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    Overcoming Obstacles

  

   

   

  Domingo M. Braile

   Editor-in-chief - BJCVS

   

   

  In times of economic crisis, with the government cutting funds in various sectors, including science and technology, with serious consequences in scientific research and, consequently, the production of good articles, periodicals must learn to reinvent themselves in order to be most read/accessed by attracting more interesting studies. To make matters worse, the difficult moment that crosses the country makes that Brazil is no longer an attractive market even for science, without obtaining funds from international institutions for the development of research with sufficient potential to develop into good standard original articles.

  Linking this situation to the modus operandi of the Brazilian and international science, in which the impact factor of a journal ends up being one of the main attractions, but the principal, for an author to submit his study to a particular journal, those who know how to unite quality and creativity are more likely to get along in this "race for good articles".

  It is not an easy task for Brazilian publications in general.

  While the international journal with the highest impact factor (IF), according to data from the Journal Citation Reports, from Thomson-Reuters, 2015, the CA: A Cancer Journal for Clinicians, has an IF of 115.840, followed by New England Journal of Medicine, with "only" 55.873, the Brazilian journal with a higher IF, the Diabetology & Metabolic Syndrome, achieved 2,173 index. It means, an abysmal distance[1].

  We feel a reflection of this cooling situation on the interest in Brazilian scientific production also in the Brazilian Journal of Cardiovascular Surgery (BJCVS), whose site that has come to be accessed by more than 100 countries in the recent past, had this number reduced to almost one-third, even with an intense work on the disclosure of the journal and many actions to attract more readers and authors from abroad, using only the English language throughout its structure, including the articles, by recognizing this as the "lingua franca" of scientific communication.

  The reduction, fortunately, was not reflected in the number of articles submitted from abroad. Just as an example, in this issue we have studies produced in the China, Iran, Turkey, and USA. But this scenario is a warning to intensify the search for more readers and more manuscripts, so we can grow again in FI and Qualis, from Capes.

  We are taking important steps to ensure that the BJCVS can approach competitively to potential readers and authors, drawing attention to our values, as being our journal the only publication of the specialty in the Southern Hemisphere, completing 30 years of fruitful existence.

  We hope in this way to present again a substantial growth in the audience of our website and offering of impactful articles, which will be reflected in the creation of a virtuous circle of increased other articles and more citations.

  After all, since the beginning of its history the BJCVS was able to overcome obstacles. As informed earlier, the 43rd Brazilian Congress of Cardiovascular Surgery, which will take place from 7 to 9 April 2016, in Fortaleza, will be part of its agenda focusing on the anniversary of BJCVS.

  The Instructions for Authors (http://www.bjcvs.org/page/6) are continuously being updated in order to meet more adequately the needs of authors and reviewers, still giving more transparency to the process of submission and review of a study, always emphasizing the importance of the rigorous "peer-review" process.

  We now make available the forms used in the reviews in BJCVS in order to the authors, when submitting their studies, can know in advance the criteria to be used in the evaluation of his manuscript, item by item, thus allowing prepare their study more accurately and are accepted in a shorter period for "ahead of print’ publication and depending on its intrinsic value, being part of the nearest periodic edition.

  We also provide a new link to the MeSH on Demand (https://www.nlm.nih.gov/mesh/MeSHonDemand.html), a very useful tool that allows, when inserting the abstract in a specific field, get after a few seconds, a list of suggestions of descriptors that can be used to enrich in number and quality the key words, a key factor for the article to be found by those who do searches in any of the databases.

  It is a great help to the authors, even those more experienced in choosing the descriptors to be used in the study.

  Social networks

  Social networks are becoming increasingly important in day-to-day life of people and institutions, including the scientific area which also has adhered to this form of communication. Our Facebook (https://www.facebook.com/bjcvs) was streamlined and now has been updated frequently.

  It was also opened an account on Twitter (twitter.com/bjcvs) for short notes.

  In addition, we created a blog (http://bjcvs.blogspot.com.br/), in which I ask you to navigate and help us.

  They are precious spaces to disseminate news, information and discussions on cardiovascular surgery and related fields and also on scientific communication. For not being a scientific journal the language may be more colloquial, fleeing the necessary scientific rigor of the language of the BJCVS. The texts will be posted in Portuguese, without concern for size. We invite you to publish your ideas and comments.

  We have established a new platform for the flip version of the journal, lighter and interactive, facilitating navigation and reading.

  The BJCVS applications for smartphones mobile devices in the Android and iOS operating systems are still available for download for free. Use them and broadcast their existence.

  New e-mail

  The BJCVS has new contact e-mail: bjcvs@sbccv.org.br

  Questions, suggestions and criticisms can be sent via this new email address and will be evaluated and met with attention ever given by our Editorial Board.

  CME

  We make available the following articles for the testing of Continuing Medical Education (CME) in this issue: "Experimental Study and Early Clinical Application of a Sutureless Aortic Bioprosthesis" (page 515); "Evaluation of Pulmonary Reperfusion Injury in Rats Undergoing to Mesenteric Ischemia and Reperfusion and Protective Effect of Postconditioning on this Process" (page 533); "Adjunctive Hyperbaric Oxygen Therapy or Alone Antibiotherapy? Methicillin Resistant Staphylococcus aureus Mediastinitis in a Rat Model" (page 538); and "Factors Associated With the Development of Chronic Post-Sternotomy Pain: a Case-Control Study" (page 552). I remember that the CME is a great way to update the knowledge and became worth 5 points in the title Brazilian Society of Cardiovascular Surgery Proof of Title. We are open to suggestions and criticisms to improve the system.

  
    My warmest regards!

      Domingo M Braile

Editor-in-chief - BJCVS       
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    Bilateral Internal Thoracic Artery and Optimal Revascularization Strategy in Insulin-Dependent Diabetic Patients

  

   

   

  Omar Asdrúbal Vilca Mejía; Luiz Augusto Ferreira Lisboa; Luís Alberto Oliveira Dallan; Fabio Biscegli Jatene

  Instituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (InCor HC-FMUSP), São Paulo, SP, Brazil. E-mail: omarvmejia@sbccv.org.br

   

   

  Coronary artery disease (CAD) is a leading cause of mortality and morbidity in diabetic patients[1]. Four among 10 patients undergoing coronary artery bypass graft surgery (CABG) are diabetic in the United States [2]. Furthermore, insulin-dependent diabetics undergoing CABG reaches 20% in São Paulo Registry of Cardiovascular Surgery (REPLICCAR) [3].

  Currently, there is a progressive increase in the prevalence of diabetes in patients referred for CABG. This is mainly in response to FREDOOM trial that showed that diabetic patients have a higher survival rate when they undergo surgical myocardial revascularization[4]. Over time, one of the reasons that made the CABG overlap percutaneous techniques was the anastomosis of the internal thoracic artery (ITA) on the left anterior descending artery. Long-term benefits would be related to higher patency of the ITA graft compared to the saphenous vein graft[5]. Later studies in large databases were able to show that the use of bilateral internal thoracic artery (BITA) increased further patient survival[6]. In this respect, only one prospective and randomized study showed no difference in one year and awaited long term outcomes[7].

  Therefore, which could make us desist from using BITA? Demand for technical dissection of BITA and risk of deep sternal infection especially in diabetic patients would be the most frequent reasons. Gatti et al.[8] showed that even in insulin-dependent diabetic patient advantagens with BITA is over. This means that the longer survival achieved with BITA is not affected by a higher incidence of deep sternal wound infection (DSWI) in the short term[9]. In order to justify the risk of this complication, patients should have a life expectancy of >10 years. Therefore, they are contraindicated for the most part of the time in diabetic individuals[10].

  CABG to insulin-dependent diabetic patient comprises various quality parameters. This begins with the classification in controlled and uncontrolled diabetics by glycosylated hemoglobin (HbA1c). It has been demonstrated that poorly controlled diabetes patients but not well-controlled diabetes significantly impairs endotheliumdependent and endothelium-independent relaxation of human peripheral microvasculature as compared with non-diabetes[11]. These changes may contribute to the less favorable postoperative outcomes after cardiac surgery. Complications and DSWI were significantly higher in uncontrolled (HbA1c >7%) than with controlled (<7%) diabetic patients[11]. Hyperglycemia in perioperative CABG increases up to 10 times the risk of morbidity and mortality. Thus, using protocols with continuous insulin drip to control hyperglycemia during the perioperative period (<180 mg/dl) reduced mortality, morbidity, incidence of DSWI, length of stay and increased long-term survival[12].

  Skeletonization technique instead of pedicle preparation confers a protective benefit against sternal wound infection in patients receiving BITA and this should be the technique of choice for diabetics in whom BITA harvest is desired[13]. Because of diffuse atherosclerotic disease and complex coronary anatomy, complete revascularization in CABG is recommended for diabetic patients[14]. Even more than that, the use of BITA plus incomplete revascularization is better than single AIT plus complete revascularization in a twenty-year-survival[15]. Thereby, BITA is the most important to CABG in diabetic patients.

  With respect to CABG be performed with or without the use of cardiopulmonary bypass (CPB), a subanalysis of the ROOBY trial show higher rates of incomplete revascularization in diabetic patients operated with off-pump surgery[16]. In addition, the graft patency after 1 year was significantly lower in the off-pump CABG (83.1%) when compared to on-pump CABG (88.4%). Raza et al.[15] shows that the hospital outcomes and long-term survival of patients undergoing off pump or on-pump surgery are similar.

  The Guideline ESC / EACTS 2014 in CABG[17] recommends that the use of BITA should be considered in patients <70 years (Class IIa). Also, it provides that BITA in diabetic patients should be considered. Thus, all diabetic patients under 70 years, without morbid obesity and HbA1c <7% should receive BITA. On the other hand, skeletonized dissection of ITAs is recommended in these patients. After this support, the use of BITA as a quality standard in insulin-dependent diabetic patients is advised after CABG.

  However. it might be best to avoid BITA grafting in obese diabetic women with diffuse atherosclerotic, the use of BITA becomes the best cost-effectiveness revascularization strategy to long term survival even in insulin-dependent diabetic patients. This is reinforced by a growing incidence in coronary artery disease in young individuals and increase in life expectancy in developing countries. Therefore, underutilized BITA, 4.4% in the STS database[18] and around 10% in the European Database[19], contradict the recommendations given by the respective host societies. REPLICCAR showed better results, and it is the first multicenter prospective cohort of patients undergoing cardiovascular surgery in São Paulo that has 10% of BITA[20].

  In conclusion, BITA grafting is recommended for patients with diabetes undergoing CABG and efforts should be made to complete revascularization. DSWI, because of its rare occurrence, had little effect on morbidity and mortality increase. Accordingly, the state-of-the-art coronary artery bypass surgery in insulin-dependent diabetic patients considering the use of BITA is a quality parameter of health care.
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    ABSTRACT

    INTRODUCTION: The conventional aortic valve replacement is the treatment of choice for symptomatic severe aortic stenosis. Transcatheter technique is a viable alternative with promising results for inoperable patients. Sutureless bioprostheses have shown benefits in high-risk patients, such as reduction of aortic clamping and cardiopulmonary bypass, decreasing risks and adverse effects.

    OBJECTIVE: The objective of this study was to experimentally evaluate the implantation of a novel balloon-expandable aortic valve with sutureless bioprosthesis in sheep and report the early clinical application.

    METHODS: The bioprosthesis is made of a metal frame and bovine pericardium leaflets, encapsulated in a catheter. The animals underwent left thoracotomy and the cardiopulmonary bypass was established. The sutureless bioprosthesis was deployed to the aortic valve, with 1/3 of the structure on the left ventricular face. Cardiopulmonary bypass, aortic clamping and deployment times were recorded. Echocardiograms were performed before, during and after the surgery. The bioprosthesis was initially implanted in an 85 year-old patient with aortic stenosis and high risk for conventional surgery, EuroSCORE 40 and multiple comorbidities.

    RESULTS: The sutureless bioprosthesis was rapidly deployed (50-170 seconds; average=95 seconds). The aortic clamping time ranged from 6-10 minutes, average of 7 minutes; the mean cardiopulmonary bypass time was 71 minutes. Bioprostheses were properly positioned without perivalvar leak. In the first operated patient the aortic clamp time was 39 minutes and the patient had good postoperative course.

    CONCLUSION: The deployment of the sutureless bioprosthesis was safe and effective, thereby representing a new alternative to conventional surgery or transcatheter in moderate- to high-risk patients with severe aortic stenosis.

    Keywords: Aortic Valve, Surgery. Heart Valves, Surgery. Aortic Valve Stenosis. Bioprosthesis.

  

   

   

  INTRODUCTION

  Conventional aortic valve replacement is still the treatment of choice for patients with symptomatic severe aortic valve stenosis. However, in recent times the transcatheter technique (TAVI) has emerged as a viable and effective alternative to treat high risk or inoperable patients[1].

  Nevertheless, inherent complications of TAVI has been surfacing and restricting its use, such as the embolization of calcium debris and consequent cerebral infarction, peripheral vascular damage, the further need of pacemaker insertion, paravalvular leakage and its impact on long-term survival, coronary ostium occlusion, aortic rupture and the high cost of the device[2,3].

  Sutureless AVR using self-expanding bioprosthesis is a new and promising alternative to standard AVR in elderly and high-risk surgical patients[4]. The proposed benefits of this technology include enhanced implantability, shorter aortic cross-clamp and cardiopulmonary bypass (CPB) times, favourable hemodynamic performance, and easier access for minimally invasive surgery[5-8]. In addition, this approach allows complete removal of the diseased native valve and also comprises a suitable alternative to multiple valve procedures or associated coronary artery bypass grafting. Several European case series have shown excellent early clinical and hemodynamic outcomes[7,8]. Therefore sutureless aortic bioprostheses has been placed as an alternative to standard surgical AVR or TAVI in elderly and high-risk patients.

  Comparative reports in intermediate- to high-risk patients have demonstrate a lower rate of perioperative complications and improved survival at 24-month follow-up with sutureless valves compared to TAVI[2,9].

  Therefore the objective of this study was to experimentally evaluate the implantation of a novel balloon-expandable aortic valve with sutureless bioprosthesis in animal model and report the early clinical application.

   

  METHODS

  The Inovare Alpha bioprosthesis is made of a metallic structure of cobalt-chrome, previously coated with a polyester fabric. This structure serves as a support for a bovine pericardium valve, which is sutured with polyester yarn to this metal support (Figure 1). The bioprosthesis is encapsulated in a catheter for the positioning and deployment. The fixing of the valve to the patient is given by the radial expansion force to the metal structure exerts against the patient valve structures, pressure sufficient enough to counterbalance the force exerted by blood flow.

  
    

    [image: Fig. 1 - The Inovare Alpha sutureless bioprosthesis]

  

  The Inovare Alpha was evaluated in five animals (ovine) operated on in an experimental operative room under routine hemodynamic monitoring and conducted as usual in clinical cardiac surgical practice. The study was approved by the Institutional Ethics Committee and all animals were treated according to ethical principles of “National Research Council - Institute of Laboratory Animal Resources” and those drawn-up by the Brazilian College of Animal Experimentation (COBEA), along with the local Ethics Committee on Animal Use.

  Standard general anesthesia and endotracheal intubation were applied for all surgical interventions. The animals underwent left thoracotomy and upon opening the pericardium the cardiopulmonary bypass was established through cannulation of carotid artery and left jugular vein. After aortic cross-clamping, myocardial protection was achieved using intermittent cold blood cardioplegia. Transverse aortotomy well above the aortic annulus enabled access to the aortic valve, the leaflets were removed and the sutureless bioprosthesis was balloon expanded and deployed to the aortic annulus, with 1/3 of the structure remaining on the left ventricular face. CPB, aortic clamping and deployment times were recorded. Echocardiograms were performed before, during and after the surgery. The initial clinical application was performed in an 85 year-old patient with aortic stenosis and high risk for conventional surgery, EuroSCORE 40% and multiple comorbidities associated with active hepatitis C.

   

  RESULTS

  Valve deployment was successfully performed in all cases. All valves were firmly positioned without any migration. The sutureless bioprosthesis were rapidly deployed (time ranging from 50 to 170 seconds; average: 95 seconds). The aortic clamping time varied from 6-10 minutes, average of 7 minutes; the mean CPB time was 71 minutes. Bioprostheses were properly positioned and secured to the aortic ring, as assessed by transesophageal echo (Figure 2). There were neither paravalvular nor transvalvular leaks and excellent hemodynamic function was observed in all cases. All coronary arteries remained patent, with no obstruction determined by the device. Positioning and function were confirmed by autopsy in all but one animal.

  
    

    [image: Fig. 2 - The deployment of the Inovare]

  

  In the postmortem examination, macroscopic examination revealed that all valves were fully deployed and expanded, and there was no obstruction of coronary ostia in any of the cases. The sutureless valves showed precise positioning in all cases with good alignment to the aortic valve plane.

  In the first patient operated on, the prosthesis was inserted and the aortic clamping time was 39 minutes (Figure 3). The patient had a good postoperative recovery and has currently been followed up for the hepatitis C.

  
    

    [image: Fig. 3 - The clinical case]

  

   

  DISCUSSION

  The present study demonstrates that the implanted sutureless prosthesis proved to be reliable and efficient, sitting and remaining well attached to the aortic valve annulus with a fast procedure, as demonstrated by the short clamping time. The performance of the prosthesis was also consistent, without paravalvar leakage, migration, or damage to the surrounding tissues. These findings were confirmed by the postmortem examination.

  A good alignment of the device and the aortic valve plane was observed, and a fair hemodynamic performance can be inferred because of the low profile and the optimized opening area. No interference to the coronary arteries was seen, with the metallic frame staying away from both ostia.

  Surgical aortic valve replacement (AVR) still represents the gold standard among the therapeutical options in patients with severe aortic valve stenosis[10].

  Nevertheless, over the past few years, the possibility to treat high-risk or inoperable patients with alternative approaches, such as the transcatheter technique came out as a feasible and effective strategy with promising results. However, inherent complications of this new technology as its increased costs, the lack of removal of the calcified aortic valve and the resultant risk of paravalvular leakage, coronary occlusion and aortic rupture have been recognized as important limitations for TAVI[11-13]. For these reasons, a number of sutureless aortic valve bioprostheses have been developed to facilitate AVR and reduce the duration of aortic cross-clamping time and its related adverse events[14].

  The introduction of balloon-expandable sutureless bioprosthesis represents a step forward and a novel device for treating intermediate- to high-risk patients with severe aortic stenosis, with the reduction of aortic clamping and cardiopulmonary bypass (CPB), decreasing risks and adverse effects, also comprising a suitable alternative to multiple valve procedures or associated coronary artery bypass grafting. In addition, this approach allows complete or selective removal of the calcified and diseased native valve, potentially averting particulated cerebral embolism and cerebrovascular accident.

  The concept of sutureless prosthetic heart valves led to the development of an array of new generation of devices. Nowadays, three sutureless aortic bioprostheses are currently available in Europe, the Perceval S (Sorin Group, Saluggia, Italy), the 3f Enable (Medtronic, Minneapolis, MN, USA), and the Intuity (Edwards Lifesciences, Irvine, CA, USA)[14].

  This novel surgical prosthesis has been favourably compared with the TAVI approach in recent series, thus offering a potential alternative to transcatheter in high-risk patients. Several European case series have shown good outcomes of sutureless compared to TAVI, with rather lower incidence of significant paravalvular regurgitation, post-procedural pacemaker implantation and peripheral vascular complications, along with better immediate postoperative survival[2,9,10,12].

  The potential of shortening surgical times and improving overall patient outcomes may expand the applicability of this simple and rapid implantation technique, as in long and complex procedures (reoperations or combined procedures). Reduced implantation and cross-clamping times will have a positive impact on the postoperative outcome of high-risk patients undergoing long surgical procedures[5,6]. Ranucci et al.[15] reported that the aortic cross-clamp time is an independent predictor of severe cardiovascular morbidity, with an increased risk of 1.4% per 1-minute increase.

  Associated with minimally invasive AVR, the sutureless approach can combine the advantages of both techniques, as demonstrated by several recently published case series that have shown excellent clinical and hemodynamic results[16-18].

  Additionally, it represents a formidable alternative for valve in valve (aortic or mitral), not only with failed bioprosthesis but also with mechanical valves, where the direct approach allows the disk removal and the rapid insertion of the sutureless valve.

  Sutureless AVR is also an appealing option in several other specific circumstances, such as redo procedures, as well as in the presence of porcelain aorta, calcified aortic homograft, or small aortic annulus[19-22]. And the additional breakthrough is the performance of these procedures without the need of a hybrid room or a cath lab, being routinely carried out in an ordinary operative room simply with the aid of a transesophageal echo.

  Consequently, the costs of sutureless are believed to be lower, as the price of TAVI devices are higher and requires incremental costs related to prosthesis implantation-related technology and to an increased number of personnel involved in this procedure. A cost-utility analysis of TAVI in Belgium concluded that it is not recommended to reimburse TAVI for high-risk patients because the patients had no survival benefit after 1 year, the risk of cerebrovascular accident was twice as high, and the costs were significantly higher[23,24].

  Definitely further prospective clinical trials are needed to determine the long-term durability and outcomes. The clinical trial testing these devices has been approved and is currently underway.

   

  CONCLUSION

  In conclusion, the deployment of the sutureless bioprosthesis was safe and effective, thereby representing a new alternative to conventional surgery or transcatheter in moderate- to high-risk patients with severe aortic stenosis.
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    ABSTRACT

    OBJECTIVE: Atrial fibrillation and neurocognitive decline are common complications after cardiopulmonary bypass. By utilizing genomic microarrays we investigate whether gene expression is associated with postoperative atrial fibrillation and neurocognitive decline.

    METHODS: Twenty one cardiac surgery patients were prospectively matched and underwent neurocognitive assessments pre-operatively and four days postoperatively. The whole blood collected in the pre-cardiopulmonary bypass, 6 hours after-cardiopulmonary bypass, and on the 4th postoperative day was hybridized to Affymetrix Gene Chip U133 Plus 2.0 Microarrays. Gene expression in patients who developed postoperative atrial fibrillation and neurocognitive decline (n=6; POAF+NCD) was compared with gene expression in patients with postoperative atrial fibrillation and normal cognitive function (n=5; POAF+NORM) and patients with sinus rhythm and normal cognitive function (n=10; SR+NORM). Regulated genes were identified using JMP Genomics 4.0 with a false discovery rate of 0.05 and fold change of >1.5 or <-1.5.

    RESULTS: Eleven patients developed postoperative atrial fibrillation. Six of these also developed neurocognitive decline. Of the 12 patients with sinus rhythm, only 2 developed neurocognitive decline. POAF+NCD patients had unique regulation of 17 named genes preoperatively, 60 named genes six hours after cardiopulmonary bypass, and 34 named genes four days postoperatively (P<0.05) compared with normal patients. Pathway analysis demonstrated that these genes are involved in cell death, inflammation, cardiac remodeling and nervous system function.

    CONCLUSION: Patients who developed postoperative atrial fibrillation and neurocognitive decline after cardiopulmonary bypass may have differential genomic responses compared to normal patients and patients with only postoperative atrial fibrillation, suggesting common pathophysiology for these conditions. Further exploration of these genes may provide insight into the etiology and improvements of these morbid outcomes.

    Keywords: Atrial Fibrillation. Cardiopulmonary Bypass. Genes. Microarray Analysis.

  

   

   

  INTRODUCTION

  Surgical advancements have allowed an increasingly older population to undergo cardiac surgery and cardiopulmonary bypass (CPB) with a low mortality risk. Efforts have therefore focused on reducing postoperative morbidity. Neurocognitive decline (NCD, up to 80% incidence) and atrial fibrillation (AF, 20-45% incidence) remain two of the most common complications after CPB[1,2]. Coronary artery bypass graft (CABG) guidelines by the American College of Cardiology/ American Heart Association describe two types of neurocognitive deficits, with type 2 representing the vast majority[3]. Type 2 deficits are global and may include confusion and intellectual and memory decline without a known focal lesion and may significantly impair patients’ quality of life. The etiology of these deficits is likely related to multiple factors including age, procedure, CPB time, hypoxia, and inflammation[4]. Up to 30% of type 2 deficits persist for at least one year and early NCD appears to predict long-term deficits[5].

  Like NCD, the high incidence of postoperative AF (POAF) has persisted. POAF generally occurs by postoperative day four and may precipitate heart failure and cerebrovascular emboli[6-8]. Because of increased hospital stay and readmissions, it is estimated that healthcare costs for patients who develop POAF are $10,000 higher than for those who do not[7]. Though several factors have been correlated with POAF after cardiac surgery, our inability to eliminate its incidence may be related to unknown pathophysiologic mechanisms. Studies have proposed that oxidation and inflammation after CPB induce cardiomyocyte damage and predispose to the development of atrial arrhythmias[9]. Experiments in a canine model of rapid atrial pacing demonstrated that statins, which are known for their anti-inflammatory and anti-oxidant properties, reduced shortening of the atrial effective refractory period and thus POAF susceptibility[10]. In a case-control study, our group previously demonstrated that patients with POAF had elevated serum peroxide levels, excess myocardial oxidation, and an increased oxidative genomic response compared with patients in sinus rhythm (SR)[11].

  While these complications have been studied independently, prior research suggests an association between POAF and neurologic abnormalities[12]. In a prospective observational study, Stanley et al.[13] found significantly more cognitive deficits in patients who developed POAF, which was also associated with worse cognitive functioning six weeks after surgery. While it is thought that the paroxysmal nature of POAF, embolization, and decreased cardiac output increase risk for neurologic dysfunction, it remains unknown if there are common pathways by which both NCD and POAF arise.

  High-throughput microarray provides a practical approach to investigate genomic changes and disease development. Microarrays can screen the entire human genome for regulated genes and bring light to the underlying pathways that may promote morbidities like NCD and POAF. We previously utilized microarray to demonstrate increased expression of genes involved with inflammation and neurologic dysfunction in patients who developed NCD after CPB compared to patients without NCD (NORM)[14]. We now examine gene expression changes in patients who develop both POAF and NCD (POAF+NCD) compared to patients spared of these complications (SR+NORM) and those who develop POAF alone (POAF+NORM). To further investigate the underlying pathophysiology of these disease processes we utilize modern microarray and bioinformatics techniques to identify genes that may be associated with the combined incidence of these complications.

   

  METHODS

  Patient Enrollment and Matching

  We performed a single-institution, prospective cohort study approved by the Beth Israel Deaconess Medical Center Institutional Review Board/Committee on Clinical Investigations in Boston, MA. Forty-two consecutive patients were scheduled for urgent or elective primary CABG, valve replacement (mitral or aortic), or a combination of both requiring CPB. All study participants were provided informed written consent for surgical procedures and blood collection for this investigation. Patients with pre-operative documented AF, high-grade carotid stenosis, known calcified aortas, recent cerebrovascular accident, severe neurologic deficits, serum creatinine>2.0 mg/dL, and hepatic cirrhosis were excluded. Subjects undergoing aortic root/arch procedures, on antiarrhythmic medications, or unable to complete neurocognitive assessments were also excluded.

  POAF was defined as sustained AF confirmed by electrocardiogram before postoperative day five that required anticoagulation or cardioversion. Of the 42 subjects enrolled, only the subset that developed both POAF and NCD was prospectively matched with selected SR+NORM and POAF+NORM patients based on pre-operative baseline characteristics (i.e. sex, age, hypercholesterolemia, hypertension, diabetes mellitus, white blood cell count, β-blocker use), intraoperative characteristics (i.e. CPB and aortic cross-clamp time, cardiotomy suction and antifibrinolytic use, procedure type), and postoperative characteristics (i.e. β-blocker use and time to extubation). Subsequent serologic and molecular studies were performed in a blinded fashion.

  Surgical Technique

  We followed our institution’s conventional operative approach regarding general anesthesia induction, midline sternotomy, systemic heparinization, CPB, and invasive monitoring as previously described[14].

  Neurocognitive Assessment

  Patients underwent neurocognitive assessments performed by trained, blinded psychometricians between 1 and 10 days pre-operatively, on postoperative day 4, and in the 3rd month of the postoperative period. Patients were also evaluated for depression using the Geriatric Depression Scale. Memory, attention, language, global cognition, and executive functioning were assessed using 8 validated tools:

  The Hopkins Verbal Learning Test measured verbal learning, recall, and retention by assessing the maximum number of items learned, the number of items recalled after 20 minutes divided by the maximum number learned, and the number of items correctly named from a list. Working memory and attention span were measured using Digit Span. Attention shifting ability was assessed by recording the time needed to complete Trailmaking A and B. Confrontational naming was measured using the Boston Naming Test. Fluency was evaluated by requiring patients to generate words beginning with a specific letter (phonemic fluency) or in a category (semantic fluency). The Visual Search and Acuity Test and Stroop Color-Word Inference Test measured visuospatial abilities and executive function. Premorbid intelligence was measured using the Wechsler Test of Adult Reading. In accordance with the “Statement of consensus on assessment of neurobehavioral outcomes after cardiac surgery,” NCD was defined as a 1-standard deviation deficit from baseline on 25% of tasks[15].

  Blood Collection and Microarray Processing

  Blood samples were drawn from patients via central venous catheter pre-operatively immediately after anesthesia induction (pre-CPB), 6 hours postoperatively in the intensive care unit (post-CPB), and on postoperative day four (4D). Whole blood was drawn into PAXgene tubes (QIAGEN Inc, Valencia, Ca) for extraction and mRNA stabilization per the manufacturer’s instructions.

  RNA extraction and purification from whole blood, cDNA synthesis, and generation of biotin-labeled cRNA were performed by the Beth Israel Deaconess Medical Center Proteomics Core according to prior protocols[16,17]. All cRNA samples were hybridized to Affymetrix GeneChip HG-U133 Plus 2.0 microarrays (Affymetric INc, Santa Clara, Ca). Chips were scanned using the HP G2500A ChipScanner (Affymetrix) and dChip software (Wong et al.[18], Boston, MA) was used for quality control analysis and signal measurement. No outliers were identified and all samples underwent subsequent pathway analysis.

  Gene Expression and Pathway Analysis

  Raw microarray data underwent gene expression analysis using JMP Genomics 4.0 (SAS, Cary, NC) for normalization, quality control, and statistical analysis. The Robust Multichip Average method normalized and compared composite chip data. Gene expression in Pre-CPB, Post-CPB, and 4D blood samples for POAF+NCD patients were compared to corresponding samples from SR+NORM and POAF+NORM using one-way ANOVA. A post-hoc false discovery rate algorithm with alpha of 0.05 minimized false positive results. Significantly, regulated genes met two criteria: 1) –log (P-value) exceeding the threshold calculated by JMP Genomics for each comparison and 2) fold change in gene expression >1.5 or <-1.5 between groups. A 1.5-fold change cutoff was chosen here and in a prior study of this patient population to reduce background noise while not limiting results to the most labile genes[14,19]. Significantly regulated genes were uploaded into Ingenuity Pathway Analysis (IPA, Ingenuity Systems, Redwood City, CA) to generate top canonical pathways regulated by the selected genes.

  Real-time PCR

  Gene expression analysis of whole blood-derived mRNA with Affymetrix GeneChip HG-U133 Plus 2.0 microarrays was validated previously by real-time PCR[20].

   

  RESULTS

  Patient Characteristics

  Patients with POAF+NCD (n=6) were prospectively matched with SR+NORM (n=10) and POAF+NORM (n=5). Table 1 lists well-matched baseline characteristics of these subjects and shows no significant differences in race, sex, age, and co-morbidities as calculated by one-way ANOVA. Patients underwent similar intraoperative courses with regard to anesthesia, CPB technique, temperature, and perioperative monitoring. There were no differences in other postoperative complications, such as focal neurologic deficits or cerebrovascular events in patients with POAF compared to SR during the study period. Of 11 total POAF patients, 6 developed NCD (54.5%), and of 12 SR patients, only 2 developed NCD (16.7%). After three months, all but one patient returned regained normal cognitive function[20].
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  Gene Expression and Confirmation

  We previously published comprehensive gene expression databases of patients with POAF or SR before and after CPB as well as patients with and without NCD after CPB, including unsupervised hierarchical sample clustering, and confirmation of microarray gene-expression data with real-time PCR[11,20]. Our described microarray GeneChip identified 54,675 transcripts. Complete lists of genes regulated in the comparisons of POAF+NCD vs. SR+NORM or POAF+NORM are provided in Tables 2 to 7.
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  Gene Expression and Pathway Analysis in POAF+NCD vs. SR+NORM

  Figure 1 shows the distribution of regulated genes by fold-change for each time point in this comparison. Pre-CPB, 19 genes were significantly regulated in the POAF+NCD group compared to NORM+SR, of which 17 were named. Notably, 16 of these 17 genes were up-regulated, while 1 was down-regulated. Pathway analysis used to group genes by potential pathophysiologic functions demonstrated that these genes are related to cardiovascular disease, nervous system function, and cell death, as described in Table 8. Post-CPB, the number of genes increased to 65, of which 60 were named. All 60 were up-regulated, and while distinct from those regulated pre-operatively, pathway analysis demonstrated that many of these genes are associated with cardiovascular disease and remodeling, inflammation, and nervous system disorders, as seen in Table 9. At 4D, the number of genes decreased to 41, of which 34 were named. Of these, 30 were up-regulated while 4 were down-regulated. Several genes, as listed in Table 10, are similarly involved with cardiovascular disease, nervous system function, inflammation, and protein degradation.
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  Gene Expression and Pathway Analysis in Patients with POAF+NCD vs. POAF+NORM.

  Figure 2 shows the distribution of regulated genes by fold-change for each time point. Pre-CPB 42 genes were significantly regulated in the POAF+NCD group compared to POAF+NORM, of which 29 were named. Of these, 18 were up-regulated, while 11 were down-regulated. These genes were associated with cardiovascular disease, nervous system function, and inflammation. Post-CPB, the number of regulated genes was 39, of which 37 were named. Sixteen of these 37 were up-regulated, while 21 were down-regulated. Pathway analysis demonstrated that these genes serve roles in cardiovascular disease and inflammation. At 4D, the number of regulated genes increased to 72, of which 54 were named. Twenty-seven of these were up-regulated, while 27 were down-regulated. IPA analysis again revealed that several genes affect cardiovascular disease, inflammation, and cell death. Selected genes grouped by pathophysiologic function for the POAF+NCD vs. POAF+NORM comparisons are found in Tables 11-13. While the majority of the genes identified for these comparisons were distinct from that of POAF+NCD vs. SR+NORM across all time points, multiple genes overlap and are listed in Table 14.
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  DISCUSSION

  AF and NCD after cardiac surgery have each been extensively studied. Much of the literature for POAF has pointed to inflammation and oxidative stress as promoting factors. Indeed, prior work from our group demonstrated significantly elevated genomic markers of oxidative stress in the blood of patients who develop POAF after CPB[11]. We similarly used microarray to study NCD patients and found increased expression of blood inflammatory mediators from those undergoing CPB[14]. Given that the genomic regulation of systemic cytotoxic insults such as oxidation and inflammation appear to promote POAF and NCD when studied individually, we sought to determine if genomic responses differ in patients who develop both complications.

  Our current microarray study shows that the expression profiles of patients who develop both POAF and NCD after CPB differ from those who develop neither complication nor POAF alone. The greatest amount of gene regulation occurred postoperatively, suggesting that CPB may induce a differential genomic response in susceptible patients. Furthermore, POAF+NCD vs. POAF+NORM had the most gene regulation at 4D, while POAF+NCD vs. SR+NORM had the most gene regulation post-CPB with a largely different set of genes identified. This suggests that POAF and NCD after CPB may be linked pathophysiologically through mechanisms distinct from those inducing POAF alone, with more genomic changes occurring at an earlier stage.

  Many genes regulated post-CPB in POAF+NCD vs. SR+NORM are associated with pathologic cardiac remodeling. One such gene includes BMX, a non-receptor tyrosine kinase. Mitchell-Jordan et al.[21] demonstrated that BMX-knockout mice were resistant to massive cardiac hypertrophy following transverse aortic constriction relative to wild type, indicating a significant role for BMX in cardiac remodeling. If the impressive 7.32-fold up-regulation of BMX in the blood of our POAF+NCD patients also reflects their myocardial expression, excess cardiac remodeling after CPB may be a predisposing factor for POAF and NCD. Additional up-regulated genes identified in this group with reported roles in cardiac remodeling include EPAS1, HGF, and MAPK14[22-24]. While there is much evidence for oxidative stress in cardiac remodeling and AF[25], our study found genes implicated in remodeling but not oxidative stress, perhaps due to our limited sample size. However, while Ramlawi et al.[20] demonstrated genomic regulation of oxidative stress in POAF patients, they did not report genes directly related to cardiac remodeling. This difference may lie in the fact that our patients developed NCD in addition to POAF, introducing a potential association of cardiac remodeling with secondary neurologic effects.

  Several genes identified in the POAF+NCD vs. SR+NORM comparison are also directly implicated in neurologic dysfunction. KIDINS220 was up-regulated post-CPB and has been shown to accumulate with tau protein in the brains of Alzheimer Disease patients[26]. At 4D, there was also increased expression of PLXNB1, which controls the behavior of microtubule tips and dendrite morphology[27]. Given its critical role in regulating the cytoskeleton and dendrite growth, it is postulated to be involved in the pathogenesis of several neurological disorders.

  Genes related to inflammation and cell death were also identified in POAF+NCD vs. SR+NORM. KIDINS200, discussed above, has a known role in T-cell receptor-mediated T-cell activation in addition to its neurologic functions[28]. At 4D, up-regulated pro-inflammatory genes include NCR1 and DOCK. NCR1 encodes a natural killer cell receptor that triggers cytotoxicity, while DOCK1 is involved in cytoskeletal rearrangements required for phagocytosis[29,30]. Genes involved with protein degradation were also identified at 4D, including NEDD4L and UBE2H. NEDD4L encodes an E3 ubiquitin ligase and UBEH2 encodes ubiquitin-conjugating enzyme E2H, both of which target proteins for lysosomal degradation[31,32]. These genes have no established relationship to either POAF or NCD after CPB, but given that systemic inflammatory and catabolic processes are known contributors to both complications, the regulation of these proteins at the genomic level may be relevant[33-36].

  Our study has limitations, the most significant of which is the size of our patient population. A larger study may allow for the identification of more genes that may characterize complete pathways, such as the oxidative stress response, as opposed to our identification of several isolated genes related to various pathways. While our patients were well matched, our sample size also precludes us from respecting Hardy-Weinberg Equilibrium. However, we hope that our findings stimulate interest in larger studies of this nature.

  Another limitation is our profiling gene expression in blood rather than heart or brain tissues, both of which were not feasible in this study and would not be a practical option for future patient management strategies. It is unknown if the genes involved with cardiovascular and neurologic function identified in blood reflect pathways in the heart and brain. However, several genes we identified may have systemic effects through inflammation and cell death that may secondarily damage both heart and brain tissue and predispose these individuals to POAF and NCD.

   

  CONCLUSION

  Our findings may expand what is known about the pathophysiology underlying POAF and NCD. While we cannot assert a true genetic association between POAF and NCD given our limited sample size, our results suggest that differential genomic responses existed in our study sample of patients who developed both complications after cardiac surgery. There may have been an influence of pathologic cardiac remodeling and involvement of genes with known roles in inflammation, cell death, and nervous system function that may have promoted POAF and NCD in our patient population. We hope that the database of regulated genes provided by this work sparks further study of differentially expressed pathways that may deepen our understanding of these important and costly complications and potentially offer means of risk stratification and improved patient management.
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    ABSTRACT

    INTRODUCTION: Some publications have demonstrated the presence of lung reperfusion injury in mesenteric ischemia and reperfusion (I/R), but under to diverse methods. Postconditioning has been recognized as effective in preventing reperfusion injury in various organs and tissues. However, its effectiveness has not been evaluated in the prevention of lung reperfusion injury after mesenteric ischemia and reperfusion.

    OBJECTIVE: To evaluate the presence of pulmonary reperfusion injury and the protective effect of ischemic postconditioning on lung parenchyma in rats submitted to mesenteric ischemia and reperfusion.

    METHODS: Thirty Wistar rats were distributed into three groups: group A (10 rats), which was held mesenteric ischemia (30 minutes) and reperfusion (60 minutes); group B (10 rats), ischemia and reperfusion, interspersed by postconditioning with two alternating cycles of reperfusion and reocclusion, for two minutes each; and group C (10 rats), ischemia and reperfusion interleaved by postconditioning with four alternating cycles of reperfusion and reocclusion of 30 seconds each. Finally, it was resected the upper lung lobe for histological analysis.

    RESULTS: There were mild lung lesions (grade 1) in all samples. There was no statistical difference between groups 1 and 2 (P>0.05).

    CONCLUSION: The mesenteric ischemia and reperfusion in rats for thirty and sixty minutes, respectively, caused mild reperfusion injury in lung. Postconditioning was not able to minimize the remote reperfusion injury and there was no difference comparing two cycles of two minutes with four cycles of 30 seconds.

    Keywords: Ischemic Postconditioning. Ischemia. Lung Injury. Reperfusion Injury. Intestinal Mucosa.

  

   

   

  INTRODUCTION

  Since 1986, when Parks & Granger[1] demonstrated the harmful effects of toxic reactive oxygen species (ROS) produced during reperfusion, many researches have been developed in search of an experimental model that could minimize this process in order to reduce the cellular and organic damage ischemia and reperfusion (I/R)[2,3].

  The best results ever published in controlling the production of ROS were obtained with the ischemic preconditioning, as numerous publications that followed Murry et al.[4], including the mesenteric I/R. However, there is little applicability in clinical situations for the ischemic preconditioning, for example, in the acute abdomen with mesenteric ischemia, when the diagnosis is made when the ischemia already exists and it’s impossible to use this method.

  In 2003, Zhao et al.[2] presented the concept of ischemic postconditioning (IPC), which consists of making one or more short cycles of reperfusion followed by one or more short cycles of ischemia, immediately after ischemia period and before to give permanent reperfusion.

  In experimental model, there is already evidence of the IPC protective effect on the intestinal mucosa of rats undergoing mesenteric I/R[4], and recently, IPC was able to minimize the severity of liver injury in rats undergoing I/R[5]. Several published experiments examined the effects of IPC in other organs and tissues, among which may be mentioned Darling et al.[6] in which the IPC was able to minimize the infarction area of myocardium in rabbits. Tang et al.[7] demonstrated the effectiveness of IPC in preventing injuries resulting from the coronary I/R in rats, since the ischemia time did not exceed 45 minutes. Huang et al.[3] demonstrated that IPC were preventing tissue damage in the spinal cord of rats subjected to I/R. Santos et al.[8] showed that the ischemic preconditioning and IPC were able to minimize the tissue injury in the intestines of rats subjected to mesenteric I/R process.

  However, reperfusion injury can not only affect the ischemic and then reperfused organ, but can also damage remote organs, such as pulmonary edema presented after some I/R process. The restoration of hemodynamic stability after a circulatory shock is a clinical situation of I/R, with the possibility of extensive damage because the amount of tissues involved[9].

  It was believed that the lung was more resistant to ischemic injury than other organs. Two factors contribute to either: the presence of bronchial circulation beyond the pulmonary circulation and the fact that the interruption of pulmonary blood flow is not accompanied by hypoxia, since the alveolar ventilation is maintained. The lung can be considered as the only organ that can undergo ischemia without hypoxia[10].

  However, in recent years some evidence has emerged that the lung can not be completely immune to reperfusion injury maintained despite the gas exchange, since the ROS act systemically. In surgeries with temporary occlusion of the aorta, pulmonary edema constitutes a common complication, by a multifactorial pathway, including reperfusion injury. Already during ischemia, there is an increase in pulmonary arterial pressure, a factor that may favor the formation of edema in the lungs. This increased resistance in the pulmonary circulation is a result in part of a larger blood flow, due to its redistribution to the territory above the occlusion, and increased left ventricular end-diastolic volume, which emptying is impaired by increasing the aortic occlusion imposed on the afterload[11].

  Mesenteric I/R is associated with the production of other inflammatory mediator, the tumor necrosis factor (TNF). The intestinal mucosal injury by I/R allows the release of endotoxin to the portal circulation, inducing TNF production by hepatic macrophages. The increased of TNF in the systemic circulation can lead to inflammatory lung injury characterized by neutrophil accumulation. This sequence of events was demonstrated by Caty et al.[12] in a model of I/R by temporary occlusion of the superior mesenteric artery in rats. After reperfusion, there was increase in endotoxin levels in portal venous blood and TNF in the systemic circulation. At the same time there was accumulation of neutrophils in the lungs and increased pulmonary capillary permeability.

  The question, however, is how long the periods of ischemia and reperfusion must last to cause reperfusion injury not only in the intestine but also in the lung. Furthermore, the mechanisms used for the prevention of reperfusion injuries, such as IPC, would be capable of not only preventing intestinal tissue damage but also the remote lesions.

  Thus, considering that there are different experimental models of I/R, is too relevant and is the aim of this study to verify if a model that causes intestinal damage can also cause lung reperfusion injury, and if the IPC can minimize such lesions.

  Objective

   To assess the presence of pulmonary reperfusion injury and the protective effect of ischemic postconditioning on lung parenchyma in rats undergoing mesenteric ischemia and reperfusion.

   

  METHODS

  The study was approved by the Ethics Committee for Animal Experimentation of the Universidade Federal do Mato Grosso do Sul and was based on ethical principles advocated by the Brazilian College of Animal Experimentation.

  It was used 30 rats (Rattus norvegicus) of the Wistar albino strain, adults, males, weighing 270-350 grams, with an average of 305 grams, from the vivarium of the Federal University of Mato Grosso do Sul. The animals were distributed in following groups (Figure 1):
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  - Group A - Ischemia and Reperfusion (IR): Ten rats underwent intestinal ischemia for 30 minutes by occlusion of the cranial mesenteric artery with a vascular clamp, followed by reperfusion for 60 minutes for removal of the clamp.

  - Group B - ischemic postconditioning 1 (IPC-1): Ten rats underwent ischemia for 30 minutes by occlusion of the cranial mesenteric artery with vascular clamp and reperfusion for 60 minutes. Among ischemia and reperfusion were performed two reperfusion cycles (two minutes each) interleaved by two ischemia cycles (two minutes each).

  - Group C - ischemic postconditioning 2 (IPC-2): Ten rats underwent ischemia for 30 minutes by occlusion of the cranial mesenteric artery with vascular clamp and reperfusion for 60 minutes. Among ischemia and reperfusion were performed four cycles of reperfusion (30 seconds each) interleaved by four ischemia cycles (30 seconds each).

  The animals were weighed on an electronic precision scale and anesthetized by intraperitoneal injection of solution 2:1 of Ketamine hydrochloride (Cetamin®), 50 mg/ml, and Xylazine hydrochloride (Xilazin®), 20 mg/ml, respectively, at a dose of 0.1 ml/100g. The rats were considered anesthetized after being found loss of eyelid reflex, loss of response to mechanical stimuli, loss of righting reflex and withdrawing member after painful stimulus caused by hold.

  After, the anesthetized rats underwent abdominal trichotomy and were positioned to the operating table in the supine position with the four members in abduction. Then a longitudinal median laparotomy of about four centimeters was performed, exteriorization of the small intestine, identification and dissection of the cranial mesenteric artery.

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

  In group B, after ischemia phase (30 minutes), IPC was performed through two cycles of ischemia, lasting two minutes each (removal of the clamp of the cranial mesenteric artery), interspersed with two cycles of ischemia also lasting two minutes each (application of atraumatic vascular clamp in the cranial mesenteric artery). After, there was the reperfusion for 60 minutes.

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

  After completion of reperfusion in all groups, thoracotomy was performed and resection of the right upper lung lobe, which is washed with saline and then placed in a 10% solution of formaldehyde for subsequent histological analysis.

  The animals were euthanized by increasing the anesthesia.

  The lung segments resected, after fixation in 10% formaldehyde solution, they were subjected to histological processing for 12 hours in automatic histotechnical (AUTOTECHNICONTM DUO-TECHNICON CORPORATION - MOD 2A). After processing were embedded in paraffin and subjected to histological sections in macrometry (LeicaTM 2025) each 4 μm. The slides were stained with hematoxylin-eosin and analyzed by optical microscopy (microscope NikonTM E200) by the pathologist without prior knowledge of this on the group belonging to each rat. The laminas made from the resected lung segments were analyzed according to Sizlan et al.[13] classification:

  • Grade 0: no change.

  • Grade 1: mild neutrophilic infiltrate and mild to moderate interstitial congestion.

  • Grade 2: moderate neutrophilic infiltrate, perivascular edema formation and partial destruction of the lung architecture.

  • Grade 3: dense neutrophilic infiltrate and complete destruction of lung parenchyma.

  The results were analyzed statistically, applying the nonparametric 
    Kruskal-Wallis test, and established a significance level of P<0.05. It was used the 5.4 Bioestat program.

   

  RESULTS

  After the histological analysis of the degree of lung injury, were found the following results (Table 1).
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  DISCUSSION

  The intestinal I/R process can cause severe tissue damage and increased intestinal permeability, depending on the time and intensity of this process. He et al.[14] demonstrated that morphological changes occur as injury mucosa, villous erosion, necrosis, interstitial congestion in the lamina propria, edema, inflammation and submucosal hemorrhage. This increased intestinal permeability leading to bacterial translocation which can contribute to a systemic inflammatory response mediated by cytokines. The HMGB1 protein is an endogenous ligand that plays an important role in this process and is directly related to sepsis and increased mortality. In the early stages of I/R, there is an immediate increase of HMGB1 that continues increasing slowly during reperfusion and can lead to accumulation of neutrophils and pulmonary edema[14].

  In addition to the cytokines, the activation of the immune system by ischemic bowel produces TNF-α and IL-6. Systemic inflammatory response after I/R activates neutrophils, which are sequestered in the pulmonary microcirculation with the consequent increase in endothelial and epithelial permeability, extravasation of fluids and proteins, leukocytes sequestration and increased injury to the endothelium of the pulmonary capillaries[15]. Certainly this process will be more intense and damaging as the I/R has a longer duration, resulting in increased intestinal permeability and greater local and remote inflammatory process. This could justify the fact that in this study we observed mild lung injury, while other publications using longer periods of I/R has demonstrated increased lung damage.

  This fact was noted in the publication of Guido et al.[16] in which the authors performed ischemia for 45 minutes and reperfusion for two and 24 hours, finding lung injury histologically moderate to intense. The authors observed that the reperfusion period is a crucial factor for the appearance of the lesion at a distance, especially the lung, as evidenced by the lower accumulation of neutrophils in the lung parenchyma after two hours of reperfusion compared to 24 hours when there was higher concentration of these cells.

  Using 30 minutes of ischemia and three hours of reperfusion, Lapchak et al.[17] showed no statistical difference in the concentration of neutrophils in the lungs of rats undergoing mesenteric I/R compared to the SHAM group, which may be related to a lower period of ischemia than in other publications that noted higher neutrophil concentration.

  Several studies have confirmed the presence of lung injury after I/R, such as the publication of Wang et al.[18] in which the authors applied mesenteric I/R for 60 and 120 minutes, respectively, observing moderate lung injury. Also Sotoudeh et al.[19] obtained moderate degree of lung injury performing a study with ischemia for two hours of rats’ femoral artery and 24 hours of reperfusion. Although there was a higher degree of lung injury in this study, one must consider the great difference of the adopted periods of I/R as well as the organ subjected to this process.

  He et al.[20] achieved average 2.5 of lung injury using the classification proposed by Sizlan et al.[13] in intestinal I/R. These authors used Sprague-Dawley rats with periods of I/R higher than those employed here, 45 and 120 minutes, respectively.

  Idrovo et al.[15] also performed mesenteric I/R in Sprague Dawley rats, however, with ischemia lasting 90 minutes and reperfusion four hours. They evaluated the pulmonary repercussion of this process and observed a moderate to severe injury by histological classification. It should here point out that the difference with the results obtained here is probably due to long periods of I/R used by these authors.

  Thomaz Neto et al.[21] had already shown that the mesenteric I/R process causes mild lung injury, and that this can be minimized by ischemic preconditioning. However, this method of prevention has limited clinical applicability, since the identifying mesenteric ischemia no further opportunity for their use. In this study were used periods of I/R of 30 minutes. The IPC would have greater clinical applicability in situations like this, since this has been shown to be effective in preventing or decreasing reperfusion injury in various organs investigated, including the intestine. However, despite its proven efficacy, there are no studies in the scientific literature reviewed of IPC on prevention of remote injury in the mesenteric I/R process. In this study there was no difference between the group submitted only to the I/R and the two groups treated by IPC.

  Recently, Dorsa et al.[22] had demonstrated a protective effect of IPC on lung of rats undergoing aortic ischemia and reperfusion process. They have used also 30 minutes of ischemia and 60 minutes of reperfusion, but it was made by aortic occlusion, differently of our research. Another difference relates to number of cycles, once they used three cycles of IPC and we applied just two cycles of two minutes each.

  The IPC protective mechanism in the mesenteric I/R process is still not entirely clear, but there is evidence that IPC may be related to a significant decrease in the levels of malondialdehyde and products related to lipid peroxidation. These observations suggest a reduction in the production of ROS and less injury mediated by oxidants with IPC[8].

  The peak of ROS production occurs between the first and seventh minute after initiation of reperfusion, although such substances are detectable in later periods. An abundant production of ROS during this initial phase of reperfusion has been implicated as a major factor in the pathogenesis of tissue injury[23]. The IPC acts at this stage, through a pathway not fully understood, probably reducing the production of ROS by the gradual release of oxygen to tissues[24].

  Thus, considering what is known today about the mechanism of action of the IPC, this also supposed to decrease injuries to the distance as in the case of the lung. However, we must consider that there is still much to discover regarding the pathophysiology of the process and about the many mechanisms and drugs used to prevent reperfusion injury. In analyzing the articles cited here, although we have observed a considerable number of publications showing ways to prevent remote lung injury, there is no standardization in methods, making it very difficult to compare them. Besides the difference between animals used, the variation in the periods of mesenteric ischemia and reperfusion is very large, and therefore, this should lead to a variety of lung injury in intensity.

  The data in our publication leave us the information that 30 and 60 minutes of mesenteric I/R cause mild lung injury, unlike what happens in the gut, where literature shows that there is high grade of injury[8]. That means that the lung can withstand more than the intestine subjected to I/R. Although IPC has not been helpful in minimizing lung reperfusion injury in this study, there is a doubt as to its effectiveness in the case of most lung damage, and this should be studied in future research.

   

  CONCLUSION

  The mesenteric ischemia and reperfusion in rats for thirty and sixty minutes, respectively, caused mild reperfusion lung injury. Ischemic postconditioning was not able to minimize the pulmonary reperfusion injury and there was no difference between two cycles of two minutes with four cycles of 30 seconds.
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    ABSTRACT

    OBJECTIVE: In the post-sternotomy mediastinitis patients, Staphylococcus aureus is the pathogenic microorganism encountered most often. In our study, we aimed to determine the efficacy of antibiotic treatment with vancomycin and tigecycline, alone or in combination with hyperbaric oxygen treatment, on bacterial elimination in experimental S. aureus mediastinitis.

    METHODS: Forty-nine adult female Wistar rats were used. They were randomly divided into seven groups, as follows: non-contaminated, contaminated control, vancomycin, tigecycline, hyperbaric oxygen, hyperbaric oxygen + vancomycin and hyperbaric oxygen + tigecycline. The vancomycin rat group received 10 mg/kg/day of vancomycin twice a day through intramuscular injection. The tigecycline group rats received 7 mg/kg/day of tigecycline twice a day through intraperitoneal injection. The hyperbaric oxygen group underwent 90 min sessions of 100% oxygen at 2.5 atm pressure. Treatment continued for 7 days. Twelve hours after the end of treatment, tissue samples were obtained from the upper part of the sternum for bacterial count assessment.

    RESULTS: When the quantitative bacterial counts of the untreated contaminated group were compared with those of the treated groups, a significant decrease was observed. However, comparing the antibiotic groups with the same antibiotic combined with hyperbaric oxygen, there was a significant reduction in microorganisms identified (P<0.05). Comparing hyperbaric oxygen used alone with the vancomycin and tigecycline groups, it was seen that the effect was not significant (P<0.05).

    CONCLUSION: We believe that the combination of hyperbaric oxygen with antibiotics had a significant effect on mediastinitis resulting from methicillin-resistant Staphylococcus aureus. Methicillin-resistant Staphylococcus aureus mediastinitis can be treated without requiring a multidrug combination, thereby reducing the medication dose and concomitantly decreasing the side effects.

    Keywords: Mediastinitis. Hyperbaric Oxygenation. Vancomycin.

  

   

   

  INTRODUCTION

  While mediastinitis developing on the median sternotomy incision after heart surgery is rarely seen (0.5-8%), it is a complication with serious results the majority of the time[1]. Hospital stays related to mediastinitis increase hospital costs[2,3]. It frequently occurs due to the endogenous flora of the patient inoculating the surgical mediastinal cavity. After cardiac surgery with median sternotomy, the most frequently observed pathogen is methicillin-resistant Staphylococcus aureus (MRSA), which is also the bacterium isolated in most blood cultures[4,5].

  After diagnosis of mediastinitis, in addition to serious antibiotic treatment, surgical interventions such as primary closure after sternum debridement using vancomycine paste instead of bone vax, closing with a muscle flap after total removal of the sternum using skeletonised left internal thoracic artery and closing the skin completely for closed drainage may be used[6-8]. Due to the bactericidal properties of vancomycin on methicillin-resistant staphylococcal infections, systemic vancomycin is the most frequently chosen antibiotic for severe infections like mediastinitis after surgery linked to MRSA[9]. However, side effects such as renal failure and hearing loss may be observed to be linked to vancomycin use[10]. To protect against these unwanted side effects there is a need to use additional treatments. Adjuvant treatments like hyperbaric oxygen (HBO) treatment are required, but there are insufficient data on this topic in the current literature[11].

  Tigecycline is a broad-spectrum glycylcycline effective against Gram-positive and Gram-negative pathogens in soft tissue infections. Between 2004 and 2009, no resistance to tigecycline was observed in soft tissue infections with MRSA, and all the minimum inhibitory concentrations (MIC) were at or below susceptibility break points[12,13].

  Studies comparing new antibiotics like tigecycline with vancomycin have shown that tigecycline is more effective against MRSA[14]. An experimental rat model found that tigecycline was significantly superior to vancomycin in this application[15]. HBO has become a focus of interest for mediastinitis treatment in recent years; however, the patient numbers in both experimental and prospective randomised studies are insufficient[16].

  The main aim of our study was to compare the efficacy of HBO alone and combined with tigecycline and vancomycin in an experimental model of mediastinitis. In addition, we aimed to compare the proven therapeutic effectiveness of vancomycin against MRSA with the newer antibiotic tigecycline in an experimental mediastinitis model.

   

  METHODS

  The study was performed at the Canakkale Onsekiz Mart University Experimental Research Application and Research Centre. It was approved by the Canakkale Onsekiz Mart University Animal Research Ethics Committee, Canakkale, Turkey. All animals received human care in compliance with the principles of laboratory animal care developed by the National Academy of Sciences[17]. During the study, the animals were housed in Canakkale Onsekiz Mart University Experimental Research Application and Research Centre under veterinary control in rooms with a temperature of 25°C and humidity of 52%, and given free access to standard feed and water.

  Organisms and susceptibility testing

  This study used the ATCC 43300 strain of MRSA. The antibiotic susceptibility was assessed with a Vitek 2 (BioMérieux, Marcy l’Etoile, France) in the Microbiology Laboratory of Canakkale Onsekiz Mart University.

  In vivo rat model and drugs

  This study used 49 female adult Wistar rats weighting 250– 300 g, with each group comprising 7 rats. The rats were randomly divided into seven groups, as follows: uncontaminated control (group 1), contaminated control (group 2), vancomycin (group 3), tigecycline (group 4), HBO (group 5), vancomycin+HBO (group 6) and tigecycline+HBO (group 7). To anaesthetise the rats, ketamine hydrochloride (90 mg/kg of body weight; Pfizer, Luleburgaz, Turkey) and xylazine hydrochloride (3 mg/kg of body weight; Bayer AG, Leverkusen, Germany) were used. Each animal was laid securely in supine position for the operation. After, the chest wall was cleaned with 10% povidone-iodine, a sterile towel was used to cover the sternum (Figure 1), and then a central line skin incision was completed. Both major pectoral muscles were divided along the central line and the sternal bone was exposed well. The mid-sternal incision was completed using a no. 15 blade; after, haemostasis was provided by sterile sponges, the mediastinum was entered behind the sternum and a pocket was formed. In the sham group rats, non-contaminated sterile physiological serum was injected into the mediasternal pocket. In all other groups a concentration of 2x107 colony-forming units (CFU)/ml of MRSA strain ATCC 43300 in 1 ml of physiological serum solution was injected into the mediastinum with an insulin injector and the mediastinum was filled with fluid. Later, the sternum and subdermis were sutured with 5/0 polypropylene suture material.
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  After the surgical procedure, the rats were placed in cages and monitored for hyperaemia, oedema, fever and purulent discharge for seven days. During this time, the rats had free access to standard feed and water. Treatment began 2 days later. In groups 1 and 2, no medication was administered. Postoperatively, in Groups 3, 4, 6 and 7, antibiotic treatment was given twice a day for 7 days. In Groups 5, 6 and 7, HBO with 100% oxygen at a pressure of 2.5 atm was administered once a day for 7 days (Table 1). To identify the microbial load in rats in the non-contaminated and contaminated control groups, at the start of treatment, the non-contaminated animals were sacrificed and equal size thin sections of the upper sternum were removed (Figure 2). The rats in all of the other groups had sternotomy applied 12 h after the end of the 7 day treatment. Equal-sized tissue pieces and the upper section of the contaminated part of the sternum were removed by sternotomy under aseptic conditions. Later, the animals were given a high dose of anaesthetic and sacrificed.
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  Treatment protocols

  Group I (sham group; n=7): Uncontaminated control group, no contamination or antibiotic therapy. Group II (control group; n=7): Untreated contaminated control group, local contamination with MRSA, no antibiotic therapy.

  Group III (vancomycin group; n=7): Vancomycin (Edicine, Sandoz, Istanbul, Turkey) intramuscular injections at 10 mg/kg/ day, twice a day for 7 days.

  Group IV (tigecycline group; n=7): Tigecycline (Tygacil, Wyeth Pharmaceuticals, Havant, UK) intraperitoneal injections at 7 mg/ kg/day, twice a day for 7 days.

  Group V (HBO group; n=7): HBO with 100% oxygen at a pressure of 2.5 atm for 90 min, once a day for 7 days.

  Group VI (vancomycin + HBO group; n=7): Vancomycin intramuscular injections at 10 mg/kg/day, twice a day for 7 days, and HBO with 100% oxygen at a pressure of 2.5 atm once a day.

  Group VII (tigecycline + HBO group; n=7): Tigecycline intraperitoneal injections at 7 mg/kg/day, twice a day for 7 days, and HBO with 100% oxygen at a pressure of 2.5 atm once a day.

  Assessment of the infection

  The explanted sternal upper portion and surrounding tissue samples were placed in sterile tubes and washed in sterile saline solution. Following this, they were placed in tubes containing 10 ml of phosphate-buffered saline (PBS) solution, and vortexed for 1 min to remove the adhering bacteria from the tissue and sternum. Quantification of viable bacteria was performed by culturing serial 10-fold dilutions (0.1 ml) of the bacterial suspension on blood agar plates. All plates were incubated at 37°C for 48 h and evaluated for the presence of MRSA. The organisms were quantitated by counting the number of CFU/g per tissue. The results were converted to log form.

  Statistical analysis

  Quantitative culture results are presented as arithmetic mean±standard deviation (SD) CFU/ml. Differences among the groups were evaluated using Kruskal–Wallis analysis and multiple comparisons between the groups were performed using the Mann–Whitney test. Differences were considered statistically significant when P<0.05. Data were analysed by statistical software (SPSS for Windows 17.0; SPSS, Chicago, IL).

   

  RESULTS

  In this study, we aimed to assess the efficacy of vancomycin, which has been proven for the treatment of mediastinitis, in comparison with the relatively newly used tigecycline, HBO and combinations of these. In all contaminated rats, macroscopic mediastinitis findings were observed (tissue oedema). Especially in the untreated contaminated group, advanced-degree infected tissues with purulent fibrin adhesions were present. With the exception of group 1, comprising non-contaminated rats which were not given antibiotherapy, macroscopic mediastinitis findings in the groups were compared. The culture-negative rates and bacterial counts linked to mediastinitis in each group are shown in Table 1. The mean growth sizes of microorganisms in the mediastinal areas within the sternum were compared. When the quantitative bacterial counts in the mediastinal region within the sternum in the contaminated non-treated group (group 2) were compared with the treated groups (group 3–7), a significant reduction was observed (P<0.05). Comparing groups with vancomycin and tigecycline administered as prophylactics, there was no statistically significant difference observed (P>0.05). However, comparing the antibiotic groups with the same antibiotic combined with HBO, there was a significant reduction in the number of microorganisms (P<0.05). In addition, when the vancomycin+HBO (group 6) and tigecycline+HBO (group 7) were compared, there was a significant reduction in the amount of microorganisms in the group treated with combined vancomycin (P<0.05).

  Comparing the use of HBO alone with the untreated contaminated group, a significant reduction in bacteria counts was observed (P<0.05); however, comparing HBO alone with the vancomycin and tigecycline groups, the effect was observed not to be significant (P>0.05).

   

  DISCUSSION

  In this experimental mediastinitis model, we aimed to compare tigecycline with vancomycin, which is classically used to treat mediastinitis linked to MRSA. In addition, we aimed to compare the treatment efficacy of both antibiotics combined with HBO. We proved that there was no statistical superiority of either antibiotic when used alone.

  In this study, we used previously applied experimental rat mediastinitis models[18,19]. When the literature was examined, we found several animal models using tigecycline, vancomycin and HBO against MRSA, so we aimed to use these antibiotics and HBO. However, we did not discover any rat model involving the combined use of tigecycline and HBO[15,20-22]. Tigecycline was first derived from minocycline, and is a broad spectrum antibiotic of the glycylcycline class with broad in vitro activity[23,24].

  There is no requirement to regulate the dose of tigecycline for patients with renal failure or even those with mild to moderate hepatic dysfunction; moreover, it is not induced or inhibited by cytochrome p450[23,25]. In addition, studies of medication interactions have shown that when tigecycline is used with medications like warfarin and digoxin, no side effects were observed in healthy individuals[26,27]. The most frequently observed side effects are mild to moderate nausea and vomiting in the early stages, mainly the first 1–2 days[28].

  Tigecycline has been used successfully in the treatment of many severe and mortally progressing types of mediastinitis, such as Mycobacterium chelonae, pan-resistant Acinetobacter baumannii mediastinitis and multidrug-resistant Klebsiella pneumoniae mediastinitis[29-31].

  Vancomycin is an antibiotic frequently chosen for the treatment of severe MRSA infections like mediastinitis. As this has a slow killing effect on glycopeptide bacteria, it should be used for treatment of long-term diseases and this may cause a risk of severe kidney failure for patients[32-34]. Although vancomycin is not routinely recommended for use in cardiac surgery, it is important to use it in patients with an increased risk or cases with a high incidence of MRSA[35]. However, there has been no study on the role of tigecycline in a rat model or in combination with HBO.

  Another aim of our study was to compare the efficacy of HBO combined with antibiotic treatment or used alone for MRSA mediastinitis. HBO therapy involves the treatment of patients with 100% oxygen at higher than atmospheric pressure within a hyperbaric chamber[36]. HBO causes increased dissolved oxygen levels in blood; this in turn causes hyperoxia in tissues. It restores the bactericidal capacity of leukocytes in hypoxic wounds by increasing tissue oxygen tensions[37]. Moreover, it has been used to treat difficult cases for many years. Although the effective mechanism of HBO is not fully understood, it has been observed to activate many mechanisms, including collagen synthesis[38], accelerated macrophage infiltration[39], fibroblast proliferation[40,41], growth factor proliferation[42,43], modulation of hypoxia-inducible factor 1 alpha[44], improved antibactericidal capacity[45], bacteriostatic effects[46,47] and stimulation of angiogenesis[48]. In this study, when the use of HBO alone was compared with the untreated group with MRSA mediastinitis, a reduction in the number of bacteria was found; however, when HBO alone was compared with vancomycin and tigecycline, the effect was not observed to be significant.

  HBO (100% oxygen once per day for 90-120 min at 2-3 atm) can generally be combined with antibiotics like penicillins, beta-lactamase inhibitors, cephalosporins, aztreonam, imipenem, vancomycin, clindamycin, rifampin, aminoglycosides, fluoroquinolones, trimethoprim/sulphamethoxazole, metronidazole, teicoplanin, quinupristin and dalfopristin, and is used to treat osteomyelitis. Thus, the efficacy of an antibiotic is increased in hypoxic tissues[49]. It has been observed that HBO increases the effectiveness of debridement and antibiotic treatment. Topuz et al.[50] observed heightened efficacy when HBO was combined with antibiotics and surgery for spinal tuberculosis patients.

  In our study, similar to other research using HBO and combinations of a classic and new antibiotic like vancomycin and teicoplanin, we researched the efficacy of these treatments in rats with MRSA mediastinitis. While HBO alone resulted in a significant drop in the number of bacteria, its combination with either antibiotic significantly increased the efficacy of the medication.

  When this study is evaluated, there are some limitations to consider. The pathogenic bacteria were directly inoculated to the sternal and mediasternal layers, and this situation is not appropriate for clinical comparison. For ethical reasons, the treatment continued for 7 days, but longer duration of treatment may produce better results. For technical reasons, we did not obtain sufficient data on systemic infection (direct histological examination, white blood cells). Moreover, we did not obtain sufficient data on the serum antibiotic concentrations. In spite of these limitations, this is the only study to compare the effects of HBO with new generation antibiotics like tigecycline in the in vivo environment.

   

  CONCLUSION

  We conclude that the combination of HBO with antibiotics shows a significant effect on MRSA mediastinitis. HBO can also reinforce antibacterial therapy and speed up healing. MRSA mediastinitis can be treated without requiring multidrug combinations, thereby decreasing the required dose of medication, and as a result, reducing its side effects. In the future, ethical permission for human studies will determine the efficacy of HBO in the treatment of MRSA mediastinitis.
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    ABSTRACT

    OBJECTIVE: The diagnosis of coronary artery disease referred for heart surgery has an important psychological component. The purpose of this study was to access the difficulties experienced by individuals awaiting coronary artery bypass grafting and to determine strategies that facilitate adaptation to a new lifestyle, modified by the disease.

    METHODS: A qualitative, exploratory study involving patients admitted to a university teaching hospital in the city of Salvador, Bahia, Brazil, awaiting coronary artery bypass grafting. Semi-structured interviews were performed in accordance with a previously defined script based on the study objective. Each transcription was read in its entirety to verify the representativeness, homogeneity and pertinence of the data obtained (pre-analysis), followed by separation of categories of analysis.

    RESULTS: The descriptions of this study show that patients admitted to the completion of coronary artery bypass grafting experience a wide range of psychological difficulties, considering that surgery acquires interpretations that vary according to individuals’ subjectivity. The patients recognized the benefit of being able to discuss their feelings as a means of diminishing their fear and anxiety.

    CONCLUSION: Helping patients find resources to confront more positively the daily hospitalization is an important aspect for the health care professionals who assist them. This goal can be achieved through modification of the biomedical model of care for a biopsychosocial view. The investment of time and attention is of fundamental importance and aims to overcome existing deficiencies that interfere with the outcome of patients after cardiac surgery.

    Keywords: Patients. Coronary Artery Bypass Grafting. Perception.

  

   

   

  INTRODUCTION

  Coronary artery bypass grafting (CABG) is an important intervention for patients with coronary artery disease, bearing in mind that the procedure relieves angina and improves patients’ quality of life. Nevertheless, while waiting to undergo CABG, patients experience distress, a sense of insecurity and altered quality of life[1].

  Cardiac surgery affects individuals in various ways. It is an invasive procedure in which the patient is susceptible to pain, infections and a risk of death. Insofar as the social sphere is concerned, the patients are separated from their friends and relatives, obliged to interrupt their professional life and, furthermore, their independence is restricted[2].

  Patients interpret cardiac surgery as an event associated with disablement and changes in body image. For many patients, it is a threatening procedure and inability to adapt to this situation results in increased anxiety[3]. These facts highlight a need to evaluate the patients’ perception of the CABG procedure itself and the understanding of the possible effects of this perception on their recovery.

  There is little detailed information in the literature on the perception of patients awaiting CABG[4]. Information on how patients experience this situation is important in order to enable those at risk of adverse psychological events to be identified. Based on the problems identified, interventions can be implemented that may help vulnerable individuals minimize their stress levels, potentially resulting in a more favorable outcome.

   

  METHODS

  This qualitative exploratory study was performed between June and September 2013 by performing semi-structured interviews with patients admitted to the cardiology ward of the Professor Edgard Santos Teaching Hospital, Federal University of Bahia for CABG (Appendix 1 and 2, Interview 1 and 2).

  Due to the qualitative nature of the study, the sample size was defined in accordance with the criterion of data saturation, i.e. recruitment stopped when the data supplied by the new participants added little to the material already obtained, with no further significant contribution being made towards improving the theoretical reflections based on the data that were being collected[5,6]. The saturation criterion was obtained after nine interviews, seven of which were conducted with male patients and two with female patients. Patients who participated in this study were between 45 and 65 years. All had a diagnosis of coronary artery disease and were awaiting CABG.

  Patients scheduled to undergo cardiac surgeries other than CABG were not included in the study. Moreover, the inclusion criteria consisted of patients admitted to the cardiology ward prior to undergo CABG, who agreed to talk to the investigators about their expectations regarding the surgical procedure. The exclusion criterion was the presence of hemodynamic instability. None of the patients interviewed were using psychotropic drugs.

  The interviews were conducted in a private setting and all of them were recorded, with the mean duration of each interview being 60 minutes. One of the interviewers listened to each recording within 48 hours of the interview to check that all the topics had been considered and to evaluate whether any additional information should be obtained. The quality and understanding of the content were also evaluated. The recordings were transcribed using the IBM VIAVOICE Pro USB software program.

  Each transcription was checked for the representativeness, homogeneity and relevance of the data (a preliminary analysis). Next, the material was separated into categories of analysis; the content pertinent to each category was identified in each interview; and, finally, the results were treated (the actual analysis).

  All the interviews were analyzed using discourse analysis, based on the thematic analysis, as proposed by Minayo[5]. Discourse analysis[7,8] provides tools to analyze speech as an action and to examine how this action may reflect a given situation. The aim of the method of discourse analysis is not only to understand a message, but also to recognize its underlying meaning, i.e. its value and its dependence on a certain context.

   

  RESULTS

  Data saturation was obtained after nine interviews, seven of which were conducted with male patients and two with female patients. The patients were between 45 and 65 years of age. All had been diagnosed with coronary artery disease and were awaiting CABG.

  In the process of becoming ill, there is confrontation between the individual’s life projects and his/her new reality. The patient begins to be treated as a function of the set of symptoms that he/she presents and not as a function of his/her singularity as an individual. Being admitted to hospital increases the sensation that the patient’s routine has been disrupted and his or her autonomy lost, in certain circumstances leading the patient to review his/her life.

  Some of the results found in the present study merit special attention as they highlight questions particularly related to the patients’ experiences and expectations. The relevant data from each interview were allocated into blocks of content in accordance with the categories of analysis and illustrated with quotes taken from the patients’ statements.

  Perceptions on life changes

  The individuals interviewed expressed ambivalent feelings in relation to their indication for cardiac surgery. While recognizing that the intervention represented a means of improving their quality of life, they feared an unfavorable outcome. The following excerpts from their statements reflect what cardiac surgery meant to these patients:

  “The surgery messes up my routine, but, before, I was unable to do anything and after the surgery I will be able to”. 

  “I am nervous and this waiting period is very difficult. I heard that one patient died while waiting for surgery”. 

  The difficulties were so great that a crisis was generated, temporarily disrupting the personality of some of the patients. While they waited for cardiac surgery, the patients felt deprived of their place of speech to talk about themselves:

  “For me, time appears an eternity. I feel like an ET. People go back and forth, discuss my exam results and I’m just here looking on”. 

  “When I went off to have an imaging exam, the doctor talked to a colleague about my results, but nothing was said to me”. 

  It is obvious from the patients’ speeches that in the process of becoming ill there is a confrontation between what the patient had envisaged for his/her life and the reality that is now presented to him/her in terms of their actual existence:

  “What makes me apprehensive is this situation. I can’t get this out of my head”. 

  “It’s as if you were a prisoner in the hospital. I want to get out of here and get back to living”. 

  Anxiety/Fear

  Anxiety is one of the most common psychological diagnoses in the period preceding surgery. Cardiac surgery is a life-threatening experience for the patient and brings a significant emotional burden with it.

  The patients interviewed in the present study spoke about their feelings of fear and discomfort triggered by the fact that they were waiting for cardiac surgery. The lack of perspective in relation to the future was described by some patients as the principal cause of these manifestations.

  “…I keep imagining how things will be. I don’t know what to expect, what will happen, how I will deal with this”. 

  Explicitly or latently, fear was present in the statements of the patients faced with the perspective of having to undergo cardiac surgery. The following segments exemplify this feeling:

  “The first thing you think is that something is going to go wrong during heart surgery”. 

  “No one has explained what will happen during surgery; I’m waiting…” 

  In the present study, the patients experienced feelings of apprehension and helplessness. Some of the patients said that they had no opportunity to meet with the surgeon prior to surgery and had not therefore been able to obtain information on how the surgery would be:

  “I know that I am going to have an operation, but I do not know how it is going to be; who is going to perform the surgery; how long it takes. I would like to have this information; it’s important for me to meet the surgeon”. 

  In addition, the patients had no information on the postsurgical period and rehabilitation. It is apparent from these reports that the patients have little information about the procedure to which they are to be submitted:

  “I would like the doctor to explain to me how my life will be after the surgery and if the doctor who will be operating on me will continue to follow me up”.

  Denial

  As a defense mechanism, denial allows the individual to remain psychologically intact by not accepting the problem. The intensity of this sentiment reflects the dimension of the impact of becoming ill in the patient’s life.

  The diagnosis of coronary artery disease has repercussions that are related to the symbolic representation of the heart, which led the individuals in the present study to a status of great vulnerability. The following statements show that the indication for cardiac surgery brings an expectation of rupturing the integrality of a vital organ, hence the patient’s natural denial of his/her feelings and the need for the procedure.

  “I’m not afraid. Perhaps I fear that after the surgery things will not be as expected…”. 

  “My health is not good. I hope everything goes well. Sometimes I think I don’t need surgery…”. 

  Concern with the family

  A situation is evaluated as stressful when the individual identifies it as being life-threatening. The patients reported that during their hospital stay they experienced uncertainties and apprehension in response to the need to adapt to various changes in their routine.

  “The problem is the expectation in relation to my family. They depend on me”. 

  “I still don’t have the information I need about how to control my anxiety. The symptoms get worse when I am stressed. I keep thinking about how my life and that of my family will be…”. 

  The patients’ perception of cardiac surgery was a factor that played a highly important role in defining the magnitude of their subsequent psychological symptoms. To protect themselves in this situation, the patients tried to think of other things in an attempt to reduce their feelings of distress caused by having to wait for cardiac surgery:

  “When my brain is busy with work, I even manage to forget that I’m sick. It’s important to keep my mind off the problem, even if just for a few minutes…”. 

  The patients sought explanations for the situation they were experiencing. Some considered surgery a punishment for inappropriate behavior, thus assuming responsibility for the circumstances in which they now found themselves.

  “I believe this is punishment. I have to face this realistically”. 

  “There is a reason and an explanation for everything; nothing happens by chance. We are not entirely in charge of our destiny”. 

  The anesthesia

  Anesthesia was an element that evoked conflicting feelings. Although anesthesia is given to avoid pain, to some of the patients it represented a complete loss of control over their own bodies, as shown in the following excerpt from a transcribed statement:

  “When under anesthesia, I’ll be asleep. I believe something could go wrong”. 

  Since the heart is an organ that is imbued with symbolism, expectations in relation to anesthesia generate uncertainties, marking patients’ subjectivity. The patients reported that their expectations in relation to anesthesia triggered distress at the thought that another individual would be responsible for their life at that moment.

  “People forget that it is not a heart that is being operated on, but a person who has a heart. I am afraid of waking up during the surgery”. 

   

  DISCUSSION

  Taking care of the patient in his/her integrality, with emphasis on the individual rather than on the disease, is a prerequisite for good quality healthcare. A diagnosis of coronary artery disease with an indication for surgery involves considering the patient’s psychic component and it is imperative that the healthcare team is aware of this, particularly during the hospitalization period.

  Surgery acts as a trial that enable the patients to take possession of the clinical condition they are experiencing. Surgery brought a burden of subjectivity to the individuals submitted to it and triggered fears that placed their lives on the edge.

  The findings of the present study show that the patients who were awaiting CABG experienced a wide spectrum of psychological difficulties. The patients considered the diagnosis of heart disease and the waiting period prior to CABG as factors that negatively affected their expectations with respect to their work, routine and self-image.

  The indication for CABG is particularly disturbing, since the heart is culturally regarded as the central organ of the body, the source of life and of the emotions[9]. As the time for surgery draws closer, the patients’ emotional reactions intensify, as shown in their behavior, symptoms and, when given the opportunity, in words.

  For these patients, surgery meant the end of a long period of having to live with deteriorating health and the beginning of a new life expectancy. Nevertheless, while the patient was hopeful in relation to the future, the surgery itself had to be dealt with. Despite the risks, the procedure represented an opportunity for survival.

  The majority of patients with an indication for CABG report that fear, anxiety and uncertainty with respect to the future are more distressing than the chest pain[10-12]. Anxiety prior to cardiac surgery is a predictor of adverse events following surgery. Many patients fail to adapt and do not achieve the expected outcome, even when the surgical procedure is favorable[13].

  Irrespective of the individual distinctions in the reports included in this study, one characteristic common to all is the experience of a substantial amount of distress. As a result of this finding, the importance of reflecting on aspects of the cardiac surgery that go beyond the physical illness itself should be emphasized.

  The patient’s psychosocial status has a great influence on the results of the treatment of any disease, particularly when the aim of treatment is to improve quality of life. It is crucial to evaluate the patient’s perception with respect to the stress generated prior to the surgical procedure and to understand the possible effects of this stress on the patient’s physical and mental recovery[14]. The identification of predictive factors may improve the results of interventions for those at risk[15].

  Through the interviews conducted in the present study, it is clear that cardiac surgery involves feelings that the individual’s integrity has been violated, and these feelings generate expectations with regard to the outcome. The interpretation of surgery should not be limited to a physical intervention, as it also involves significant changes in the way the patients see themselves and how they see others.

  A high level of anxiety prior to cardiac surgery is a predictor of recurrence of the ischemic symptoms, of a greater number of re-admissions to hospital and a high degree of psychological stress following surgery[16]. The objectives of interventions designed to prepare patients for surgery include decreasing anxiety and fear by providing information and psychological support[17].

  The perspective of the patients and physicians in relation to cardiac surgery is affected by the associated existential conditions. The decision-making process within the doctor-patient relationship needs to be understood better and implemented in order to offer an appropriate approach for initiating a discussion on these issues[18,19].

  Healthcare should effectively provide the patient with integrated care, and this demands not only technical support but principally sensitive professionals who value the subjective aspects of the patients’ lives, listen to their complaints and, together with the patients, identify strategies that will facilitate their adaptation to a new lifestyle, one that has been modified by the disease.

  Recognizing the presence of defense mechanisms used by the patient in an attempt to adapt to the indication for CABG is fundamental in enabling interventions to be implemented to ensure a more favorable outcome. It is crucial that the multidisciplinary team be aware of the patients’ demands in order to prepare them to get through the hospitalization period as tranquilly as possible.

  The period preceding cardiac surgery demands much more from the healthcare professionals than just the preparations for the surgery itself, mainly with respect to the patient’s psychological health. This care depends on a qualified individual listening to the patient and helping the patient feel secure, as well as on developing strategies to enable the patient to get through the hospitalization period as positively as possible.

   

  CONCLUSION

  The aim of the present study was to emphasize the significant emotional burden that waiting for the surgical intervention triggers in these patients awaiting CABG. The form in which each individual confronts this intervention may facilitate his/her complete recovery and re-adaptation to normal life or hamper them.

  Surgery acquires interpretations that vary in accordance with the patients’ subjectivity, considering the change from the biomedical model of care to a biopsychosocial model. The data obtained at the interviews show that identifying how the patients deal with having to wait for cardiac surgery is of crucial importance for the multidisciplinary healthcare team, with the objective being developing interventions aimed at overcoming the deficiencies that currently affect the outcome of these patients.

  The importance of reflecting on the aspects of cardiac surgery that go beyond the physical illness needs to be highlighted. An interdisciplinary team including a wide range of professional areas and knowledge should emphasize and evaluate these issues with the objective of comforting the patients waiting for CABG.
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    ABSTRACT

    OBJECTIVE: The aim of the present study was to investigate the factors associated with chronic post-sternotomy pain in heart surgery patients.

    METHODS: Between January 2013 and February 2014, we evaluated 453 patients with >6 months post-sternotomy for cardiac surgery at a surgical outpatient clinic. The patients were allocated into a group with chronic post-sternotomy pain (n=178) and a control group without pain (n=275). The groups were compared for potential predictors of chronic post-sternotomy pain. We used Cox proportional hazards regression to determine which independent variables were associated with the development of chronic post-sternotomy pain.

    RESULTS: In total, 39.29% of the patients had chronic poststernotomy pain. The following factors were significantly associated with chronic post-sternotomy pain: (a) use of the internal thoracic artery in coronary bypass grafting (P=0.009; HR=1.39; 95% CI, 1.08 to 1.80); (b) a history of antidepressant use (P=0.0001; HR=2.40; 95% CI, 1.74 to 3.32); (c) hypothyroidism (P=0.01; HR=1.27; 95% CI, 1.03 to 1.56); (d) surgical wound complication (P=0.01; HR=1.69; 95% CI, 1.08 to 2.63), and (e) patients on disability benefits or scheduled for a consultative medical examination for retirement (P=0.0002; HR=2.05; 95% CI, 1.40 to 3.02).

    CONCLUSION: The factors associated with chronic poststernotomy pain were: use of the internal thoracic artery; use of antidepressants; hypothyroidism; surgical wound complication, and patients on disability benefits or scheduled for a consultative examination.

    Keywords: Chronic Pain. Cardiac Surgical Procedures. Sternotomy.

  

   

   

  INTRODUCTION

  Chronic postoperative pain (CPOP) is defined as pain of onset following a surgical procedure and persisting for more than 2 months without other apparent causes such as infection or the underlying disease that motivated the surgery[1].

  The concept of CPOP was first proposed by Crombie, in 1998[2]; thereafter, various studies have been performed in an attempt to identify, define, quantify, and stratify the associated factors leading to CPOP. Median sternotomy is the most widely used approach in cardiac surgery and, despite all the advances in this field, a large number of patients report postoperative chest pain. The incidence of chronic post-sternotomy pain (CPSP) varies between 17% and 56%[3-5]; in approximately one-third of these patients, CPSP can compromise quality of life, affecting their sleep patterns and impairing their working ability[3].

  In addition to the diverse characteristics of pain in the various body tissues, sensitivity to pain varies between individuals depending on age, gender, and the underlying disease itself[5]. Other psychosocial factors such as depression, anxiety, low education level and fear of surgery are established risk factors for CPOP[6,7].

  Even though CPOP is frequently regarded as expected or irrelevant, it should be seen as a major clinical - and even social - issue. Chronic pain is often responsible for delayed return to work, which entails greater burden on the public health system and social security.

The aim of the present study was to determine some factors associated with CPSP in patients who underwent cardiac surgery at the Santa Casa de Misericórdia Hospital in Ponta Grossa, Paraná, Brazil.

   

  METHODS

  After approval by the Human Research Ethics Committee of the Universidade Estadual de Ponta Grossa (Ponta Grossa State University) under Formal Opinion 159.531, we performed an observational analytical case-control study to examine the influence of a number of factors on the development of CPSP following heart surgery.

  Patients

  We evaluated 453 consecutive patients with more than 6 months post-sternotomy for cardiac surgery assisted at the Heart Surgery and Cardiology Outpatient Clinic and private practice office of the Heart Surgery Service of the Santa Casa de Misericórdia Hospital of Ponta Grossa in the years 2013 through 2014. The time from surgery to evaluation ranged from 6 to 279 months, mean 58 months. All of these patients agreed to complete a pain questionnaire. Clinical and surgical data were complemented with data from the patients’ medical records. Patients were included if they had undergone valve surgery, coronary artery bypass surgery, interatrial communication closure, aortic surgery, left ventricle aneurysm repair, myxoma resection or combined procedures in which sternotomy was the selected approach to the thoracic cavity.

  Exclusion criteria

  Patients with less than 6 months of surgery and patients with connective tissue disorders were excluded. There weren’t other exclusion criteria.

  Study Variables

  The patients were inquired with respect to the presence of chest pain, its characteristics, and intensity ranging from 1 to

  10. For the aim of our study, only the binary variable “presence or absence of pain” was taken into account. Chronic pain was defined as new-onset pain that arose postoperatively, persisting for more than 6 months after the surgery. Macrae[1] defined CPOP as pain originated after a surgical procedure and lasting at least 2 months. In the present study, as a factor of safety, we only included patients with a postoperative period > 6 months. Any sternal or anterior chest pain, regardless of its intensity, was taken into account and provided that the pain was present at the time of evaluation.

  The patients were allocated into a group with chronic pain and a control group without pain (dependent variable). The following independent variables were included in the Cox regression model: (a) age; (b) gender; (c) foreign descent (patients whose parents were not born in Brazil. There are a lot of European descents in the study and it was intended to assess whether this population has different sensitivity to pain); (d)  use of internal thoracic artery (ITA) grafts in coronary artery bypass surgery; (e) depression or anxiety that needed use of antidepressant medication at any point in time for treatment to exclude any minor episode of depression or anxiety that did not need use of medications; (f) diabetes mellitus (only patients who were in treatment for diabetes at the time of evaluation); (g)  chronic obstructive pulmonary disease (COPD) clinically confirmed by patient history, physical examination, and use of COPD medication; (h) systemic arterial hypertension (SAH) (only patients in antihypertensive treatment at the time of evaluation; (i) hypothyroidism (patients with confirmed disease by TSH level and on thyroid hormone replacement therapy); (j) dyslipidemia (patients with history of dyslipidemia and using lipid-lowering agents); (k) surgical wound complication (resolved superficial wound infection, cured mediastinitis, keloid formation, or dehiscence of healed wound), and (l) patient on disability benefits or scheduled for a consultative medical examination for retirement purposes.

  The clinical criteria were based on history, laboratorial exams and disease treatment, since the patients were receiving optimized medical treatment and in the late postoperative period with multiple medications.

  Statistical Analysis

  The data were analyzed using the Cox proportional hazards model. The Cox model makes it possible to determine which independent variables have an intensifying effect when analyzed as a set, and computes their statistical significance within a confidence interval (CI) 95%. Thus, we were able to estimate the hazard ratio (HR) of each of these variables. Values of P<0.05 were considered statistically significant.

   

  RESULTS

  We evaluated 453 patients; 178 (39.29%) of these had CPSP (Table 1). The prevalence of factors related to the event of CPSP was compared between the groups and is shown in Table 2.
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  The mean age of CPSP patients was 58±10.9 years vs. 62±12.6  years for the control patients. In all, 94 (52.8 %) patients were male and 84 (47.2%), female.

  Of the patients who developed CPSP, 120 (67.4%) received internal mammary artery grafts; 116 (65.2%) patients had depression or anxiety disorders at some point in their lives; 29 (16.3%) had hypothyroidism, and 25 (14%) underwent postoperative sternotomy wound complications. With regard to work status, 92 (51.6%) patients were retired; 43 (24.1%) were receiving disability benefits or scheduled for a consultative medical exam; 13 (7.3%) were working; 4 (2.2%) patients were unemployed, and 26 (14.6%) were self-employed.

  The results of the statistical analysis by Cox regression are presented in Table 3.
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  The following variables were statistically significant according to Cox model of logistic regression: ITA grafts (P=0.009; HR=1.39; 95% CI, 1.08 to 1.80); history of use of depression or anxiety medication (P=0.0001; HR=2.40; 95% CI, 1.74 to 3.32); hypothyroidism (P=0.01; HR=1.27; 95% CI, 1.03 to 1.56); surgical wound complication (P=0.01; HR=1.69; 95% CI, 1.08 to 2.63), and patients on disability benefits or scheduled for a consultative medical examination for retirement (P=0.0002; HR=2.05; 95% CI, 1.40 to 3.02).

   

  DISCUSSION

  According to the literature, the incidence of CPSP ranges from 17% to 56%[2-5]. This is consonant with the results of the present sample, which showed an incidence rate of 39.29%.

  An extensive review of the literature allowed us to conclude that the present study involved the world’s largest number of published cases of patients interviewed face-to-face in CPSP research.

  In our study, 67.4% of the patients with CPSP had received an ITA graft. Mailis et al.[8] described the association between postoperative thoracic pain and the use of ITA grafts in myocardial revascularization and indicated the possibility of a pain syndrome resulting from the use of that artery. This finding prompted studies aimed at proving the source of the pain. Eng & Wells[9] reported that the use of ITA grafts resulted in a high incidence of CPSP compared with venous grafts in revascularization surgeries. Thus, the use of ITA coronary grafts emerged as one of the risk factors for chronic pain. This finding corroborates those of Alston & Pechon[10], who affirmed that damage to the intercostal nerves could occur in the dissection of the ITA bed using diathermy.

  Intraoperative nerve injury is a major cause of pain manifest postoperatively as hyperalgesia and allodynia, both typical symptoms of neuropathic pain[11]. Van Gulik et al.[12], in a prospective cohort study with 146 patients who underwent heart surgery by sternotomy, found that 54.8% of the patients with CPSP had received ITA revascularization (OR=1.27; 95% CI, 0.60-2.70), values that are close to those of our study (67.4 %; HR=1.39; 95% CI, 1.08-1.80). Because OR and HR are effect size measures, both resulting from a regression study, OR and HR values are comparable.

  The proportional hazards regression of Cox made it possible to demonstrate the relationship between CPSP and depression or anxiety disorder. Romano & Turner[13] performed a study that provided evidence of the association of chronic pain with depression. Ohayon & Schatzberg[14], in a 2010 study with 3243 patients, informed that 66.3% of the patients with depression reported chronic pain in the most diverse locations. In the present study, 65.2% of the patients with CPSP had depression or anxiety disorder. If analyzed separately, 59.4% among the patients diagnosed with depression or anxiety disorder had chronic pain, which is close to the percentage found in the Ohayon & Schatzberg[14] study. Nevertheless, data are still lacking in the literature correlating CPSP to depression or anxiety disorder.

  The origin of this type of pain can be explained by a number of theories, with depression or anxiety disorder and pain being related on the most diverse levels, such as the psychological, behavioral, and neurobiological. Neurotransmitters such as serotonin and noradrenaline, both implicated in depressive or anxiety disorders, act on the neurobiological level and play an important role in the modulation of pain. Osterweis et al.[15] stated that, on account of the action of neurotransmitters, pain conduction can in fact be altered by depression in the same way as a nociceptive impulse is capable of inducing or exacerbating a given mood. It has been hypothesized that, psychologically, chronic pain is a particular form of somatization in which negative emotions are expressed through physical complaints - including pain. Somatosensory amplification is a related concept that has been defined as a person’s increased propensity to feel and express pain. Based on the explanation for these complex mechanisms, Von Korff & Simon.[16] were able to prove the relationship between pain and depression, which was also found in the present study sample.

  About dyslipidemia, all of the patients were using statin. Although statin can cause muscle pain there wasn’t statistical differences in this variable. Hypothyroidism was also more common in the group of patients with CPSP. Many reports can be found in the literature concerning thyroid hormones and their functions; however, studies of their connection with pain are scarce. The thyroid gland has a prominent role in tissue metabolism and development; in addition, the hypothalamic-pituitary-thyroid axis is central to the modulation and neurotransmission processes in the central nervous system[17].

  Aloisi et al.[17], in a pilot study with a group of 200 women with chronic pain - whose medical history was investigated - found that 19% of them had some degree of thyroid dysfunction. That rate is similar to the overall value of 16.3% found in our analysis.

  Despite the number of existing studies, the hypothesized relationship between hypothyroidism and chronic pain is still far from understood. The origin of pain could be neuropathic; this is one of the key points to be elucidated, as neuropathic pain is prominent in somatosensory system injury[18]. Aminoglycan deposits surrounding nerves, primary axonal degeneration, and segmental demyelination mechanisms have been proposed for the peripheral nerve dysfunction in hypothyroidism, as demonstrated in rodents[19]. Another piece of evidence is the low oxygen consumption and high blood pressure frequently found among hypothyroid individuals, leading to regional hypoxia and eventually to muscle spasms due to the inadequate supply of blood and nutrients for the muscles[20]. This could explain some of the mechanisms involving hypothyroidism and pain.

  As evidenced by Cox regression, sternal surgical wound complications are associated with the outcome under study. Sternal wound complications increase the risk of CPSP, ranging from superficial infections to sternal instability and mediastinitis[21]. Marques et al.[22] pointed out that although wound complications following sternotomy are rare, infection is a threatening occurrence because it could extend to other areas, thus causing future complications.

  Einsenberg et al.[4] suggested that sternal surgical wound infection is one of the likely causes of CPSP. This had already been indicated by Ottino et al.[23] in 1987. Although there are reports on the relationship between surgical wound complications and chronic pain, concrete data to evidence this association were still lacking.

  Another risk factor for CPSP was identified in the patients who were receiving disability benefits or were scheduled for a consultative medical examination to apply for early retirement by the National Social Security Institute. Although no reports can be found in the literature addressing this specific variable and its relationship to CPSP, similar studies have been developed. In 1995, Rosomoff et al.[24] studied the relationship between the perception of chronic pain by patients who derived some form of secondary gain from their complaint of pain and those who did not have such gain. Even though those authors suggested that there could be a link between altered perception of pain and the benefits obtained, they also stated that they were not able to demonstrate a difference between the group receiving  benefits and the group without benefits.

  Along these lines, Vaccaro et al.[25], in a 1997 retrospective study with 24 patients who had chronic low back pain, found that 11 out of the 13 patients who had applied for worker’s compensation showed poor outcomes in the management of their chronic pain while 9 of the 11 patients in the group of non-claimants had excellent results. Those authors concluded that although the sample size was small and the study was retrospective, worker’s compensation and litigation claims were strongly associated with worse outcomes in the management of chronic pain.

  Our clinical experience shows that the patients who have not yet retired and are not working complain of chronic pain more often, which was evidenced in the present case population. Psychological and behavioral mechanisms may be implicated in the enhanced pain of patients who expect to be granted social security benefits or who fear losing those benefits, since these beneficiaries have to undergo frequent consultative medical exams for years. On the other hand, given that patients with pain are more likely to seek disability benefits, CPSP may be either the cause or the effect in the case of patients on disability benefits.

   

  CONCLUSION

  In the case patients of the present study, the factors associated with increased incidence of chronic post-sternotomy pain were: (a)  use of ITA grafts; (b) history of depression or anxiety that needed use of antidepressant medication; (c) hypothyroidism; (d)  surgical wound complications, and (e) patients on disability benefits or scheduled for a consultative examination. 
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    ABSTRACT

    OBJECTIVE: The aim of this study was to evaluate possible interactions among Angiotensin-I converting enzyme genotype, insertion/deletion polymorphism and atherosclerosis of vein grafts in Iranian patients, and characterize their clinical and demographic profile.

    METHODS: In this cross-sectional study, patients who underwent coronary artery bypass graft surgery more than five years ago, were included for angiographic analysis. Atherosclerosis was determined by quantitative angiography and adjusted Gensini score. The gene angiotensin converting enzyme I/D polymorphism was detected by polymerase chain reaction.

    RESULTS: A total of 102 patients participated in this study. Eighty-four patients were male. The frequency distribution of DD, ID and II polymorphism were 23.6%, 62.7% and 13.7% respectively. There were no differences among genotypic groups in age, sex, number of risk factors, number of vein grafts and months since bypass surgery. According to adjusted Gensini score [0.18±0.12 (II) vs. 0.11±0.09 (ID) and 0.1±0.09 (DD) P=0.021] the II genotype was associated with severity of vein graft atherosclerosis.

    CONCLUSION: Although there are conflicting results about gene angiotensin converting enzyme I/D polymorphism and the degree of venous bypass graft degeneration, this study suggests an association between ACE genotype II and atherosclerosis of saphenous vein grafts, however, large samples considering clinical, demographic and ethnic profile are necessary to confirm these results.

    Keywords: Cardiopulmonary Bypass. Cardiovascular Surgical Procedures. Genetics.

  

   

   

  INTRODUCTION

  Coronary artery bypass graft surgery (CABG) still remains the standard care for patients with multivessel coronary artery disease comparing to percutaneous coronary intervention (PCI). This maybe due to its lower rates of major adverse cardiac and cerebrovascular events in short-term and long-term periods[1-5].

  A majority of patients receive saphenous vein grafting (SVG) to most vessels, with the exception of the left anterior descending coronary artery[6]. Large diameter and wall characteristics, being plentiful, long and easy harvest has made SVG the most commonly used conduit, but its longevity, as compared with arterial graft, is not satisfying. SVG patency is 95% at 1 week, 84% at 1 year, 80% at 3 years, 69% at 6 years, and 61% at 10 years after operation[7]. Thrombosis, intimal hyperplasia and atherosclerosis account for graft failure in early (less than 1 month), subacute (one to 12 months) and late (more than 12 months) post CABG periods[8-11].

  During past decades, many studies have shown genetic risk factors are as important as conventional risk factors in the development and progression of atherosclerosis[12,13]. Clinical assessment of the relationship between preoperative use of angiotensin-converting enzyme (ACE) inhibitors and clinical outcomes after CABG is discussed elsewhere[14]. One of the most significant genetic risk factors is the ACE gene insertion/ deletion (I/D) polymorphism[15]. ACE encoding gene is located on chromosome 17 (17q23) and the presence (insertion) or absence (deletion) of a 287-bp alu repeat sequence in intron 16 of the gene results in ACE (I/D) polymorphism. This polymorphism accounts for 47% of variations in ACE levels[16].

  ACE is a key regulator in the renin angiotensin system (RAS) which converts Angiotensin I into Angiotensin II (Ang II)[17]. Ang II, the atherogenic component of the RAS, develops atheroma. Ang II increases vascular permeability and induces expression of inflammatory mediators such as cytokines, chemokines and adhesion molecules[18]. It also stimulates proliferation and migration of vascular smooth muscle cells and extracellular matrix deposition[19]. Ang II plays a role in oxidative stress by activating nicotinamide dinucleotide phosphate (NADPH) oxidase to produce reactive oxygen species (ROS)[20,21].

  To our best of knowledge, the association of ACE (I/D) polymorphism and venous bypass graft degeneration in long-term periods has not been studied in Iranian patients, so the aim of this study was to evaluate possible interactions between ACE (I/D) polymorphism and atherosclerosis of vein grafts in Iranian patients, and characterize their clinical and demographic profile.

   

  METHODS

  The research protocol of this cross-sectional study was approved by the institutional board of research ethics for human studies at the Isfahan University of Medical Sciences (Research project number # 389305).

  Study population

  Study population consisted of 102 patients who have undergone CABG more than 5 years ago and were referred to Sina Hospital and Noor University Hospital (located in Isfahan, Iran) for coronary angiography due to coronary heart disease (CHD) symptoms from December 2010 to October 2011.Medical histories of all patients were obtained and CHD conventional risk factors were evaluated according to these criteria: high blood pressure (systolic blood pressure >140 mmHg and diastolic blood pressure >90 mmHg or taking antihypertensive agents), hypercholesterolemia (total cholestero >240 mg/dL or taking lipid lowering agents), diabetes mellitus (fasting blood glucose >110 mg/dL or taking anti hyperglycemic agents), cigarette smoking (daily habit) and positive family history (men <55 years old and women <65 years old in first degree of relatives).

  Vein graft angiography

  Cardiac catheterization and vein graft angiography was performed using Judkins technique[22] and percutaneos femoral artery approach. Vein graft bed was divided into three segments: proximal, middle and distal. The severity of venous bypass graft atherosclerosis was quantified according to Gensini score. Gensini score was defined by grading of reduction in vessel lumen diameter. Narrowing of 25%, 50%, 75%, 90%, 99% and 100% were equivalent to Gensini score of 1, 2, 4, 8, 16 and 32 respectively[23]. The Gensini score of three segments of each vein graft were added and the mean of the Gensini score of total vein grafts in each patient was obtained to reflect the degree of atherosclerosis. For illustrating the rate of bypass degeneration, the mean of Gensini score was divided by the months after CABG (adjusted Gensini score: The mean of Gensini score/months after surgery).

  Determination of ACE genotypes

  Genomic DNAs were extracted from whole blood leucocytes using DNA isolation kit (High Pure PCR Template Preparation kit, Roche Diagnostics GmbH, Germany). Extracted DNAs were stored at -20°C for future polymerase chain reaction (PCR). Two PCRs with four primers were carried out for detection of ACE intron 16 I/D polymorphism. The first PCR primers were 5’-CTG GAG ACC ACT CCC ATC CTT TCT-3’′ (forward primer) and 5’GAT GTG GCC ATC ACA TTC GTC AGA T-3’ (reverse primer). Final volume of PCR reaction mixture was 25μl that contained 12.5 pmol of each primer, 2.8 mM MgCl2, 0.8 mM of each dNTp, 2.5 μl of 10X High Fidelity PCR Buffer (Fermentase) and 1 U of Taq polymerase (High Fidelity PCR Enzyme Mix, Fermentase).

  Amplification was performed in DNA Thermal Cycler (Analytic Jena) with initial denaturation step at 94°C for 5 min followed by 30 cycles consisting of denaturation at 94°C for 1 min, annealing at 58°C for 1 min and extension at 72°C for 2 min, followed by final extension step at 72°C for 5 min. PCR products were separated on 1% agarose gel and DNA was visualized by ethidium bromide staining on UV transillumination imaging system. DNA fragment sizes were 190 bp for the D allele and 490 bp for the I allele.

  To avoid DD mistyping, second PCR was carried out on DD genotype samples[24]. Second PCR was performed with an specific insertion primer pairs included 5’-TGG GAC CAC AGC GCC CGC CAC TAC-3’ as a forward primer and 5’-TCG CCA GCC CTC CCA TGC CCA TAA-3’ as a reverse primer in 25 μl reaction mixture volume. Second PCR steps consisted of initial denaturation at 94°C for 1 min followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 67°C for 45 s and extension at 72°C for 2 min followed by final extension at 72°C for 5 min. Positive control samples (samples showed II genotype in first PCR) were used to confirm the reliability of genotyping. Presence of I allele resulted in PCR product of 335 bp.

  Statistical analysis

  Statistical analysis was carried out using SPSS version 20.0 and data were expressed as the mean±SD or percentage. Chi-square test, Fisher’s exact test or Kruskal-Wallis test (where appropriate) was used for non-parametric variables and independent t-student test or one-way ANOVA test was used for analyzing the numerical data. P<0.05 was considered statistically significant. If statistically significant P value obtained by ANOVA, Bonferroni’s post-hoc test was performed for pair wise comparison.

   

  RESULTS

  Demographic characteristics of the study population

  Demographic characteristics and clinical features of the study population are shown in Table 1. The mean of months since CABG was 128.7±38.36. The proportion of occluded, diseased and free of atherosclerosis vein grafts were 42.12%, 26% and 31.88% respectively.
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  Genotype and allele frequencies

  The genotype and allele frequencies are listed in Table 2. Observed genotype and allele frequencies of ACE I/D polymorphism were in Hardy-Weinberg equilibrium in the study population.
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  Relationship between ACE I/D polymorphism and progression of atheromatous plaque in vein graft

  Relationship between ACE I/D polymorphism and severity of vein graft atherosclerosis and comparison of the number of occluded, diseased and free of atherosclerosis vein grafts, number of vein grafts, months after CABG and number of CHD risk factors according to genotype are reported in Table 3. According to Gensini score, ACE I/D polymorphism was associated with progression and development of atherosclerosis in venous bypass grafts (P=0.02). Bonferroni’s post hoc- test showed patients who were homozygous for I allele had higher adjusted Gensini score and rate of atherosclerosis (Table 4). Although there was no statistical difference in the number of diseased vein grafts per genotype, Gensini score showed bypass degeneration was more severe in II genotype. Without regarding adjusted Gensini score, ACE II genotype resulted in vein graft failure in earlier postoperative period (statistically marginal significant difference in months after CABG, P=0.06).
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  DISCUSSION

  The results of our study show that ACE II genotype could be considered a risk factor for long-term graft failure after CABG. ACE II may have some roles in the progression of atheromatous plaque of vein grafts in earlier postoperative periods as compared with two other genotypic groups. Few studies about the influence of ACE I/D polymorphism on venous bypass graft atherosclerosis are available. Studies carried out in Turkey and Germany demonstrated different results[25-27]. Ortlepp et al.[25] reported ACE I/D polymorphism was not associated with venous bypass degeneration in the long term in their 101 studied patients. Dayi et al.[26] indicated DD genotype influenced vein graft occlusion in late postoperative period in their 87 consecutively selected patients. On the other hand, our study shows no statistical difference among ACE genotypic groups and the number of occluded vein grafts (P=0.64, Kruskal-Wallis test). In a study done by Völzke et al.[27] on 247 patients, they demonstrated ACE DD genotype increased the rate of mortality and cardiovascular morbidity in the midterm after CABG.

  Although ACE DD genotype was associated with the increasing risk of cardiovascular disease in many studies, some studies reported other type of genotypes as risk factors. Zee et al.[28] showed I allele was risk factor for essential hypertension. Ismail et al.[29] found significantly higher frequency of ACE II genotype in hypertensive patients aged 20-40 years. In Northern Indian population I allele was associated with essential hypertension[30]. ACE ID genotype was responsible for peripheral vascular disease in Western Turkish patients[31].

  The results of the study of ACE I/D polymorphism and cardiovascular disease in Iranian population seem conflicting. The presence of D allele exacerbated the risk of early onset coronary artery disease in west population of Iran[32]. Shafiee et al.[33] showed different results. They reported no association between ACE DD genotype and the risk of coronary artery disease. They collected study population from patients referred to Shahid Rajaei Cardiovascular Medical and Research Center, Tehran, Iran[33]. Despite the adverse effect of ACE DD genotype on hypertension in type 2 diabetic population reported by Nakhjavani et al.[34], Nikzamir et al.[35] found no relation between ACE I/D polymorphism and the presence of metabolic syndrome in patients with type 2 diabetes.

  In our study the frequency distribution of II, ID and DD genotype are 13.7%, 62.7% and 23.6% respectively. These values are similar to the results found by Nikzamir et al.[35] (16.5%, 58.2% and 25.3%), but are different from the data reported by Vaisi-Raygani et al.[32] (17.3%, 40% and 42.7%), Shafiee et al.[33] (16.22%, 32.24% and 51.51%) and Nakhjavani et al.[34] (27.5%, 50% and 22.5%). Frequency distribution of ACE I/D polymorphism observed in various parts of Iran is different and it may be responsible for the discrepancies in the reported results. It seems that different ACE I/D polymorphism interactions with cardiovascular disease could be attributed to the various ethnicities studied in previously mentioned Iranian studies.

  We also think that the heterogeneity of our sample considering clinical profile, pharmacological treatment and lifestyle, as well as the surgical technique for myocardial revascularization, could influence the follow-up as well as its relation with the genetic profile. Lack of serum ACE activity measurement and also the small sample size are main limitations of this study.

   

  CONCLUSION

  Although there are conflicting results about ACE I/D polymorphism and the degree of venous bypass graft degeneration, this study suggests an association between ACE genotype II and atherosclerosis of saphenous vein grafts, however, large samples considering clinical, demographic and ethnic profile are necessary to confirm these results.
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    ABSTRACT

    OBJECTIVE: Engage the UNIFESP Cardiovascular Surgery residents in coronary anastomosis, assess their skills and certify results, using the Arroyo Anastomosis Simulator and UNIFESP surgical models.

    METHODS: First to 6th year residents attended a weekly program of technical training in coronary anastomosis, using 4 simulation models: 1. Arroyo simulator; 2. Dummy with a plastic heart; 3. Dummy with a bovine heart; and 4. Dummy with a beating pig heart. The assessment test was comprised of 10 items, using a scale from 1 to 5 points in each of them, creating a global score of 50 points maximum.

    RESULTS: The technical performance of the candidate showed improvement in all items, especially manual skill and technical progress, critical sense of the work performed, confidence in the procedure and reduction of the time needed to perform the anastomosis after 12 weeks practice. In response to the multiplicity of factors that currently influence the cardiovascular surgeon training, there have been combined efforts to reform the practices of surgical medical training.

    CONCLUSION: 1 - The four models of simulators offer a considerable contribution to the field of cardiovascular surgery, improving the skill and dexterity of the surgeon in training. 2 - Residents have shown interest in training and cooperate in the development of innovative procedures for surgical medical training in the art.

    Keywords: Anastomosis, Surgical. Intra-Aortic Balloon Pump. Cardiopulmonary Bypass.

  

   

   

  INTRODUCTION

  Acquiring competence in cardiac surgery is a complex and multifactorial process, which can take years of experience and training, working hard. The “new paradigm of continuing education in surgery” says, “to provide appropriate educational opportunities and gain knowledge, you must perform the trial skills”[1].

  “The surgery simulation plays an increasingly important role in the educational process and serves to bridge the gap in the current training model, which is the operative exposure”[2]. It also allows us to assess the cognitive components and expertise of the operator in cardiothoracic surgery. Training in crisis management and staff training have become more present in the care of critically ill patients. The addition of adverse conditions in scenarios enhances the value of the training exercise and provides a method to test responses to emergency situations. The suggested support of interactive and intensive programs will increase the ability of staff to effectively manage the perioperative events of cardiac surgery, simulating specific and global crises in the operating room and intensive care unit (ICU).

  As in other surgical specialties, different procedures in cardiac surgery can be divided into sub-areas of expertise. In this sense, different types of simulators may be used, providing the opportunity to develop and evaluate a training program for Resident Medical Doctors.

  In particular, how to approach the coronary arteries and the knowledge of anastomoses are fundamental techniques before entering the operating room. Using simulator models, the resident has the opportunity to put into practice their theoretical learning of the literature on coronary surgery requirements.

  In response to the myriad of factors that currently influence the training of the cardiovascular surgeon, there have been combined efforts to reform and transform the medical training practices, allowing the resident to repeatedly perform the usual surgical procedures, with the advantage of filling the most important gap in the current training model: Exposure surgery[3-6].

  Due to the aforementioned reasons, The European Association for Cardio-Thoracic Surgery (EACTS), concerned with the cardiovascular surgeon training of their institution, focused their efforts on changing the surgical training practices and encouraged the opening of a competition for cardiac surgery trainees to build their own simulator for coronary anastomosis, using everyday materials.

  Six simulation prototypes were built by cardiovascular surgery trainees competing for a prize. They were presented in the 25th European Association for Cardio-Thoracic Surgery (EACTS) Annual Meeting on October 1-5, 2011, in Lisbon, Portugal. The overall evaluation of each prototype was performed according to preset development criteria and all simulators provided a considerable contribution to the simulation field in cardiovascular surgery.

  The cardiovascular surgery team from Valladolid, Spain, was selected for the “Ethicon Prize” for building a simulator for coronary anastomosis surgery, known as Arroyo simulator[7].

  When designing simulation prototypes, trainees have demonstrated their ability to think, which is very important for the development of the future of surgical technique innovation.

  In the following EACTS Congress in 2012 and 2013, prototypes for mitral valve repair and aortic surgery were presented, respectively.

  Objective

  To assess the technical performance of cardiovascular surgery residents, through systematic training in coronary anastomosis using Arroyo simulator and three different types of UNIFESP simulation models.

  To provide adequate educational opportunities to gain the necessary knowledge in the trial of surgical skills.

  To maximize the training effect through continuous personalized feedback, provided by the supervising surgeon.

   

  METHODS

  This project was scheduled by the Cardiovascular Surgery Division and developed in the Alpha Center of Health Skills, Undergraduate Rectory, EPM - UNIFESP. The training began in May 2013 and the data collection ended on February 28, 2014.

  Ten residents of the Cardiovascular Surgery Division were invited to perform coronary anastomosis on surgical training simulators. Participated in this survey: 1st year residents=3; 4th year=1; 5th year=3; and 6th year=3. This work was also extended to 5th year medical degree students participating in surgical training activities in the Cardiovascular Surgery Division during their 40-weekperiod. Our Division, at that time, did not have 2nd or 3rd year residents.

  For teaching purposes, the participants were divided into three groups: Group 1: 1st year residents; Group 2: 4th or 5th year residents; and Group 3: 6th year residents. The 5th year medical degree students participated as observers and initiated practical experience, with only 6 hours of practice, under the supervision of the residents.

  The training workload during the first 24 sections (6 months) was 2 hours weekly or 8 hours per month, using only the Arroyo simulator model, followed by 16 sections (2 months) with increased complexity of surgical procedures performing 4 hours weekly or 16 hours per month, using four simulation models.

  Supervision of surgical training with simulators was performed by a Cardiac Surgeon in constant observation of activities, changing the systematic training for more complex situations, and trying to assess logical reasoning and residents’ performance compared to different situations created at the time.

  The Alpha Center for Health Skills – EPM – UNIFESP was used so that the residents’ training could take place in a non-sterile simulated operating room environment. The workplace simulating an operating room had all the usual components. The surgery was performed in Arroyo’s simulators box type or dummy Unifesp model, which has an opening in the chest cage, with access to mobile cardiopulmonary structures. The training was videotaped, allowing for further analysis of the images in order to assess the applicant’s evolution as well as correct technique and systematic surgical procedures performance.

  Four simulation models were used to perform the coronary anastomosis technique:

  
    I - Arroyo simulator model;

    II - simulation model with dummy;

    III - simulation model with dummy and bovine heart;

    IV - simulation model with dummy and pulsatile pig heart.

  

  I - Arroyo simulator model

  The Arroyo simulator, developed by Heart Surgery trainees from Valladolid, Spain, was featured in the 40th Congress of the Brazilian Society of Cardiovascular Surgery, in Florianópolis in April 2013. Professor Paul Sergeant (Belgium) was responsible for the presentation of the simulator to guest surgeons and the orientation of the coronary anastomosis training. For the simulator training, the Arroyo - Ethicon box, silicone tubing, wire polypropylene (Prolene) 7-0, and Castroviejo needle holder were used (Figure 1).

  
    

    [image: Fig. 1 - Arroyo box Simulator]

  

  The training of Residents of the Cardiovascular Surgery Division, EPM – UNIFESP, started in May 2013, remaining active until December 2013. It was composed of 24 training sessions with the Arroyo simulator. Initially, ten residents participated in the activities, grouped in pairs with varying degrees of experience (Figure 2).
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  Working inside the Arroyo simulator box allowed residents to simulate in-depth anastomosis, using silicone tubes of approximately 5mm diameter. Three modalities of anastomoses were performed: end-to-side, end-to-end, and sequential, with polypropylene suture (Prolene) 7-0 (Figure 3).

  
    

    [image: Fig. 3 - Anastomoses confection]

  

  During the training, changes were introduced in the orientation of the table, using the horizontal, right and left side planes, simulating the approach of coronary arteries in different walls of the heart.

  The supervision was performed by the same Cardiac Surgeon, guiding the coronary anastomosis technique. The training time for each working section was 1 hour and 30 minutes to 2 hours.

  For the evaluation of residents’ performance, we used criteria already standardized and classified in 10 items (Table 1). A score of 1 to 5 points was used to rank each of these items, setting the following correspondence: Poor=1 to 2; Regular=3 to 4; Excellent=5.
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  The best-ranked residents were cast for training with a simulation model, for individual use without assistance, increasing the difficulty of the anastomosis and trying to preserve its technical quality (Figure 4).
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  In order to create real situations, closer to the surgical environment, a dummy with access to the chest cavity was introduced (Figure 5) and three simulators, UNIFESP’s models, were developed, as described below.
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  II - Simulation model with dummy and plastic heart

  Taking advantage of the dummy structure (chest cavity molds with viscera), a plastic heart was used in its anatomical position as a simulator. Silicone tubes were used, positioned and following the anatomical path of the anterior interventricular and right coronary arteries. Using polypropylene suture 7-0, an end-to-side anastomosis was performed (Figure 6).
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  The patency of the anastomosis test was carried out with saline or dye.

  III - Simulation model with dummy and stationary bovine heart Anatomical piece

  The anatomical piece (bovine heart) was obtained by cutting all the vessels, the aorta above the innominate artery, pulmonary artery after the fork, inferior vena cava below the diaphragm, superior vena cava, above the azygous vein and pulmonary veins and as far as possible, the right left atrium.

  Work inside the dummy

  The heart was removed from the freezer 12 hours before the starting time of practice for effective defrosting procedure. Sodium sulfite 2% solution was used as well as coloration to resume the anatomical part.

  To keep the heart in the anatomical position, we have developed an acrylic holder, which fits into the chest cavity of the dummy. It is fixed with four flexible rods and coated copper wires and connected at one end to a cylindrical metal connector. These four rods were fixed onto the vena cava, aorta and pulmonary artery of the heart, to keep it in anatomical position during the surgical training (Figure 7).
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  The heart set was positioned within the chest cage. The drapes covering the dummy and smaller drapes marked the operating area.

  Using coronary stabilizer (Medtronic®), the approach to the anterior interventricular coronary artery was performed. An azygous vein segment, obtained from the animal, was used to perform a vena-coronary anastomosis, with a single polypropylene 7-0 suture, and a vena-aortic proximal anastomosis, with a single polypropylene suture 6-0. The coronary artery was 3.0 mm in size, facilitating the procedure. For testing patency of the anastomosis water or dye was used (Figure 8).
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  IV - Simulation model with dummy and pulsatile pig heart

  In order to arouse interest of the residents and increase the complexity of the training, a simulation model with a dummy and pulsatile pig heart for coronary anastomosis training was designed to simulate a beating heart.

  A balloon catheter was introduced by the tip of the left ventricle of the pig heart and externalized by the left atrium. Then, it was connected to the console of an intra-aortic balloon pump (Datascope); and, finally, a softer simulating pulse was connected to monitor.

  The balloon expansion rhythmically moved the atria, ventricles and great vessels (Figure 9).
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  The pig heart was mounted on its support and it was placed within the chest of the dummy cavity; then, the intra-aortic balloon was initiated, keeping a 70-80 beats per minute pace, simulating the heartbeat and rhythmic movements of the pig heart.

  After positioning the coronary stabilizer, the residents proceeded with the approach maneuvers while the heart was still beating. Using azigos vein grafts, the vena-coronary anastomosis was performed with a single 7-0 polypropylene suture. Then, the patency test was conducted using aqueous or dye solution. Finally, the participants performed the vena-aortic proximal anastomosis under tangential clamping of the ascending aorta with a single 6-0 polypropylene suture.

  This simulation model increased the technical difficulties for the resident in training due to the more anatomical features of porcine coronary arteries with a caliber of 1.25 mm in diameter and the presence of pulse induced by the balloon (Figure 10).
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  RESULTS

  Ten Cardiac Surgery residents from EPM - UNIFESP were invited to attend the training. Due to the varying degrees of experience of the participants, three groups were formed to practice coronary anastomosis. The training was considered completed when the candidate reached 50 points or 90% of the score.

  
    -  Ten residents participated in the first four training sessions: Groups 1, 2, and 3.

    - Five residents attended the first eight training sessions: Groups 1 and 2. 

    - Three residents attended 24 training sessions: Group 1. 

    - Two residents took part in 36 training sessions: Group 1. 

  

  The average number of anastomoses performed by residents who participated in 36 sessions was 40 anastomoses each. The classification was based on two parameters: reviewed score in each class and time that it took each group to reach 50 points or 90% of the maximum score.

  Out of the ten cardiac surgery residents who were invited to attend the Training Program, only two first year residents completed 36 sessions between May 2013 and March 2014, performing 40 anastomoses each and using the four simulator models, reaching 50 points.

  The technical quality of the anastomoses improved with the evolution of the program and through the combination of simulators. There was mastery of technique, skill in handling the surgical instruments and anastomosis surgical performance. Throughout the training, the time taken to perform the anastomosis was shortened by half and the amount of issues in each anastomosis decreased significantly.

  The anastomoses were performed with a single 7-0 polypropylene suture and tested with aqueous or red dye solution; the number of additional stitches to contain the leak decreased as experience increased. The types of anastomoses were end-to-side and sequential.

  The two 1st year residents underwent continuous (without interruption), systematic (following the proposed methods) and sequential (attending to a schedule) training, showing a progression in their score, bringing it up to 50 points, set as the maximum score to be reached. The skills and ability in the surgical performance also improved significantly with practice. The learning curve for operating time and the number of events stabilized at about 30 anastomoses. As much as the residents kept training, they had the opportunity to try all simulator models, until they reached the highest score (Figure 11).

  
    

    [image: Fig.11 - Evolution of First]

  

  The evaluation of performance, skills, dexterity and reasoning ability compared to different difficulties created on purpose showed increasing improvement in the confection of coronary anastomoses.

  The use of the Arroyo simulator for 24 sessions facilitated the manipulation of the subsequent three UNIFESP simulation models, increasing participants’ expectations for several reasons: 1. It is closer to real-life situation as it uses a porcine beating heart; 2. The coronary arteries had diameters between 1.25 and 1.50 mm, similar to human coronary arteries; and 3. There was the possibility of performing the procedure with the heart beating and testing the use of a coronary stabilizer, simulating myocardial revascularization without cardiopulmonary bypass (off-pump coronary artery bypass grafting – OPCABG).

  The use of a pig heart in the simulation of coronary anastomosis surgery allowed for the expansion of this training to other simulation techniques, with an approach to intracardiac structures with or without a heartbeat (Chart 1).
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  DISCUSSION

  Cardiovascular surgery has greater difficulty in adopting new surgical techniques compared to other medical and nonmedical areas. The first generation of cardiac surgeons were brave pioneers, struggling with increasingly complex heart disease and rewarded with the success of their techniques and procedures. Subsequent generations transformed these observations into repeatable processes by establishing routines while enjoying the use of imagination and creativity to develop new techniques or modify already established ones, which contributed to the development of the current cardiovascular surgery, benefiting patients of all ages.

  Cardiac surgery has made considerable progress over the last 50 years. However, effective processes that provide active learning and disseminate these advances are missing.

  The advances in medical and other instrumental techniques have revolutionized the diagnosis and treatment of heart disease. At the same time, patients have become aware of their own illness, through media and educational methods, and learned how to look after their health.

  The competence of the educational system database, now recognized as the most popular, is achieved in the laboratory with the use of simulators. Similar to simulators in the aircraft industry, this concept has become increasingly popular in medical education worldwide.

  Excellence Medical Centers have shown significant progress in teaching and learning with simulators, which are increasingly sophisticated. Developing countries such as India enhance training centers with low operating costs, using simple, inexpensive simulators, but with great efficiency.

  The technique requires good psychomotor skills development, through regular practice and accompanied by expert suggestions. For each learning situation, different skill components are defined.

  The evolution of training methods in surgical technique has caused changes in the traditional curriculum, in which the resident used to learn the surgical technique in the operating room in a stressful atmosphere.

  Practical methods to teach more complex surgical techniques were presented to students in the 5th year of Medical School at EPM - UNIFESP, in 1991-1992, facilitating the understanding of surgical correction of heart defects in discussion and awakening the interest of students. This material, prepared in the Operative Technique Course at the Institution, allowed the scientific documentation of techniques such as posterior enlargement of the aortic annulus (Manouguian operation), anterior enlargement of the aortic annulus (Konno operation), remodeling of the right ventricular outflow tract, among others.

  The success of this educational model encouraged the professors of our Cardiovascular Surgery Division to increase the demand for virtual medicine model, with simulators, approaching the real-life situations in the operating environment.

  On July 23, 1993, this new methodology for teaching and testing surgical techniques in cardiac surgery was presented to the Brazilian Society of Cardiovascular Surgery at the XI Unicor International Symposium, in São Paulo, where six surgical procedures were performed by professors from Unifesp, surgeons and guests, in the following order: Senning operation (Dr. Miguel Maluf), enlargement of the aortic annulus (Dr. Luiz Carlos Bento de Souza), unsupported mitral valve implantation (Dr. Bayard Gontijo), Atrial fibrillation (Dr. Marcelo Jatene), mitral valve repair (Dr. Francisco Gregori), and cardiac transplantation (Dr. João Nelson Rodrigues Branco)[8].

  The successful outcome of this Cardiac Surgery Laboratory made it possible to replicate this experience in other National Events, namely: the 3rd Congress of the Society of Cardiovascular Surgery of São Paulo (SCICVESP) - São José do Rio Preto - 1993[9] and the 21st Congress of Cardiac Surgery (BSCVS) - Porto Alegre

  -1994[10]. The results of this experiment program led to Prof. José Carlos de Andrade’s[11] thesis defense. It was also cause for a presentation at an International Congress, The Second World Congress of Pediatric Cardiology and Cardiac Surgery, in Honolulu, Hawaii, 1997[12].

  The Brazilian Society of Cardiovascular Surgery (BSCVS) adopted this training model in their last six national congresses, under the name of Hands On, where new specific simulators used for each module as well as ours had been developed by an author for the same purpose as that of our study and used by 408 surgeons[13].

  At the time, the scientific documentation through recording tapes allowed the organization of a file of surgical procedures available in our institution, with free access to interested parties to review the technical details of the procedures performed and teach at undergraduate and graduate levels.

  After 24 training sessions with the Arroyo simulator, there was considerable progress in manual skills and dexterity of surgical residents. Among the advantages of the simulator, there were ease of transport and the possibility of individual training in any working environment.

  The increased complexity of surgical technique training, now with vascular structures of smaller calibers (1.25 to 1.50 mm), and the ability to work in more real-like tissues led us to train with two new simulator models: Bovine and porcine heart.

  The adaptation to new models and simulators was facilitated by the continuous, systematic and sequential training conducted with the Arroyo simulator.

  Coronary artery bypass surgery without the aid of cardiopulmonary bypass with a beating heart resurfaced with the introduction of minimally invasive techniques and new stabilizers. For this reason, it was important to develop a method for forming surgeons who perform accurate anastomoses, despite the rhythmic motion of the heart, and to develop technical skills in order to get consistent results in this very demanding field of cardiovascular surgery.

  Encouraged by the experience of other authors[14-19] with the use of simulators keeping desktop pulsing to mimic the “off pump” surgery, we built a pulsatile simulator at the Alpha Center for Health Skills in order to train coronary anastomosis surgery as well as other intra- and extra-cardiac techniques that compromise the right side of the heart structures while keeping a rhythmic heartbeat.

  The training in this type of mobile simulator did not present great difficulties for the 1st year residents in training, who are used to practicing with the Arroyo simulator and two previous UNIFESP models.

  The progression of skills in training residents at this time evolved into simulation techniques to correct heart defects on the right side of the heart using the pulsatile model and on the left side of the heart with a stationary heart.

  With these simulation models, we can demonstrate the feasibility of setting up a program based on the simulation of complex surgical procedures in a systematic way. The complexity of each level was determined by the objectives of a predefined training checklist and evaluation. In addition, it was developed and validated as specific content of assessment tools for each simulation scenario.

  “In the future, the health system will likely follow the example of civil aviation, military and nuclear power plants, making training based on rigorous simulation and evaluation as part of routine education and medical practice”[20].

  The Leuven Training Center (Belgium) has effectively employed a multimodal simulation approach, incorporating virtual learning since 2000. This center has trained 950 surgeons and anesthesiologists from 61 countries[21].

  Finally, training activities, and specifically the Surgical Division, should be valued and rewarded. Surgeons’ training is supposed to encourage academic promotion and leadership positions. Few academic institutions use this criterion, even though their main mission is the education of future professionals.

  It is time to invest in our profession, emphasizing the science of learning and establishing the extensive use of safe and effective learning tools in combination with systematic supervision, essential for the future of Cardiovascular Surgery.

   

  CONCLUSION

  The residents’ training in Cardiovascular Surgery (CVS) must not be occasional, but a continuous, systematic and sequential process to achieve the desired results.

  The four prototype simulators used for CVS Residents’ training have been developed at low cost and have increasingly higher fidelity in simulating real-life situations.

  Residents in training have shown interest, commitment and engagement in scheduled activities, with increasing improvement in skills, creativity and logical thinking, which are very important for the development of surgical techniques and innovative procedures.

  This training was incorporated into the Medical Residency Program of Cardiovascular Surgery at EPM - UNIFESP and may be useful in the preparation of candidates to become Specialists.

  We believe that all institutions that have a medical residency program should have mandatory training of their residents, considering the need for an initial investment and low maintenance cost.
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    ABSTRACT

    OBJECTIVE: This study aims to present an updated clinical picture of the infected cardiac myxoma. Revankar & Clark made a systematic review of infected cardiac myxoma based on the literature before 1998. Since then, there has not been any updated information describing its recent changing trends.

    METHODS: A comprehensive literature search of infected cardiac myxoma was conducted on MEDLINE, Highwire Press and Google between 1998 and 2014.

    RESULTS: In comparison with Revankar & Clark’s series, the present series disclosed a significantly decreased overall mortality. It is believed that refinement of the prompt diagnosis and timely management (use of sensitive antibiotics and surgical resection of the infected myxoma) have resulted in better outcomes of such patients.

    CONCLUSION: The present series of infected cardiac myxoma illustrated some aggravated clinical manifestations (relative more occasions of high-grade fever, multiple embolic events and the presence of refractory microorganisms), which should draw enough attention to careful diagnosis and treatment. In general, the prognosis of infected cardiac myxoma is relatively benign and the long-term survival is always promising.

    Keywords: Embolism. Infection. Myxoma.

  

   

   

  INTRODUCTION

  Cardiac myxomas are rare. The classical clinical manifestations of cardiac myxomas can be a triad with constitutional, obstructive and embolic symptoms[1]. The infected cardiac myxoma is a very rare condition with only sporadic cases reported in the literature. In 1998, Revankar & Clark[2] presented a complete literature collection of infected cardiac myxoma with a total of 40 cases, with detailed descriptions of the clinical features of this rare condition. They found no clear distinction between infected and uninfected cardiac myxomas, however, the infected myxomas are associated with more febrile symptoms and a higher risk of embolic events. In order to highlight the recent trends of infected cardiac myxoma, an updated review is made based on a renewed literature collection.

   

  METHODS

  A comprehensive literature search was conducted on MEDLINE, Highwire Press and Google between 1998 and 2014. The search terms included “myxoma”, “heart”, “heart valve”, “endocarditis”, “infected”, “bacteremia”, “blood culture” and “sepsis”. Data were extracted from the text, figures and tables, with details of the study population, demographics, onset symptom, duration of disease, risk factor, complication, microorganism, antibiotic use and surgical treatment, timing of surgical operation, follow-up duration and main outcomes including survival, postoperative complication, requirement of further surgical procedure and mortality.

  Reference values of white blood cell count, hemoglobin, erythrocyte sedimentation rate and C-reaction protein were 4.0-10.0×109/L, >12 g/dL (>11 g/dL for females), <20 mm/h and 0-1 mg/dL, respectively.

  Quantitative data were presented as mean±standard deviation with range and median values, and intergroup differences were compared using the unpaired t test. Frequencies were compared using Fisher’s exact test. Results with P<0.05 were considered statistically significant.

  Patients' information

  A total of 39 reports[3-41] in terms of infected cardiac myxoma were collected and these involved 39 patients. Their information was listed in Table 1. According to the diagnostic criteria of infected cardiac myxoma, 34 (87.2%) were definite[3-36], 4 (10.3%) were probable[37-40] and 1 (2.6%) was possible[41], with a compatible distribution of the three-level infected cardiac myxomas reported by Revankar & Clark[2]. The locations of the infected cardiac myxomas were left atrium 27 (69.2%), right atrium 5 (12.8%), mitral valve 5 (12.8%), right ventricle 1 (2.6%) and unstated 1 (2.6%), also similar to the percentages of the locations reported by Revankar & Clark[2]. The only difference was a lack of biatrial myxomas in the present series but with multiple left atrial myxomas instead. There were 23 (62.2%) males and 14 (37.8%) females (x2=4.4, P=0.062) with a male-to-female ratio of 1.64, while gender of 2 patients was not given. Their ages were 49.2±15.7 (range, 12-74; median, 52) years (n=37). No age difference was found between male and female patients (50.7±11.4 years vs. 46.9±21.3 years, P=0.4786).
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  Risk factors

  Recent dental procedures, recent infections, previous invasive procedures and immunocompromised conditions were the risk factors that led to a cardiac myxoma infected. No predominance was noted between the above risk factors. No significant difference was found in each risk factor between the present series and the series of Revankar & Clark[2] (Table 2).
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  Clinical features

  The onset symptoms and signs of the 37 patients (2 patients’ symptoms were not reported) with infected cardiac myxoma were listed in Table 3. Fever was the most common symptom accounting for 97.3% of all cases. The fever nature was persistent in 2 (5.6%), recurrent in 1 (2.8%), intermittent in 1 (2.8%) and with a fever of unknown origin in 3 (8.3%) patients. In general, constitutional symptoms were more frequent than obstructive or neurological symptoms. The duration of symptoms before admission was 1.6±1.7 (range, 0.1-6; median, 1) months (n=21).
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  Laboratory findings showed that leukocyte count was 10.4±1.3 (range, 9-13.7; median, 10.8) g/dL (n=14). Erythrocyte elevated in 20 patients (76.9%) and normal in 6 (23.1%) patients sedimentation rate and C-reactive protein were elevated in all (x2=15.1, P=0.000) with a quantitative result of 15.7±7.3 (range, studied cases: erythrocyte sedimentation rate was 83.3±28.4 4.9-33.6; median, 15.2) ×109/L (n=26). Hemoglobin was reduced (range, 37-124; median, 83) mm/h (n=15) and C-reaction protein indicating a mild anemia in 13 (92.9%) patients and normal in was 15.8±10.5 (range, 3-39.9; median, 13.2) mg/dL (n=17). 1 (7.1%) patient (x2=20.6, P=0.000) with a quantitative result of Microscopic hematuria was present in 2 (5.4%) patients.

  Microorganisms

  All 39 patients had microbiological evidence confirmed by one or more investigations including blood culture, culture of resected myxoma, histopathological inspection for bacteria or confirmation by polymerase chain reaction. Blood culture for microbiological isolation was positive in 37, negative in 1 and unstated in 1. Cultures of resected myxoma tissues were done in 15 patients: 9 (60%) were positive and 6 (40%) were negative. Histopathological studies of the resected myxomas were performed in 30 patients. They were histopathologically inspected for bacteria in 14 patients: 13 (92.9%) were positive and 1 (7.1%) was negative. The 41 bacteria of 39 patients were summarized in Table 4.
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  Histopathology showed inflammatory cell infiltrate in 11 (36.7%), necrosis in 4 (13.3%) and micro-/focal abscesses in 2 (6.7%) patients, respectively.

  Complications

  There were 12 patients in whom complications developed. Of these, embolic events in 10 (8 were multiple sites or multiple organs), sepsis in 4 (one was septic shock), disseminated intravascular coagulation in 3 and lung abscess in 1. The embolic events were shown in Table 5. In comparison, 18 patients of Revankar & Clark’s[2] series developed embolic events and only one of them were multisites (80% (8/10) vs. 5.6% (1/18), x2=16.3, P=0.000).
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  Treatment

  Thirty-eight of 39 patients received a surgical treatment of infected cardiac myxoma and the reason that only patient did not undergo any surgical procedure was due to rapid deterioration leading to death. Of the 38 surgical operations, 30 were isolated cardiac myxoma resections, 5 were cardiac myxoma resection with concurrent cardiac surgical procedures (mitral valve replacement in 2, and mitral valve replacement +  coronary artery bypass grafting, mitral valve replacement +  embolectomy of the left anterior descending coronary artery + coronary artery bypass grafting, and pulmonary valve replacement in 1 patient each) and 3 with staged peripheral operations (3rd toe of right foot amputation & right femoropoplitereal bypass; right common iliac artery thrombectomy and embolectomy of the left common and external iliac and right deep femoral arteries in 1 patient each). 

  The timing for surgical operation was reported in 26 patients, 4 of them were operated on an urgent basis and 22 had a delay of 18±13.5 (range, 3-42; median, 14) days (n=21) after admission for the purpose of sufficient preoperative antibiotic treatment and stabilization of patients’ conditions. Preoperative antibiotic treatment was described in 26 patients. The frequently used antibiotics included vancomycin (7 patients), penicillin (4 patients) and ampicillin (3 patients). Sometimes, they were used along with gentamicin (80 mg every 8 h). Other antibiotics were imipenem, meropenem, peperacillin, trimethoprim/ sulfamethoxazole, oxicillin, ampicillin, nafcillin, teicoplanin, azitromicine, ceftriaxone, clindamycin and amoxicillin–clavulanic acid.

  The duration of preoperative antibiotic use was 22.3±13.4 (range, 7-42; median, 18) days (n=12). Postoperative antibiotic regimens included vancomycin (500 mg every 6 h), ceftazidime (2 g every 8 h) and netilmicin (150 mg every 12 h) followed by cefepime (1 g every 12 h) plus teicoplanin (400 mg daily), nafcillin (2 g intravenously every 6 h) and gentamicin and antifungal drugs with a therapeutic course of 31.2±5.1 (range, 27-42; median, 28) days (n=9).

  Outcomes

  During a follow-up period of 11.1±14.5 (0.1-58; median, 8.5) months (n=16), 37 (92.6%) patients survived and 2 (7.4%) died. Of the 37 survived patients, 35 (94.6%) were event-free and 2 (5.4%) were complicated with ruptured saccular abdominal aortic aneurysm with renal infarct and septic emboli requiring aortoiliac bypass in one patient, and increased cerebral hematoma requiring craniotomy in another. One patient died of rupture of a right lung abscess 3 weeks after admission and the other died of disseminated intravascular coagulation on postoperative day 10. The overall mortality was 5.1% and the operative mortality was 2.6%, with a significantly reduced overall mortality in comparison with that of the patient series of Revankar & Clark (overall mortality: 5.1% vs. 21%, x2=4.0, P=0.047; operative mortality: 3% vs. 2.6%, x2=1.4, P=0.239). The overall survival rate was 92.6% (Figure 1). The survival rates of the surgical and non-surgical patients were 96.2% and 0%, respectively (Figure 2).
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  DISCUSSION

  In 1998, Revankar & Clark[2] defined infected cardiac myxoma in three levels based on clinical and pathological findings of the myxoma:

  Definite infected cardiac myxoma

  
    1. Documented myxoma by pathology and

    2a. Microorganisms seen on pathology or

    2b. Positive blood cultures and inflammation on pathology.

  

  Probable infected cardiac myxoma

  
    1. Documented myxoma by pathology and

    2. Positive blood cultures or inflammation on pathology. Possible infected cardiac myxoma

  

  1. Characteristic appearance by transthoracic or transesophageal echocardiography and

  
    2. Positive blood cultures.

  

  Using these criteria, the three-level infected cardiac myxoma accounted for 85%, 12.5% and 2.5% respectively as reported by Revankar & Clark[2], and 87.2%, 10.3% and 2.6% in the present series.

  The diagnosis of infected cardiac myxoma can be a challenge. The time interval from symptom onset to establishment of the diagnosis varied from 0 to 126 (median, 4) months[40].Pathogens can be evidenced by blood culture, culture or staining of resected myxoma, and occasionally confirmation by polymerase chain reaction is helpful. The transthoracic or transesophageal echocardiography is a reliable means for the detection of a cardiac myxoma. Only in patients with rapid deterioration leading to sudden death was the diagnosis of a cardiac myxoma established by autopsy.

  Comparisons between the two series revealed that the present series were characterized by few occasions of moderate-grade fever (while more occasions of high-grade fever in spite of lack of a statistical significance) and abnormal heart sound, but more uncommon microorganisms and more severe complications -- multiple embolic events. Other clinical features of the two patient series did not differ from each other. The somehow aggravated situations may contribute to the presence of refractory microorganisms, such as Gram-negative bacteria, fungus and actinomyce.

  In comparison with Revankar & Clark’s[2] series, the present series disclosed a significantly decreased overall mortality. It is believed that refinement of the prompt diagnosis and timely management (use of sensitive antibiotics and surgical resection of the infected myxoma) have resulted in better outcomes of such patients.

   

  CONCLUSION

  In conclusion, the present series of infected cardiac myxoma illustrated somehow aggravated clinical manifestations (relative more occasions of high-grade fever, multiple embolic events and the presence of refractory microorganisms), which should draw sufficient attention to be careful in the diagnosis and treatment. In general, the prognosis of infected cardiac myxoma is relative benign and now the long term survival is always promising.
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    ABSTRACT

    OBJECTIVE: In 1996, the Brazilian cardiovascular surgeon, Dr. Randas Batista, introduced a surgical technique called partial left ventriculectomy, where he admitted the possibility of reducing the diameter of the left ventricle through the sectioning of one section of its wall. After the publication of this study, thousands of case reports and procedure analysis have been published, and due to several disappointing results, many doctors and institutions failed to execute it. As the main objective of this study, stands out the search for success cases of ventriculectomy in the last 12 years and if during this period it was achieved some significant development in this procedure that allows obtaining lower mortality rate postoperatively.

    METHODS: Systematic review of indexed scientific literature over the past 12 years and the term “Partial Left Ventriculectomy”.

    RESULTS: There has been a considerable number of reported successful cases and highly significant findings in regard to determining the most suitable region for the section, proper selection of the patients indicated to the procedure, including the influence of the coronary artery anatomy in the nomination procedure and the need for preservation of ventricular geometry to ensure better quality of ventricular contractions after the sectioning.

    CONCLUSION: This surgical procedure has been successfully performed, mainly in Japan, improvements in its efficiency were found and the need for a mathematical modeling of the slice to be severed is a prominent factor in many studies.

    Keywords: Cardiomyopathy, Dilated. Cardiovascular Diseases. Hypertrophy, Left Ventricular.

  

   

   

  INTRODUCTION

  Heart problems are responsible for about a third of deaths in the world, so the more we study and understand the structure and functioning of the heart, the greater the chances of obtaining and analyzing new techniques for treatment and prevention of heart disease.

  Among these diseases, there is the Dilated Cardiomyopathy (DCM), which is a heart muscle disease characterized mainly by left ventricular (LV) dilatation and systolic dysfunction[1,2]. Thus, the ventricles are unable to pump enough blood volume to meet the metabolic needs of the body, leading to heart failure (HF).

  Batista et al.[3] present the development of a technique called Partial Left Ventriculectomy (PLV), also known as Batista’s surgery, changing the way they considered cardiac interventions when admitted the possibility of reducing the diameter of the left ventricle through the section of a slice of its wall. The procedure is based on the knowledge that in DCM occurs the increasing in LV diameter, but it does not occur sufficient increase in muscle mass, and therefore, a possible damage repair would be the reduction in ventricle diameter to a value close to what was prior to the injury. The operation is based physical and mathematically by one of the forms of Laplace’s Law (EQ. 1).

  [image: Formula]

  Where P is the intracavity pressure, T is the tension on the ventricular wall, R is the ventricle radius, k is a constant, consisting originally in the section of a muscle slice of the LV lateral wall (generally ellipse shape), starting at the end of it, extending between the papillary muscles and ending close to the mitral ring. The idea is that with the removal of the cardiac muscle slice, a reduction in ventricular diameter can occur, causing the heart to return to being an efficient pump with characteristics similar to that it had before the worsening of the disease.

  Once it is a very invasive procedure, the technique is designed to patients in advanced stages of DCM. After Batista’s study, thousands of case reports and analyzes of the procedure were published, however, due to several disappointing results, many doctors and institutions ceased to execute it. These bad results show mortality rates ranging from 25% to 80% and a relation with many of these works can be obtained in Lunkenheimer et al.[4].

  As the main objective of this study stands out the search for success stories of ventriculectomy in the last 12 years and if during this period it was achieved some significant development in this procedure that allows obtaining lower mortality rate postoperatively.

   

  METHODS

  This is a study of systematic review of literature, developed with indexed scientific production and it has been performed through search in the periodical portal of CAPES.

  The search has been made in order to obtain articles with the descriptor “Partial Left Ventriculectomy” anywhere in the text, which have been published in any language and in the last 12 years. In addition, the option to display only peer-reviewed articles was selected.

  After gathering and obtaining all the studies presented in the survey, an analysis based on abstracts was performed, as well as discussions and conclusions of all of them, in order to consider only items that could help in achieving the real goals of this study. In other words, papers involving reports of PLV success and those involving specific studies or reports to identify ways to improve the effectiveness of this surgical procedure.

   

  RESULTS AND DISCUSSION

  The performed search had collected 206 articles distributed in 22 professional periodicals, allocated in databases: Scopus, MEDLINE, ScienceDirect, OneFile, Web of Science, Scielo and PubMed databases. Moreover, some of them were duplicated, once they appear in more than one database and many had no relation to the stated objectives for this study. Thus, after analysis and rigorous selection, 43 articles were obtained with the desired profiles. The nationalities of the institutions of the authors are reported in Table 1.
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  It can be seen the clear predominance of Japan as a leader in publications of work relating to success case studies and developments in the PLV, with 46.5% of the 43 analyzed studies, followed by Germany with 20.9%. From what it can be seen, the Japanese dominance in these studies may have intimate relation with the legal difficulty, because in Japan the organ donation is forbidden for children under 15 years[5]. In addition, religious issues also influence the decision making for transplants[6].

  The individual participation of Brazil is small, but if added the number of studies published with co-participation of researchers and/or national institutions, there is a total of 8 articles, which represents 18.6% of the analyzed studies, indicating a good Brazilian contribution in this area, including many works with the participation of Dr. Randas himself.

  Case reports

  Some success cases have been described over the past 12 years. One of them was the case report of three Japanese children aged between 8 months and 3 years and a half, all with DCM. They had undergone PLV and repair of the mitral valve (RMV) at the Yamanashi Medical University hospital from May 1998 to April 2000[5]. The procedure that was performed in the first child was urgently done and after 3 months her condition got worse and she had to be transferred to the US for transplantation, since in Japan organ donation for children under the age of 15 years is not allowed.

  The other two children responded well to the procedure and factors such as fractional shortening (FS) and ejection fraction (EF) improved significantly, allowing great improvement in life quality. During a couple of years of postoperative follow-up, all patients presented good recovery.

  The authors point out that the area to be sectioned in adults may vary according to the most damaged myocardial region, found by preoperative evaluation. However, this region is narrower in children, once the mitral valve replacement and the papillary muscles translocation are not recommended, thus restricting the section of the heart section to the inter-papillary region. Therefore, this observation may define the best way to select a patient who is a PLV candidate, by choosing the most damaged myocardium region. In addition, only the child who was urgently submitted to procedure has not achieved good results after the surgery, indicating that important factors to the surgery success may not have been analyzed, once the cardiovascular surgery has as its foundation operate, whenever possible, on an elective basis, in order to the larger set of data on the patient can be analyzed and the best decision taken, thereby maximizing the probability of success in the proceedings.

  Another interesting study that indicates positive results after completion of the PLV, as the one presented by Sugiyama et al.[5] is the study performed by Coelho de Souza et al.[7]. In his study, only one child diagnosed with idiopathic DCM has been undergoing the procedure and monitored for 70 months. This child was the same age range reported in[5] 2 years and a half, and in functional class III/V as the cases analyzed by Batista et al.[3,8,9]. After the procedure both EF and the patient’s FS of the LV improved significantly, reaching values of 63% and 28%, respectively, 24 months after the PLV. By the fifth year of follow-up these favorable results regressed a little. However, during this entire period the patient was classified in NYHA class I.

  Souza et al.[7], in line with Sugiyama et al.[5] believe the procedure should be considered for treatment, especially because it also works as a bridge to transplantation. It also improves significantly the child’s life quality over a long period, including greater tolerance to physical activity. Still in agreement, both studies emphasize the importance to develop means to define protocols for each patient, in order to reduce the risks of intraoperative and postoperative complications.

  Yamagishi et al.[10] and Westaby et al.[11] present separately a female child case, one is 3 years old and the other is only 5 months old, both with ischemic DCM caused by anomalous origin of the left coronary artery of pulmonary artery, submitted to PLV. In both cases, and in agreement with the results of Souza et al.[7] study, after performing the procedure, the kids have already presented very significant improvements in LV function, sharp reduction in the cavity volume and great improvement in FS. However, only Westaby et al.[11] performed monitoring, and it is reported that in the last assessment the child was already 10 years old, in NYHA class I, played sports and had normal mental and physical development, showing great results at long term.

  More encouraging results have been obtained by Horii et al.[12] and Suma et al.[13-15], which unlike Sugiyama et al.[5], Souza et al.[7] and Yamagishi et al.[10], analyzed the results of PLV completion in much larger samples, 70, 96, 107 and 36 patients, respectively, with global aged between 14 and 76 years, all in functional class III or IV by NYHA, and 83% of these also underwent mitral valve reimplantation. The determination of the region to be sectioned was made based on intraoperative echocardiography, by choosing the area which wall was thinner and akinetic. The results obtained by Horii et al.[12] are very similar to those obtained by Suma et al.[13-15], and all corroborate with Sugiyama et al.[5] when they conclude, as it was expected, that the best results were obtained for the procedures performed on an elective basis, whose hospital mortality rates were between 7% and 13.8%, against high rates to those performed on an emergency basis, ranging from 57% to 60.9%. Moreover, the results obtained by Horri et al.[12] for survival rates during the first year, 75.5%, are relatively better than those obtained by Suma et al.[13-15], whose respective rates were 66.4, 66.9 and 67.5%. Besides that, in all studies, good survival rates for subsequent years were presented and 50.2% obtained by Suma et al.[14], the highest 7-year survival rate in these articles. In all these studies, the patients remained in functional class I and II, with increased EF and LV dimensions reduced throughout the follow-up period that lasted seven years in maximum[12-15]. 

  In Kawaguchi et al.[16] study, 65 patients underwent LPV, and among them, 24 also underwent RMV. As a result, 83% of the patients (54 patients) have been discharged from hospital and had significant improvements in ventricular dimensions, contractile function, EF and circumferential shortening. Only 37% of them (24 patients) have been monitored during a period of 170±115 days. During this time, significant improvements have remained in all patients.

  Giuffrida et al.[17], Soo et al.[18] and Shin et al.[19] reported very interesting cases of major successes in monitoring only one patient in each one of the articles, after the completion of LPV. In the first study a 60-year-old man with DCM and HF of functional class III have been monitored during 40 months and showed considerable progress in EF, which passed from 15% to 30% and he went up to class II, greatly improving his life quality. On the other hand, Soo et al.[18] present the 8-year monitoring of a 65 year-old man with class HF III, submitted to LPV and RMV. There was an overall improvement in ventricular function which remained throughout the follow-up period, leading the HF to be reclassified to Class I and causing the patient to have an amazing ability to exercises.

  In line with the results obtained by Soo et al.[18], Shin et al.[19] present a unique monitoring case of a patient undergoing PLV for 13 years (first PLV held in Korea) and performing 3d echocardiography to evaluate the state of the cardiac muscle, its dimensions, volume and EF. The results placed the HF patient in functional class II and demonstrated that the procedure benefits have been the same during the monitoring.

  Besides the use of PLV to reduce the tension on the left ventricle wall in patients with DCM, Bossert et al.[20] have described another application of this procedure. In this study, it is reported the use of this technique for the removal of a cardiac fibroma in the free wall of the LV of a child of only eight months. During a 48-month follow-up it has not been observed any recurrence of the tumor and the proper LV functioning was confirmed.

  Schäfers et al.[21] and Wilhelm et al.[22] present the results of a 100% successful experiment in performing the PLV with reimplantation of the mitral valve in a group of 12 patients. After all the procedures, they already had significant signs of increase in EF and decrease in LV dimensions. However, 2 patients died within a year of completing the procedure. However, the other 10 patients maintained the good results of the procedures after a year, and the survival rate during this period was then 83.3%. The PLV indication for these patients was carefully made, where the nominees were chosen based on NYHA functional class (>III), cardiac index (<2.5 liters/min/m2), maximum consumption of O2 (<14 ml/kg/min), LV final diastolic diameter (>7) and mitral insufficiency (>2).

  The PLV has been also successfully tested in dogs, as it can be seen in the study by Christiansen et al.[23], Christiansen & Gruber[24] and Martins et al.[25]. The first two studies reported an experiment where DCM was induced in a group of 6 dogs with the use of adriamycin intracoronary following a protocol pre-defined by the researchers. All the dogs were submitted to PLV. The mortality rate was 25% during a 13-week follow-up, where EF and ventricular dimensions had their values improved.

  In these studies, until they reach the protocol that led them to a 25% mortality rate, it was reported that in a previous group of dogs where DCM had been induced, there was a 100% of mortality after the PLV. It occurred because the dogs had grand marginal arteries, increasing the probability of myocardial infarction, due to the need for ligation in case of PLV. Therefore, they got to a very important conclusion, once it was observed that the arteries anatomy is an important factor for the PLV success.

  In Martins et al.[25] a group of four dogs underwent PLV and the other, also composed by 4 dogs underwent partial right ventriculectomy (PRV), all the animals were not carriers of DCM and they were all examined and studied during the pre-, intra- and postoperatively periods, during 1, 7, 14, 21, 30 and 60 days after surgery, with 100% survival in this period. Due to the excellent obtained results, both studies indicate the procedure as an evolution form to the DCM treatment searches.

  In a study on the LPV results in elderly patients, Shimura et al.[26] indicate that they can also receive benefits with this procedure, because the analyzes present results similar to those obtained for younger people, with 57% of hospital survival of the elderly (over 65 years) against 62% of the younger ones.

  In 2005 a study about the morphological effect in 15 patients surviving to PLV was performed a year after its completion, and it was verified that in addition to the significant reduction in the functional classes these patients presented, there were also favorable effects on myocardial structure, especially in the ventricular diameter and in the tissue quality[27].

  More recently, two studies were published and they reported success in the PLV performing. At first, Yoda et al.[28] describe the case of a patient with DCM that has been subjected to various procedures, including PLV. The 29-year-old man, who was in functional class IV (NYHA) presented significant improvements in the LV function after the procedures had been performed and it took him not much time to go back to normal life (Class I), and these circumstances were kept for throughout the period of one year of monitoring. In the second report, González López et al.[29] present a case similar to those described by Yamagishi et al.[10] and Westaby et al.[11], where a four-month baby with anomalous origin of the left coronary artery of the pulmonary artery and who developed severe heart failure with EF<20%, was submitted to PLV. After the procedure it was obtained EF=55% and reduced to NYHA class I, and these values remained during the period of one year follow-up.

  The vast majority of the successful study described herein have in common an important stage which we believe is crucial to the success of the LPV[5,10-15,18,20,21,25,28,29]. This stage consists in assessing the best area to be sectioned in the lateral wall of the LV by intraoperative echocardiography (besides, of course, careful visual assessment of myocardial conditions after the heart exposure). In this evaluation, as well as performed in Horii et al.[12] and Suma et al.[13-15], the area to be sectioned in the free wall of the LV, generally was that thinner and akinetic one, since this region does not contribute to the proper functioning of this cavity. Some of the studies did not perform this stage, or at least did not report it[7,16,17,19,22,23,26]. In case some of them have not done this assessment, it may be that the sections have been made in kinetic regions, still leaving akinetic regions in the LV wall. In other words, the active parts may have been sectioned and the inactive parts of the ventricles sidewalls may have been left apart. This stage, though the results have been good in all of them, perhaps could assist in obtaining even better results. In addition, it is also unanimous the need for careful selection of patients to be submitted to PLV, which is also corroborated by other studies[4,30-35]. However, it is not observed a standard protocol selection for candidates to this procedure, indicating that developments in this area and discussions on this protocol must be made.

  Case reports and possible procedure innovations

  Several articles published by leading researchers worldwide have some good ways to improve the PLV efficiency.

  Koyama et al.[36] present an innovative study, demonstrating that the LV apex plays a key role in optimizing its functioning. This information was the basis for their experiment on dogs, where two groups, each one composed by six dogs had induced DCM and underwent PLV, and one of the groups had a section made until the apex, which was preserved in the other group. The results of the group where the apex had been preserved were much better. This result allowed new insight into the way of sectioning the heart section in the LV wall, indicating that the apex preservation could improve the results of the PLV. Subsequent studies stressed the importance of this result and confirm their veracity[37-40].

  In addition, Matsui et al.[38] also mention the importance of preserving the original ventricular geometry so that its functions can be fully accomplished. Therefore, it is necessary that the section made on its wall allows its permanency on elliptical shape. The importance of preservation or restoration of the original LV geometry is not highlighted only in studies related to PLV, as seen in the studies by Braile et al.[41], Jatene et al.[42], Braile et al.[43] and Ferreira Filho[44].

  Important notes on improvement possibilities in the PLV can be analyzed in Lunkenheimer et al.[45], which among other successful researchers, there is also Dr. Randas Batista as a member. In this study, the authors stress that until the moment of its fulfilling, the size, shape and location of the section to be sectioned was the surgeon’s decision to make, and once the procedure had been performed, it was impossible to avoid future problems, once removal would have been already made. It also describes that when making an exaggerated section in the LV, the RV function may also be impaired.

  The authors also present an experiment report conducted in pigs with a realization protocol of the PLV, in which they obtained good results. However, this study was published almost simultaneously with the study by Koyama et al.[36] and maybe that is the reason why it does not incorporate the need to preserve the apex.

  The LV region location where the section should be done may be performed in most of the cases by the volume reduction test based on echocardiography, as already observed in the previous section, which is already a major breakthrough that allowed the best results to the procedure. The format of the section to be sectioned is generally elliptical, but in some cases it has already been performed hourglass shaped sections[46].

  However, in spite of considering the original geometry of the LV is best preserved when the section is elliptical, no works were found on studies reporting the influence of the sections formats in the procedure’s efficiency and that assist in the maintenance of the LV geometry.

  Other studies also report that one of the facts that contribute to the failure of the PLV realization is the myocardial extended section, in other words, the withdrawal of a larger section of what it should be[16,47-50]. Kawaguchi et al.[48] report that the ideal is that the section is the minimum size required, while in Westaby[49] it is emphasized that, until the completion of their work, there were no ways to determine the optimal amount to be sectioned from the LV wall, allowing the removal of exaggerated sections, impairing the ventricular function. On the other hand, Kawaguchi et al.[16] reported that a very long incision may generate ventricular constriction, because the ventricular cavity reduction will be bigger than necessary, making the heart vulnerable to ventricular fibrillation or sudden death.

  Aiming to obtain a method of determining the size of the section to be sectioned, and therefore allowing that the problems related to myocardial extended section may be avoided, a research group of the Post-Graduation in Mechanical Engineering/Bioengineering at the Universidade Federal de Minas Gerais (Federal University of Minas Gerais) has started a research on the possibilities of determining these dimensions, and preliminary theoretical results have been published in major conferences in this area[51-53]. It is believed that after the consolidation of the way to obtain these dimensions, it should be a mandatory part of the realization protocol of PLV, where each patient will quickly have the determination of how much must be sectioned so that the removed section is actually the ideal size.

  Three mathematical models related to PLV have been found. Ottesen & Danielsen[54] present a model to make the analysis of the ventricular contraction, and it can be used to measure the PLV efficiency, comparing prior and subsequent results to the procedure. Dorri et al.[35] developed a model to investigate the ventricular deformation and used it to prove that in properly selected cases this procedure may be feasible, and that the PLV is according to physical-mathematical description expressed in Batista et al.[3,9]. The third model is described by Warwick et al.[55] and it is based on a mathematical technique called “finite element”, and it aims to provide changes in LV contractile function ulterior the PLV, to assist in a more adequate selection of the patients for this procedure. However, no reports of further improvements and practical applications of these models were found, indicating that so far, it has been made very little evolution of mathematical modeling application as an assistant in improving and analysis of PLV.

  Thus, after all the reports described in this study, it is possible to believe that many of discouraging results on the PLV perhaps could have been avoided if the selection criteria had been better studied, if the determination of the most affected regions of the LV wall had been analyzed and if the results such as the need to preserve the apex and the coronary arteries anatomy have been investigated previously.

   

  CONCLUSION

  During the last 12 years, important reports of success and innovation in the PLV achievement have been published. Japan presents the largest number of achievements and innovations in the procedure and Brazil has a considerable contribution as the country of the lead authors of two studies and participation in more than 18% of the total articles that have been found.

  It was evident that the quality of the PLV results can be improved and it is needed a rigorous selection criteria of the patients which best suit to procedure.

  The necessity of the ventricular apex preservation when executing the section, in order to ensure the quality of ventricular contractions after the PLV is a prominent factor in this study, and it proved to be very important in a considerable number of the searched studies. Thus, this consideration should always be taken into account while performing the PLV. In addition, another important factor is the anatomy of the coronary arteries, since it has been found that patients with large marginal arteries are at high risk of heart attacks after the PLV.

  Many studies show the necessity of making appropriate size sections to prevent excessive reduction of the ventricular cavity. For that reason, a mathematical and computational model, capable of performing sizing of the heart section to be sectioned, and thus may prevent the occurrence of complications related to sections extended, is already being studied and developed.
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  One year after the death of Prof. Adib Jatene, we published the article written in his honor.

  
    The Good Examples Are Eternal

  

  Prof. Adib Jatene (06.04.1929 - 11.14.2014)

   

   

  Paulo Manuel Pêgo-Fernandes

  MD, PhD. Full Professor and Chairman of Thoracic Surgery Division of the Instituto do Coração (InCor) da Universidade de São Paulo, SP, Brazil

   

   

  Writing about Prof. Adib Jatene is to propose the challenge of looking at a human being of unusual facets. Although I do not have the pretension to cover in this article the entire unique figure he was, I will take on this challenge as a tribute to the welcome opportunity I have had to live with him at the Heart Institute of the Clinics Hospital of the Faculty of Medicine of USP, for more than three decades.

  Prof. Adib was a brilliant thinker and a worker and tireless innovator in search for answers to crucial questions of the society of his time. Recognized as a scientist, surgeon and admirable teacher, he was also a bold public manager (as Secretary of State for Health Department and Minister of Health) and head of an exemplary family.

  I dare opine that all these qualities have the source in one of his most outstanding and brilliant features: the ever jovial look at the things in life (he invariably discovered something unusual where most saw only the obvious) and passion for the human being.

  Yes, the compassionate look at his fellows made Prof. Adib Jatene example of an intellectual elite that has a real commitment to the country and its citizens.

  His tireless efforts and his pursuit of perfection, possible in all his actions were nothing more than his aspiration, always there to help people who suffer to feel better.

  There were many times when, in reflective conversations, Prof. Jatene cited Mother Teresa of Calcutta’s quote to explain the flame that should guide the intelligence in the search for solution of the most different aspects of human life: “Without faith there is no love, without love there is no self-giving, and who is not able to make such giving is not prepared to deal with suffering.”

  Only full delivery to the common good is able to explain the unusual trajectory of Professor, from his childhood in Xapuri, Acre - where he was born on June 4, 1929, and also where he lost his father, yet when he was two years old, victim of fulminant disease acquired in the forest.

  After all, it would not be unusual a fatherless young from the corners of the country, to follow the path of so many other millions of Brazilians who, while valuable in their daily struggle for survival, remain anonymous. But the story of this man who was guided by the passion for knowledge and the human being followed different path.

  There were many of his titles and society representatives: Chairman of the Department of Cardiovascular the Brazilian Society of Cardiology Surgery (1985), “Honorary Member” of the American Association for Thoracic Surgery (1984), founding partner and president of the Brazilian Society of Cardiovascular Surgery (1984/1985), president of the Brazilian Society of Cardiology (1985/1987), president of the International Society for Cardiovascular Surgery (1985/1987).

  He was also a member of the Committee of Experts of the Medical Education of the Ministry of Education (1986/1990), the National Health Council (1986/1992) and the Regional Council of Medicine of São Paulo (1988-1992). In 1989, he was elected full member of the National Academy of Medicine, and in October 1990, director of the School of Medicine at the University of São Paulo for four years.

  He was a member of the National Council of Social Security and the Federal Ministry of Education and Minister of State for Health, twice.

  In public administration, he introduced criticism in Accounts Processing System; implemented the Integrad Programming; created the Basic Care Package (PAB); chaired the 9th and 10th National Health Conference, drafted the Basic Operational Norm 1/96, which consolidated the National Health System, and gave great emphasis on programs of Family Health and Community Agents.

  He fought for linking of resources and negotiated in record time with the World Bank and the Inter-American Development Bank, the Reforsus program, whose funds were distributed to several states according to their population.

  It was the author and co-author of about 700 scientific papers published in national and international literature and a member of 32 scientific societies in many parts of the world. He received 178 titles and honors in more than ten countries.

  Among its several unique contributions in the field of bioengineering, these include the bubble oxygenators and membrane and the tilting disc valve, of which he has the patent.

  These equipments are being industrially produced under license and used in the country and abroad.

  Prof. Jatene still had important contributions in the field of coronary artery bypass graft surgery and surgery for congenital heart defects.

  These feats earned him in 2007, in Greece, an award that much honored him: the “Seven Wise Men of the World in Cardiovascular Surgery”, which awarded the luminaries of world Medicine for his contributions of unequivocal importance.

  Indeed, his great joy with this award was not due to arrogance, but because it was an indication that his creations have resulted in great benefit to humanity. Prof. Adib described the ingenious technique of correction of transposition of the great arteries - known today as Jatene’s operation, which has been successfully employed in several cardiac surgery centers worldwide.

  The surgical teams he led, since 1962, performed more than 80,000 operations. Various services in the country and in South America are led by surgeons trained under his guidance. Moreover, in education he was a staunch defender of the quality of medical courses.

  Doctor, family man, friend, scientist, innovative leadership, citizen and public exemplary man.

  So, that was Prof. Adib.

  Was?

  No. He is still, such a good example is eternal. Prof. Adib Jatene remains a great inspiration for all of us and for future generations.
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          18 to 20 - Third International Joint Meeting on Thoracic            Surgery

            Barcelona, Spain

            Informations: ACTOSERVEIS

            E-mail: thoracic.surgery@actoserveis.com
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Table 1. Characteristics for matching of patients who developed POAF and NCD with controls.

A

B

C

Characterisiic POAF+NCD (n=6) | SR+NORM (n=10) | POAF+NORM (n=5) Prealue
Pre-operative data

Age (4 655274 692571 734558 028
Sex (% male] 333 (5/6) 100 (10/10] 0.0 @/5) 0.40
Hypertension (% of group) 833 (5/6) 70.07/10) 4002/5) 034
Hypercholesterolemia (% of group) 500 G/6) 50.06/10) 200(1/5) 054
Disbetes melltus (% of group) 500 G/6) 30.0G/0) 2000275 076
Leukocytes (103 cellsiul) 7.422.1 7.2:20 103220 005
Hematocrit (%) 356243 345240 377276 053
Glucose (mg/dL) 1932131 163258 T18:38 038
niraoperative data

Procedure (% CABG) 53360 700G/0) 3005 084
CPB time (min)® 7832326 7892263 706220.1 084
Cross-clamp time (min® 5772230 63.02210 2645213 040

“Values are mean + SD

(CABG=coronary artery bypass graft: CPB=cardiopulmonary bypass; POAF=post-operative atrial fibrillation; SR=sinus rhythm
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AVR = Aortic valve replacement
CABG = Coronary artery bypass grafting

COBEA = Brazilian College of Animal Experimentation
P8 = Cardiopulmonary bypass

TAVI = Transcatheter technique
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Table 4. 4D gene expression in patients with POAF+NCD compared with SR+NORM — complete list.

Accession ID Gene Name FC Pvalues
AGPATG 1-aqylglycerol-3-phosphate O-agyltransferase 6 154 | 561E04
ATP13A4 ATPase type 13A4 163 | 646E06
BC20T BCL2ke 1 317 | 15813
C200rf203 chromosome 20 open reading frame 203 045 | 437607
CASCT cancer susceptibility candidate 7 (non-protein coding 170 | 308611
CDCA28PA CDCA2 binding protein kinase dlpha (DMPK-Tke) 104 | 186608
CDCAT cell divsion cydle assodiated 7 172 | 575605
CT50 cathepsin O 054 | 871E05
DDX17 'DEAD (Asp-Glu-Ala-Asp) box helicase 17 710 | 50127
DID dihydrolipoamide dehydrogenase 213 | 316614
DOCK1 dedicator of cytokinesis 1 209 | 631E50
DSC2 desmocolin 2 201 | 407E06
FRMDS FERM domain containing 8 242 | 245606
GLcan glucocorticoid induced transcript 1 261 | 31616
GRBI10 growth factor receptor-bound protein 10 179|316
HNMT histamine N-methyltransferase 165 | 105604
IDE insulin-degrading enzyme’ 152 | 661E06
L0C284080 uncharacterized LOC284080 151 | 813605
MMD ‘monocyte to macrophage differentiation-associated 157 | 200615
NCRT natural cytotoxicity triggering receptor 1 190 | 257605
NeboaL neural precursor cell expressed, developmentally down-regulated 4-like, E3 160 | satent
ubiquitin protein ligase
PLXNBT plexin B1 153 | 100E15
PRKAAZ protein kinase, AMP-activated, alpha 2 catalytic subunit 154 | 537605
PRRT1 proline-rich transmennbrane protein 1 108 | 308£05
REEPT receptor accessory protein 1 152 | 263607
RHCERRHD. Rh blood group, D antigen 169 | 813£05
RIOK3 RIO kinase 3 454 | 955605
RPLIO ribosomal protein L10 040 | 891E05
RPLIS ribosomal protein L18 047 | 195605
SMC3 structural maintenance of chromosomes 3 153 | 447606
SRSF1 serine/arginine-rich splicing factor 1 204 | 437605
ST7 suppression of tumorigenicity 7 158 | 676E05
TFAP2E transcription factor AP-2 epsilon (activating enhancer binding protein 2 epsion) | 193 | 580E-06
UBEZH ubiquitin-conjugating enzyme E2H 204 | 776E06

FC—fold change
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Table 5. Pre-CPB gene expression in patients with POAF+NCD compared with POAF+NORM — complete list.

Accession ID Gene Name FC Pvalues
ACTR38PS ARP3 actin-related protein 3 homolog B (yeast) pseudogene 5 057 | 355600
APSST ‘adaptor-related protein complex 5, sigma 1 subunit 1.87 | 1.00E:04
Cllorf1668 chromosome 14 open reading frame 1668 154 | 158612
CAll carbonic anhydrase XI 179 | 891E06
Ccocze coiled-cail domain containing 36 035 | 501621
cizt CDKN1A interacting zinc finger protein 1 247 | 110604
FHADT forkhead-associated (FHA) phosphopeptide binding domain 1 151 | 631E06
FRRP fukutin related protein 054 | 417605
GTPap3 ‘GTP binding protein 3 (mitochondrial) 049 | 275605
KCNIP3 Kv channel interacting protein 3, calsenilin 158 | 631E-19
KHSRP KH-type splicing regulatory protein 156 | 47910
LOC100507477 uncharacterized LOC100507477 199 | 398605
MCF2L MICF2 cell line derived transforming sequence-ike 166 | 417605
MIVPTT matrix metallopeptidase 11 (stromelysin 3) 167 | 501E12
NFATCT nudlear factor of activated T-ells, cytoplasmic, caldineurin-dependent 1 161 | 646605
NUTM2FINUTM2G NUT family member 2G 189 | 36e11
PHAX phosphorylated adaptor for RNA export 059 | 245605
PYCRT pyrroline-5-carboxylate reductase 1 175 | 589606
RINT Ras and Rab interactor 1 178 | 704605
SLC24A6 solute carrier family 24 (sodiumithium/calcium exchanger), member 6 045 | 120E:04
SYT17 synaptotagmin XVII 057 | 30814
TACC2 transforming, acidic colled-coil containing protein 2 057 | 316E-18
TMEMZ250 transmenmbrane protein 250 164 | 741606
TUBG1 tubulin, gamma 1 179 | 871605
VGLLT vestigial like 1 (Drosophila) 190 | 174806
Wiz ‘widely interspaced zinc finger motifs 174 | 148607
WNK2 WNK lysine deficient protein kinase 2 048 | 30831
XVIT2 xylosyltransferase Il 065 | 105604
INF528 zinc finger protein 528 036 | 851E05

FC—fold change
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Table 2. Pre-CPB gene expression in patients with POAF+NCD compared with SR+NORM — complete list.

Accession ID Gene Name FC Pvalues
ADMZ adrenomedulin 2 166 T12E05
CATT carbonic anhydrase XI 158 247605
o101 CD101 molecule 219 115604
comm1 catechol-O-methyltransferase domain containing T 181 220605
GASE-AS1 ‘GAS6 antisense RNA 1 154 537605
KCNIP3 Ky channel interacting protein 3, calsenilin 156 251622
MCF2L MCE2 cell line derived transforming sequence-like 152 1.00E-04
MECR mitochondial trans-2-enoyl-CoA reductase 152 219607
MMPTT matrix metallopeptidase 11 (stromelysin 3) 171 501E-15
NUTM2ENUTM2G NUT family member 2G 189 631E-13
PHF20 PHD finger protein 20 065 1.78E-05
PYCRT pyrroline-5-carboxylate reductase 1 153 537605
RGS12 requlator of G-protein signaling 12 152 977606
TOM1LZ target of myb1-fike 2 (chicken) 1.60 115604
VGLLT vestigial like 1 (Drosophila) 187 302607
Wiz ‘widely interspaced zinc finger motifs 183 891E-10
ZBEDS zinc finger, BED-type containing 5 163 107604

d chande
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Table 3. Post-CBP gene expression in patients with POAF+NCD compared with SR+NORM — complete list.

‘Accession D Gene Name FC | Palues
ABRDTS Sbhydrolase domain containing 13 92| TO0E05
AcoXi aq/-Co oxidase 1, palmitoyl 275 [ 123604
ARPCIA actin relted protein 213 complex, subunit 1A, 41kDa 223 | 741605
BIX BMX non-receptor tyrosine kinase 732 | 100614
CIGAITICT C1GAITt-specifc chaperone 1 163 | 18208
Coorf76 chromosome 2 open reading frame 76 238 | 525608
CSorf30 chromosome 5 open reading frame 30 256 | 617606
cos2 ‘COP-diaqyiclycerolsynthase (phosphatidate cyticylyliransferase) 2 195 | 40710
CEACAMRT Carcinoembryonic antigen-related cell achesion molecule 21 300 | 871605
CLeciaa ‘Cotype lectin domain famy 12, member A 157 | 20005
Clecs Cotype lectin domain family 2, member 8 62 | 195605
Cresep CREB binding protein 183 | 12906
DAB2 Dab, mitogen-responsive phosphoprotein, homolog 2 Drosophil 223 [ 851605
DACHT dachshund homolog 1 (Drosophila) 327 [ s01El
DNAICS Dnal (Hsp20) homolog, subfamily C, member 5 151 832e07
EpAS1 endothelial PAS domain protein 1 243 | 617605
FAM1 1282 famil with sequence similaity 114, member A2 164 | 20806
FAM2008 family with sequence similaity 200, member B 2.12 | 186605
¥BX028 F-box protein 28 159 | 033605
FKBPY FKS06 binding protein 9, 63 kDa 572 | tsee2
GNG2 quanine nudleotide binding protein (G protein), gamma 169 | 603605
Gr2Hz general transcription factor I, polypeptde 2, 44kDa 337 | 209610
HGE hepatocyte growth factor (hepapoietin A; scaier factor] 179 | 347605
TR Tndudes histone duster 2, H2be 152 | so0ie28
HOOKZ hook homolog 3 (Drosophia] 219 | 110
KIDINS220 kinase Dinteracting substrate, 220kDa 54| 7.08606
[ Kelch-ke family member 7 163 | 1.17e0
KPNAT Karyopherin alpha 1 (mportin alpha 5) 245 | 178605
LEMD2 LEM domain containing 2 159 | 166e05
L0C100506229 uncharacterized LOC100506220 2.15 | 300605
L0C100506328 uncharacterized LOC100506326 936 [ 25tE1
LoC28s83s uncharacterized LOC285835 51| 631605
MAPK1Z mitogen-actvated protein kinase 14 195 [ 251E28
MARCHS membrane-assocated ring finger (C3HCA) 5 3.07 | 55006
e sl mohod o e nesg ke (s Faros, D), | 157 | o 77c0s
MTES mitochondiial transltional infition factor 3 260 | 407605
NKAP NFK activating protein 308 | 36305
OXSRT ovidative stress responsive T 281 | 1.62608
POSST prenyl (decapreny) diphosphate synihase, subunit 1 308 | 145605
PrKFR2 6phosphoructo-2-kinase/fructose-2,6-biphosphatase 2 360 | 251E06
PRKAGT protein kinase, AMP-activated, gamma 1 non-catalytic subunit 273 [ 5.3605
RASGEFIA RasGEF domain family, member 1A 212 | 178605
RILPLT Rab interacting ysosomal protein-Tke 1 189 | 603606
SPXNT sideroflexin 1 250 | 1.02e04
SLC39A8 Solute carrier family 30 (inc transporter), member 8 173 | 298e13
JE—— 76 (alpha-N-acety-neuraminyi-2, 3-beta-galactosyl-1,3-N-acetyigalac- S g
tosaminide alpha-2,6-siaylransferase 3
STAGT stromal antigen 1 52| 20016
SuTiet sulfotransferase famil, cytosolic, 18, member 1 557 [ 347610
SYNED Spectin repeat containing, nuclear envelope 1 31| 309606
TANK TRAF family member-ssociated NFKE activator 194 | 328E05
TMM23 ransiocase of inner mitochondiial membrane 23 homolog (yeas) 184 | 25116
TMLHE rimethylysine hydroxylase, epsilon 195 | 347605
TORIAPZ torsn A interacting protein 2. 155 | 631E25
RS richorhinophalangeal syndrome 2.00 | 7.0805
UBE2H ublauitin-conjugating enzyme E2H 347 [ 219607
VAMP3 vesice-associated membrane protein 3 174 851E05
WDFY3 WD repeat and FYVE domain containing 3 269 | 1.00605
YiPea Yip domain family, member 4 179 | 123606
YiT6 YKT6 v-SNARE homolog (5. cerevisize) 172 | 23005
INE350 inc finger protein 350 157 | 513605

FC—fold change
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Table 8. Pre-CPB Gene Expression in Patients with POAF and NCD compared with SR and NORM - selected genes grouped by poten-
tial pathophysiologic function.

Accession ID__| Gene Name FC Pvalues
Cardiovascular disease

ADM2 [adrenomedulin-2 166 1.00E-04
‘Nervous system function

KCNIP3. Kv channel interacting protein 3, caksenilin 156 251822
Cell death and survival

MMPTT matrix metallopeptidase 11 (stromelysin 3) 17 501E15

FCfold change
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Table 6. Post-CPB gene expression in patients with POAF+NCD compared with POAF+NORM — complete list.

Accession ID Gene Name FC Pvalues
ANKMY2 ‘ankyrin repeat and MYND domain containing 2 061 | 15812
ANKRDG ‘ankyrin repeat domain & 054 | 138608
APAET ‘adaptor-related protein complex 4, epsilon 1 subunit 050 | 468E-05
BCSTL BC1 (ubiquinol-ytochrome ¢ reductase) synthesis-ike 053 | 776605
D52 CDP-diagylglycerol synthase (phosphatidate cytidylyltransferase) 2 203 | 300609
CEBPG CCAAT/enhancer binding protein (C/EBP), gamma 041 | 126605
CLEC2s C-type lectin domain family 2. member B 197 | 17006
DACH1 dachshund homolog 1 (Drosophila) 247 | 832607
FKBP9 FK506 binding protein 9, 63 kDa 238 | 83205
GoLTi8 golgi transport 18 042 | 30813
GTF2H2 general transcription factor IH, polypeptide 2, 44kDa 254 | 135606
HIST2H2BE (indludes others) | histone duster 2, Hzbe 152 | 308626
HIVEPY human immunodeficiency virus type I enhancer binding protein 2 062 | 60305
KMO kynurenine 3-monooxygenase (kynurenine 3-hydroxylase) 033 | 100631
LOC100506328 uncharacterized LOC100506328 509 | 138607
L0C728613 programmed cell death 6 pseudogene 048 | 692605
MAPKT4. mitogen-activated protein kinase 14 198 | 631E24
NEK6 NIMA-related kinase 6 050 | 158E21
PDS58 PDSS, requlator of cohesion maintenance, homolog B (5. cerevisiae) 048 | 479605
PMM 1 phosphomannomutase 1 063 | 16605
PPPIRTB protein phosphatase 2, requlatory subunit A, beta 150 | 110605
RIOK1 RIO kinase 1 054 | 100E-15
RNF1428 ting finger protein 1448 060 | 288E:05
SIVAT SIVAT, apoptosis-inducing factor 058 | 871E:08
SLC27A3 solute carrier family 27 (fatty acid transporter), member 3 060 | 158605
SLC30A8 solute carrier family 39 (zinc transporter), member & 164 | 295610
SULTIBT sulfotransferase family, cytosolic, 18, member 1 368 | 300506
SYNET spectrin repeat containing, nudear envelope 1 274 | 126604
TIVMM23 translocase of inner mitochondrial membrane 23 homolog (yeast) 183 | 126613
TORTAPZ torsin A interacting protein 2 155 | 398622
T2 tubulin tyrosine ligase-like family, member 12 054 | 355605
TUBBE tubulin, beta 6 dass V' 061 | 813606
YIPE4. Yip1 domain family, member 4 168 | 832E05
ZCCHC10 zinc finger, CCHC domain containing 10 061 | 2.00£:00
ZDHHC12 zinc finger, DRHC-type containing 12 047 | 437605
INF226 zinc finger protein 226 042 | 501E29
INF350 zinc finger protein 350 183 | 704E06

Fold change
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Table 7. 4D gene expression in patients with POAF+NCD compared with POAF+NORM — complete list.

Accession ID Gene Name FC Pvalues
ACSL6 aqyl-CoA synthetase long-chain family member & 162 | 813606
ADAMTS6 ADAM metallopeptidase with thrombospondin type 1 motif, 6 065 | 437605
ADRBK2 adrenergic, beta, receptor kinase 2 022 | 120609
AGPATG 1-acylglycerol-3-phosphate O-acyltransferase & 163 | 158612
BCL2L BCL2-lke 1 275 | 300506
C200rf203 chromosome 20 open reading frame 203 031 | 316614
CASCT. cancer susceptibilty candidate 7 (non-protein coding) 175 | 1.056-10
caL Cbl proto-oncogene, £3 ubiquitin protein ligase 064 | 302610
CDCA2RPA CDC42 binding protein kinase alpha (DMPK-like) 224 | 224610
coca7 cell division cycle associated 7 188 | 1.706-09
CHD2 chromodomain helicase DNA binding protein 2 048 | 240E05
CHERP. calcium homeostasis endoplasmic reticulum protein 045 | 891E07
cuca chloride intracellular channel 2 208 | 501E27
DCAFIS DDB1 and CUL assodiated factor 15 048 | 580E05
DDX17 'DEAD (Asp-Glu-Ala-Asp) box helicase 17 655 | 220606
DD dihydrolipoamide dehydrogenase 189 | 251E25
DOCK1 dedicator of cytokinesis 1 210 | 100E10
EPBA1L4B erythrocyte membrane protein band 4.1 like 48 065 | 7.94£49
FRMDS FERM domain containing 8 333 | 251617
GLcan glucocorticoid induced transcript 1 243 | 120608
GRB10 growth factor receptor-bound protein 10 172 | 704614
HEMGN hemogen 275 | 145609
IDE insulin-degrading enzyme 156 | 282£05
L1CAM L1 cell adhesion molecule 160 | 105605
L0C100505812 uncharacterized LOC100505812 055 [ 501E-11
MED1 mediator complex subunit 1 045 | 60306
MMD monocyte to macrophage differentiation-associated 153 | 3.00E-09
MSAAGA membrane-spanning 4-domains, subfamily A, member 6A 243 | 794614
NCRI natural cytotoxicity triggering receptor 1 245 | 107604
NEDDAL 35?5{31‘5’..“.5;7;""73'& e:pmsed, developmentally down-regulated 4-like, E3 157 | 20007
ODF4 outer dense fiber of sperm tails 4 056 | 100E-09
OsePLIT oxysterol binding protein-like 11 028 | 251626
PROM2 PR domain containing 2, with ZNF domain 043 | 3.00E-05
PTART protein prenyltransferase alpha subunit repeat containing 1 053 | 813606
PTPL protein tyrosine phosphatase-fke (proline instezd of catalytic arginine), memberb | 0.46 | 8.71E-05
PTPNG protein tyrosine phosphatase, non-receptor type 9 061 | 468E-05
RAB32 RAB32, member RAS oncogene family. 058 | 115604
RASSF1 Ras association (RaIGDS/AF-6) domain family member 1 046 | 324506
REM128 RNA binding motif protein 128 152 | 39811
REEPT receptor accessory protein 1 172 | 245807
RPLIO ribosomal protein L10 036 | 7.08E-09
p— s m?rld“ase inhibitor, lade E (nexin, plasminogen actvator inhibitor type | 020 | 470505
SGOLT shugoshin-like 1 (5. pombe) 056 | 269506
SLC2247 solute carrier family 22 (organic anion transporter), member 7 054 | 794612
SLC5Ad. solute carrier family 5 (low affinity glucose cotransporter), member 4 050 | 302605
SMC3 structural maintenance of chromosomes 3 172 | 316827
TCFA transcription factor 4 063 | 138607
UBE2H ubiquitin-conjugating enzyme E2H 264 | 158506
VPSITA vacuolar protein sorting 37 homolog A (5. cerevisize) 171 [ 110804
WHAVIME2 WAS proten ';;"L‘Il;’; :s:;(lated ‘with actin, golgi membranes and 058 | s75t08
YOD1 YOD1 deubiquitinase 153 | 347605
81 zinc finger E-box binding homeobox 1 056 | 126604
NF395 zin finger protein 395 053 | 110506

“FC—fold change
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Table 9. Post-CPB gene expression in patients with POAF and NCD compared with SR and NORM - selected genes grouped by poten-
tial pathophysiologic function.

Accession ID Gene Name FC Prvalues
Cardiovascular disease

BMX BMX non-receptor tyrosine kinase 732 T.00E-14
EPAST endothelial PAS domain protein 1 243 617605
HGF hepatocyte growth factor (hepapoietin A; scatter factor) 179 347605
MAPK14 mitogen-activated protein kinase 14 195 251628
Nervous system function

KIDINS220 Kinase D-interacting substrate, 220kDa 154 7.08E-06
SYNET spectrin repeat containing, nudlear envelope 1 EXE] 3.09E-06
YKT6 YKT6 v-SNARE homolog (S_ cerevisiae) 172 339E.05
Inflammation

CREBBP CREB binding protein 183 129606
Pyschological disorders

TMLHE trimethyllysine hydroxylase, epsilon 195 347605

FC—fold change





OPS/images/a08img11.png
Table 10. 4D Gene expression in patients with AF and NCD compared with SR and NORM - selected genes grouped by potential

pathophysiologic function

Accession ID Gene Name FC Povalues

Cardiovascular disease

BCL2LT BCL2-ke 1 317 158613

PRRAA protein kinase, AMP-activated, alpha 2 catalytic subunit 154 537605

Nervous system function

IDE insulin-degrading enzyme 152 661E06

CDCazBPA CDC42 binding protein kinase alpha (DMPK-like) 194 1.866-08

PLXNB1 plexin 81 153 1.00E-15

inflammation

NCR1 natural cytotoricity triggering receptor 1 190 257605

DOCK1 dedicator of cytokinesis 1 209 631E50

SMC3 structural maintenance of chromosomes 3 153 247606

Protein degradation

() dinydrolipoamide dehydrogenase 213 316614
neural precursor cell expressed, developmentally down-reguiated

NEPDAL ke, £5 ubiqutn proten Tagse pydour e e e3Ett

UBE2H ubiquitin-conjugating enzyme E2H 294 776606

FC—fold change
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Jable 1. Summary of 39 patients with infected cardiac myxoma.

SEN’E‘ Year| Author | Sex | Age Microorganism D‘:?;ﬁ”‘ tocgfen Operation | Outcome
myxoma
Definite
1 |2011 |Adamira £ o|ss | SephiecocusE TETE | L2 | Yes | Suvived
2 [2006[Awab M | 58 | Histoplasma capsulatum T A Yes | survved
3 [2011[Belgividrm | M | 47 | Streptococcus vindans T A Yes | survved
4 [2010{8hanot M | 54 | Staphylococcus lugdunensis | CT, TEE A Yes | survved
5 (2001 [Brazil v | =2 Streptococciviridans TIE TEE A Yes | survved
6 [2007|Chan M | 44 | Streptococcus viidans T RV Yes | survved
7_[2011]Chang v [ a0 Streptococcus bovis TIE TEE A Yes | survved
8 [2001 | Dekkers M | 40 | Streptococcus mutans TIE TEE A Yes | survved
9 [2008[Falasca P e Staphyiococcus spp T 7y Yes | suruved
10_|2013 |Furukawa M | 62 | Streptococcus agalactiae | TTE, TEE A Yes | survved
T1_|2005 | GarciaQuintana | F_| 58 Streptococcus orals T A Yes | survved
12_|2004|Gregory v [ a2 MSSA TEO.TEE@ | LA Ves | suruved
13 [2007 | Guler D MSSA TE  [MVAMD|  Yes | Sumived
142008 [Janion v | er MRSA T A Yes | survved
152005 [Juang v | a2 Gepositive coct TEE 7y Yes | suruved
16 |2004|Karachalios | M| 55 | Streptococcus vindans T A Yes | survved
17_|2007|Leone F | 74 | Enterococcus faecali T A Yes | survved
18 2013 |Nagata v | e Streptococcus mitis TEE 7y Ves | suruved
19 [2001 [Oyama RS MRSA T A Yes | survved
20 |2004 |Parks M| 36 Ao;“;ﬂ:’“ﬂf::;z‘(’;‘;) 3 RA Yes | Sunvived
21 [2002 [Prince F | 12 | Streptococcus viridans T 7y Ves | suruved
22 {2001 |Puvaneswary | M | 50 ?f;?ﬁ:‘;‘gfz;‘fﬁ TEQ,TEEE | RA Yes | Sunvived
23 |2006 | Quigley M | 55 | Streptococcus mutans TEE 7y Ves | suruved
242005 [Riad RES MRSA T RA Yes | survved
25_|2010sasaki M | 69 | Kiebsiella peumonize TeE 7y Yes | survved
26 {2010 |surovcik £ | 50 Enterococcus faecalis TTE.TEE s Yes | sunived
27_|2002[Tanka F | 70 | Enterococcus faecalis TeE 7y Yes | survved
MV (P,
28 [1900 |Toda M | 20 Bacterial olonies e posterior | Yes | Suvived
29 |2008 [Trmeche Pl MSSA TTE, TEE 7y NG| Did
30_|2002|Uchino P a7 Streptococcus bovis T A NG| surived
31_|2006 |veitch F | 35 | Staphylococcus aureus TIETEE |[MVAMD|  ves | sunived
32_|2011 |Yoshioka V| =2 MSSA T A Yes | suruved
Catalase-negative
33 |2006 |zechini M | 55 | microorganisms (G-positive |  TTE, TEE La NG | Survived
cocci by staining)
34 {2013 |zwinkels ? Streptococcus (Group C) Tf;\;l";‘:mn RA Yes | Sunvived
Probable
35_]2007[Bemsten 50 Streptococcus mitis T [WEMD| Yes [ Sunived
36 |2005] L 2 Neisseria lactamica T [MVAMD| Yes | Sunived
37 | 1998 | Marshall F 0| ot s i A Yes | sunived
38_| 2001 [Pinede B Streptococcus viridans 2 B Ves | sunived
Possible
Died of
39 |2005| Despott M | 57 | Kebsiella preumonise i RA No |rightlung
abscess

“AML=anterior mitral leaflet; CT=computed tomography, F=female; LA=left atrium; M=male; MRSA=methicillin-resistant Staphylo-
coceus aureus; MSSA=methicillin-sensitive Staphylococcus aureus; MV=mitral valve; NG=not given; PML= posterior mitral leaflet;

ht atrium; TEE=transesophageal echocardiography; TTE= transthoracic echocardiography
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Abbreviations, acronyms & symbols

BSQVS = Brazilian Society of Cardiovascular Surgery
Qs = Cardiovascular surgery

EACTS = European Association for Cardio-Thoracic Surgery
iU =Intensive care unit

OPCABG = Off-pump coronary artery bypass grafting
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Table 2. Risk Tactors.

Risk factor

Present

Revankar & Clark's

Palue

Recent dental problem

30.7)

9(22)

0.115

Dental surgery

Reconsiructive dental procedures; coronary catheterization and
angioplasty 2 years eariier

Dental decay

Recent infection

4(103)

4(10)

0.0

1.000

Achilles tendon infection

2

Urinary tract infection

Cellulits, web-space abscess of hand

Invasive procedure

4(103)

205

08

0432

Umbilical hernia repair

Amputation above knee for intractable osteomyelitis

Multiple surgery, closed trauma of the left knee

Acupuncture for weight reduction

immunocompromised condition

50128

305

06

0.481

Intravenous drug use, hepatitis C infection

2

Diabetes mellitus

Breast cancer (surgery, radiotherapy, chemotherapy), pharyngitis

Traveled to Mexico 3 months before, patent fossa ovalis

Total

16 (41.0)

18 (45)

0.1

0.821
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Jable 3. Onset symptoms and signs of the patients with infected cardiac myxoma.

Feature Present Revankar & Clark's < Palue
Symptom
Fever 36073 37092) 09 0616
Embolic events 1027.0) 5(12) 26 0.151
Weight loss 943 1362 06 0460
Dyspnea 8@21.6) 3@ 31 0.106
Fatigue 8@216) 1128 04 0605
Neurologic symptoms 70189 80 00 1,000
Malaise 6(162) 1128 14 0279
Rigor/shiversichills 6(162) 1128 14 0279
Night sweat 5(135 1128 23 0165
Weakness 361 5(12) 04 0713
Abdominal pain 361 3@ 00 1,000
Anorexia 361 34 0.106
Edemas 361 34 0106
Chest pain/distress 254 22 0228
Cough 254 400 06 0676
Nausea/vomiting 264 1@ 04 0605
Headache 127 4010 17 0360
Arm pain 127 11 0481
Arthralgia 127 6(15) 35 0110
Diarrhea 127 3@ 09 0616
Hemoptysis 127 11 0481
Jaundice 127 i1 0481
Lethargy 127 11 0481
Back pain @7 i1 0481
Myalgias @7 i1 0481
Palpitation 127 11 0481
Septic shock 107 ] 0481
Sign
Temperature (°C)
<378 528 (17.9) 3732 09 0454
378389 9728 (32.1) 19132 (59) 45 0042
>389 14128 (50) 1032 31) 22 0189
Heart murmur 18 (48.6) 2665 21 0172
Loud s, 361 1435 81 0006
Extra heart sound 902 94 0002
“Tumor plop” 26 19 0494
Splenomegaly 3@ 29 0241
Skin lesions 361 6(15) 09 0484
Neurological deficits 2(54) 3(8) 0.1 1.000
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Table 4. Pathogens of infective cardiac myxoma.

Pathogens Present Revankar & Clarks % Pyalue
Streptococc 17(415) 20 (50) 06 0.507
Streptococcus viridans 7
Streptococcus mutans 2
Streptococcus bovis 2
Streptococcus mitis 2
Streptococcus (Group O 1
Streptococcus agalactiae 1
Streptococcus oralis 1
Streptococcus salivarius 1
Staphylococci 12(203) 7(18) 6 0295
MSSA 4
MRSA 3
Staphylococcus aureus 2 (1 was oxacillin-resistant (ORSA)
Staphylococcus lugdunensis 1
Staphylococcus spp 1
Staphylococcus (species not given) 1
Enterococcus faecalls 4008 2(5) 07 0.675
Gram-negative bacill 29 3@ 02 0.675
Klebsiella pneumoniae 2
Gram-negative cocci 124) 0 1.000
Neisseria lactamica 1
Fungus 104) 3@ 11 0359
Histoplasma capsulatum 1
Actinomyce 10.4) 10 1.000
‘Actinobacillus actinomycetemcomitans 1
Unknown 30.3) 3@ 00 1.000
Bacterial colonies 1
Gram-positive cocci 2
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Fig. 2 The surviva rates of the surgical and non-surgical patients were
96.29% and 0%, respectively.
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Table 5. Embolic events.

Location n (%)
Cerebral 1(10)
Cerebral, peripheral (extremities) 1010)
Cerebral, splenic 1010)
Cerebral, splenic, renal 1010)
Coronary (left anterior descending coronary artery) | 1(10)
Multiple (ocation not indicated) 1010)
Muliple peripheral (eft common + external lac | | o)
arteries + right deep femoral artery)

Pulmonary. 1(10)
Splenic 1(10)
Splenic, renal 1(10)
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Fig. 1 - The overall survival of the present series was 92.6%.
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Abbreviations, acronyms & symbols

DM = Dilated cardiomyopathy

EF = Ejection fraction
Fs = Fractional shortening

WV =Leftventride

NYHA = New York Heart Association
PV =Partial left ventriculectomy
RMV  =Repair of the mitral valve
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Table 1 - Number (N) of articles and their respective

percentages (%), according to the countries of the main

authors involved in the researchvarticles.

Cauntry of the 1% author and his

institution N %

Japan 20 465
Germany 9 209
United Kingdom a 93
Brazil 2 a7
Serbia and Montenegro 2 a7
Denmark 1 23
haly 1 23
Korea 1 23
China 1 23
Netherlands 1 23
Switzerland 1 23
Total 3 100
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INTERVIEW 2

1. Are you able to talk about your health at this moment?
"My health isn't good: | hope everything will go well. At times | think | may not even need an operation. What's the
rush if we don't know what tomorrow will bring? W seek assurance where there is none. We go round and round
i circles and stay in the same place; going round and round the whole time. People ask: Where is the patient in
this room? They say | don't even look sick. | look like the person accompanying the patient, but | tell them that
I'm not sick”.

2. What are your perceptions regarding an
I have high blood pressure and used to fes chest pain whenever | climbed stairs or when | went up a hill. Two
‘weeks ago, when | went to schedule a test, | had chest pain, felt short of breath and then | couldn't breathe. When
the pain started, | panicked. | tried to breathe and couldn’t. It was difficult”.

3. How did you feel when you learned that you would have to undergo coronary artery bypass
grafting?
*At first, | had an electrocardiogram and an echocardiogram, which showed nothing. Then | had the catheterization
and learned that | had to have the operation. Initally, it was a shock. | had no idea that | had heart problems. |
didn't want surgery. Then | stopped, thought about it and realized that if the surgery is for my own good, then | do
have to be operated on. If it has to be done, then | have to do it. The expectation of someone who has this problem
is toget rid of it

4. What information have you received about the procedure?
“I hope it will be OK; that | won't have to keep coming back to open it up again. | don't know how the operation is
done, in what way itll be done. | hope to get back to my normal life. | know I'm going to have to give up a lot of
things: lfting heavy weights, going up stairs, climbing hills. If 1 got old, | would have to stop doing certain things.
This had to happen for me to stop doing these things. It's going to be different from everything that | have expe-
rienced so far. It's time to stop”.

5. What are your expectations about the operation and about your progress afterwards?
I wish the doctor would explain to me how my life is going to be after the operation. | know I'm going to have a
bypass but | don't know how it is done, who is going to do it and if the doctor who will operate on me is the one
‘who s going to follow me up afterwards. | don't know how long the operation will take. I'd like to know all that. It
‘would be important for me to meet the surgeon who is going to operate on me. I'm afraid of waking up during the
operation. People forget that it is not a heart that is being operated on, but a person who has a heart”.
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Table 1. Pain stratification by intensity from O to 10.

intensity Patients %
No pain 275 607
Tand2 62 137
3andd 2 71
5and6 56 124
7and8 16 35
9and 10 12 26
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INTERVIEW 1

1. Are you able to talk about your health at this moment?

“My health has always been good but now this pain has begun in my chest. At first | thought it was gastritis but the
pain continued. After undergoing further tests, it was found that the problem was in my heart (a blocked vein). |am
an ambulance driver and | started having this chest pain, which at first | didn't take seriously. From December on-
wards, | began to wake up at night in great pain. The pain continued and | went to see a cardiologist. I'm only going
to relax when | get out of here.” Although 'm an ambulance driver, I'm scared. A doctor told me that there is a 7%
chance that the operation will be successful because my blood pressure is normal and I'm not diabetic; it's just that
the veins are blocked. I'm scared and nervous. | imagine having the operation and not making it. | have a 9-year old
daughter”.

What are your perceptions regarding angina?
“The chest pain has upset my life a lot. Regardless of the guarantees the doctor may give me, I'm nervous, scared.
A thousand things go through my head. | know that this is my fault. Il only really calm down when | get out of the
operating theater. When | finished having the cardiac catheterization, | was nervous, crying. A lot of nonsense has
been going through my head, nonstop; from the day | did my test until now. Il not be satisfied until the day | gt out
of the operating theater and see the world".

3. How did you feel when you learned that you would have to undergo coronary artery bypass
grafting?
“The doctors all keep telling me not to worry. They say there is a 3% chance of things going wrong. I'm a man but I'm
nervous. It's not fear of the disease: it's fear of the operation. The surgeon told me the opposite — that | should be
afraid of the disease and not the operation. It's not the disease; what is killing me is worrying about the operation
going wrong. | won't see when | die. No matter how strong we try to be, we never really are strong enough. Not
because of the problem of the disease, what is harming me is what is going through my head”

4. What information have you received about the procedure?
“When | first learned about it, my reaction was to become nervous. They told me that the operation was risky; that
they would open my rib cage and remove the vein from my leg: its risky. | don't know much about any of this; they
told me that there was a 3% chance that things could go wrong. If they are lying or not, | don't know. | don’t know if
the doctors told me that just to make me happy. | have a 9-year old daughter. | told the doctor that f | have to die, |
would prefer to die at home rather than here".

5. What are your expectations about the operation and about your progress afterwards?
“Iwork in health, but I'm scared. After the operation, God willing, my life will be fine. | used to smoke, drink, eat fatty
foods. I'm not scared of the disease; I'm scared of the operation. I'm going to live as well as | possibly can. If | can
go back to work, that will be great. I'm going to do everything | can to avoid this happening again. What is harming
me is this situation. My expectation is that my life will change radically. I'm going to go on the specific diet the doctor
recommends. It's going to be wonderful to come back here to be followed-up. Never again do | want to have to go
through what | am going through now: I'm going to do everything | can so it will never happen again”.
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Abbreviations, acronyms & symbols

a0 = Confidence interval
COPD = Chronic obstructive pulmonary disease
CPOP = Chronic postoperative pain

PSP = Chronic post-sternotomy pain
HR = Hazard ratio
ITA = Internal thoracic artery

OR = 0dds ratio
SAH = systemic arterial hypertension
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Table 2. Factors associated with the development of CPSP".

Patient’s demographics With Pein Withut Pain
n=178 (39.29) =275 (60.7)
Age (years)
Mean (SD) 58 (109) 62(126)
Gender
Male 94(528) 165 (60)
Female 8472 110(40)
Work status
Retired 92(51.6) 181 (65.8)
Disability benefits/Scheduled for consultative medical examination 230241 30(10.9)
Working 1303 2176
Unemployed 122 725
Self-employed 26(146) 36(13.1)
Foreign descent 53(19.1) 100 36.4)
Depression/anxiety 116 (652) 79087)
Comorbidities
Diabetes melltus 48(269) 58 21.1)
CorD 16 (89) 41(149)
SAH 148 (83.1) 217(78.9)
Dyslipidemia 125 (702) 177 (643)
Hypothyroidism 29(163) 34(123)
Use of mammary graft 120 (67.4) 138 (502)
Wound complication® 25(14) 7025
Time between surgery and evaluation (months) 26058 65(236)

COPD~chronic obstructive pulmonary disease, SAH-systemic arterial hypertension

“Results presented as n (%)
sinfection, mediastinitis. keloid formation. or wound dehiscence
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Table 3. Statistical analysis using Cox’s regression model.

Variable Hazard Ratio 95% CI Pvalue
Age 098 097-1.00 017
Male 112 082-153 045
Foreign descent 077 055-1.08 014
Use of mammary artery graft 139 1.08-1.80 0009
Depression or anxiety 240 174-332 00001
Diabetes mellitus 085 059-1.23 040
CoPD 095 0.64-1.40 081
SAH 118 074-1.88 048
Hypothyroidism 127 1.03-1.56 001
Dyslipidemia 084 054-132 045
Wound complication® 169 1.08-2.63 001
Disability benefits/Scheduled for consultative medical examination 205 1.40-3.02 0.0002

COPD~chronic obstructive pulmonary disease; SAH=systemic arterial hypertension

3nfection. mediastinitis. keloid formation. or wound dehiscence
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Table 3. Eftect of ACE I'D polymorphism on progression of atherosclerosis in vein graits of the studied patients.

ACE VD polymorphism n D DD P
Adjusted Gensini score, Mean (= SD) 0182012 [0.112009  |0.120.09 0.02*
Number of occluded vein grafts, Median (Range) 104 103) 104 064**
Number of diseased vein grafts, Median (Range) 0(0-2) 102 05(0-3) 084**
Number of free of atherosclerosis vein grafts, Median (Range) | 0 (0-2) 103) 1(0-4) 027**
Number of vein grafts, Median (Range) 201-4) 2015 305 041**
Months post CABG, Mean (+ SD) 112.07+32.46 | 135.02+38.33 [ 121.04+3867 [ 006*
Number of CHD risk factors, Median (Range) 2(1-4) 3005 25(1-4) 058**

'ACE=angiotensin converting enzyme, CABG=coronary artery bypass graft surgery
*One-way Anova test. **Kruskal-Wallis test
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Table 1. Demographic characteristics and clinical teatures of
the studied patients with vein graft atherosclerosis

Parameter

N (%) / MeanSD

n

102

Sex (Female/Male) 18 (17.6)/84 (82.4)
Age (year) 64.80:8.54
Body Mass Index (kg/m?) 2652:368
Hypertension (positive) 62(60.8)
Hypercholesterolemia (positive) 95(93.1)
Diabetes melltus (positive) 3099
Cigarette smoking (positive) 17(167)
Family history (positive) 68 (6.7)
Total Coronary Heart Disease risk factors | 3 (1-5)"
Total number of vein grafts 254

Left anterior descending 12

Left dircumflex 5

Diagonal 54

Optus margin 95

Right coronary artery 8t

Ramous 7

Occluded vein grafts 107
Diseased vein grafts 66

Free of atherosdlerosis a1

Number of vein grafts per patient 3019
Months elapsed from Coronary Artery | 128.7+38.36
Bypass Graft surgery

Vein graft Gensini score* 13991141
Adjusted vein graft Gensini scoret 011201

“Median (range)

** Vein graft Gensini score: the mean of Gensini score of total

grafts in each patient

+Adjusted vein graft Gensini score: vein graft Gensini score
was divided by months elapsed from Coronary Artery Bypass

Graft surgery
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Table 2. Genotype and allele frequencies of ACE D
polymorphisminstudied patients with vein graft atherosclerosis.

N
pn,;:f,ﬁsm Genotype | N(%) | Allele ;'::i.::‘::)
] 14(13.7) D 112 (0.55)
D 64(62.7) I 92 (0.45)

DD | 24036

' ACE=Angiotensin Converting Enzyme
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Table 4. Comparison of angiographic severity of coronary ar-
tery disease in different ACE genotypes.

ACE genotype | Adjusted Gensini score P
Ivs. 1D 0.1820.12v5.0.1120.09 [ 0.020*
Ivs. DD 0.1820.12v5.0.12009 | 0032*
D vs. DD 011200915 012000 |1+

ACE=angiotensin converting enzyme, independent t-student test





OPS/images/a13img05.png
Abbreviat

s, acronyms & symbols

ACE = Angiotensin-converting enzyme
CABG = Coronary artery bypass graft
PCR = Polymerase chain reaction
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‘Table 1 - Skill assessment criteria using the Arroyo simulator, including 10 items and using classification score from 1 to 5 points.

(Poor=1 to 2; regular=3 to 4; S=excellent)

Criterion Poor Reg Excel
Anellolomg 1 3 5
(porcine model: able to identify target, proper use of blade, single groove, centered)

Graft Orlentation 1 3 5
(proper orientation for toe-hel, appropriate start and end-points)

Bite appropriate 1 3 5
(entry and exit points, number of punctures, even and consistent distance from edge)

Spacing appropriate 1 3 5
hen Soacing, conastent distance from previous bte, too close vs too far

Use of needle holder 1 3 5
(finger placement, instrument rotation, facilty, needle placement, pronation and supination,

proper finger and hand motion, lack of wrist motion)

Use of forceps 1 3 5
(facility, hand motion, assist needle placement, appropriate traction on tissue)

Needle angles 1 3 5
(proper angle relative to tissue and needle holder, consider depth of field, anticipating

subsequent angles)

Needle transfer 1 3 5
(needle placement and preparation from stitch to stitch, use of instrument and hand to

mount needle)

Suture management/tension 1 3 5
(0o loose vs tight, use of tension to assist exposure, avoid entanglement)

Knot tying 1 3 5
(adequate tension, facilty, finger and hand follow for deep knots)

Totals

Grand total
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Fig. 3 - Anastomoses confection with silicone tubes: a- end-to-
side anastomosis; b- sequential anastomosis.
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Fig. 5 - Dummy with removable chest wall. Highlighted, view
from inside the chest cavity molds with viscera of the chest and
er abdomen.
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Fig. 6 - Resident training coronary anastomosis with silicone
tubes positioned in the path of the coronary arteries into the
chest cavity of the dummy.
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Table 13. 4D Gene expression in patients with POAF+NCD compared with POAF+NORM — selected genes grouped by potential patho-

physiologic function.

Accession ID Gene Name FC Povalues
Cardiovascular disease
caL Cbl proto-oncogene, E3 ubiquitin protein ligase 06| 22410
SERPINET serpin peptidase inhibitor, clade  (nexin, plasminogen activator inhibitor 058 | 269506
type 1), member 1
BCL2LT BCL2-ike 1 275 | 309506
MED1 mediator complex subunit 1 025 | 30008
RASSF Ras association (RIGDS/AF-6) domain family member 1 026 | 308E11
Cell deathvsurvival
IDE insulin-degrading enzyme 156 | 105605
RAB3Z RAB32, member RAS oncogene family 058 | 324506
CDC428PA CDC42 binding protein kinase alpha (DMPK-like) 224 | 170808
DOCKT dedicator of cytokinesis 1 210 | 794849
LcAM L1 cell adhesion molecule 160 | solen
FTPNG protein tyrosine phosphatase, non-receptor type 9 061 115604
SMC3 structural maintenance of chromosomes 3 172 | 13807
DDX17 DEAD (Asp-Glu-Alz-Asp) box helicase 17 655 | 251625
GRB10 growth factor receptor-bound protein 10 172 | 145609
PROMZ PR domain containing 2, with ZNF domain 043 | 813606
TCR transcription factor 4 063 | 158606
zE81 zinc finger E-box binding homeobox T 056 | 110:06
Inflammation
ADREK2 adrenergic, beta, receptor kinase 2 027 | 120808
NCR1 natural cytotoricity triggering receptor 1 245 | 204507

d change.
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Table 14. Signiticantly regulated genes overlapping across multiple comparisons.

Comparisons

Overlapping Regulated Genes

POAF+NCD vs. SR+NORM (Pre-CPB)
POAF+NCD vs. AF+NORM (Pre-CPB)

calt, kenip3, mef2l, mmp11, nutm2finutm2g, pycr1, vall1, wiz

POAF+NCD vs. SR+NORM (Post-CPB)
POAF+NCD vs. AF+NORM (Post-CPB)

ds2, dec2b, dachi, fkbp9, gti2h2, hist2h2be, mapk14, sIc39a8, sult1b1, syne,
timm23, toraip2, yipf4, znf350

POAF+NCD vs. SR+NORM (4D)
POAF+NCD vs. AF+NORM (4D)

agpat, bel2I1, c200rf203, casc, cdcd2bpa, cdca?, ddx17, did, dock1, frmd, gleai,
grb10, ide, mmd, ncr1, neddd, reep1, rpl10, smc3, ube2h

POAF+NCD vs. SR+NORM (Post-CPB)
POAF+NCD vs. SR+NORM (4D)
POAF+NCD vs. AF+NORM (4D)

UBE2H
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Table 11. Pre-CPB gene expression in patients with POAF+NCD compared with POAF+NORM — selected genes grouped by potential
pathophysiologic function.

‘Accession ID Gene Name FC Pvalues
Cardiovascular disease/function

NFATCT ‘nudear factor of activated Tells, cytoplasmic, caldineurin-dependent 1 161 | 6.46E05
TUBG1 tubulin, gamma 1 179 | 871€05
MCFaL MCF2 cellline derived transforming sequence-ike 166 | 417605
Nervous system function

FKRP fukutin related protein 054 | 417605
KCNIP Kv channel interacting protein 3, calsenilin 158 | 631E19

FC—fold change
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Table 12. Post-CPB gene expression in patients with POAF+NCD compared with POAF+NORM - selected genes grouped by poten-

ial pathophysiologic function

‘Accession ID Gene Name FC Prvalues
Cardiovascular disease/function

MAPK14. mitogen-activated protein kinase 14 198 [ 63124
SYNET spectrin repeat containing, nudlear envelope 1 274 | 126604
Cos2 CDP-diacylglycerol synthase (phosphatidate cytidylyltransferase) 2 203 | 300609
Inflammation

HIVER2 human immunodeficiency virus type | enhancer binding protein 2 062 | 603605

"FC—fold change
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Table 1. Results of histological analysis of the reperfusion
injury of lung according to Sizlan et al".

Degree of lesion
Rats
GroupR | Group IPC 1 | Group IPC 2

1 1 1 1
2 1 1 1
3 1 1 1
a 1 1 1
5 1 1 1
[ 1 1 1
7 1 1 1
8 1 1 1
° 1 1 1
10 1 1 1
Average 1 1 1

Group IR=ischemia and Reperfusion; Group IPC1=ischemic
Postconditioning 1 (two cycles of reperfusion and

ischemia lasting two minutes each); Group IPC 2=ischemic
Postconditioning 2 (four cycles of reperfusion and ischemia

lasting 30 seconds each)

Note: P>0.05 between groups A, B and C.
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Abbreviations, acronyms & symbols

AF = Atrial fbrillation

CABG = Coronary artery bypass graft
PB = Cardiopulmonary bypass

NCD = Neurocognitive decline

POAF = Postoperative atrial ibrillation
SR = sinushythm
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Abbreviations, acronyms & symbols

IR =Ischemia and reperfusion
IPC = Ischemic postconditioning
ROS = Reactive oxygen species
TNF = Tumor necrosis factor
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Abbreviations, acronyms & symbols

HBO = Hyperbaric oxygen

MIC = Minimum inhibitory concentrations

MRSA = Methicillin-resistant staphylococcus aureus
PBS = Phosphate-buffered saline

SD = Standard deviation
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Table 1. The results of experimental rat mediastinitis after

treatment
Number | g cterial count:
of culture
Groups Therapy —— Moanss.D.
total log,, CFUIg
Group 1 | No therapy
ne? | (Uncontaminated)|  1%/10 00
Group2 | No therapy
n=7_| (Contaminated) | %'° 2962056
Group3 | Vancomycin /10 1002027
Group4 | Tigesikin o0 2052032
Grovp s HEO 10 3112054
n=7
GroUP 6 | vancomyan++80|  0/10 1522005
Group7 | Tigesilin+HB0 | 0/10 1702008

Mean=S.D. log._ CFUIg





OPS/images/a11img03.png
APPENDIX 1

FEDERAL UNIVERSITY OF BAHIA
BAHIA SCHOOL OF MEDICINE
Postgraduate Program in Medicine and Health
Rua Padre Feijo, 240, 30. andar, 40110-170 Salvador, Bahia, Brazil
Telephone/Fax.: +55 (71) 3247-4634
cpgms@ufba.br e ppgms@ufba.br
wwwfameb.ufba.br

SOCIODEMOGRAPHIC QUESTIONNAIRE

1. GENDER: Male Female

2. AGE (in years):

3. MARITAL STATUS: Single Married/ in a stable union
Separated / Divorced Widowed

4. RELIGION: Spiritualism Evangelical
Sects Oriental religions
Catholic No religion
Other

5. PLACE OF RESIDENCE: State capital city Outside the state
Other part of the state

6. FAMILY INCOME: 1.5 6-10

(as a multiple of a minimum salary)
11-15 16-20
>20 Does not know

7. WITH WHOM DO YOU LIVE? || Parents Spouse
Friend/Colleagues Alone
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APPENDIX 2

el FEDERAL UNIVERSITY OF BAHIA
1 'BAHIA SCHOOL OF MEDICINE
Postgraduate Program in Medicine and Health
I\ Rua Padre Feij6, 240, 30. andar, 40110-170 Salvador, Bahia, Brazil ~ |%

T 7 Telephone/Fax.. +55 (71) 3247-4634
%ﬁm cpgms@ufba.br e ppgms@ufba.br
sy wwwfameb.ufba.br

SCRIPT FOR THE INTERVIEW

1. Are you able to talk about your health at this moment?

2. What are your perceptions regarding angina?

3. How did you fell when you learned that you would have to undergo coronary artery
bypass grafting?

4. What information have you received about the procedure?

5. What are your expectations about the operation and about your progress afterwards?
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass grafting






OPS/images/a11img02.png
Authors’ roles & responsibilities

KMBM Analysisinterpretation of data; final approval of

the manuscript; study design; implementation of
projects/experiments;  manuscript  writingcritical
review of its content

Analysis/interpretation of data; final approval of
the manuscript; study design; implementation of
projects/experiments; manuscript writing or critical
review of its content






