface of the heart. LA=Left Atrium; L e
RV=Right Ventricle; GC t cardiac vein; PIB=Paraconal
interventricular branch; CxB=Circunflex branch; (*)=Arteriovenous

triangle, open at the lower end and top
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Fig_5 - Laftsurface of the heart. LA=Left Atrium; LV=Left Ventricle,
RV=Right Ventricle; GCV=Great cardiac vein; PIB=Paraconal
interventricular branch; CxB= Circumflex branch; (*)=Arteriovenous
triangle, closed at the lower end and open at the top
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 Abbreviations, acronyms & symbols

AIB ‘Anterior interventricular branch
AT Arterio-venous trigone of the heart
cBY Circumfiex branch.

cs Coronary sinus

Gev Great cardiac vein

Lavs Left atrioventricular sulcus
Ica Left coronary artery.

MV Left marginal vein

MCV Middle cardiac vein

ovia ‘Oblique vein of the left atrium
PLCV Posterior left cardiac vein

RMY Right marginal vein
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Fig_ 6 - Venous communication between midale and great cardiac
oft Ventricle; RV=Right Ventricle; MCV=Midale cardiac
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Fig. 7 - Right surface of the heart. RV=Right ventricle; LV=Laf
ventricle; RA=Right atrium; CS=Cylindrical coronary sinus,
MCV=Middle cardiac vein; CxB=Circumfiex branch; GCV=Great
cardiac vein: AV=Azygos vein: LPV=Left posterior vein






OPS/images/publisher.png
RBCCy  prailian

Since 1986 Journal of
CARDIOVASCULAR SURGERY






OPS/images/gn1.png





OPS/images/a01img02.png
ANDROID






OPS/images/a17img11.png
| Authors’ roles & responsibilities

FAG

1sc

“Analysis andlor interpretation of data, statistical analysis,
Sinal approval of the mamuscript, conception and design of|
the study, implementafion of operations and/or experiments,
‘mamseript writng or eritical review of fs content
Analysis and/or interpretation of data, staistical analysis,
Sinal approval of the mamuscript, conception and design of|
the study, implementafion of operations and/or experiments,
‘mamseript writng or eritical review ofis content
Conception and design of the study, implementation of op-
erations and/or experiments, mamuscript writing or crifical
review of its content






OPS/images/a01img01.png
RBCCYV

£ s st






OPS/images/a18img01.png
Diastolic Systolic

E/A Relation

Male Sham






OPS/images/cover.png
BJCVS
BRAZILIAN JOURNAL OF
CARDIOVASCULAR SURGERY

REVISTA BRASILEIRA DE CIRURGIA CARDIOVASCULAR

30.1 january/FEBRUARY 2015





OPS/images/a12img05.png
Table 5. Complications and mterventions in the ICU and their associations with TDGE.

Prevalence on TDGE levels Test for Test for Rusk Factor
Postoperative data Sample Absent Mild Moderate Severe  Association Significance

n % n n n n Pvalue*  Pvalue** OR  95%CI
Pheumonia 64 89% 1 12 37 11 0.0001 00005 263 153453
VAP 4 06% 0 0 2 2 00420 0003 1951 27513845
Non-invasive mechanical
ventilation 15 21% 0 4 10 1 05400 0247 185 065528
Reintubation 6 9.6% 4 15 45 5 02250 0042 169 102278
Tracheostomy 26 3.6% 3 6 15 2 0.8460 0651 119 055258
Renal replacement therapy 62 8.6% 6 10 36 10 0.0005 0002 234 136403
Hemotherapy 247 344% 21 60 139 27 0.0001 00005 172 126233
Cardiac arrhythmia 26 3.6% 2 7 12 5 0.0450 0153 179  081:3.98

ICU=intensive care unit; TDGE=rransient dysfunction of gas exchange; TDGE absent=Pa0 /Fi0,>300 mmHg; TDGE mild=Pa0 /FiO,
benween 200 mmHg and 300 mmFHg; TDGE moderate=Pa0 /FiO, between 100 mmFHg and 200 mmHg; severe TDGE=Pa0 /Fi0,<100 mmHg;

Parentheses= percentage of total group; VAP=mechanical ventilation-associated pneumonia; P-value* (chi-square test); P-value** (logistic
regression); CI= confidence interval
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Fig 2 - Mortality predicted by APACHE I

TDGE=transientdysfinction of gas exchange; TDGE absent=Pa0 /FiO,>300mmHg: TDGE mild=Pa0/
FiO, between 200mmEg and 300 mmHg; TDGE moderate=PaO [FiO, between 100mmEg and 200mmHg:
severe TDGE=PaO,/Fi0, <100 mmHg: * P-value: ANOVA followed by transformation with posts by
Tukey’s test. TDGE Record significantly proved superior to other levels of TDGE regarding Apac.





OPS/images/a12img09.png
 Abbreviations, acronyms & symbols

APACHET ‘Acute Physiology and Chronic Health Evaluation 11
AL Acute Lung Injury

ARDS ‘Acute Respiratory Distress Syndrome
cH Clinics Hospital

CcPB Cardiopulmonary Bypass.

FiO, Fraction of inspired oxygen

1cU Intensive Care Unit

Pa0, Partal pressure of oxygen

PCWPR Pulmonary capillry wedge pressure
PEEP Positive end-expiratory pressure

D ‘Standard deviation

SRS ‘Systemic inflammatory response syndrome.
TDGE Transient Dysfimetion of Gas Exchange
UNICAMP Universidade Estadual de Campinas

VAP Ventilator-Associated Poeumonia
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Table 6. The occurrence of death within 48 hours and atter 48 hours after surgery.

Prevalence on TDGE levels ‘Test for
Postoperative data Sample Absent Mild Moderate Severe Association
n % n n n n P-value*
Death within 48 hours 6 0.8% [ 1 4 1 0.5420
Death after 48 hours 66 92% 5 13 40 8 0.0350

TDGE=transient dysfunction of gas exchange; TDGE absent=Pa0 /FiO,>300 mmHg; TDGE mild=Pa0
FiO, between 200 mmFHg and 300 mmEHg; TDGE moderate=Pa0 /FiO, between 100 mmHg and 200 mmHg;
severe TDGE=Pa0 /Fi0,<100 mmHg; * P-value=Tukey test for comparison of measures between TDGE
groups





OPS/images/a12img07.png
Hospitalization in Intensive Care

09

Days (Mean * SD)

Total Sample Absent Mild Moderate Severe

P=00002*

TDGE Levels
Fig. 1- The average length of stay in the Intensive Care Unit.

TDGE=transient dysfinction of gas exchange; TDGE absent=Pa0 /Fi0,>300 mmHg; TDGE mild=Pa0,/
Fi, between 200mmEg and 300mmHg: TDGE moderate=PaO [FiO, between 100mmHg and 200 mmHg:
severe TDGE=Pa0 /Fi0,<100 mmHg; * P-value=* ANOVA followed by transformation with posts by
Tutkey's test. TDGE Record significantly proved superior to other levels of TDGE regarding Apache Il score.
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Table 2. Angiographic characteristics, ventricular function, and
EuroSCORE of patients who underwent coronary artery bypass
grafting, S3o Paulo, 2010.

Variable o %

Result from the previous hemodynamic study

(1=1947)

Severe lesion in 1 artery 400 205
Severe lesion in 2 arteries 802 412
Severe lesion in 3 arteries 703 361
No lesion ) 22
Severe lesion in LCT 203 105
Lesion in proximal third of AD 788 405
Ventricular function (n=1331)

Normal (ejection fraction, >55%) 1011 760

Mild dysfunction (ejection fraction, 45-54%) 193 14.5
Moderate dysfimction (jection fraction, 30-44%) 113 85
Severe dysfunction (ejection fraction,<30%) 14 10
Mean logistic EuroSCORE 2.70£3.09

LCT=left coronary trunk; AD=anterior descending coronary;
EuroSCORE=assessment of the risk of death following cardiac
surgery
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Table 3. Operative characteristics of 3010 patients who underwent
coronary artery bypass grafting, Sdo Paulo, 2010.

Variable n %
Elective surgery 2982 951
Isolated CABG 2688 893
Using ECC 2653 881
Clamping time (mean = standard deviation) 46.7+22.9 min
Associated valve surgery 141 47
Aortic valve 80 26
Mitral valve 63 21
Tricuspid valve 9 03
Other associated cardiac procedure 173 57
Associated non-cardiac procedure 31 10
Graft use in internal thoracic artery 2637 876

CABG=coronary artery bypass grafting; ECC=extracorporeal
circulation
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Table 1. Climical-demographic characteristics of 3010 patients who
underwent coronary artery bypass grafting, Sdo Paulo, 2010.

Variable n %
Demographic variables

Age (meanzstandard deviation) 622+9.49 years
Male 2105 699
Cardiovascular risk factors

Hypertension 2491 8238
Overweight (n=2921) 1319 451
Obesity (1=2921) 601 206
Dyslipidemia 1338 445
Diabetes 1102 36.6
Family history of CAD 881 293
Previously a smoker (quit smoking) 1203 399
Smoking (presently a smoker) 162 153
Previous coronary/cardiac angioplasty

Previous myocardial infarction 1411 469
Previous thrombolysis 26 08
Previous angioplasty 261 87
Previous CABG a7 16
Previous valve surgery 8 03
Other previous cardiac surgery 4 0.1
Other morbidities

Chronic obstructive pulmonary disease 209 69
Previous stroke 168 56
Chronic kidney injury 170 57
Peripheral arterial disease 146 49
Chronic atrial fibrillation 81 27
Carotid disease 54 18

CAD=coronary artery disease; CABG=coronary artery bypass graft
chronic kidney disease=serum creatinine > 2.0 mg/dL or dialysis
(whether hemodialysis or peritoneal dialysis)
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Table 4. Main postoperative complications ot 3010 patients who
underwent coronary artery bypass grafting, Sao Paulo, 2010.

Variable o %
Cardiac arhythmia 564 187
Acute atrial fibrillation 429 143
Pneumonia 187 62
Acute kidney injury 134 44
In need of dialysis 50 16
Heart failure 99 33
Reoperation for any reason 92 31
Mediastinitis 64 21
Stroke 53 18

Perioperative myocardial infarction 35 12
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Table 4. Classiication proposed by Greig mn 2007, considering the regional location of the wound.

Type of surgical wound Extension of sternal wound Kind of a retail recommended for
reconstruction
Type A Upper half of the sternum Major pectoralis
Type B Lower half of the sternum ~ Major pectoral combined with bipedicle
abdominal rectus
Type C ‘The whole sternum Major pectoral combined with bipedicle

abdominal rectus
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Abbreviations, acronyms & symbols

CABG Coronary artery bypass graft
LVEF Ventricle ejection fraction
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Table 2. Characterization of postoperative complications in cardiac surgery according to the days ot hospitalization (n = 96).

Postoperative POT 1°PO 2°P0 3°P0 PO 5°PO 6 PO 7°PO Total

complications n(%) n(%) n (%) n(%) n(%) n(%) n(%) n(%) n(%)

Neurological 4(42) 3(3.1) 3(32) 1(11) 1(11) 0(0) 0(0) 0(0) 12 (12.7)
Cardiac 3G 2@ 2@ 1D 10D 1@ 1319 166  12(161)
Respiratory 1) 663 SG3) 663 2021 221D 1019  2(71)  35(426)
Vascular 2021 0(0) 362 0(0) 0(0) 0(0) 0(0) 0(0) 5(53)

Hemodynamic 13(135) 16167 17(179) 5(53)  4(43) 22D 0(0) 1(36)  58(63.4)
Digestive 1) 2@ 1D 0(0) 2021 0(0) 0(0) 0(0) 6(63)

Renal 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(19) 0(0) 1(19)

Resp. + Hemod. 110)  4@2) 362 10D 1@ 10D 1319 136 130172
Vasc + Hemod. 2(2.1) 0(0) 0 00 0(0) 0(0) 0(0) 0(0) 221

Neurol+ Hemod. 221 1010 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 361

Neurol + Resp. 1(1.0) 0(0) 00 1(11) 0(0) 0(0) 0(0) 0(0) 221

Hemod. + Digestive 0(0) 0(0) 11D 0(0) 0(0) 0(0) 0(0) 0(0) 1(11)

Hemod. + Card. 0(0) 0(0) 11D 0(0) 0(0) 0(0) 0(0) 0(0) 1D

Hemod+Neurol+Resp. 0(0) 0(0) 1(11) 1(11) 0(0) 0(0) 0(0) 0(0) 2(22)

Hed+Cardio+Resp+Renal 0 (0) 0(0) 0(0) 1011 0(0) 0(0) 0(0) 0(0) 1(11)

Digestive + Resp 0(0) 1(1.0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(1.0)

Resp + Card 0(0) 0(0) 00 00 1(1.1) 0(0) 0(0) 0(0) 1(11)

FO Deficiency 0(0) 0(0) 0 00 0(0) 221 0(0) 0(0) 2(21)

Total patients with

complications 40(416) 35(364) 37(393) 17(179) 12(129) 8(86)  4(76)  5(192)

Total patients without

complications 56(58.4) 60(62.5) 58(60.7) 77(81.1) 82(87.1) 43(457) 22(443) 12(46.1)

Discharge 0(0) 0(0) 00 00 0(0) 43(45.7) 25(481) 9(346) 77(802)
Death 0(0) 1D 0(0) 1(1.0) 0(0) 0(0) 0(0) 0(0) 221

Total 96 96 95 95 94 94 51 26

Data are presented as absolute and relative frequencies. Resp=respiratory; Hemod=hemodynamic; Card=heart; n=number of patients with
postoperative complications; POI=immediate postoperative; PO=postoperatively discharge
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Table 3. Description of the Steps program used i the postoperative period of cardiac surgery (n = 96).

Step used 0 1°PO 2°PO 3P0 PO 5° PO 6 PO 7° PO
1 (%) 1 (%) 1 (%) n (%) 1 (%) 1 (%) n (%) 1 (%)
Step 1 92(958) 29(302) 13(137)  4(42) 2@21) 101 1(1.9) 16.2)
Step 2 0(0) 61(63.5) 42(442)  21(221)  10(106) 5(54) 2(38) 0(0)
Step 3 0(0) 3(1) 35368  46(484)  31(330)  19(04)  12(231) 307
Step 4 0(0) 0(0) 11 18(189)  34(362) 14(151)  10(192)  6(19.4)
Step 5 0(0) 0(0) 00 11D 12(12.8) 8(8.6) 2(38) 4(129)
Step 6 0(0) 0(0) 0(0) 0(0) 2@21) 362 2(38) 307
Do not PST 442 221 4(4.2) 4(42) 2@21) 362 2(38) 0(0)
Discharge 0(0) 0(0) 00 0(0) 111 40(430)  22(406)  14(45.1)
Death 0(0) 1) 0(0) 11D 0(0) 0(0) 0(0) 0(0)
Inpatient 96 95 95 94 93 53 31 17
Total 96 96 95 95 94 93 53 31

Data are presented as absolute and relative frequencies; IPO=immediate post-operative; PO=Postoperatively discharge; Do not PST=do

not undergo physiotherapy
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hart 1. Cardiac Rehabilitation Program consists of Steps adapted to postoperative cardiac surgery for patients
in hospital phase L.

STEP1 - Calories =2 METs
Patient lying

Diaphragmatic breathing exercises + ventilatory patiers
Active exercises of the extremities

Active assisted exercises - elbow and knees

Milking drains

STEP 2 - Calories 2 METs
Patient sitting

Diaphragmatic breathing exercises + ventilatory patiern
Exercises with ventilatory incentive + Flutter

Active exercises of the extremities

Active exercises of the lower limbs (quadriceps)
Milking drains

STEP 3 - Calories 3-4 METs
Patient standing

Active excrcises of the clbow and ends

Active stretching of lower limbs (quadriceps. adductors, hamstrings and friceps)
Mark steps with knee

Ambulation: 35 meters

Exercises with ventilatory incentive

STEP 4 - Calories 3-4 METs
Patient standing

Passive streiching of active upper and lower limbs

Active exercises of the extremities

Active exercises of the lower limbs (flexion/extension and abduction/adduction)
Exercises with incentive spirometry

Ambulation: 60 meters

Walking downstairs training (1% floor)

STEP 5 Calories = 3-4 METs
Patient standing

Passive streiching and active upper and lower limb

Active exercises of the extremities

Active exercises of the lower limbs (flexion/extension and abduction/adduction)
Exercises with incentive spirometry

Ambulation: 100 meters

Walking downstairs training (1% floor)

STEP 6 Calories = 3-4 METs
Patient standing

Passive streiching of upper and lower limb active

Active exercises of the extremities

Active exercises of the lower limbs (flexion / extension and abduction / adduction)
Breathing exercises encouraged

Ambulation: 160 meters

Walking downstairs training (2 floors)

STEP 7 Calories = 3-4 METs
Patient standing

Passive streiching of upper and lower limb active

Active exercises of the extremities

Active excrcises of the lower limbs (flexion / extension and abduction / adduction)
Exercises with incentive spirometry

Ambulation: 200 meters

Walking downstairs training (3 floors)

‘Steps program adapted to patients in the postoperative period of cardiac surgery in phase Ior hospital adapted
from the Steps of Regenga program’™
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Table 1. Description of intraoperafive and postoperative factors of
patients undergoing cardiac surgery.

Intraoperative factors </n (%)
Aortic clamping (min) 737722638
CPB time (min) 9233£29.86
Heartbeat Recovery (n/%)
Spontaneous 60 (60.6)
Shock 37(37.4)
Cardiogenic shock 2(2.0)
V M Time (min) 654.46+312.48
Surgical Time (min) 222.55:83.65
Ejection Fraction (%) 64.78211.07
Blood Transfusion (1/%)
Erythrocytes (mllions/mm?) 26 (26.5)
Plasma (ml/kg) 2(2.0)
Erythrocytes (millions/mm?)+ plasma (mlkg) 6 (6.1)
Bleeding (ml/kg) 8(82)
Bleeding + RBCs 1(1.0)
Not Blood Transfusion 56 (56.6)
UCOR Stay (hs) 61.69:26.86
Room Stay (hs) 90.43+50.08
Hospital Stay (hs) 151235173
In-Hospital Death (n/%) 5(.1)
30 day Death (/%) 101
Death within 2 years (/%) 5(8.6)
Total patients 99

Data presented as median and minimum-maximum or absolute and
relative frequency, CPB=cardiopulmonary bypass; VM=Mechanical
ventilation; CCU=Coronary Care Unit; n=number of subjects

analyzed
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Table 1. Profile of the sample and epidemuological characteristics.

Total sample (u=116) With PMI (n=28) Without PMI (n=88)
Variables Palie
n meamsSD % n meansSD % n meam=SD %
Female 33 - 284 10 - 357 23 - 261 022+
Age - 608:89 - - 65.2:7.6 - - 59.4+8.9 - 000f
Hypertension 98 - 845 25 - 893 73 - 83 031%
DM 41 - 353 12 - 429 29 - 33 023
Current smoking 35 - 302 1 - 393 24 - 273 0.19*
Dyslipidemia 44 - 379 1 - 393 33 - 375 051*
Severe dysfunction of the LV~ 8 - 68 0 - 0 8 - 91  0.10%

PMI= perioperative myocardial infarction; DM=type 2 diabetes mellitus; LV=left ventricle; SD=standard deviation; (*) Fisher exact test;
(7) Kruskal-Wallis test
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Table 2. Surgical characteristics of the sample.

Total sample (u=116) With PMI (1 = 28) Without PMI (a=88)
Variables Palie
n meamsSD % n meansSD % n meam=SD %

Emergency surgery 11 - 95 2 - 71 9 - 102 047F
Cardiac surgery associated 8 - 69 2 - 71 6 - 68 045f
Triple vessel coronary lesion 56 - 483 18 - 643 38 - 432 0.04F
Lesions of the LMCA 20 - 172 3 - 107 17 - 193 0.22f
Number of grafts - 2810 - - 33209 - 27410 - oo
Use of CPB 100 - 862 28 - 00 72 - 818 0.00f
CPB time* - 863267 - - 96.527.2 - 8242256 - 001f
Length of aortic clamping* - 61527 - - 672247 - 593217 - 019%
Surgical time* - 23742637 - - 260.6+717 - 2301596 - 020f

PMI=perioperative myocardial infarction; LMCA=left main coronary artery; CPB=cardiopulmonary bypass; SD=standard deviation; (*)
time in minutes; (7) Fisher exact test; () Kruskal-Wallis test
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Abbreviations, acronyms & symbols

AMI Acute myocardial infarction

CABG Coronary artery bypass graft

ccu Coronary care unit

coPD Chronic obstructive pulmonary disease
cvD Cardiovascular disease

DM Diabetes mellitus

HVR Heart valve replacement

PO ‘Postoperative

SAH Systemic Arterial Hypertension

WHO World Health Organization
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