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  Domingo M. BraileI
 
   

  In April 2017, the 44th Congress of the Sociedade Brasileira de Cirurgia Cardiovascular (SBCCV) took place in the amazing city of Rio de Janeiro, demonstrating once more the success of this event already consolidated in the Brazilian Cardiovascular Surgery community.

  Among the traditional activities, we had the Scientific Methodology Course this year, focused primarily for the candidates approved in the first phase of the test to obtain the Specialist Degree in Cardiovascular Surgery.

  It was not a surprise to see many Cardiovascular Surgeons also interested in the subject matter, present in the classroom.

  The idea of teaching this course arose from the lack of specific knowledge of our associates when writing their manuscripts to fulfill the exigencies to obtain the Specialist Title. An orientation in basic notions of research, statistics and data analysis seemed to be necessary, giving the authors greater confidence when writing their manuscripts.

  To our great satisfaction, we can realize that in each edition, a greater adherence and awareness of the importance in master basic rules for quality publications by our authors.

  This is one of the objectives of the BJCVS, as well as educate, teach and encourage researches in our community.

  Taking advantage of the Congress, we also had the annual meeting of the Editorial Board of the BJCVS, held on April 21, 2017. Several issues were discussed, following the main motto of the Board: the participation of the BJCVS young team, showing the results achieved in one year of work, which certifies we are on the right track, investing in the youth, sharing actions, and exchanging experiences with the new, with the future.

  Today, the BJCVS has a team of young collaborators, from the Junior Editor to the team that manages the Blog and our social networks.

  They could increase the accesses of BJCVS in a short period of time, sharing texts of excellent quality, with varied current subjects, promoting reading and knowledge.

  The BJCVS, along with the SBCCV, will continue to invest and encourage the education of all associates, academics, residents and surgeons, showing that Cardiovascular Surgery has a consolidated present and future due to the professionals' quality who perform it.

  Besides the success achieved by this event, activity that shows the vitality of our Society, we also want to refer to the evolution of the BJCVS as the vehicle that every two months shows the scientific production of our associates, and from the national and international authors, more and more frequent in our pages.

  The BJCVS improves in every edition, a reason of great pride for our entire community, showing that we can surpass ourselves even while experiencing periods of profound political, economic and social crisis in our country.

  Growing during crises is a task for personalities endowed with determination and character, capable of believing in the transforming capability we own.

  It is encouraging to see that even in this atmosphere, we overcome ourselves, as demonstrated by the insertion of the BJCVS in the international scope.

  To publish more quality work and to increase the citation of BJCVS articles, we have sent to all those who submit manuscripts to our journal, whether they are accepted articles or not, a message encouraging them to send other articles, besides emphatically asking them to cite the articles of the BJCVS in all their publications.

  We have had very positive results, as we can see, among others, in the correspondence of an author from Uruguay, reproduced below.

  
    "Dear Prof. Domingo, Braile

    I appreciate your letter very much. We will re-write the manuscript trying to fulfill all the reviewer comments.

    We are a very active group who have constant and frequent publications. Due to your letter and with the intention of strengthening the BJCVS I commit myself to increase the number of manuscripts to your journal.

    We consider the Brazilian Journal of Cardiovascular Surgery an ideal journal to distribute results from South American regarding Cardiovascular Surgery.

    Sincerely yours,

    Victor Dayan".

  

  We present below the BJCVS performance from January 1 to May 31, 2017, demonstrating how, step by step, we are becoming the leading publication of our specialty, throughout the Southern Hemisphere.

  Total articles received: 162 of 14 countries.

  Countries from which we received articles: Brazil; China; India; Iran; Jordan; Pakistan; Portugal; Saudi Arabia; Serbia; Switzerland; Turkey; United Kingdom of Great Britain; Northern Ireland (Figure 1).

  
    

    [image: Fig. 1. Countries that submitted manuscripts to the BJCVS between January 1 and May 31.]

  

  Regarding the categories of manuscripts, we also had, among others: 110 original articles, 20 case reports and 17 review articles (Figure 2).

  
    

    [image: Fig. 2. Manuscripts received by category between January 1 and May 31.]

  

  Showing the rigor with which Reviewers, Associate Editors and Editor-in-Chief have been conducting the evaluation of the articles, among the 162 manuscripts received, only 30 were accepted, with an 80% rejection rate!

  Twelve were accepted directly at this time because they proceed from the former GN1 platform, where they were exhaustively evaluated by our reviewers and Associate Editors.

  The facts that contributed to this high rejection rate were the low quality of the works, and the almost total rejection of the Case Reports, which add few knowledge, and are harmful to the Impact Factor (Figure 3).

  
    

    [image: Fig. 3. Manuscripts accepted or rejected between January 1 to May 30.]

  

  We can say with certainty that we are on the right track!

  I would like to commend the tireless dedication of the Associate Editors, Reviewers, and the support team who spare no efforts, promoting the BJCVS to occupy the prominent place it deserves. But this would be impossible without the unrestricted support of the SBCCV Directory, and Associates, who always did their best to help us.

  Have a great reading.

  Kind regards,

  
    Domingo M. Braile

      1Editor-in-Chief - BJCVS
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  During all year of 2016, we were commemorating the 30th anniversary of the Brazilian Journal of Cardiovascular Surgery (BJCVS). We asked some collaborators of the Journal to express their sentiments about the interaction of them with the publication, and the importance that it represented in their lives.

  Was not surprise to have many important manifestations of the colleagues, to show historical facts and personal impressions about the challenge that the former "Revista Brasileira de Cirurgia Cardiovascular" faced since its foundation up to nowadays.

  The BJCVS was a dream of the members from the "Sociedade Brasileira de Cirurgia Cardiovascular" (SBCCV) that is supporting the publication along all years by a decision of all the associates. Even with sacrifice, are maintaining the Journal, without any reimbursement, from the authors, or from the readers.

  From the very beginning, we had the possibility to count with the manuscripts from the Brazilian Cardiovascular Surgeons, offering the best products of the researches done in Brazil, to be published in our own Journal.

  To grow in the very restrict field of the specialty, was not easy. However, with the total compromise of all collaborators was possible, step by step, to arrive at the 30th anniversary in a consolidated position, publishing seven editions per year, six conventional and one supplement.

  Being recognized by Main International Databases, like Medline - PubMed, PubMed Central, SCImago - Scopus, Thomson Reuters, and others, is a reason of great proud. Today we have the privilege to be in a good position in the Latin American Journals ranking in our field, where we are surpassed only by the sister organization "Arquivos Brasileiros de Cardiologia" See at the link: https://goo.gl/Kkiuxg

  Our efficient Associate Editor, Prof. Dr. Paulo Evora, wisely decided to bring part of those emotional homages to thanks the authors, and give the opportunity to the readers to revive part of our history.

  In the context of the celebrations of the 30th anniversary of the Brazilian Journal of Cardiovascular Surgery, its Editor (Domingo M. Braile) invited associated surgeons to write about their personal feelings about the journal's history. Three texts were selected for a special session published in BJCVS 31.3 (2016). However, due to editorial standards, Scientific Electronic Library Online (SciELO) did not post those "historical" manifestations, which can only be read through the discontinued publication system, which has recently replaced by the Scholar One system. Curiously, without any previous consult, they were complementary in preserving the memory of the BJCVS.

   

  HISTORICAL NOTES (JOÃO DE DEUS E BRITO)

  The BJCVS had it birth place in our Society and had been a strong historical trajectory of uninterrupted publications along these 30 years. It became the unique international issuance in the field of the Southern hemisphere, Mexico, including Caribbean countries.

  It was founded by the idealism led by Prof. Dr. Adib Jatene (in memoriam), who became the first Editor-in-Chief for ten years: 1986-1996. He had taken the first step by indexing in Latin American and Caribbean Health Sciences Literature (LILACS), and it was an important starting point.

  Prof. Dr. Fabio B. Jatene was the second Editor-in-Chief, between 1986 and 2002, establishing the first electronic version, by indexing in SciELO, and introducing the peer system.

  Prof. Dr. Domingo M. Braile, in 2002, made himself available and had been dedicated permanently, as well as his predecessors, to the fate of Journal since then. His main point is consecutive fights for renewal and improvement of the Journal, only compared to cut a rough diamond. After many years of fights, MEDLINE indexing was finally announced on October 31st, 2007.

  During the celebrations of 25 years, in 2011, we had the first Impact Factor (IF) published by ISI-Thomson Reuters, the prime number of 0.963, almost 1, at first evaluation, which shows the high degree of development of Brazilian Cardiovascular Surgery.

  After indexing in the most relevant databases, possessing one the most qualified Editorial Board who works passionately, it was impossible to go ahead. Some changes were done to meet the needs of a new international reality. In this way, we changed the name of the Journal (BJCVS), modified the submission and evaluations electronically, which became fully in English. As a result, we started receiving articles from others ten countries worldwide, such as the United States of America, Turkey, and China, etc. As a result the publications increased from quarterly to bimonthly, in 2015. We have broken what the Editor-in-Chief commonly called the "nostalgia to remain unread by the international community" for a long time[1].

  Remarkable technical innovations of our surgeons and foundation of cardiovascular surgery centers in all Brazil had been relevant in the development and increasing number of publications along the last 30 years. We should not take for granted this accomplishment, but we continued to fight to be among most prestigious international publications of the specialty.

  My thanks to the honorable invitation and congratulations to the Editor-in-Chief and his predecessors, presidents of our Society and everyone who contributed along these 30 years of the state-of-the-art of our BJCVS. Certainly, this Journal will continue in the future to come of new generations of cardiovascular surgeons worldwide. In all we have made a good choice.

   

  TECHNICAL AND EDITORIAL NOTES (WALTER J. GOMES)

  In recent decades the Brazilian cardiovascular surgery has achieved milestones, an extraordinary evolution occupying a prominent position in the international scenario, with a significant increase in the volume of surgical procedures, development of new surgical techniques and a local industry that supported this rise.

  Similarly, the union of cardiovascular surgeons enabled the construction of a robust and thriving specialty society, which has served as a model for other guilds over the country by the vigor in defense of their rights, achievements and attained leadership.

  In the wake of these journeys, 30 years ago the BJCVS was launched, consolidating its position as the official journal for promoting the scientific production of the Brazilian cardiovascular surgeons. With strong leadership working hard as editors, continuous developments and changes contributed to the journal reached this position. From the early conquests with the inclusion in SciELO portal allowing the electronic version in Portuguese and spread on the Internet to the listing and availability in the CTSNet gateway, the Internet page of cardiovascular surgeons from around the world.

  The indexing in Medline/PubMed, the largest scientific database on the planet in health sciences, represented the maturity of the publication project and confidence in the evolution of quality.

  But crucial decisions were made about the way to go, after long and exhaustive analysis. With globalization and the consequent need for dissemination of its scientific content, the adoption of the English language was natural and imperative to achieve this goal. Breaking the paradigm of a regional publication evolving to show up on the world stage. The change of the name to Brazilian Journal of Cardiovascular Surgery also stood for a challenge, with the scope to internationalize the journal and places it to assume a more representative position in the cardiovascular arena. English language translation or editing service has been provided for authors who are not fluent in this idiom, assisting in preparing a publication-ready.

  Just like the other periodicals, the BJCVS strive to publish important and high-quality original scientific papers, which will serve for further interest in citation and therefore be increasing the impact factor. The impact factor ranks the scientific excellence of the periodicals worldwide, and all the efforts are focused on reaching the quality level attained by the top publications in the field.

  And the adoption of new software of electronic submission, the Scholar One is intended to facilitate to local and overseas authors the straightforward presentation of the manuscript, avoiding delays and expediting the publication.

  The publication has been expanded to six issues a year and the continuing medical education (CME) is provided in every issue, where the editor picks the article and write the related multiple choice questions.

  Expanding the scope, the BJCVS also has served for publication of original works from multidisciplinary or multi-professional production, specialties and professionals of related areas working along cardiovascular surgeons and making possible achieve the high standard of healthcare and scientific excellence.

  Seven associate editors have been assigned to assist in every sub-area of the cardiovascular surgery with the review of different types of manuscripts, select reviewers, review reports, and make the final decision to accept, reject, or revise. Moreover, a new team at the editorial office with Meryt Zanini as the Managing Editor and Camila Sáfadi taking over the position of Editorial Manager, greatly assisting and facilitating the work of the Chief Editor, the Associate Editors, and the reviewers. And all of them led by Professor Domingo Braile, the enthusiastic and tireless Chief Editor, whose hard work has enabled to reach this stage.

  Rearrangements of the journal's sessions will permit to cover articles on Innovations and New Technologies and keep pari passu with the transformations the specialty.

  After all, several reasons make attractive to publish in BJCVS a relevant article. A journal with 30 years of tradition, indexed in PubMed / Medline which consequently allows the authors greater exposure of their paper, besides the free access on the Web to the full content of the articles and free of charge.

  But BJCVS still have to climb higher levels, complete the internationalization process and get to be next to the best journals in the world.

   

  ACADEMIC AND PHILOSOPHICAL NOTES (PAULO ROBERTO B. EVORA)

  "Brazil is much greater than the crises it faces. It is essential to show what we are capable of in order to stand amidst other nations". (Domingo M. Braile, 2016)

  Domingo Braile (BJCVS Editor) wrote: "We have a constant obsession with having a better impact factor and, as a result, a Qualis ranking compatible with our specialty, will suffer another drawback: due to the change of name, the BJCVS citation will be only in English and thereby counted by Thomson and Scopus from now on. These are problems to be faced in order to improve for the future"[1]. I think that our 0.526 impact factor, despite all our efforts, it is not compatible with the BJCVS Thomson Reuters evaluation. Maybe this is the only reason for sadness during the BJCVS 30 years celebration. However, some considerations may alleviate this feeling.

  Randy Schekman, a US biologist who won the 2013 Nobel Prize in Physiology or Medicine receiving his prize in Stockholm, said his lab would no longer send research papers to the toptier journals, Nature, Cell and Science. Schekman said pressure to publish in "luxury" journals encouraged researchers to cut corners and pursue trendy fields of science instead of doing more important work. The problem was exacerbated, he said, by editors who were not active scientists, but professionals who favored studies that were likely to make a splash. Writing in the Guardian, Schekman raises serious concerns over the journals' practices and calls on others in the scientific community to take action. "I have published in the big brands, including papers that won me a Nobel prize." But no longer, he writes. "Just as Wall Street needs to break the hold of bonus culture, so science must break the tyranny of the luxury journals." A journal's impact factor is a measure of how often its papers are cited and is used as a proxy for quality. But Schekman said it was "toxic influence" on science that "introduced a distortion." He writes: "paper can become highly cited because it is good science - or because it is eye-catching, provocative, or wrong"[2].

  Although Dr. Sheckman's piece has received a fair share of criticism, including remarks of obvious hypocrisy, it does bring attention to certain emerging problems within the scientific community. One primary concern, which Sheckman touched upon, is the widespread use of the impact factor as a measure of research quality and productivity. The impact factor was originally established by Thomson Reuters Corporation as a tool to help librarians identify journals to purchase[3]. However, when applied by funding agencies, academic institutions, and other parties, the impact factor is often used as the primary parameter to evaluate an individual's or an organization's scientific contributions. Meanwhile, scientists alike agree that the impact factor does not appropriately measure the quality of a scientific article nor does it reflect how influential the work is in the field[3]. Thus, in recognizing the misleading influence of the impact factor, scientists across various disciplines are voicing a call for change.

  Finally, it would be appropriate to highlight some points that are involved directly and indirectly with the impact factor: a) High taxes for publications; b) The so-called "research consortium" with papers that have up to 200 co-authors; c) Often abusive self-citation rates, and; d) The billionaires news editorial groups mergers, etc. For our society, the impact factor does not matter. So, Dr. Braile we do not have to ask "for whom the bell tolls, we are not an island, the bell tolls for our BJCVS 30 years" (Jon Donne)...
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    ABSTRACT

    OBJECTIVE: The study aimed to identify the factors affecting the prognosis of post myocardial infarction (MI) ventricular septal rupture (VSR) and to develop a protocol for its management.

    METHODS: This was a single center, retrospective-prospective study (2009-2014), involving 55 patients with post MI VSR. The strengths of association between risk factors and prognosis were assessed using multivariate logistic regression analysis. The UNM Post MI VSR management and prognosis scoring systems (UPMS & UPPS) were developed.

    RESULTS: Thirty-day mortality was 52.5% (35% in the last 3 years). Twenty-eight (70%) patients underwent concomitant coronary artery bypass grafting. Residual ventricular septal defect was found in 3 (7.5%) patients. The multivariate analysis showed low mean blood pressure with intra-aortic balloon pump (OR 11.43, P=0.001), higher EuroSCORE II (OR 7.47, P=0.006), higher Killip class (OR 27.95, P=0.00), and shorter intervals between MI and VSR (OR 7.90, P=0.005) as well as VSR and Surgery (OR 5.76, P=0.016) to be strong predictors of mortality. Concomitant coronary artery bypass grafting (P=0.17) and location (P=0.25) of VSR did not affect the outcome. Mean follow-up was 635.8±472.5 days and 17 out of 19 discharged patients were in NYHA class I-II.

    CONCLUSION: The UNM Post-MI VSR Scoring Systems (UPMS & UPPS) help in management and prognosis, respectively. They divide patients into 3 groups: 1) Immediate Surgery - Patients with scores of <25 require immediate surgery, preferably with extracorporeal membrane oxygenation support, and have poor prognosis; 2) Those with scores of 25-75 should be managed with "Optimal Delay" and they have intermediate outcomes; 3) Patients with scores of >75 can undergo Elective Repair and they are likely to have good outcomes.

    Keywords: Myocardial Infarction; Heart Septal Defects, Ventricular; Cardiac Surgical Procedures; Prognosis.

  

   

   

  INTRODUCTION

  In spite of advances in surgical techniques, surgical repair of post myocardial infarction (MI) ventricular septal rupture (VSR) (post-MI VSR) is still associated with a high mortality rate of 20%-50%[1-3]. In unoperated cases, early death is common; 50% die in <7 days, 70% within 2 weeks, and 80%-90% die within 4 weeks[4-7].

  The first surgical repair of post-MI VSR was performed by Cooley et al.[8], in 1957, followed by documentation of several other series[9,10]. However, the available literature is very scant and scattered due to the rarity, discrepancy in clinical presentation, and complex natural history of the condition[9]. Timing of surgery and associated co-morbidities play an important role in determining the outcome of patients[10]. In recent times, due to advances in interventional cardiology, extracorporeal membrane oxygenation (ECMO) and intensive care unit (ICU) care, a multitude of options have become available to the 'heart team' to do either an immediate surgery or delay/defer surgery. However, objective guidelines for proper management of this entity are still not available due to the relative rarity of this highly fatal condition.

  We present our center's experience with 55 patients with post-MI VSR and we suggest the use of the UNM Post-MI VSR Scoring Systems to guide management and indicate prognosis of patients.

   

  METHODS

  Between January 2009 and January 2014, 55 patients were diagnosed with post-MI VSR and 40 of them (26 male; 14 female), who underwent surgery in the Department of Cardiothoracic Surgery, U.N. Mehta Institute of Cardiology & Research Center, were included in our study. Ten patients who did not give consent for surgery were managed medically. The remaining five patients underwent elective device closure since they presented VSR later than 4 weeks after MI, were in New York Heart Association (NYHA) I/II class, and did not require coronary artery bypass grafting (CABG). After approval from the ethics committee, perioperative data were collected from hospital records and written informed consent of the living patients was obtained for follow-up. Data for the following variables were collected: age, gender, time between MI and VSR, urgency of operation, prior cardiac surgery, history of previous (>3 months) MI, smoking, diabetes, hypertension, respiratory disease, renal dysfunction, congestive cardiac failure, cardiogenic shock, intra-aortic balloon pump (IABP) usage, mean blood pressure before and after IABP insertion, inotrope usage, ventilatory support, EuroSCORE II, Killip class, extent of coronary disease, and left ventricular ejection fraction (LVEF). The outcomes measured for our study were: hospital mortality, length of ICU stay, post-operative hospital stay, stroke, peri- operative MI, re-operation for bleeding, renal failure, and need for tracheostomy. We also noted the incidence of arrhythmias and duration of post-operative inotropes and IABP support.

  Surgical Technique

  After complete cardiological assessment using echocardiography and coronary angiography, the patients were approached through a median sternotomy. IABP was instituted in all patients (if not inserted in the pre-operative period) just after induction of anesthesia. After cardiopulmonary bypass was established using aortic and bicaval cannulation, the aorta was cross-clamped and antegrade blood cardioplegia and intermittent retrograde cardioplegia were used in all cases. If CABG was required, distal anastomoses were made first. A vacuum positioner system was used to expose the posterior VSRs. The septal rupture was approached through the infarcted area of the myocardium, preferably through the left ventricle. A variant of the Daggett's technique was used[11]. Infarctectomy was not routinely performed, but care was taken to go at least 1 cm beyond the infarcted margin. All the anterior and most of the posterior defects were closed by a 0.6 mm polytetrafluoroethylene (PTFE) patch fixed to the non-infarcted region of the septum with interrupted horizontal pledgeted 4-0 polypropylene mattress suture (26 mm needle), keeping the pledget on right ventricular side. Deep bites extending into healthy myocardium were taken to prevent sutures from cutting through. Infarct exclusion technique was used when margins were too friable or healthy area was indistinguishable from the infarcted area. The ventriculotomy was closed using 4-0 polypropylene sutures (26 mm needle) in interrupted and continuous fashion with PTFE felt strips on each side of the ventriculotomy, as described by Daggett et al.[11]. After, cardiopulmonary bypass was discontinued, oxygen saturation of right atrial and pulmonary arterial blood was measured along with transesophageal echocardiography (TEE) to rule out residual ventricular septal defect. IABP and inodilators (levosimendan/milrinone) were used to stabilize the patient in the immediate postoperative period. Inotropes were guided by cardiac output measured through the Swan Ganz catheter. All patients were started on enteral nutrition through nasogastric tube from postoperative day 1. Patients were routinely ventilated till inotropic requirement was high. Patients were weaned off from the ventilator once inotropic requirement became reasonable (vasoactive inotropic score of <10)[12] and respiratory parameters were satisfactory. IABP continued to be used for at least 4-5 days postoperatively and then it was gradually tapered off once inotropic support decreased to a minimal dose (vasoactive score of ≤5). Inodilators were tapered 1 or 2 days after IABP removal. Postoperatively, patients were given amiodarone, antiplatelets, statins, beta blockers, spironolactone, and angiotensin-converting-enzyme inhibitor (ACE) inhibitors. Amiodarone was discontinued after 15 days of surgery.

  Patient Follow-up

  Late mortality, NYHA class, and residual defects were noted on follow-up. Patients were followed up in an outpatient setting and/or by telephonic interview. Echocardiography was performed at three-month intervals for the first 6 months, and then at 6-month intervals thereafter. Preoperative echo parameters were compared with those at follow-up. Residual defects, if any, were analyzed. Presence or absence of mitral regurgitation, right and left ventricular function, and pulmonary artery pressures were also analyzed at follow-up echocardiography.

  Statistical Analysis

  The statistical calculations were performed using SPSS software v 20.0 (Chicago, IL, USA). Continuous data were expressed as mean ± standard deviation (SD). Patient survival rates were calculated using Kaplan-Meier. Univariate analysis of continuous data was performed using Student's t-test, whereas chi-square test was used for the categorical data. Multivariate logistic regression was used to estimate independent risk factors for the factors with a significant P value (<0.05) on univariate analysis. An attempt has been made to develop a deterministic quantitative risk score in order to assess the risk involved with patient's clinical condition. Factors for the risk score calculation were screened by a univariate logistic screening model. Furthermore, these clinical factors were used in risk score calculations. Theoretical details for the index can be given as follows. The risk score is comprised of two elements: weightage {statistical weightage (as provided by regression analysis) of factors thought to be important as per surgical literature} and value of the clinical parameter. Let 'Xi ' be the value of the corresponding clinical variable and 'Wi ' be the combined weightage of the corresponding variable. Thus, the proposed risk score is a linear function of clinical parameters given as below:

  
    [image: Equation 1]

  

  To assess the performance of the risk score with respect to predicting survival, a receiver operating characteristic (ROC) curve was plotted for the risk scores. The area under the curve (AUC) and 95% confidence intervals (CI) were then estimated. Various cut-off scores were calculated and analyzed for survival.

   

  RESULTS

  Patient Characteristics

  Sixty-five percent of the patients undergoing surgical post-MI VSR repair were male and 35% were female. Mean age of the patients was 61.65±7.6 years (Table 1). The most common coronary arteries involved were the left anterior descending (LAD) at 75% and the right coronary artery (RCA) at 47.5%. Other demographic characteristics are mentioned in Table 1.
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  Mortality Statistics and Contributing Risk Factors

  Out of the 55 patients, all ten who did not undergo surgery died. All five patients who underwent elective device closure of VSR after 4-6 weeks survived. The 30-day hospital mortality in the surgical group was 52.5% (21 patients), where two (9.5%) deaths were intraoperative and 19 (90.5%) deaths occurred in the intensive care unit (Figure 1). The two patients who died in the operation room had an inferior wall MI with posterior VSR. One patient could not be weaned off bypass while the other patient died due to uncontrolled bleeding. In the remaining 19 patients, the most common cause of death was low cardiac output in 15 (71.5%) cases, followed by sepsis in the remaining 4 (19%) cases.
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  It was observed that patients who died had lower mean blood pressure after IABP insertion (96.85±9.9 vs. 104.95±12.3, P=0.027), higher NYHA class (3.5±0.5 vs. 3.1±0.5, P=0.036), higher EuroSCORE-II (26.02±8.8 vs. 17.26±8.1, P=002), higher Killip class (3.98±0.3 vs. 2.84±0.3, P=0.00) and shorter time interval between occurrence of VSR after MI (2.29±1.4 vs. 4.16±1.9, P=0.001) than those who survived. The successful and safe postponement of surgery after MI (P=0.00) and VSR (P=0.004) occurrence was also found to favor good surgical outcomes (Table 1). History of hypertension, diabetes, stroke, and previous MI was higher in the mortality group compared to the survival group, however, those differences did not reach a statistically significant level [(P>0.05), Table 1]. Likewise, the severity of coronary artery disease, VSR location, preoperative LVEF, and concurrent CABG had no statistically significant influence on mortality (Table 1). On the logistic regression, we found that low mean blood pressure after IABP insertion (OR 11.43, P=0.001), higher EuroSCORE II, (OR 7.47, P=0.006), higher Killip class (OR 27.95, P=0.00), shorter intervals between MI and VSR (OR 7.90, P=0.005) and VSR and Surgery (OR 5.76, P=0.016) were independent predictors of mortality (Table 2).
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  In the studied population, a residual defect was noted in 3 (7.5%) cases. One patient was reoperated and died in the postoperative period while the other two had hemodynamically insignificant VSDs which were managed conservatively. They continued to be in NYHA-II until the last follow-up. There was no statistically significant relationship between location of VSR and occurrence of residual defect (P=0.53).

  Two out of 19 patients discharged from the hospital died during follow-up. Mean follow-up time was 635.8±472.5 (range 118-1720) days. Cause of death was unknown. All surviving patients were in NYHA class I-II at the last follow-up. The survival analysis is shown as Kaplan-Meier survival function (Figure 2).
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  UNM-MI VSR Scoring Systems for Management and Prognosis

  We developed scoring systems to manage and prognosticate post-MI VSR patients by studying the factors which could affect the outcome using a multivariate logistic screening model (Table 3). The score developed from factors (at the time of presentation of patient) mentioned in Table 3A was described as "UNM Post-MI VSR Management Score" (UPMS). After a patient had been taken up for intervention, according to the management protocol of our institute, the addition of one factor (time from VSR to surgery) gave us the "UNM Post-MI VSR Prognosis Score" (UPPS). The optimum cut-off UPPS was found to be 65. Patients with a UPPS above 65 have a better chance of survival than those having a lower score.
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  While calculating the results of patients operated at different intervals after VSR, three trends were observed (Figure 3).
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  DISCUSSION

  Post-MI VSR occurs only in 0.2% of patients with acute MI and it was first described by Latham[13] in 1846. In the current study, we have reviewed our experience of 55 patients with post-MI VSR within a span of 5 years. Ten patients were either not referred for surgery or refused surgery. This phenomenon has been documented by Labrousse et al.[2] and GUSTO-I trial[4], which suggest that cardiologists themselves decide about suitability of patients for surgery, leading to fewer patients being referred for surgery. In developing countries, financial constraints also come into picture, further aggravating the situation. Ideally, those patients should be evaluated by a "heart team" consisting of at least one cardiologist, one cardiac surgeon, and one critical care expert.

  All patients who were not operated eventually died. Our overall postoperative mortality was 52.5%. However, considering the fact that patients who underwent device closure (n=5) could also have been managed surgically with almost 100% survival (as also seen in our study, all patients with score > 75 survived). This could have resulted in a much lower mortality for our surgical series. Mortality has also been decreasing progressively with better understanding of the condition, 'optimum delay' in surgery after occurrence of VSR, better cardiopulmonary bypass management, improved postoperative care, and extended postoperative IABP usage. Our mortality rate in the first 2 years (2009-2011) was 70% (14/20), decreasing to 35% (7/20) in the last three years (2011-2014). To the best of our knowledge, this is the first study reporting an experience of 55 (40 operated + 5 elective device closure + 10 unoperated) patients within a time span of 5 years from a single center. Higher incidence of post-MI VSR in developing countries could be due to unavailability/delay in primary revascularization or thrombolysis of patients with acute MI.

  We found post-MI VSR to be more common in males, especially in those having hypertension. This finding is similar to that observed by Arnaoutakis et al. [14]. But it is contradictory to the reports from GUSTO-1[4], Barker et al.[9], and Serpytis et al.[15] who found female gender to be a risk factor for the development of VSR. We also found that single vessel disease (45%) was the most common type of coronary artery disease associated with post-MI VSR, followed by double vessel disease (37.5%). Similar findings have also been reported by others[7,15-17].

  Regarding clinical status, all authors found higher mortality in patients with preoperative cardiogenic shock[1-3,7,8,14,18]. In our series, lower mean blood pressure after IABP insertion was found to be an independent risk factor for mortality. We have not found any effect of LVEF on immediate outcome of patients, while Huang et al.[19] found preserved LVEF to have a beneficial effect on early outcomes. In patients with post-MI VSR, LVEF can be fallaciously high due to the presence of a left to right shunt. Therefore, in those patients, pulmonary blood flow/systemic blood flow (Qp/Qs), and pulmonary artery pressures should always be measured to estimate the exact degree of myocardial dysfunction.

  The prevalence of triple vessel disease and double vessel disease was higher in the mortality group compared to the survivor group, however, the difference was not statistically significant (P=0.11, 0.25). Thus, the number of coronary vessels involved appears to have no significant effect on immediate surgical outcome of the patients. Similar observations were made by Labrousse et al.[2]. Unlike others, we did not find any protective effect of concomitant CABG in terms of early mortality[2,7,14,19,20]. During follow-up, there was no significant difference in postoperative ejection fraction and NYHA status between patients with concurrent CABG and those without CABG (37.7±6.01 vs. 42.5±7.05). This probably reflects the presence of SVD in most surviving patients.

  Jeppsson et al.[1] and Dalrymple-Hay et al.[20] attributed the high mortality rates in posterior VSRs to the difficulty of operative exposure and associated right ventricular infarction. Posterior VSRs associated with right ventricular infarction have worse prognosis as compared to posterior VSRs with left ventricular infarction or anterior VSRs. In our study, these differences did not reach a statistically significant level. Severe right ventricular dysfunction appears to be a key factor affecting these findings. In patients with posterior VSR and right ventricular infarction, VSR must be approached through the infarcted right ventricle rather than the non-infarcted left ventricle to preserve left ventricular function and to avoid inadvertent damage to a normal obtuse marginal artery/posterior left ventricular artery supplying the inferior wall of left ventricle. One should be very careful while closing the ventriculotomy as this right ventricle is extremely friable and the sutures can give way. We recommend the use of glue (cyanoacrylate adhesive) along with PTFE felt to buttress the whole inferior wall around the ventriculotomy in such patients to prevent bleeding and late aneurysm formation. The glue was applied to ventriculotomy margins before closure began in order to prevent sutures from cutting through and needle holes from bleeding. A second layer of glue can be applied later, if required, over the suture margins. We do not however recommend the routine use of glue to decrease the chance of postoperative bleeding as less postoperative bleeding and blood transfusion requirements were observed if VSR was approached through the infarcted region of left ventricle. Though in our study location of VSR did not affect results, we think apical VSRs have the best prognosis because they are mostly associated with more distal occlusion of the culprit vessel, thus preserving blood supply to most of the septum. Being small and easily accessible, they are also easier to close surgically/interventionally.

  Time periods from MI to VSR and VSR to Surgery seem to be the crucial factors affecting survival. The greater chances of mortality in patients operated early after occurrence of VSR could be explained by the fact that unstable hemodynamics and ischemia-reperfusion injury to recently infarcted myocardium further stuns the myocardium. The beneficial effects of the optimum waiting period are also due to the development of firmer scars in infarcted areas of the myocardium, facilitating surgical repair, decreasing risk of recurrent or residual defects, and ultimately improving prognosis[21]. This was also observed in the present study, as intervals between MI and VSR and VSR and Surgery were found to be independent predictors of hospital mortality, thereby prompting their use in our scoring system. Similar observations were made by Poulsen et al.[10], Papalexopoulou et al.[22], and Jones et al.[23]. We also observed that 16 (76%) out of 21 patients died if the surgery was carried out <3 days from occurrence of VSR while only 26% (5/19) died when surgery was performed >3 days after occurrence of VSR. This suggests that, if we can delay the surgery for >3 days after the occurrence of VSR, mortality of the patients decreases by 50% and if we can delay it for 4-6 weeks, then it further decreases to almost 0. Time between VSR and Surgery appears to be the most important interval (statistically) as it signifies the time when the heart and various body systems get to adapt to the hemodynamic consequences of sudden left to right shunt. Moreover, this is the most important determinant of the quality of margins of VSR, whether fibrosed or friable. A short interval between MI and VSR is suggestive of severe ischemia and unavailability of collateral circulation. A long interval between MI and Surgery (MI to VSR + VSR to Surgery) suggests the heart is well collateralized and/or systems have had enough time to adapt to altered hemodynamics. This is where IABP proves so beneficial. We emphasize the institution of preoperative IABP to stabilize the patients. IABP acts by decreasing the afterload of left ventricle and improves coronary circulation. Ultimately, the reperfusion injury associated with cardiopulmonary bypass and revascularization is decreased, especially on a stunned myocardium. We instituted IABP in 39 patients preoperatively. One patient had severe aortoiliac disease with left subclavian stenosis, so IABP was inserted through the right subclavian artery in the operating room. Some hemodynamically unstable patients failed to stabilize despite high inotropic support and IABP could be salvaged by using ECMO. ECMO was instituted in one patient as he could not be weaned off cardiopulmonary bypass, even with IABP and higher inotropic support. ECMO could be weaned off in this patient in 60 hours and he made a complete recovery. Thus, the 'optimal delay' approach is extremely beneficial for centers without ECMO support since it improves patient outcomes.

  UPMS helps in guiding the management of the patients with post-MI VSR. Based on our results, our current protocol is that, upon arrival at an emergency unit, a 'heart team' evaluates the patient. Patients with UPMS of <25 undergo emergency surgery with ECMO support, if required. Patients with UPMS of 25-75 are optimally stabilized before being taken up for surgery. This group benefits the most from 'Optimal Delay' in surgery. Patients with a score of over 75 are most likely to survive and undergo planned device or surgical closure. As described earlier, UPPS helps to prognosticate patients with post-MI VSR. All patients with UPPS of <25 died whereas none of the patients with UPPS > 75 did. Therefore, patients with a higher UPPS have higher chances of survival.

  In the current study, residual ventricular septal defects were observed in 3 (7.5%) patients, which is lower than the various other series[2,10,14,21,24]. These defects were not present intraoperatively, but were found on postoperative echocardiography. We close most of the VSRs with interrupted mattress sutures (modified Daggett's technique[11]) so small jets may be present in the gaps between the sutures or due to cutting through one of the sutures. Infarct exclusion technique was used in 4 patients. However, it requires a very big patch as well as bigger ventriculotomy and patch dehiscence remains a possibility if even one bite cuts through. We feel that the interrupted suture technique is the safest bet in VSRs with friable margins, as most of the sutures will hold the patch in place, allowing for only small jets in case of suture cutting through. We also observed that the proximal margin of the defect is usually healthy as compared to the distal margin, probably due to better blood supply of proximal septum, which may have patent septal arteries and collaterals. Hence, extra care must be taken while suturing the distal margin to prevent residual ventricular septal defects. Therefore, we grafted all LADs (in case of proximal LAD or left main disease) if the first septal was visualized angiographically to preserve the blood supply and to provide better healing of ventricular septum.

  Limitation

  It should be mentioned that this study had some limitations. The main limitations are the retrospective nature of our work and the sample size being smaller than some multicenter trials. Also, all late presenting VSRs (> 4 weeks) were closed by devices, which left only the worst patients for surgery. The mortality rate of our study's surgical group may thus have been fallaciously high.

   

  CONCLUSION

  The strength of this study lies in it being a single, high-volume center data of a considerably large group of patients undergoing surgical repair of post-MI VSR, within a short time span of 5 years. Experience of a high-volume center for any less common/rare procedure provides a closer insight into the magnitude of a critical condition than multicenter trials. Messages of the study are:
 
  
    1. In classical teaching, any mechanical complication of MI mandates immediate surgery. However, this study shows that patients with post-MI VSR should be stabilized first with IABP, along with inotropes and, depending upon hemodynamic patterns and UNM Post-MI VSR Management Scoring System (UPMS), the patient may either go for Immediate Surgery (score of <25), Optimal Delay (score of 25-75), or Elective Repair (score of > 75) (Figure 3). Any patient undergoing VSR closure within 3 days of its occurrence must be taken to the operation room with an integrated ECMO circuit, especially if the time interval between MI and VSR is <3 days.

    2. According to the UNM Post-MI VSR Prognosis Scoring System (UPPS), a score of <25 suggests poor prognosis, 25-75 suggests intermediate prognosis, and a score of > 75 suggests good prognosis.

    3. Meticulous closure of VSR with interrupted sutures taking healthy tissue in every bite gives good freedom from residual VSRs.

    4. Location of VSR does not affect the outcome of the patients, but it can help in deciding the ventriculotomy site. As described earlier, posterior VSR with right ventricular infarction must be approached through RV.

    5. If a patient with anterior VSR has a well-visualized first septal with left main disease or proximal significant disease of LAD, CABG with graft to proximal LAD should be performed.

    6. Concomitant CABG does not affect early outcome of the patients. However, CABG may prevent deterioration of left ventricle function in patients with TVD in the long term.

  
  
   

   

  REFERENCES

  1. Jeppsson A, Liden H, Johnsson P, Hartford M, Radegran K. Surgical repair of post infarction ventricular septal defects: a national experience. Eur J Cardiothorac Surg. 2005;27(2):216-21.

  2. Labrousse L, Choukroun E, Chevalier JM, Madonna F, Robertie F, Merlico F, et al. Surgery for post infarction ventricular septal defect (VSD): risk factors for hospital death and long term results. Eur J Cardiothorac Surg. 2002;21(4):725-31.

  3. Cerin G, Di Donato M, Dimulescu D, Montericcio V, Menicanti L, Frigiola A, et al. Surgical treatment of ventricular septal defect complicating acute myocardial infarction. Experience of a north Italian referral hospital. Cardiovasc Surg. 2003;11(2):149-54.

  4. Crenshaw BS, Granger CB, Birnbaum Y, Pieper KS, Morris DC, Kleiman NS, et al. Risk factors, angiographic patterns, and outcomes in patients with ventricular septal defect complicating acute myocardial infarction. GUSTO-I (Global Utilization of Streptokinase and TPA for Occluded Coronary Arteries) Trial Investigators. Circulation. 2000;101(1):27-32.

  5. David TE, Armstrong S. Surgical repair of postinfarction ventricular septal defect by infarct exclusion. Semin Thorac Cardiovasc Surg. 1998;10(2):105-10.

  6. Hill JD, Stiles QR. Acute ischemic ventricular septal defect. Circulation. 1989;79(6 Pt 2):I112-5.

  7. Deja MA, Szostek J, Widenka K, Szafron B, Spyt TJ, Hickey MS, et al. Post infarction ventricular septal defect: can we do better? Eur J Cardiothorac Surg. 2000;18(2):194-201.

  8. Cooley DA, Belmonte BA, Zeis LB, Schnur S. Surgical repair of ruptured interventricular septum following acute myocardial infarction. Surgery. 1957;41(6):930-7.

  9. Barker TA, Ramnarine IR, Woo EB, Grayson AD, Au J, Fabri BM, et al. Repair of post-infarct ventricular septal defect with or without coronary artery bypass grafting in the northwest of England: a 5-year multi-institutional experience. Eur J Cardiothorac Surg. 2003;24(6):940-6.

  10. Poulsen SH, Praestholm M, Munk K, Wierup P, Egeblad H, Nielsen-Kudsk JE. Ventricular septal rupture complicating acute myocardial infarction: clinical characteristics and contemporary outcome. Ann Thorac Surg. 2008;85(5):1591-6.

  11. Daggett WM, Buckley MJ, Akins CW, Leinbach RC, Gold HK, Block PC, et al. Improved results of surgical management of postinfarction ventricular septal rupture. Ann Surg. 1982;196(3):269-77.

  12. Gaies MG, Gurney JG, Yen AH, Napoli ML, Gajarski RJ, Ohye RG, et al. Vasoactive-inotropic score as a predictor of morbidity and mortality in infants after cardiopulmonary bypass. Pediatr Crit Care Med. 2010;11(2):234-8.

  13. Latham PM. Lectures on subjects connected with clinical medicine, comprising diseases of the heart. Vol. 2. London: Longmans, Brown, Green, and Longmans; 1846. p.1845-6; p.168-76.

  14. Arnaoutakis GJ, Zhao Y, George TJ, Sciortino CM, McCarthy PM, Conte JV. Surgical repair of ventricular septal defect after myocardial infarction: outcomes from the Society of Thoracic Surgeons National Database. Ann Thorac Surg. 2012;94(2):436-43.

  15. Serpytis P, Karvelyte N, Serpytis R, Kalinauskas G, Rucinskas K, Samalavicius R, et al. Post-infarction ventricular septal defect: risk factors and early outcomes. Hellenic J Cardiol. 2015;56(1):66-71.

  16. Cox FF, Plokker HW, Morshuis WJ, Kelder JC, Vermeulen FE. Importance of coronary revascularization for late survival after postinfarction ventricular septal rupture. A reason to perform coronary angiography prior to surgery. Eur Heart J. 1996;17(12):1841-5.

  17. Leavey S, Galvin J, McCann H, Sugrue D. Post-myocardial infarction ventricular septal defect: an angiographic study. Ir J Med Sci. 1994;163(4):182-3.

  18. Anderson DR, Adams S, Bhat A, Pepper JR. Post-infarction ventricular septal defect: the importance of site of infarction and cardiogenic shock on outcome. Eur J Cardiothorac Surg. 1989;3(6):554-7.

  19. Huang SM, Huang SC, Wang CH, Wu IH, Chi NH, Yu HY, et al. Risk factors and outcome analysis after surgical management of ventricular septal rupture complicating acute myocardial infarction: a retrospective analysis. J Cardiothorac Surg. 2015;10:66.

  20. Dalrymple-Hay MJ, Langley SM, Sami SA, Haw M, Allen SM, Livesey SA, et al. Should coronary artery bypass grafting be performed at the same time as repair of a post-infarct ventricular septal defect? Eur J Cardiothorac Surg. 1998;13(3):286-92.

  21. Lemery R, Smith HC, Giuliani ER, Gersh BJ. Prognosis in rupture of the ventricular septum after acute myocardial infarction and role of early surgical intervention. Am J Cardiol. 1992;70(2):147-51.

  22. Papalexopoulou N, Young CP, Attia RQ. What is the best timing of surgery in patients with post-infarct ventricular septal rupture? Interactive Cardiovasc Thoracic Surg. 2013;16(2):193-6.

  23. Jones BM, Kapadia SR, Smedira NG, Robich M, Tuzcu EM, Menon V, et al. Ventricular septal rupture complicating acute myocardial infarction: a contemporary review. Eur Heart J. 2014;35(31):2060-8.

  24. Held AC, Cole PL, Lipton B, Gore JM, Antman EM, Hochman JS, et al. Rupture of the interventricular septum complicating acute myocardial infarction: a multicentre analysis of clinical findings and outcome. Am Heart J. 1988;116(5 Pt 1):1330-6.

   

   

  Correspondence Address:

  Amber Malhotra

  Department of Cardiovascular and Thoracic Surgery

  U. N. Mehta Institute of Cardiology and Research Center, Civil Hospital Campus, Asarwa

  Ahmedabad-380016 - Gujarat, India

  Email: amgitmalhotra2001@rediﬀmail.com

   

   

   This study was carried out at the U. N. Mehta Institute of Cardiology and Research Center (afliated to BJ Medical College, Ahmedabad), Gujarat, India 

   No fnancial support.

  No conﬂict of interest 

   Article received on October 7th, 2016.

  Article accepted on January 23rd, 2017. 

      
    [image: Abb]

  

        
    [image: Authors]

  





  DOI: 10.21470/1678-9741-2017-0013

  ORIGINAL ARTICLE

  
    Paim L, Fonseca JHP, Arruda Junior FV, Gutierrez PS, Moreira LFP, Jatene FB. A New Experimental Device for Transapical Access of the Aortic and Mitral Valves as well as the Aorta in its Various Segments. Braz J Cardiovasc Surg 2017;32(3):156-161

  

  
    A New Experimental Device for Transapical Access of the Aortic and Mitral Valves as well as the Aorta in its Various Segments

  

   

   

  Leonardo PaimI, MD; José Honório Palma da FonsecaI, MD, PhD; Francismar Vidal de Arruda JuniorI, MD; Paulo Sampaio GutierrezI, MD, PhD; Luiz Felipe Pinho MoreiraI, MD, PhD; Fabio Biscegli JateneI, MD, PhD

  IInstituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (InCor-HCFMUSP), São Paulo, SP, Brazil

   

  
    ABSTRACT

    OBJECTIVE: To present the results of a new experimental device developed to facilitate the transapical access in endovascular treatment of structural heart diseases. It aims to reduce the risk of bleeding and complications in this type of access and demonstrate the device as a safe, fast and effective alternative.

    METHODS: CorPoint is composed of three parts: introducer, base with coiled spring, and closing capsule. By rotating movements, the spring is introduced into the myocardium and progressively approaches the base to the surface of the heart. Guidewires and catheters are inserted through the hollow central part and, at the end of the procedure, the capsule is screwed over the base, therefore stopping any bleeding.

    RESULTS: The device was implanted in 15 pigs, weighing 60 kg each, through an anterolateral thoracotomy, while catheters were introduced and guided by fluoroscopy. All animals had minimal bleeding; introducers with diameter up to 22 Fr were used and various catheters and guidewires were easily handled. After finishing the procedure, the closing capsule was attached and no bleeding was observed at the site.

    CONCLUSION: This new device has proved effective, fast and secure for the transapical access. This shows great potential for use, especially by ensuring an easier and direct access to the mitral and aortic valves; the shortest distance to be traveled by catheters; access to the ascending and descending aorta; decreased bleeding complications; decreased surgical time; and the possibility of allowing the technique to evolve and become totally percutaneous.

    Keywords: Models, Animal; Hemorragia; Endovascular Procedures; Stents; Minimally Invasive Surgical Procedures.

  

   

   

  INTRODUCTION

  The treatment of structural cardiovascular diseases, such as aortic stenosis, mitral valve degeneration, aortic aneurysms and dissections, as well as mechanical circulatory assistant devices have been performed through minimally invasive procedures in an ever so growing manner. Since the first case of transcatheter aortic valve implantation (TAVI) performed by Doctor Allan Cribier, in 2002[1], the number of patients who receive catheterbased heart valves and aortic endografts has been growing exponentially.

  Regarding structural heart diseases, transcatheter aortic valve implantation is undisputedly the main example of this type of approach. With more than 100.000 procedures worldwide, it has been established as the main option for the treatment of symptomatic aortic stenosis in inoperable and high risk patients[2-5], with newer studies trying to push this indication towards moderate risk patients, such as the PARTNER 2 Trial[6].

  TAVI can be performed through various access routes, and while transfemoral approach is the most common, other options are widely available and performed according to each center's expertise, such as transaxillary/subclavian, transaortic, transcarotid, and the main option, transapical approach[7,8]. Although both transfemoral and transapical techniques are well established as viable access routes for TAVI and other endovascular procedures such as valve-in-valve implants, each one presents its difficulties, peculiarities and complications, making it difficult so far to establish the superiority of one over the other, when both options are feasible[9].

  The transfemoral approach is considered to be less invasive, performed through a puncture of the common femoral artery, ideally at its bifurcation point and, due to recently available assistant closure devices, this technique can be performed in a totally percutaneous manner. On the other hand, the transapical approach guarantees an easier access to the aortic and mitral valves, as well as the ascending aorta, in a way that the catheters are less introduced and have to travel a much smaller distance, which makes it easier to manipulate and position them. However, this approach requires a thoracotomy, general anesthesia and the placement of sutures at the apex of the left ventricle, thus characterizing a more invasive procedure. Furthermore, serious hemorrhage can occur due to the manipulation of the left ventricle, be it during the procedure or postoperatively, which accounts for one of the main concerns regarding this method.

  Other advantages of the transapical approach are cited below[3]:

  
    1. Presents no vascular caliber limitations and can be performed in patients with inaccessible aorto-iliac systems, either as a consequence of severe calcification or aneurysmal dilatations.

    2. Smaller risk of micro-embolization by less trauma to the stenotic aortic valve, when compared to the retrograde course.

    3. Allows implant of the valve with no previous dilatation.

    4. Utilizes wider catheters, which translates in lesser need to crimp the valve and therefore, less trauma to the prosthesis. This may increase its durability throughout time.

    5. The position of the prosthetic valve over the native valve is better defined and easier to be implanted, since the angle of the catheter's insertion is much more favorable.

    6. In re-operations, the adhesion that is created between the left ventricle and the pericardium, in the anterior chest wall, may facilitate the procedure and reduce bleeding.

  

  Although many studies show that the complication rate of apex closure are low[3,10-15], it is undeniable that this is one of the main concerns of the Heart Team, especially due to the risk of bleeding. For those experienced in this type of approach, the closure of the left ventricle at the end of the procedure is one of the most delicate parts of the operation. With this in mind, this new device named CorPoint was developed, which aims to minimize the risk of bleeding at the same time as it eases the insertion and manipulation of catheters during surgical procedure.

  The device aids in transapical access by presenting the following characteristics:

  
    1. Fast and direct access to the heart and its chambers.

    2. Access to the ascending and descending aorta from the apex of the left ventricle.

    3. Direct access to the left sided heart valves.

    4. Spares the need to suture the heart at the end of the procedure, since a closing capsule is screwed over the base of the device to stop the bleeding.

    5. Reduces hemorrhage complications.

    6. Reduces operative time.

    7. The possibility of enabling this procedure to evolve into a totally percutaneous approach.

  

   

  METHODS

  The Device

  CorPoint was developed in partnership with HELP Plastic S.A., and is produced entirely of 316 stainless steel, a material largely applied in the medical field since it does not present any adverse reactions to the human body.

  It is composed basically of 3 parts (Figure 1):

  
    

    [image: Fig. 1. A) CorPoint assembled with the body as one. The base with the coiled spring are apart. B) The device with each of its parts unassembled.]

  

  
    1. The body, which represents the introducing system

    2. The base, with its coiled spring

    3. The closing capsule.

  

  The whole device is assembled in one piece. The first step is to puncture the apex of the left ventricle and introduce a guide wire, oriented through fluoroscopy, until it reaches the descending aorta. The wire is then passed inside the CorPoint introducing system and the device is directed towards the heart, where the tip of the spring will touch its surface. The device is then pressed against the beating heart and rotated clockwise, thus allowing the spring to penetrate progressively into the myocardium, until its base reaches the surface (Figure 2). When in position, the base will compress over the myocardium, in a sealed manner, and prevent any type of bleeding.

  
    

    [image: Fig. 2. On the left is the base, with its coiled spring and the closing capsule that is screwed over its central opening; and on the right the device is in place, with a valve introducer sheath being passed through it.]

  

  The base is circular in shape and has a round opening in its center, through where the catheters are inserted, as well as six small holes in its rim, where sutures can be placed if any bleeding occurs and the surgeon judges that the device needs to be more firmly fixed to the myocardium (Figure 3).

  
    

    [image: Fig. 3. CorPoint implanted on the apex of the left ventricle. Sutures were placed on the pericadium to ease exposure.]

  

  The catheters are passed through the body, connected to the base, which provides great stability in regards to their positioning and manipulation. The body possesses a valve mechanism that also prevents bleeding through the interior of the system, especially when the valve insertion catheter is removed and a considerably large perforation is formed in the left ventricle. At this point, at the end of the procedure, the closing capsule is screwed over the central opening of the base and the device is sealed tight (Figure 4). However, the closing capsule presents a small orifice which allows the passage of the guide wire, thus the capsule can be screwed over the base while the guide wire is still in place. This enables the surgeon to remove the guide wire only at the very end of the procedure, which guarantees a much safer and controlled environment.

  
    

    [image: Fig. 4. At the end of the procedure, CorPoint is sealed and only the guide wire remains, the last thing to be removed.]

  

  Study Design

  We developed an experimental study in pigs where the main goal was to validate our device as a viable, safe, fast and effective option for the transapical access of the heart, in the treatment of structural heart diseases. Secondary objectives were to evaluate the bleeding risk, the durability of the device through a new access 30 days after its insertion, and the histopathological alterations in the cardiac muscle related to the presence of the device.

  Specimens

  CorPoint was tested in a total of 15 pigs, with a medium weight of 60 kg, nine males and six females. All animals were obtained from a certified farm, properly qualified to provide specimens for scientific research.

  Ten animals had the device implanted as an access route for the performance of other endovascular procedures, such as: three TAVI; four procedures on the mitral valve, with the deployment of transcatheter mitral valves and testing of another device for mitral prolapse; and three implants of endovascular aortic endografts on the thoracic descending aorta. All these animals were sacrificed at the end of the procedure.

  The other five animals had CorPoint embedded as their main surgical procedure. Catheters and wires were passed through the device to simulate endovascular procedures, but no endovascular prosthesis was deployed. These pigs were kept alive for follow-up with the device fixed to their heart during one month, and at the end of this period were once again operated to test reentry through the same CorPoint that had been inserted previously. Finally, they were sacrificed, their heart explanted and sent to histopathologic analysis.

  Implant of the device

  The pigs were submitted to general anesthesia, orotracheal intubation, kept in supine position with their anterior and posterior limbs extended. A small anterolateral thoracotomy approximately 5 cm wide was performed in the fifth intercostal space, dissection performed until the pericardium was reached and incised, to expose the apex of the left ventricle, as seen in Figure 3.

  The apex was punctured with a needle at a site not close to any coronary arteries or branches, a hydrophilic guidewire inserted and steered with the aid of fluoroscopy until it reached the descending aorta. Over the wire, a 7 Fr catheter was introduced and the hydrophilic wire was replaced by an extra stiff one, to serve as rail and guide the CorPoint introduction system to the surface of the heart. Progressively thicker catheters were inserted, until the maximum of 24 Fr, to simulate endovascular procedures on the heart valves and aorta, and at the end they were withdrawn and the closing capsule screwed over the base, sealing the device.

  Reentry Assessment

  After 30 days, the five animals were taken to the operating room, anesthetized, and placed in the same position. An incision was made on the same spot and CorPoint was easily identified after dissection. The closing capsule was removed and the left ventricle was once again punctured through the central hole on the base, so that catheters were inserted one more time to simulate procedures. The capsule was screwed in place at the end, and, once no bleeding was observed, the specimen was sacrificed and its heart removed for study.

   

  RESULTS

  CorPoint proved to be an excellent tool in the aid of transapical heart access, and proved efficient in both first and redo operations. We were able to perform the proposed operation in all ten animals that had CorPoint implanted as an access route for another main procedure. In these cases, the advantages of the transapical access with minimal blood loss were combined, and in none of the cases the need to place any sutures through the myocardium was observed. Another advantage worth mentioning was the easier manipulation of the heart tip, guaranteed by the body of the device, which allowed for a much more stable handling and easier steering of the wires and sheaths.

  With regards to the other five pigs that had CorPoint embedded as their main procedure, none experienced any adverse event during follow-up. All animals returned to the farm where they were kept in specific and controlled conditions, daily monitored and tended to by the team of veterinarians. They all gained normal weight and presented no alterations to their regular behavior.

  When submitted to the second surgical procedure one month after the first approach, that is the reentry evaluation, all presented with expected adhesions typical of reoperations. However, these adhesions were restricted to the apex and inferior aspects of the heart. In all pigs, the same previous incision was used and oriented the dissection towards the tip of the left ventricle, with the advantage that the CorPoint was palpable and worked as a landmark to guide the dissection. The closing capsule was easily removed and the left ventricle once again punctured through the central orifice of the device.

  Bleeding as a consequence of the insertion of CorPoint was negligible in all 15 cases, and the closing capsule guaranteed hemostasis in 100% of the specimens. The placement of sutures on the myocardium was not necessary in any animal, since CorPoint assured a bloodless field during and after the procedure. Although our device offers six small holes circumferentially on the rim of the device to allow sutures to fix it to the myocardium were proved unnecessary, the coiled spring guaranteed adequate anchoring of the base to the heart surface.

  The total amount of blood loss during the procedure was less than 50 ml in 86% of the cases (13/15 specimens). In two animals, a slightly greater amount of bleeding was noted, respectively 150 ml and 220 ml, due to a lesion to the internal thoracic artery during thoracotomy and dissection, which was easily controlled after its ligation.

  All five hearts that had CorPoint embedded during one month were sent to histopathological evaluation, after the pigs were euthanized, to assess the structural alterations related to the presence of the device. Two regions were analyzed in each heart: the tip, where the device was implanted, and the basal portion of the inferior wall, far from the implant site, served as control. The area related to CorPoint insertion showed regeneration tissue and fibrosis, both restricted to the areas immediately adjacent to the spring, whereas the control sites showed no alterations, except in one heart that revealed an epicardium thickening (Figure 5). In two cases, an acute inflammatory process related to the CorPoint insertion was found, which may be related to an infection. In one of these cases a small amount of pus was found during tissue dissection. In another heart, the pathologist observed a foreign body reaction with chronic inflammation process. However, all these alterations were limited to areas adjacent to the device, in a way that the muscular tissue between the spirals of the spring was considered normal.

  
    

    [image: Fig. 5. A) Regeneration tissue and fibrosis found in the small area adjacent to the device implant; B) Normal myocardium at the control site.]

  

  No evidence of thrombus formation on the inner surface of the left ventricle was found, analyzed macro and microscopically. Likewise, no contractile dysfunction related to the presence/ implant of the device was observed, analyzed macroscopically by the surgeon performing the device implant and reentry.

   

  DISCUSSION

  Transapical approach of the heart has been shown as an excellent alternative in minimally invasive procedures and high risk patients, who present with severe cardiovascular diseases, older age and other systemic disorders associated[16,17]. In this group, there are patients with heart valve diseases, aortic aneurysms and dissections, congestive heart failure and other infirmities, who will directly benefit from the development of a device that enables such approach in a safer manner, with less risk of complications, bleeding, ventricular rupture and also facilitates posterior interventions. CorPoint was able to match and exceed these expectations in this animal based experimental study, and appears to be a helpful tool for the transapical access of the heart. This becomes even more interesting when we consider its potential application to transcatheter valve-in-valve procedures, frequently performed through transapical access for the treatment of degenerated bioprosthetic heart valves[18].

  Regarding this kind of approach, the majority of studies and procedures described in the literature are related to TAVI. However, until this moment there are no available results for a prospective, randomized clinical trial, comparing transapical versus transfemoral approach, regarding TAVI or any other endovascular procedure. There are meta-analysis and multicentric studies[19-22] that seem to show a greater 30 day mortality rate related to transapical TAVI (TAAVI) when compared to transfemoral (TFAVI). Nevertheless, these studies also demonstrate that patients submitted to TAAVI carry higher STS and EuroSCORE II risks, which show that they have in fact more comorbidities and higher operative risks. A German study[23] revealed that the STS score was the best long term mortality predictor, regardless of the access route, and that TAAVI, although associated with a higher perioperative mortality, showed no influence on long term prognosis. Other studies also show higher rates of vascular complications related to transfemoral access, alongside with a higher risk of bleeding and blood transfusion[12,24,25].

  In any way, a discussion over the best access route for TAVI is not the focus of this study. We wish only to present a tool that aspires to facilitate the transapical access of the heart and, for the time being, is still in an experimental phase of development, but with promising results. Greater studies are required before we can begin to use this technology in human patients.

   

  CONCLUSION

  The transapical approach of the left ventricle and its complications are a worldwide concern. Although there are other devices available on the international market that target this exact problem, such as Apica, Permaseal, EnTourage and CardiApex[26,27]; and many of these are already being used in humans with good results, none are available outside Europe.

  This is one of the main reasons that led us to develop our own transapical ventricular access and closure device. This CorPoint prototype is the result of a partnership between InCor FMUSP and HELP Plastic Ltda, a Brazilian company, and counted with 100% national technology.

  When our national epidemiology is analyzed, cardiovascular diseases appear as our main cause of death and healthcare expenses (DATASUS 2012), aligned with our population aging reality, we can conclude that the cardiovascular burden to society tends only to increase. Therefore, the development of a device that will assist the treatment of such diseases, minimizing risks, complications, and probably ultimately costs, presents as an answer to an ever so growing healthcare demand.
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    ABSTRACT

    INTRODUCTION: Heart transplantation is the therapeutic procedure indicated to increase the survival of patients with refractory heart failure. Improvement in overall functioning and quality of life are expected factors in the postoperative period.

    OBJECTIVE: To identify and evaluate mental disorders and symptoms, such as depression and anxiety, quality of life and coping strategies in the post-surgical situation of heart transplantation.

    METHODS: A cross-sectional, quantitative study with patients who have undergone heart transplantation. Participants answered to the Sociodemographic Questionnaire, Beck Depression Inventory (BDI-II), Beck Anxiety Inventory (BAI), MINI International Neuropsychiatric Interview, Escala Modos de Enfrentamento de Problemas (Ways of Coping Scale) (EMEP) and World Health Organization Quality of Life-BREF (WHOQOL-BREF). For data analysis, the significance level was considered P≤0.05.

    RESULTS: A total of 33 patients participated in the study. The BDI-II results indicated that 91% (n=30) of the patients presented a minimal level. In BAI, 94% (n=31) of the patients demonstrated minimal level of anxiety symptoms. WHOQOL-BREF showed a perception of quality of life considered good in all domains. The EMEP data have registered a problem-focused coping strategy. According to MINI, a single case of major depressive episode, current and recurrent was recorded.

    CONCLUSION: Although most participants in the sample had symptoms of depression and anxiety, only one patient was identified with moderate symptoms in both domains. The most used strategy was coping focused on the problem. Patients have classified the perceptions of quality of life as 'good', pointing out satisfaction with their health.

    Keywords: Quality of life; Heart Transplantation; Anxiety; Depression; Psychological Adaptation.

  

   

   

  INTRODUCTION

  Data from World Health Organization[1] indicate that in 2012 alone, 17.5 million people died due to cardiovascular diseases, with 80% of deaths occurring in middle- and low-income countries.

  As the heart is essential for maintenance of life, issues related to this organ are closely associated with behavior and emotions. When a cardiopathy occurs, a complex interaction of variables interferes in the progression and patient's recovery[2].

  The chronic character of heart diseases is associated with threats and uncertainties "which relate to psychic suffering, psychosocial integrity, social disadvantage, physiological incapacities, uncertainty of treatment success, possibility of rejection leading to death"[3].

  A significant number of studies have found a relation between mood disorders, anxiety and heart disease. The presence of depressive symptoms in patients with heart disease doubles the risk of death associated with cardiovascular diseases. Thus, rehabilitation of a patient with heart disease should not only address physical and physiological functions, but also cognitive, adaptive and psychological functioning, especially if, in the post-operative period, the patient receives a new heart, such as cardiac transplantation[4].

  In more severe heart diseases, such as refractory heart failure (HF), cardiac transplantation is recognized as the best therapeutic strategy. It is therefore indicated for those patients with worse prognosis and without alternatives of clinical treatments[5,6].

  Evaluation and follow-up of interdisciplinary teams are fundamental for candidates and patients who underwent heart transplant. From a psychosocial point of view, stress, negative emotions, coping resources, lifestyle and other factors can have a significant impact on the recovery and rehabilitation of these patients. The presence of mental disorders in these patients "have a negative and direct repercussion on adherence, necessary lifestyle modifications and the discipline imposed by the treatment protocol"[5].

  After cardiac transplantation, concerns regarding the condition of being a post-transplant patient require adaptations in lifestyle, including, for example, infection care, properly balanced diet, weight maintenance, strict and continued administration of immunosuppressive drugs, adherence to the team's advices for maintenance of well-being, and reduction of complications, especially in the early months.

  Approaching the psychological aspects of these patients becomes necessary throughout the entire process, mainly in patient discharge and longitudinal follow-up[3]. A successful cardiac transplantation not only prolongs life, but also optimizes the patient's psychosocial functioning[2,7].

  Considering the importance of psychosocial factors in heart disease and the maintenance of adaptive resources after cardiac surgeries, this study aims to identify, in patients who underwent cardiac transplantation, the presence of mental disorders and symptoms of depression and anxiety; to evaluate the perception of quality of life and coping strategies after heart transplantation; to correlate variables and compare them in relation to gender, age group and length of time after transplantation.

   

  METHODS

  Cross-sectional, population-based descriptive study, with quantitative analysis. A total of 33 patients under follow-up after heart transplantation were enrolled in the Heart Transplant Service of the Hospital de Base de São José do Rio Preto, aged 17 years and over, regardless of class or gender. All patients attending the service (N=37) were invited at the start date of collection, regardless of the length of time after transplantation, that was between 4 and 14 years (Figure 1).

  
    

    [image: Fig. 1. Systematic representation of the screening method and sample selection.]

  

  One of them presented cognitive limitations, one refused to participate due to lack of time to respond to the questionnaires and two died before being evaluated. The small sample size is justified by the relatively low frequency of heart transplants in the unit and the deaths. The study only included patients who underwent heart transplantation at the Hospital de Base de São José do Rio Preto, state of São Paulo.

  The instruments used in the research protocol are approved for use by SatePsi (Sistema de Avaliação de Testes Psicológicos, Psychological Testing System) and regulated by the Federal Council of Psychology; structured and validated in the Brazilian version; with quick and simple administration and interpretation; with reduced cost; seen in similar studies; and easy to understand.

  Based on literature, its guidelines manuals and practice, the average time of administration of all the instruments was 1 hour and 30 minutes[8-11]. A pilot protocol was performed in order to ascertain the administration time of the instruments and to define the order of administration of the questionnaires. Within these criteria, were selected to compose the protocol:

  
    • Sociodemographic questionnaire, created by the researcher to collect sociodemographic data. The instrument has nine questions about sex, age, education, marital status, number of children, household size or number of close family and friends, employment status, length of time after transplant and cardiopathy;

    • Beck Depression Inventory (BDI-II), a Brazilian version of an instrument whose objective is to measure the intensity of somatic and cognitive-affective symptoms of depression in adults and adolescents from 13 years old[10];

    • Beck Anxiety Inventory (BAI), a self-report scale that measures the presence and intensity of anxiety symptoms[9];

    • WHOQOL-BREF (World Health Organization Quality of Life-BREF), instrument of the World Health Organization that assesses quality of life[12];

    • Ways of Coping Scale (Escala Modos de Enfrentamento de Problemas, EMEP), an instrument that evaluates four domains: Problem-Focused Coping, Emotion-Focused Coping, Seeking Social Support and Seeking Religious Practices, identifying religious thoughts and behaviors as coping and ways of coping and stressor management[11];

    • MINI International Neuropsychiatric Interview, a brief standardized diagnostic interview (15-30 minutes) compatible with the DSM-IV and ICD-10 criteria for mental disorders[8].

  

  Administration Procedures

  Participants were asked to fill out the questionnaires on the days of their follow-up visits, which used to happen every six months for most transplant recipients, or while performing some other procedure at the health facility. The data collection took place in a single session for each patient, individually, in the waiting room, in bed or any other place that maintained the secrecy conditions of the collection.

  Data Analysis

  Data were analyzed using descriptive and inferential statistics. The normality tests Lilliefors, Spearman's Rank Correlation Coefficient (r) and sample comparisons of non-parametric data with Mann-Whitney test and parametric data with T-Test were used, assuming a significance level P≤0.05.

  Ethical Aspects

  Project (CAAE: 43844315.1.0000.5415) approved by the Research Ethics Committee of FAMERP (Opinion No. 1.059.672, May 12, 2015).

   

  RESULTS

  The study sample consisted of 33 cardiac transplant patients with predominant male distribution (67%, n=22), incomplete elementary school (48%, n=16), married (70%, n=23), retired (85%, n=28), living with spouse and/or children (76%, n=25) and living with three or four people (61%, n=20).

  Although the age of the sample varied between 30 and 71 years, the age range of the majority of study participants was concentrated between 30 and 60 years (MD=55) (Figure 2).

  
    

    [image: Fig. 2. General age and sex ratio of the sample participants.]

  

  In the comparison by sex, women presented higher ages. Among the male participants, the age range varied between 30 and 71 years, with concentration between 44 and 59 years (MD=55). Among women, the age varied between 34 and 71 years, with concentration in the range of 45 to 62 years (MD=53).

  The length of time after transplantation indicates a minimum of four years and a maximum of 14 years for both sexes (Figure 3). Differences could be observed only in concentration by age. The time since heart transplantation in the female sample, aged 52 years or less, was between 7 and 12 (MD=9). In women aged 53 years or over, they had a concentration between 9 and 12 (MD=11). Among men, those up to 52 years old presented a concentration between 6 and 7 (MD=6) and those aged 53 years and over, concentration between 10 and 13 (MD=12).

  
    

    [image: Fig. 3. Length of time after heart transplantation by gender and age.]

  

  Among the psychosocial variables, symptoms of depression and anxiety, perceived quality of life and coping strategies were evaluated.

  Assessment of depression symptoms indicated that 91% (n=30) of the patients had minimal symptoms, 6% (n=2) mild symptoms and 3% (n=1) moderate symptoms. When compared by gender, 95% (n=21) of the men presented minimal symptoms and 5% (n=1) light symptoms, without occurrence of moderate and severe symptoms; 82% (n=9) of the women presented minimal symptoms and 18% (n=2) had mild or moderate symptoms, without serious events. Data from MINI revealed that 3.03% (n=1) presented diagnostic criteria for depression. The instrument did not identify the presence of other mental disorders.

  Figure 4 shows the percentage of occurrences of somatic and cognitive-affective symptoms of depression after cardiac transplantation, as well as the comparison by gender, age group and time since transplantation.

  
    

    [image: Fig. 4. Somatic and cognitive-affective symptoms of depression by gender, age and time of transplantation.]

  

  The assessment of anxiety symptoms indicated that 94% (n=31) of the symptoms experienced by patients focused on the minimum level. Mild and moderate levels were also identified (6%, n=2). Minor symptoms were presented by 95% (n=21) of males and 91% (n=1) of females; 5% (n=1) of the male sample had mild symptoms and 9% (n=1) of the female sample had moderate anxiety symptoms. No serious events of anxiety symptoms have been identified in patients.

  The perception of quality of life and satisfaction in physical, psychological, social and environmental domains was assessed (Figure 5). The values are presented on a scale of 0 to 100: 0-20 (very bad), 21-40 (bad), 41-60 (neither bad nor good), 61-80 (good), and 81-100 (very good).
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  In the overall sample, the data indicated 'good' perceptions in all domains. Women assessed all quality of life domains as 'good', except the physical domain, classified as 'neither bad nor good'. Men, however, have revealed 'good' perceptions in all domains evaluated. No domain was considered 'very good', 'bad' or 'very bad'. Significant differences between the sexes were found in the psychological domains (P=0.0071) and in the environmental satisfaction (P=0.0387), with higher results for men.

  Regarding the coping methods used by patients to deal with stressors, high scores were obtained for the use of problemoriented strategies, followed by a focus on religiosity or fanciful thinking and social support. Less frequent strategies (lower scores) were found for emotion-focused coping.

  Significant differences were found in the domain of coping focused on religiosity or fanciful thinking in comparison with age group. Older patients (53 years or older) had higher scores on coping focused on religion or fanciful thinking (P=0.039).

  Table 1 presents the correlations between ways of coping with problems and symptoms of depression, anxiety and quality of life. Table 2 presents positive (proportional) or negative (inversely proportional) aspects of the significant correlations shown in Table 1.
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  When coping strategies were correlated with depression symptoms, there was a significant negative correlation between the two variables (r=-0.4616; P≤0.01).

  Significant positive correlations were found between coping strategies and perceived quality of life (r=0.5067; P≤0.01), levels of health satisfaction (r=0.3947; P≤0.05), physical domain (r=0.4369; P≤0.05), psychological domain (r=0.6006; P≤0.001), social relations (r=0.6009; P≤0.001) and environment (r=0.5433; P≤0.01).

  Significant negative correlation (r=-0.5157; P≤0.01) was observed between problem-focused coping and symptoms of depression. Significant positive correlations were observed between problem-focused coping and perceived quality of life (r=0.6456; P≤0.0001), health satisfaction (r=0.6065; P≤0.001), physical domain (r=0.7544; P≤0.0001), psychological domain (r=0.8461; P≤0.0001), social relations (r=0.7194; P≤0.0001) and environment (r=0.6912; P≤0.0001).

  Significant negative correlations were identified between confrontation with emotion-focused coping and perceived quality of life (r=-0.4379; P≤0.05), health satisfaction (r=-0.3569; P≤0.05), physical domain (r=-0.5055; P≤0.01), psychological domain (r=-0.4582, P≤0.01), social relations (r=-0.5178; P≤0.01) and environment (r=-0.4269; P≤0.05).

  Significant correlations were also observed for coping with focus on social support. When correlated with symptoms of depression, a negative correlation was observed (r=-0.4402, P≤0.05). Significant positive correlations were observed with perceived quality of life (r=0.4463, P≤0.01), satisfaction with psychological domain (r=0.5183, P≤0.01), social relations (r=.6011, P≤0.001) and environment (r=0.4891, P≤0.01).

   

  DISCUSSION

  Data of 33 patients' psychological assessment was analyzed. The sample size corresponds to the number of patients evaluated from May 2015 and April 2016 and it is due to the low frequency of heart transplantation at the Institution.

  Sociodemographic characteristics similar to the observed in this study were found in the literature. A study carried out in a hospital in Belo Horizonte, which investigated the demographic and epidemiological profile of patients undergoing a heart transplant, observed a predominance of male patients, living in cohabitation, with incomplete primary education and retirees. The average age range of 53 years can also be observed in other studies on the subject[2,7,13,14].

  The predominantly male profile of the participants is justified because of the advanced age and because male gender is associated with the number and intensity of risk factors for heart diseases. Studies analyzing the prevalence of risk factors by sex have found that smoking, uncontrolled blood pressure, high blood cholesterol, low levels of high-density lipoprotein cholesterol (HDL), and elevated levels of triglycerides are significantly more prevalent in men than in women[1].

  When observing the low levels of symptoms of depression and anxiety, we can draw a parallel with studies that monitored and evaluated these same variables in patients in the waiting list and up to 12 months after transplantation, which also revealed a decrease in these symptoms. During the wait for transplantation, 32.1% of the patients had psychological disorders. After surgery, the indices had a decrease of 21.3%[15]. This reduction is attributed to a better perception of quality of life related to physical aspects, return to activities of daily living, to work and, above all, to increased survival. The literature also shows that these patients dedicate a greater focus to future planning, especially regarding help and social support needs, and this focus is the cause for reduced symptoms of anxiety, depression and good levels of quality of life, approaching of mental health levels of the general population[16].

  However, it is important to evaluate symptoms of depression in these patients and to discriminate them in terms of their characteristics, i.e., somatic or cognitive. Studies that have reported the occurrence of depression symptoms associated with heart disease have raised questions about the validity of evaluating depression symptoms with self-report questionnaires in the context of acute or chronic medical conditions. Physical symptoms after heart surgeries resemble the somatic symptoms of depression. Thus, an assessment of depression symptoms in these patients should discriminate among somatic symptoms of depression and symptoms of the disease itself[17,18].

  According to Almeida et al.[19], typical physiological aspects of post-transplantation influence cardiovascular rehabilitation after transplantation. The authors investigated complications following cardiac transplantation and pointed out some physical symptoms that arise from the clinical presentation: cardiac denervation, lower heart rate response to exercise, increased resting heart rate and sympathetic tone, use of immunosuppressive drugs with effects on muscle, possibility of cardiac cachexia and physical deconditioning that may be of long duration, arterial hypertension, subjective fatigue and others.

  Depression is associated with somatic and behavioral changes. Thus, the instrument used to evaluate symptoms of depression, BDI-II, divided these symptoms reported by the patients into Cognitive-affective and Somatic-affective. The second factor, also known as 'somatic', includes: lack of energy, changes in sleeping patterns and appetite, irritability, difficulty concentrating and tiredness or fatigue[18,20].

  Common symptoms after cardiac surgery include fatigue or loss of energy, changes in sleep, changes in appetite, and "may be misinterpreted by healthcare providers, researchers or patients as mood-related"[18], precisely because they resemble the somatic symptoms of depression.

  The findings of this study resemble those of other studies, as pointed out by Thombs et al.[18]. The same instrument used in this study to measure symptoms of depression (BDI-II), when used in patients with heart diseases, revealed that 50% to 75% of the patients report occurrence of somatic symptoms, which may be responsible for up to 10 points in the total score of depression symptoms. This factor should be observed by the professional who will evaluate patients in these situations, since there is considerable practical difficulty in determining if specific somatic symptoms, such as fatigue and change of appetite, are a result of the patient's depression or medical condition.

  Regarding the quality of life of the sample, despite the possible adverse outcomes due to the surgical process, such as infections, hospitalization and frequent hospitalizations, lifestyle adjustments and frequent use of medications, the data showed a good perception of general quality of life, with better scores for the psychological domain, followed by social domain, environment and physical domain. Vasconcelos et al.[6] suggest that cardiac transplantation is perceived by patients as a possibility to restore their health conditions, being one of the reasons for good perceptions of quality of life. "Even with all the difficulties, organ receptors were happy, grateful and victorious for surviving after heart transplantation"[6].

  Literature shows similar data to those compiled in this study regarding quality of life. Czyzewski et al.[14] point to the increase of good perception of the quality of life in patients after cardiac transplantation. Studies indicate that quality of life before heart transplantation is correlated with subjective perception of health, while in post-transplantation the perception of quality of life is directly related to the level of satisfaction of the patient with his/her health status, which is one of the main factors that allow the increase of indices[14].

  In order to cope with the post-transplantation situation, aiming at reducing stress, patients in this study used more problem-focused coping than emotion-focused coping, the latter less strategy used.

  Collected data resemble the Seidl et al.[11] observations, when they affirm that the results regarding the use of emotion-oriented strategies are smaller in people whose stressor agent is a health problem. Authors discussing emotion-focused coping postulate that the use of this strategy expresses feelings of guilt about oneself and the other, as well as avoidant behaviors concomitant with negative emotions, leading one to suppose that, in the case of higher scores, it would also be possible to find relevant psychological difficulties.

  Researches have found similar results to those obtained in this study regarding the strategies used by each of the sexes. Men use problem-focused strategies and women use religious/fantasy practices[21].

  Findings on coping in women showed higher averages oriented to religious practices, followed by focus on the problem, seeking social support and, finally, focus on emotion. For some women, the disease presents itself as a "bargaining process with God, of life and health, for others, an opportunity to acquire new values, rethink life and value the spiritual side, which is put into practice after the disease"[21]. This information influences the results obtained in the studies.

  When correlating coping strategies with depression, levels were inversely proportional. The more the patient used coping strategies, the smaller the symptoms of depression. Kroemeke[17] states that this correlation is expected, since patients experience greater or lesser symptoms of depression according to their ability to evaluate events, their coping strategies and their efforts made available to act. The author also emphasizes that patients with low depression symptoms have a more positive perception of the disease and show greater adaptive resources facing the situation.

  Patients with good indexes of coping strategies had better perceptions of quality of life, greater satisfaction with health and with physical, psychological, social and environmental aspects. Studies have shown that patients achieve significant improvements in their quality of life when they have greater social, family and spiritual support[6].

  The more patients use problem-oriented coping strategies, the lower the symptoms of depression. Bonanno et al.[22] concluded that patients with low rates of depressive symptoms are more likely to deal with problem-focused strategies and less likely to use emotion-focused strategies, which resembles the findings of this study. Nunes et al.[23] found a significant association between focus on the problem and symptoms of depression, pointing out that this relationship indicates that the greater the focus on the problem, the less likely the presence of depressive symptoms or maybe "the more depressive symptoms, the less likely the adoption of strategies focused on the problem".

  Data indicate that the less patients use emotion-oriented coping strategies, the better the perceptions of quality of life and satisfaction with health, physical domain, psychological domain, social relations and environment. Nunes et al.[23], who investigated the coping methods most used in the process of illness, revealed similar data. The authors found that the emotionbased coping method is positively correlated with the presence of anxious and depressive symptoms, i.e., the more patients focused on emotion, the greater the symptoms of anxiety and depression, leading to impairments in quality of life.

  The numbers of this study indicate that the more focus on social support the patient presented, the better his/her perception of quality of life and his/her satisfaction with the psychological domain, with social relations and with the environment.

  Data found in literature revealed that, besides social support being considered a factor of protection and health promotion, its positive effects are associated with different types of support offered by the family, being able to be both emotional and functional, i.e., support related to activities of daily living. Thus, social support allows a more adequate management of emotions, affective, cognitive and feedback orientations, helping to increase the patient's adaptive skills[24].

  In face of the high prevalence of risk factors and cardiovascular diseases in men and post-transplanted male predominance in this sample, all the results were more significant in men. This feature has a straight link with the results of this study. At the same time that we observed that the majority was male patients, we also observed lower levels of depression, anxiety (and other psychological disorders), as well as better perceptions of quality of life, satisfaction with health and problem-focused coping, which means more adequate ways of facing the post-surgical and follow-up conditions. Although more vulnerable to risk factors and cardiovascular diseases, men are likely to face more objectively a situation than women. Women used more coping focused on religious thoughts, which is more subjective; thus, obtaining inferior results.

  Thus, pre-transplant psychological preparation, as well as follow-up after transplantation, are required. The type of post-transplant follow-up and its impact still need to be better assessed. Pfeifer & Ruschel[25] concluded that heart transplant preparation was associated with better coping indexes when compared to post-transplant follow-up.

  Cardiac transplantation, besides being the most effective therapy for patients with refractory heart disease, also represents the possibility of improvements in quality of life. The surgical procedure, concomitant with a psychological evaluation, pretransplant psychological preparation and post-transplantation follow-up, allow the development of coping strategies, improving symptoms of depression and anxiety, and directly influencing the perception of quality of life and levels of satisfaction with health. Thus, interdisciplinary teams are needed to ensure favorable conditions for recovery, adherence to treatment and solving problems that arise in the course of procedures.

  Regarding the psychologist's performance in health teams, individual and group visits are suggested. While the individual visit aims psychic reorganization, readaptation and resignification in face of the new perspective of health, group care creates the possibility of contact with other transplant patients. This contact, often performed in waiting room, places patients and family members with information and appropriate models of coping.

  Although many studies have evaluated these variables separately, we did not find any showing correlation or association between these variables in post-transplanted patients. Therefore, this study provides contributions to clinical practice and psychological interventions with these patients. According to the results, psychological interventions should focus on problem-focused coping, enabling patients to have lower rates of anxiety, depression and better perceptions of quality of life and satisfaction with their health.

  This study also alerts clinicians and researchers that depression assessment through somatic symptoms should be performed with caution, since physical symptoms resulting from heart transplant may resemble depression somatic symptoms.

  Some limitations of this study can be pointed out. Even if the design has allowed obtaining information and evaluations of the variables of interest, the cross-sectional method does not allow the definition of causal associations between domains, since, in the case of an interruption in time, the possible determinants and outcomes are seen at the same time, preventing the use of criteria of causes.

  This study design also does not assure inferences about the longitudinal impact of the studied variables. There is a need for a control group and broadening of knowledge about the development of aspects related to symptoms, perceptions and coping, as well as the emotional responses of patients who underwent transplantation in the short, medium and long-term.

  The daily life of a patient undergoing heart transplantation is characterized by new situations that require adaptations of the family and social network. Including family and the social group in future research is relevant to a more comprehensive understanding of the phenomenon in question, since this study was limited to the patient's perceptions.

   

  CONCLUSION

  Based on the outcomes of this study, we can conclude that patients who underwent cardiac transplantation showed good perceptions of quality of life in all domains, even with minimal, mild and moderate levels of symptoms of depression and anxiety. Patients who underwent transplantation had more somatic symptoms of depression. Thus, it is important to distinguish between cognitive and somatic symptoms when evaluating depression in patients with chronic diseases, since somatic symptoms may be due to illness rather than a depressive process itself.

  Despite the use of all coping styles, there was predominance of problem-focused coping and less use of emotion-oriented strategies that are probably associated with the positive indices of perception of quality of life and the low occurrences of depression and anxiety in the sample.
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    ABSTRACT

    OBJECTIVE: The aim of this study was to investigate whether aortic tension estimated by palpation and cardioplegia infusion line pressure provide results equivalent to those obtained with direct aortic intraluminal pressure measurement.

    METHODS: Sixty consecutive patients who underwent coronary artery bypass graft surgeries with extracorporeal circulation were analyzed. Sanguineous cardioplegic solution in a ratio of 4:1 was administered using a triple lumen antegrade cannula. After crossclamping, cardioplegia was infused and aortic root pressure was recorded by surgeon (A) considering the aortic tension he felt in his fingertips. At the same time, another surgeon (B) recorded his results for the same measurement. Concomitantly, the anesthesiologist recorded intraluminal pressure in the aortic root and the perfusionist recorded delta pressure in cardioplegia infusion line. None of the participants involved in these measurements was allowed to be informed about the values provided by the other examiners.

    RESULTS: The Bland-Altman test showed that a considerable variation between aortic wall tension was found as measured by palpation and by intraluminal pressure, with a bias of -9.911±18.75% (95% limits of agreement: -46.7 to 26.9). No strong correlation was observed between intraluminal pressure and cardioplegia line pressure (Spearman's r=0.61, 95% confidence interval 0.5-0.7; P<0.0001).

    CONCLUSION: These findings reinforce that cardioplegia infusion should be controlled by measuring intraluminal pressure, and that palpation and cardioplegia line pressure are inaccurate methods, the latter should always be used to complement intraluminal measurement to ensure greater safety in handling the cardioplegia circuit.

    Keywords: Heart Arrest, Induced; Blood Pressure; Cardioplegic Solutions/*Administration & Dosage; Coronary Artery Bypass; Coronary Artery Disease.

  

   

   

  INTRODUCTION

  Ischemic heart disease is a major cause of death in Brazil. In 2010, there were 99,955 deaths from ischemic heart disease in the country, with a mortality rate of 52.4/100,000 population[1].

  In 2015, 20,198 coronary artery bypass graft (CABG) surgeries were performed with cardiopulmonary bypass (CPB) in Brazil[2]. Over the past few years, the profile of patients undergoing this surgery has changed, due to advances in percutaneous revascularization and improved clinical treatment[3]. Since the 1990s, studies have shown that today these patients are older, sicker, and have a higher risk than in the past[4,5], which urges healthcare professionals to optimize care to reduce mortality rates[5].

  Myocardial protection is a critical point in on-pump CABG surgeries, and infusion pressure should be carefully monitored in order to avoid possible endothelial damages and reperfusion injuries[6,7].

  The estimation of infusion pressure during antegrade cardioplegia is based on the measurement of pressure in the initial portion of the aorta. The gold standard to determine aortic pressure is direct intraluminal measurement using a pressure monitoring line attached to the cardioplegia cannula. Currently, the Brazilian Unified Health System does not consider cannulas in compatible material list for CABG surgeries, thus making it difficult to monitor pressure during infusion of myocardial protection solution. In Brazil, the most used method to monitor aortic root pressure in surgeries is palpation with surgeon's fingertips, a method that may be considered subjective and vary according to surgeon's state of perception, experience, and sensitivity.

  Hence, this study aimed to investigate whether aortic palpation and measurement of delta pressure in cardioplegia infusion line are equivalent to direct intraluminal measurement.

   

  METHODS

  This prospective study shows the results of a quantitative exploratory-descriptive research with 60 consecutive patients who underwent elective on-pump CABG surgery from January 2014 to October 2014. The study was approved by the Human Research Ethics Committee of Centro Universitário do Leste de Minas Gerais/ UNILESTE - União Brasiliense de Educação e Cultura under no. 14142013.8.0000.5095.

  Eligibility Criteria

  Patients of both sexes were included in this study. Selection criteria for CABG followed the norms established in the European Society of Cardiology (ESC), European Association for Cardio-Thoracic Surgery (EACTS) and European Association for Percutaneous Cardiovascular Interventions (EAPCI) Guidelines of Myocardial Revascularization 2010[8]. Patients were referred from the Department of Cardiovascular Surgery of Hospital Márcio Cunha / Fundação São Francisco Xavier, Ipatinga, Brazil, for routine surgeries. Patients indicated for on-pump CABG surgery who required other concomitant surgical procedures were excluded.

  Surgical Procedure

  Myocardial protection was accomplished with cold (4°C) hyperkalemic blood (4:1) cardioplegia. The cardioplegic solution was administered using a triple lumen antegrade cardioplegic cannula (ATC011MV model, Edwards Lifesciences Inc., USA). One lumen was used for infusion, one for aspiration, and one for measurement of intraluminal pressure in the aortic root. This was measured by connecting the respective lumen to a Truwave PX 260 transducer (Edwards Lifesciences Inc., USA) that converts mechanical signals into electrical signals, and mean blood pressure was displayed in a DX 2020 multiparameter monitor (Dixtal, Brazil).

  After heparinization and implementation of CPB using a Brizio® membrane oxygenator (Nipro Medical Ltda., Brazil), the patient was kept at a systemic temperature of 34°C and the cardioplegia delivery system (Unique®, Nipro Medical Ltda., Brazil) was filled with blood and hyperkalemic crystalloid solution to remove the air from tubes and connectors. After occlusion of the ascending aorta, the left ventricle was initially suctioned by the cardioplegia cannula and the ascending aorta was perfused with the cardioplegia solution, which was infused at a flow rate of 300 ml/min until reaching a total volume of 10 ml/kg. Cardioplegia flow was adjusted according to aortic wall tension as estimated by the principal surgeon (A), using his fingertips. Aortic root pressure was recorded by surgeon (A) considering the aortic tension he considered adequate for coronary perfusion. At the same time, another surgeon (B), recorded his results for the same measurement. Concomitantly, the anesthesiologist recorded intraluminal pressure in the aortic root and the perfusionist recorded delta pressure in cardioplegia infusion line. None of the participants involved in these measurements was allowed to be informed about the values provided by the other examiners. This procedure was performed during every infusion of cardioplegia solution.

  Statistical Analysis

  Data were analyzed using the Graphpad Prism 5 software, version 5D. Quantitative variables having a Gaussian distribution were described as mean ± standard deviation and those not having a Gaussian distribution were described as median (25th percentile-75th percentile). In turn, qualitative variables were described as absolute and relative frequencies. Data normality was tested using the Kolmogorov-Smirnov, Shapiro-Wilk, and D'Agostino tests. The degree of agreement between surgeons' measurements of aortic tension and between intraluminal pressures and measurements of aortic tension were assessed by the Bland-Altman test. The Spearman's correlation test was used to evaluate the association between intraluminal pressure and cardioplegia line pressure. Differences were considered significant when probability level was lower or equal to 0.05.

   

  RESULTS

  Overall Results

  Demographic and comorbidity data are shown in Table 1. Intraoperative findings (Table 2) showed a mean number of grafts corresponding to the number of obstructed vessels, and anterior intraventricular artery was revascularized in all cases with left internal thoracic artery (LITA). In 10% of cases, the LITA was used to revascularize a second vessel. Saphenous vein graft was always the second more used graft rather than radial graft. Thirty-day mortality rate was 1.7%, and the incidence of atrial fibrillation and renal dysfunction was 8.3% and 5%, respectively. None of these cases evolved to need for renal replacement therapy. No cases of postoperative infection or stroke were observed (Table 3).
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  Table 4 shows data on arterial (aortic) tension as measured by A and B surgeons, intraluminal pressure, and cardioplegia line pressure following the sequence of repetitions of cardioplegia infusions.
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  Aortic wall tension - Agreement between surgeons A and B

  Aortic wall tension during the first cardioplegia infusion had a bias of -3.4±21.11% (95% limits of agreement [LOA]: -44.79 to 37.98). Inter-surgeon differences (A-B) had skewness of -0.67 and kurtosis of 1.1, with normal distribution according to the Kolmogorov-Smirnov test. During the second cardioplegia infusion, bias was -0.9±18.58% (95% LOA: -37.35 to 35.46). Intersurgeon differences (A-B) had skewness of 0.07 and kurtosis of 0.11, with normal distribution according to the Kolmogorov-Smirnov test. During the third cardioplegia infusion, bias -0.9424±18.58% (95%LOA: -37.35 to 35.46). Intersurgeon differences (A-B) had skewness of 0.21 and kurtosis of 0.05, with normal distribution according to the Kolmogorov-Smirnov test (Figure 1).
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  Agreement between intraluminal pressure and mean aortic wall tension as measured by surgeons A and B

  Mean values for each measurement of aortic wall tension (T) were calculated as follows: (T surgeon A + T surgeon B)/2. The agreement between these values and intraluminal pressure had a bias of -9.911±18.75% (95% LOA: -46.7 to 26.9). Differences between intraluminal pressure and mean aortic wall tension as measured by surgeons A and B had skewness of -0.3 and kurtosis of 1.0, with normal distribution according to the Kolmogorov-Smirnov test (Figure 2). The Spearman's rank correlation test found a weak correlation between the variables (r=0.25) (95% confidence interval [95%CI] 0.09-0.40); P=0.0021 (Figure 3).
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  Correlation between intraluminal pressure and cardioplegia line pressure

  A moderate correlation was observed between intraluminal pressure and cardioplegia line pressure, with a Spearman's r=0.61 (95%IC; 0.5-0.7); P<0.0001 (Figure 4).
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  DISCUSSION

  Many authors have discussed the effects of the different types of cardioplegia[9-11]. Antegrade and/or retrograde delivery of cardioplegia has also been a matter of constant debate[12-14]. During retrograde delivery of solutions, there is usual concern with coronary sinus pressure because of its fragility and cases of rupture. With regard to antegrade administration, a recent survey showed that 95% of centers in the northeast United States usually measure cardioplegia line pressure[15]; however, this pressure is influenced by many interfering variables, such as circuit resistance due to its caliber and length, flow velocity, viscosity and temperature of the infused solution, and system afterload.

  A study compared the direct measurement of intraluminal pressure with pressure estimation by aortic palpation and variation of cardioplegia line pressure[16]. As a result, the study showed that there was little correlation between measurements obtained directly and indirectly and that direct intravascular measurement is the most reliable method to determine aortic pressure during cardioplegic infusion and to ensure process effectiveness and safety. In agreement with Kato et al.[16], our study found only a moderate correlation between cardioplegia line pressure and direct intraluminal measurement in the aortic root; therefore, cardioplegia line pressure should be used to investigate possible folds or obstructions during infusion, thus preventing accidents, such as circuit rupture resulting in risk of transmission of diseases due to inadvertent contact with blood, and avoiding high pressures usually associated with hemolysis.

  The limitations of the study by Kato et al.[16] lay in the fact that it assessed cardioplegia delivery in only 10 patients and that the methods of cardioplegia varied among these patients. Some patients were given an antegrade infusion and others were given a retrograde infusion, methods that show a significant variation in infusion pressure. As in our study, the authors compared the measurement of aortic arterial tension by palpation and by intraluminal pressure. In line with their findings, our study did not find a significant correlation between these two measuring techniques and observed a possibly clinically acceptable bias but with very wide limits of agreement, which would lead to important inaccuracies when pressure is measured by palpation.

  In addition to the divergence between measurements obtained by aortic palpation and by intraluminal examination, it is worth noting that the first method may be influenced by subjective confounding factors such as surgeon's experience. Our study found a small bias in interobserver comparison, but the presence of high LOA shows considerable variations between measurements.

  The present study has some limitations, such as the lack of evaluation of the influence of aortic diameter on the result of the measurement of aortic tension by palpation and the fact that this study was not designed to assess postoperative outcomes related with the method used to control cardioplegia infusion pressure.

   

  CONCLUSION

  The present findings reinforce that cardioplegia infusion should be controlled by measuring intraluminal pressure and that palpation and cardioplegia line pressure are inaccurate methods, and the latter should always be used to complement intraluminal measurement to ensure greater safety in handling of the cardioplegia circuit. These findings also support the inclusion of dual or triple lumen cannulas for antegrade cardioplegia delivery into the Brazilian public health system (SUS) materials list applied for cardiac surgeries in Brazil performed in the Public Health System, which certainly account for the majority of cases operated in this country.

   

  REFERENCES

  1. Óbitos por doença isquêmica do coração: DATASUS; 2013 [cited 2017]. Available from: http://tabnet.datasus.gov.br/cgi/tabcgi.exe?idb2011/c08.def

  2. Procedimentos hospitalares do SUS - por local de internação - Brasil: DATASUS; 2015 [cited 2017]. Available from: http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sih/cnv/qiuf.def

  3. ElBardissi AW, Aranki SF, Sheng S, O'Brien SM, Greenberg CC, Gammie JS. Trends in isolated coronary artery bypass grafting: an analysis of the Society of Thoracic Surgeons adult cardiac surgery database. J Thorac Cardiovasc Surg. 2012;143(2):273-81.

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

  5. Cornwell LD, Omer S, Rosengart T, Holman WL, Bakaeen FG. Changes over time in risk profiles of patients who undergo coronary artery bypass graft surgery: the Veterans Affairs Surgical Quality Improvement Program (VASQIP). JAMA Surg. 2015;150(4):308-15.

  6. Katayama O, Amrani M, Ledingham S, Jayakumar J, Smolenski RT, Severs N, et al. Effect of cardioplegia infusion pressure on coronary artery endothelium and cardiac mechanical function. Eur J Cardiothorac Surg. 1997;11(4):751-62.

  7. Irtun O, Sorlie D. High cardioplegic perfusion pressure entails reduced myocardial recovery. Eur J Cardiothorac Surg. 1997;11(2):358-62.

  8. Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS); European Association for Percutaneous Cardiovascular Interventions (EAPCI), Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T, et al. Guidelines on myocardial revascularization. Eur Heart J. 2010;31(20):2501-55.

  9. Mishra P, Jadhav RB, Mohapatra CK, Khandekar J, Raut C, Ammannaya GK, et al. Comparison of del Nido cardioplegia and St. Thomas Hospital solution: two types of cardioplegia in adult cardiac surgery. Kardiochir Torakochirurgia Pol. 2016;13(4):295-9.

  10. Preusse CJ. Custodiol cardioplegia: a single-dose hyperpolarizing solution. J Extra Corpor Technol. 2016;48(2):P15-20.

  11. Oliveira MA, Brandi AC, Santos CA, Botelho PH, Cortez JL, Godoy MF, et al. Comparison of fractal dimension and Shannon entropy in myocytes from rats treated with histidine-tryptophan-glutamate and histidine-tryptophan cetoglutarate. Rev Bras Cir Cardiovasc. 2014;29(2):156-62.

  12. Najjar M, George I, Akashi H, Nishimura T, Yerebakan H, Mongero L, et al. Feasibility and safety of continuous retrograde administration of Del Nido cardioplegia: a case series. J Cardiothorac Surg. 2015;10:176.

  13. Cobert ML, Merritt ME, West LM, Ayers C, Jessen ME, Peltz M. Metabolic characteristics of human hearts preserved for 12 hours by static storage, antegrade perfusion, or retrograde coronary sinus perfusion. J Thorac Cardiovasc Surg. 2014;148(5):2310-5.

  14. Mejía OA, Lisboa LA, Tiveron MG, Santiago JA, Tineli RA, Dallan LA, et al. Coronary artery bypass grafting in acute myocardial infarction: analysis of predictors of in-hospital mortality. Rev Bras Cir Cardiovasc. 2012;27(1):66-74.

  15. Rigg L, Searles B, Darling EM. A 2013 survey on pressure monitoring in adult cardiopulmonary bypass circuits: modes and applications. J Extra Corpor Technol. 2014;46(4):287-92.

  16. Kato NS, Buckberg GD, Cushen CK, Whitwam CR. Inaccuracies and variability of indirect pressure measurements during cardioplegia administration. Ann Thorac Surg. 1994;58(4):1188-91.

   

   

   Correspondence Address:

  Jackson Brandão Lopes

  Rua Reitor Miguel Calmon, s/n – Vale do Canela

  Salvador, BA, Brazil – Zip code: 40110-100

  E-mail: jackson.lopes@ufba.br

   

   

   This study was carried out at Faculdade de Medicina da Bahia da Universidade Federal da Bahia (FMB-UFBA), Salvador, BA, Brazil.

   Financial Support: Ministério da Ciência, Tecnologia e Inovação, Conselho Nacional de Desenvolvimento Científco e Tecnológico 477558/2013-5.

   No conﬂict of interest.

   Article received on March 1st, 2017.

  Article accepted on March 30th, 2017.

  
    [image: Abb]

  

  
    [image: Authors]

  





  DOI: 10.21470/1678-9741-2017-0036

  ORIGINAL ARTICLE

  
    Miana LA, Moraes MM, Moraes BM, Ponte PG, Venturelli Júnior E, Mallosto RU, et al. Cardiopulmonary Resuscitation in an Average Brazilian Intensive Care Unit: Should We Perform Less or Better?. Braz J Cardiovasc Surg 2017;32(3):177-183

  

  
    Cardiopulmonary Resuscitation in an Average Brazilian Intensive Care Unit: Should We Perform Less or Better?

  

   

   

  Leonardo Augusto MianaI,II, MD, PhD; Marcella Mendes MoraesI, MD; Bernardo Mendes MoraesI, MD; Pedro Guilherme PonteI, MD; Eduardo Venturelli JúniorI, MD; Rodrigo Urbano MallostoI, MD; Alexander Moreira-AlmeidaI, MD, PhD

  IFaculdade de Medicina da Universidade Federal de Juiz de Fora (FAMED-UFJF), Juiz de Fora, MG, Brazil

  IIInstituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (InCor HC-FMUSP), São Paulo, SP, Brazil

   

  
    ABSTRACT

    INTRODUCTION: Few data can be found about cardiac arrest in the intensive care unit outside reference centers in third world countries.

    OBJECTIVE: To study epidemiology and prognostic factors associated with cardiac arrest in the intensive care unit (ICU) in an average Brazilian center.

    METHODS: Between June 2011 and July 2014, 302 cases of cardiac arrest in the intensive care unit were prospectively evaluated in 273 patients (age: 68.9 ± 15 years) admitted in three mixed units. Data regarding cardiac arrest and cardiopulmonary resuscitation were collected in an "Utstein style" form and epidemiologic data was prospectively obtained. Factors associated with do not resuscitate orders, return of spontaneous circulation and survival were studied using binary logistic regression. Statistical package software used was SPSS 19.0 (IBM Inc., USA).

    RESULTS: Among 302 cardiac arrests, 230 (76.3%) had their initial rhythm recorded and 141 (61.3%) was in asystole, 62 (27%) in pulseless electric activity (PEA) and 27 had a shockable rhythm (11.7%). In 109 (36.1%) cases, cardiac arrest had a suspected reversible cause. Most frequent suspected cardiac arrest causes were hypotension (n=98; 32.5%), multiple (19.2%) and hypoxemia (17.5%). Sixty (19.9%) cardiac arrests had do not resuscitate orders. Prior left ventricle dysfunction was the only predictor of do not resuscitate order (OR: 3.1 [CI=1.03-9.4]; P=0.04). Among patients that received cardiopulmonary resuscitation, 59 (24.4%) achieved return of spontaneous circulation and 12 survived to discharge (5.6%). Initial shockable rhythm was the only return of spontaneous circulation predictor (OR: 24.9 (2.4-257); P=0.007) and survival (OR: 4.6 (1.4-15); P=0.01).

    CONCLUSION: Cardiopulmonary resuscitation rate was high considering ICU patients, so was mortality. Prior left ventricular dysfunction was a predictor of do not resuscitate order. Initial shockable rhythm was a predictor of return of spontaneous circulation and survival.

    Keywords: Hypothermia; Heart Arrest, Induced Shock.

  

   

   

  INTRODUCTION

  Cardiac arrest (CA) is a public health issue. It is assumed that 100000 in-hospital CA take place in Brazil every year[1]. According to the last available public data (DATASUS), in 2013, 120.000 in-hospital deaths were resisted in Minas Gerais state, and approximately 8.000 only in Juiz de Fora[2]. It is known that 50% of in-hospital death takes place in Intensive Care Units (ICU)[3]. Despite increasing complexity in cases, survival rate after in-hospital CA has been improving in North America[3].

  Since 1992, the International Liaison (ILCOR) has been working on providing evidence-based guidelines in Cardiopulmonary Resuscitation (CPR)[4]. In 2013, Brazilian researchers developed a local adaptation of these guidelines in order to improve adherence in Portuguese speaking physicians[1].

  The volume of studies on the subject and the registration of cases attended, either in-hospital or extra-hospital cardiac arrest, have grown expressively[5,6]. In several countries, there is a national register of attendance of CPRs[3,6,7]. This record makes it possible to evaluate the results, study the characteristics and epidemiology of each site, identify the main problems and propose improvements, increasing the survival of patients[3,6].

  There has been an exponential growing number of publications regarding CPR records, including out-of-hospital and in-hospital cases[5,6]. Many countries developed an CPR National Registry[6,7]. These records make it possible to evaluate the results, characteristics and epidemiology of each site, identify the main problems and propose improvements, increasing patients survival[3,6].

  Nevertheless, there is no registry in Brazil, so far[1]. There is lack in data regarding ICU-CPR profile and prognostic factors associated with death or survival. There are few Brazilian studies and almost all of them were developed in reference university centers, that may not represent real-world concerning CPR in Brazilian ICUs[8,9]. This study prospectively investigated demographic profile and prognostic factors in ICU-CA and CPR in three mixed units is an average Brazilian city.

   

  METHODS

  This study was approved by the local Ethics Committee under the number 0120.0.420.000-10.

  Between June 2011 and July 2014, 302 CA were observed in 273 patients in three mixed ICUs, with a total of 30 ICU beds.

  Variables concerning CPR were registered in a Utstein style sheet form[10]. Demographic data were collected prospectively. CPR survivors were followed until hospital discharge and neurological status evaluated using Cerebral Performance Scale (CPS)[11].

  Studied variable included age, sex, ICU admission diagnosis, CA cause, event time, initial rhythm, do no resuscitate order (DNR), medications and dosing during CPR, defibrillation, previous diagnosis, previous intra-arterial monitoring, previous vasoactive-inotrope usage, left ventricular ejection fraction, CPR duration, return of spontaneous circulation (ROSC), therapeutic hypothermia, hospital discharge and CPS.

  Primary end-point was survival to hospital discharge and secondary end-points were ROSC and DNR. ROSC was considered only if pulse was present after one hour after CPR cessation and no need to further CPR during this period.

  Average patient's age was 68.8±14.9 years (19-99 years). Male sex was preponderant (51.6%). ICU admission diagnoses are listed in Table 1.
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  Statistical Analysis

  Kolmorov-Smirnov and Shapiro-Wilkis were used as normality tests. Continuous data with normal distribution were described as average and standard deviation. For a non-normal distribution, median and interquartile range (IQR) were used. Nominal and ordinal data were presented as percentages. Exact Fisher test or Mann-Whitney were chosen for group comparisons. Binary logistic regression analyzed prognostic factors for the end-points. A P value of 5% was used.

   

  RESULTS

  Demographic data of the 302 ICUCA studied are shown in Table 2.
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  DNR was applicable in 60 (19.9%) patients. Univariate analysis found that prior left ventricular dysfunction, coronary disease, stroke as admission diagnosis, vasoactive drugs infusion, intra-arterial pressure monitoring and arrest during the dawn were associated with more DNR, while sepsis as an admission diagnosis was less associated with DNR (Table 3). However, multivariate analysis identified prior left ventricular dysfunction as a predictor of DNR (OR=3.1 [CI=1.03-9.4]; P=0.045) (Table 3).
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  There was 242 CPR in 213 patients. Twenty-five patients were resuscitated twice, one received three CPR and another received four. ROSC was achieved in 59 (24.4%) cases. Older age and CA in the dawn (between 0 and 7 am) were associated with less ROSC as investigated by univariate analysis (Table 4). CA with initial shockable rhythm had a 68% ROSC rate, while asystole (18.3%), PEA (37.2%) and non-identified rhythms (8.5%) were associated with significantly less ROSC rate (OR: 24.9 (CI=2.4-257); P=0.007) (Table 4).
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  When CPR was analyzed regarding response time, it was noticed a median time of 2 minutes between beginning of CPR and delivery of first defibrillation. Meanwhile, median time to intubation and first epinephrine dose was 7.5 minutes and 1 minute, respectively.

  CPR time varied from one minute to two hours. Median CPR time was 19.5 minutes (IQR=7-30 min). Median CPR time in ROSC cases was 8 minutes (IQR=4-14 min), while in unsuccessful resuscitations it was 25 minutes (IQR=15-30 minutes; P<0.001; Figure 1). All CPRs timetable is represented in Table 5. Twenty-seven patients exhibited shockable rhythms. Fifteen of them received one defibrillation, three were defibrillated twice and eight received three or more defibrillations.
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  Median epinephrine total dose was 4 mg (IQR=2-8 mg). Dosing distribution is illustrated in Table 6.
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  Other medications administered during CPR were atropine in 31 (13%) cases, sodium bicarbonate in 5.9% (14 cases), amiodarone in 10 (4.2%), norepinephrine in 7 (2.9%) cases, bolus saline infusion in 6 (2.5%), calcium gluconate in 1.7% (4 cases) and lidocaine and 50% glucose in one case each.

  E-CPR was attempted in one patient. None of the patients were submitted to therapeutic hypothermia.

  Survival to discharge was achieved in 12 patients out of 213 (5.6%). Ventricular tachycardia/ventricular fibrillation showed a 4.9 odds ratio when compared to other initial rhythms. No other predictor of survival was detected (Table 7)
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  Out of 12 survival patients, 10 presented a CPS score between 1 and 2, while other two presented a CPS of 3. One of these was a spine trauma patient with paraplegia before CA.

   

  DISCUSSION

  This data represents a three-year registry in three ICU of an average sized city in Brazil. This analysis presents some relevant issues regarding ICU-CA in developing countries. It also allows some inferences about CPR delivered quality.

  It is known that ICU-CA survival ranges between 0-42%, depending on many factors, such as team experience and training and patients complexity/profile[6].

  Recent studies pointed out increasing survival over the last years, especially with widespread adoption of ILCOR Guidelines[1,3,4,7,12].

  The present study noticed a DNR rate around 20% in this population. Since DNR orders in Brazil are not routinely adopted and vary greatly between hospitals and physicians, we evaluated variables related to this decision.

  Previous Brazilian data report 65% DNR rate in ICU patients[13]. Previous international studies report a rate of DNR among inhospital and ICU-CA between 60% and 95%[6,13-15].

  In developed countries, mainly United States, there is a clear concern among family and ICU team about DNR orders in poor prognostic patients[16,17]. As abovementioned, neither the participating ICUs nor the Brazilian hospitals had an expressed DNR order for this type of patients, so the decision of beginning CPR depended primarily on the physician on duty.

  As expected and reported previously[6,13-15], variables such as age, admission diagnosis, cause of CA and previous vasoactive drug administration were related to DNR orders in our population, yet they were not independent predictors. The only independent predictor in our series was left ventricular dysfunction. Although it is not a common finding, it may represent the sickest patients in this sample.

  CPR maneuvers in very sick patients with low or no prognosis is a very disputable topic and concern about it is gaining space in the literature[18,19]. Guidelines and current data assure the importance of prevention CA and selecting more and more which cases to perform CPR[18,19].

  In the present study, our CA prevalence was 75 cases per 1000 ICU admissions, which is high compared to other international reports that relate 13 to 29 CA per 1000 ICU admissions[5-7].

  Only one out of four CPR patients in our series have achieved ROSC. This result is similar to one previously reported Brazilian experience[8], but very poor compared to current literature, including other Brazilian reports[9,20].

  Because of that, survival rate was low (5.6%) when compared to international literature[3,5-7,13-15]. It is clear that there was a high rate of CPR in the ICU (low DNR orders) and a bad result compared to the literature. Were there too many attempts of resuscitation?

  When the aspects of CPR were analyzed, ventricular tachycardia/ ventricular fibrillation (VT/VF) was found to be the only predictor of ROSC. That finding is very similar to previous reports[5,19]. Other findings, such as CA immediate causes, admission diagnosis e resuscitation timing were not divergent from the literature[8,9,19-21].

  Some other observations lead us to infer that there was not a complete adherence to the guidelines. At least 31 cases received atropine and none of the patients that achieved ROSC were submitted to hypothermia. At the time of the study, hypothermia was suggested by the guidelines, especially in VT/VF cases[22,23]. Although some experimental studies suggest that partial pressure of end-tidal carbon dioxide (PetCO2) may not predict ROSC as expected[24], its use is encouraged by the guidelines[1]. Yet its use was not reported in any of the 302 cases.

  The ICU admission diagnosis table revealed that over 40% of the patients were surgical cases, known to be patients with better prognosis[6,12]. Mechanical circulatory support, which may positively impact survival in these patients[25], was not available in those ICUs.

  On the other hand, average age was 70 years-old with a high incidence of vasoactive drugs administration and the main immediate cause of CA was hypotension, leading to the idea that it was a high-risk cohort.

  In 2003, a United States registry of 15k CPRs showed that arrhythmias and hypoxia (reversible causes) were the main immediate CA causes. Hypotension was in third. ROSC and survival rate was 44 and 17%, respectively[26]. Recently, the same registry, now with over 80k patients points out a tendency to increase the survival rate (22.3%)[3].

  In Brazil, the adoption of a National Registry and data bank that might allow results evaluation and comparison would be very desirable and may eventually save thousands of lives.

   

  CONCLUSION

  The prospective evaluation of 302 CA in three years in three different ICUs identified 24.4% and 5.6% ROSC and survival rates, respectively. Shockable rhythm was the only predictor of ROSC and survival.

  There was a 19.9% rate of DNR orders in the ICU-CA and left ventricular dysfunction was a predictor of DNR.
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    ABSTRACT

    OBJECTIVE: Perventricular device closure of ventricular septal defect through midline sternotomy avoids the cardiopulmonary bypass, however, lacks the cosmetic advantage. Perventricular device closure of ventricular septal defect with transverse split sternotomy was performed to add the cosmetic advantage of mini-invasive technique.

    METHODS: Thirty-six pediatric patients with mean age 7.14±3.24 months and weight 5.00±0.88 kg were operated for perventricular device closure of ventricular septal defect through transverse split sternotomy in 4th intercostal space under transesophageal echocardiography guidance. In case of failure or complication, surgical closure of ventricular septal defect was performed through the same incision with cervical cannulation of common carotid artery and internal jugular vein for commencement of cardiopulmonary bypass. All the patients were postoperatively followed, and then discharged from hospital due to their surgical outcome, morbidity and mortality.

    RESULTS: Procedure was successful in 35 patients. Two patients developed transient heart block. Surgical closure of ventricular septal defect was required in one patient. Mean duration of ventilation was 11.83±3.63 hours. Mean intensive care unit and hospital stay were 1.88±0.74 days and 6.58±1.38 days, respectively. There was no in-hospital mortality. A patient died one day after hospital discharge due to arrhythmia. No patients developed wound related, vascular or neurological complication. In a mean follow-up period of 23.3±18.45 months, all 35 patients were doing well without residual defect with regression of pulmonary artery hypertension as seen on transthoracic echocardiography.

    CONCLUSION: Transverse split sternotomy incision is a safe and effective alternative to a median sternotomy for perventricular device closure of ventricular septal defect with combined advantage of better cosmetic outcomes and avoidance of cardiopulmonary bypass.

    Keywords: Prosthesis Implantation; Heart Septal Defects, Ventricular; Cardiopulmonary Bypass.

  

   

   

  INTRODUCTION

  Surgical closure of ventricular septal defect (VSD) on cardiopulmonary bypass (CPB) in low weight infants is technically challenging and associated with high rate of morbidity and mortality[1,2]. Percutaneous device closure is not feasible in these patients, due to technical limitations and high rate of complications. Therefore, hybrid procedure with perventricular device closure is an effective and safe alternative management strategy[3]. Hybrid approach is beneficial in avoiding CPB, radiation and complications of vascular access. In addition, there is less need for homologous blood transfusion, 'fast-tracking' - early extubation, mobilization, and hospital discharge[4,5]. Perventricular device closure of VSD using transesophageal echocardiography (TEE) guidance on beating euvolemic heart in operating room is a hybrid procedure which offers similar advantages of avoiding ventricular incisions, division of right ventricle (RV) muscle bundles especially moderator band, and immediate confirmation of adequate closure as conventional technique. This technique is safe, particularly in low weight babies, who are high-risk candidates for the procedure in catheterization laboratory[2,6-8].

  Perventricular technique, thus, significantly reduces the operative trauma to the patient. However, it is unable to prevent physical and psychological trauma associated with long skin incision and midline sternotomy. Moreover, the use of this technique in case of associated malnutrition, failure to thrive and congestive cardiac failure; a high risk of developing wound infection, mediastinitis, sternal dehiscence, and carinatum deformity can be observed[4].

  At our institute, perventricular device closure of VSD using mini-invasive transverse split sternotomy was performed. If patient required surgical closure of VSD, CPB was instituted through cervical cannulation.

   

  METHODS

  This study was carried out between January 2013 to December 2015. Infants with single or predominant, moderate to large muscular or perimembranous VSD with left to right shunt were included in the study. Inclusion criteria's were persistent congestive heart failure despite optimal medical therapy and body weight <10 kg. Patients with any major debilitating illness or additional multiple apical VSDs, who may have required concomitant pulmonary artery banding and patients with associated other cardiac lesions except patent ductus arteriosus (PDA) which required concomitant surgical repair on CPB were excluded. The study was approved by our Institutional Ethics Committee. Parents or guardian were explained in detail about the procedure and informed consent was obtained.

  In all the patients, preoperative transthoracic echocardiography (TTE) was performed under sedation to confirm the diagnosis, to assess the size, site and number of VSDs, pulmonary artery hypertension (PAH), ventricular function, suitability of VSD for device closure and to rule out other cardiac lesions.

  Anaesthesia and monitoring

  All the infants were operated under general anaesthesia and continuous TEE guidance. Routine invasive hemodynamic monitoring was used in patients requiring VSD closure on CPB, bilateral regional cerebral oxygen saturation (rSO2) was measured using near-infrared spectroscopy (NIRS) (INVOS 5100B, Somanetics, Inc., Troy, MI, USA).

  Perventricular Device Closure of VSD

  Access and Surgical Procedure (Figure 1)

  
    

    [image: Fig. 1. Operative photograph showing proposed incision (A) and transverse sternotomy (B). C - Showing sheath punctured through RV free wall. D - Showing echocardiographic image of VSD device in-situ.]

  

  Patients were positioned in supine position with bolster under the scapula, head rest under the head with head turned to the left. Right femoral vein catheterized for central venous access. Draping was done to keep the base of neck, whole of the chest laterally up to posterior axillary line on right side and nipple on the left side exposed (Figure 1A). A transverse skin incision was performed in the 4th intercostal space over the whole width of the sternum and incision deepened to periosteal level. Transverse sternotomy was performed at the same level sparing both internal mammary arteries. Sternotomy was performed at an angle of 45° for better osteo-synthesis and reduced sternal mobility (Figure 1B). Sternal ends were retracted with a small retractor. Thymic gland was divided. Pericardium was opened vertically and pericardial stays were placed.

  Under continuous TEE guidance, optimal site for right ventricular puncture was chosen by gentle indentation of RV free wall using finger or forceps-held cotton gauze. Puncture site was considered optimal, if it was away from the papillary muscle and remained at an adequate distance from the septum so as to allow perpendicular access to VSD. A purse string suture was placed on RV free wall at proposed site of puncture with pledgeted 5-0 polypropylene suture. Systemic heparinization was performed with 100 U/kg of unfractionated heparin. A 20G arterial cannula with stylet was introduced into RV, perpendicular to the VSD and stylet was removed. A 0.025-inch straight-tipped guide wire (Terumo Corporation: Tokyo, Japan) was introduced through the cannula and maneuvered across the VSD into the LV (Figure 1C). The cannula was exchanged with gradually enlarging sheath from 5F to finally 8 or 10F (Cordis Corporation; Miami, FL, USA) over 0.038 inch angled guide wire (Cordis Corporation; Miami, FL, USA). Sheath was positioned across VSD with its tip in left ventricular (LV) cavity. Device was advanced into the sheath and deployed under continuous TEE guidance. Imaging in multiple planes was undertaken to confirm appropriate device placement and assess residual shunt (Figure 1D). In addition, any new tricuspid, mitral or aortic valvular obstruction or regurgitation was also looked for. The wires and sheath were removed and the purse string was tied.

  Selection of VSD Closure Device

  Size of VSD was measured by TEE in 4-chamber and long axis views. The greatest of the two values was considered for device selection. VSD occluder device (muscular or perimembranous: mplatz, AGA Medical Corporation, USA; Cardi-O-Fix, Starway Medical Technologies, Inc., Spain) or Duct occluder device (Amplatz, AGA Medical Corporation, Plymouth, MN, USA) 1-2 mm larger than size of VSD was selected. Routinely, muscular VSD device was selected for closure of VSD. Perimembranous VSD device was selected for VSDs in perimembranous location with <5mm muscular margin for device deployment. Duct occluder device was selected for mid-muscular or apical muscular VSDs where it deemed difficult to properly deploy right side of disc due to presence of ventricular trabeculations.

  Additional Procedure

  In patient with associated PDA, anterior approach through the same incision with a metal clip before deployment of VSD device was used for surgical closure.

  Surgical closure of VSD on CPB Through Cervical Cannulation

  A transverse cervical incision 1.5-2 cm in length was performed at one finger's breadth above clavicle between two heads of sternocleidomastoid muscles. Common carotid artery (CCA) and internal jugular vein (IJV) were looped. After heparinisation (400 U/kg), 5 mm polytetrafluorethylene (PTFE) graft was anastomosed to common carotid artery. The graft was cannulated with aortic cannula and connected to arterial line. IJV was clamped cranially and opened transversely. Straight venous cannula was inserted and advanced into the right atrium and connected to venous line.

  Conduct of CPB (Figure 2)

  
    

    [image: Fig. 2. Operative photograph of surgical closure of VSD on CPB with cervical cannulation.]

  

  After achieving adequate activated clotting time (ACT), CPB was initiated. Carbon dioxide was continuously insufflated into the operative field throughout the procedure. Inferior vena cava (IVC) was dissected, looped and cannulated with angled venous cannula that was advanced into the pericardial cavity through a stab incision in subxiphoid area. IVC was snugged. Mild hypothermia (30-32°C) was established. De Bakey atraumatic coarctation clamp was applied through a stab incision in the right 2nd intercostal space in mid-axillary line. Del Nido cardioplegia was delivered into the aortic root. IJV cannula was pulled back into superior vena cava (SVC) and SVC was snugged. Right atrium (RA) was opened and a vent was inserted into the left atrium through patent foramen ovale.

  Surgical Repair

  Repair was performed with midline sternotomy approach except that leaflet of tricuspid valve was detached from annulus to expose the borders of VSD. At the end of VSD closure, RA was repaired and SVC and IVC snuggers were removed. Ventricular pacing wire was placed. De-airing was performed and under low flows, aortic cross clamp was removed and IJV cannula was advanced into RA. Time was allowed for the heart to recover the sinus rhythm with good contractility of the ventricles. After re-warming of the patient, IVC cannula was removed and IVC repaired. After confirming adequate de-airing on TEE, cardioplegia puncture site was repaired. Finally, CPB was terminated in usual fashion.

  At the end of the procedure, IJV cannula was removed and IJV was repaired with interrupted 6-0 prolene sutures. Heparin was reversed with protamine. PTFE graft was severed near anastomosis with CCA and over sewn to prevent any residual stump. CCA pulsation was confirmed and wound closed.

  Postoperative Care and Follow-Up

  All the patients were shifted to intensive care unit (ICU) intubated and managed as per ICU protocol. Postoperative TTE was performed in all the patients before extubation to confirm the adequacy of procedure, residual defect and any complication. Patients were extubated once the clinical condition and arterial blood gases were normal and no evidence of hemolysis or procedural complication on TTE was found. Patients were soon discharged from the ICU and the hospital, if postoperative course was uneventful. All the patients were followed-up with physical examination one week, one month, three months and then six months after surgery to assess the cosmetic result, sternal mobility and any other infirmity. Postoperatively, TTE was performed three months after hospital discharge and at any time during the follow-up period if warranted to evaluate for residual shunt across VSD and pulmonary artery (PA) pressures (estimated by tricuspid regurgitation jet velocity). Residual shunt was classified as trivial (<1 mm), small (1-2 mm), moderate (2-4 mm), or large (>4 mm).

  Aspirin (5 mg/kg) was administered for 12 months and oral diuretics (furosemide, 1 mg/kg) for the first three to six months.

  Statistical Analysis

  Statistical analysis was carried out using SPSS version 20.0 software (SPSS Inc, USA). The data were presented as mean ± SD, range and in number percentage.

   

  RESULTS

   Table 1 summarizes the demographic profile of the patients.

  
    

    [image: Table 1. Demographic data.]

  

  From January 2013 to December 2015, 36 (20 males) symptomatic low weight infants and children with moderate to large muscular or perimembranous VSD on TTE were found suitable for perventricular device closure. Mean age was 7.14±3.24 months and mean weight was 5±0.88 kg. Preoperative saturation on room air was 94.94±2.66%. All patients had persistent clinical signs of congestive cardiac failure despite adequate medical management.

  Preoperative TEE and Location of VSD (Figure 3, Table 1)

  
    

    [image: Fig. 3. Classification of VSDs: perimembranous and muscular; muscular subdivided into anterior, mid-muscular, posterior and apical. Anterior-anterior to septal band, Mid-muscular-posterior to septal band, Apical-inferior to moderator band, posterior-beneath tricuspid septal leaflet.]

  

  Location of VSD was mid-muscular in 23, perimembranous in eight, anterior muscular in three, and posterior muscular in two patients. Mean VSD size was 8.27±1.64 mm in its longest dimension. Additional defects were patent foramen ovale in four patients, small apical muscular VSD in four and PDA in five patients. All except one patient had severe PAH and estimated PA pressures were 83.63±14.73 mmHg. Three patients had severe tricuspid regurgitation (TR). Two patients had mild LV dysfunction.

  Surgical Echocardiographic Outcomes (Table 2)

  
    

    [image: Table 2. Intraoperative, postoperative and follow-up data.]

  

  Perventricular device closure of VSD was accomplished successfully in 35 patients. Mean procedure time excluding surgical preparation time was 46.66±13.03 minutes. Devices used for VSD closure were muscular in 24 patient, perimembranous in nine patients, and PDA in two patients. Mean VSD occluder device size was 10.91±2.87 mm. Immediately after VSD device closure, 32 patients had no residual shunt; while trivial shunt was detected in three patients. In five patients, additional PDA ligation was accomplished. Estimated mean PA pressure decreased to 42.08±12.31 mmHg (range 30-77 mmHg) on TTE, postoperatively.

  Conversion to CPB

  Only one patient of mid muscular VSD required surgical closure, due to inability to cross the guide wire across the VSD. In this patient, patch closure of VSD was accomplished through the same incision and CPB was instituted through cervical cannulation.

  Hospital Length of Stay (Table 2)

  Mean duration of ventilation was 11.83±3.63 hours (range 5-20 hours) and mean duration of ICU stay was 1.88±0.74 days (range 1-3 days). Mean inotropic score was 3.08±3.38. Three patients had trivial flow across VSD device. TTE at time of discharge showed severe TR in one patient while LV function was normal in all the patients. All the patients were discharged in stable condition from the hospital and mean duration of hospital stay was 6.58±1.38 days. No patient had any sternal wound related complication (Table 2). Wound closure and final cosmetic result are shown in Figure 4.

  
    

    [image: Fig. 4. Photograph of final sternal wound closure (A) and healed scar cervical and sternal (B).]

  

  Complications and Deaths

  No incidence of device related complications, embolization or LV outflow obstruction was found. No in-hospital death was observed either. A patient died one day after discharge. This patient was operated for device closure of muscular VSD and was discharged in a good condition on the 4th postoperative day. The patient was brought to emergency department by the parents on the following day in a gasping state and died despite resuscitation. The cause of death was unknown as parents refused autopsy, thus, it was presumed to be due to arrhythmias.

  Heart blocks and Arrhythmias

  Two patients with perimembranous VSD had prolongation of PR interval following device deployment which recovered spontaneously in few hours. None of the patient developed complete heart block (CHB). However, as a protocol, in all patients, both atrial and ventricular temporary epicardial pacing wires were inserted at the time of closure of sternotomy and left in-situ until the time of discharge.

  Follow-Up

  For 35 patients who survived, follow-up was complete. Mean duration of the follow-up period was 23.30±18.45 months. All patients had satisfactory wound healing. Final cosmetic results are shown in Figure 4B. During the follow-up period, all patients were asymptomatic, had weight gain and near complete regression of PA hypertension. Six months after the procedure, all drugs except aspirin were stopped. On repeat echocardiography six months after surgery, none of the patient had shunt across the device and no TR.

   

  DISCUSSION

  Transverse split sternotomy is cosmetically aesthetic, as the incision is small, more obscure, along the Langer's lines and easily hidden especially in females. Also, sternal stability is maintained as sternum is split transversely. It avoids the risk of damage to the mammary gland, pectoral muscle mal-development and scoliosis. Moreover, there is less postoperative pain and bilateral pleural barriers are intact. Thus, it does not compromise spontaneous ventilation. Cervical cannulation for CPB moves almost whole of the hardware away from the operative field. This incision provides equally good exposure of RA, RV, pulmonary arteries and aorta. Therefore, any site of RV free wall puncture can be selected as per the site of VSD. Along with this, PDA can be ligated if required. PA banding can also be easily performed through this approach. However, the need for PA banding as a contraindication for this approach as the patient will require surgical removal of PA band and PA plasty in the future. This will need midline sternotomy and the resulting scar will be cosmetically worse.

  For both percutaneous and perventricular device closure of VSD, lower body weight (<5.2 kg) has been found to be the strongest risk factor for procedure failure, device-related complications, and hospital mortality[9-11]. Patients in our study were substantially at high risk by virtue of their age, weight, and nutritional status as they were relatively younger (mean age: 7.14±3.24 months), had lower body weight (mean weight: 5±0.88 kg) and poor nutritional status [protein energy malnutrition (PEM) grade III-IV in 85%]. We had 97.2% procedure success with 2.8% incidence of conversion to surgical closure. No in-hospital mortality was observed, however, 30-day mortality was 2.8%. The smallest patient who had successful procedure in our series was 2.5 kg. Our results show that perventricular VSD closure in any location amenable to device can be safely performed using transverse split sternotomy even in high risk patients with acceptable morbidity and mortality. Moreover, in case of procedure failure or any complication; surgical closure of VSD can be performed through the same incision with cervical cannulation without compromising the exposure.

  Dreaded complications reported after perventricular device closure of VSD are device embolization[12-14], cardiac perforation, and rarely intra-operative death[4]. Other complications are blood loss requiring blood transfusion, hematoma, CHB, ventricular tachyarrhythmia, hypotension, injury of the aortic valve, stroke, and device-related hemolysis[14-18]. In our series, we did not encounter any of these complications except two patients who developed transient prolongation of PR interval after device closure of perimembranous VSD that recovered spontaneously. Early or late conduction blocks after device closure are more frequent in patients with <10 kg weight and who have higher device: defect ratio[19,20]. We believe that heart blocks can be avoided by careful patient selection, avoiding inlet type of defects and avoiding over sizing the device. Similarly, sustained ventricular arrhythmia or mechanical LV complications can be prevented by gradual up- gradation of sheath size rather than direct insertion of a large sheath into the RV free wall[2]. Only one death was observed in our series, an infant who died one day after hospital discharge probably due to ventricular arrhythmia.

  Other complications associated with perventricular device closure include LV pseudoaneurysm[13], unexpanded RV disc protruding into pericardium[5,18], incomplete RV disc expansion with screw or disc protruding into the pericardium[5,21-23]. None of these complications was found in our series.

   

  CONCLUSION

  Our promising results suggest that perventricular device closure of VSD using mini-invasive transverse split sternotomy in selected high-risk infants is a safe and effective alternative strategy to the conventional perventricular or surgical closure especially in low weight infants.

  Limitation

  An observational study with a small number of patients, without any randomized comparison with midline sternotomy arm or surgical closure arm, with a medium-term follow-up period. Patients are still under follow-up for long-term outcomes. This study is, therefore, unable to address incidence of ventricular arrhythmias, ventricular dysfunction, pseudoaneurysm and sudden deaths; complications that have been reported late after the procedure. We recommend randomized control trial with a larger number of patients.

  Lessons Learned

  
    1. Periventricular device closure via transverse split sternotomy is a safe technique even in small and low weight infants.

    2. It carries advantages of both conventional and minimal invasive technique.

    3. CPB can be established via cervical cannulation in this method and surgical closure of VSD can be performed through the same incision if needed.
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    ABSTRACT

    OBJECTIVE: To investigate the impact of gender difference in early postoperative outcomes in elderly patients (aged 70 or older) undergoing coronary artery bypass grafting surgery.

    METHODS: Between October 2009 and December 2013, a total of 223 elderly patients (aged 70 or older) undergoing isolated primary coronary artery bypass grafting surgery were included in this retrospective observational cohort study. Patients were divided into two groups according to their gender. The patients' medical records were collected, their baseline preoperative characteristics, operative data, and postoperative outcomes were retrospectively reviewed, and the effect of gender difference in the early postoperative outcomes was analyzed.

    RESULTS: Group 1 (female patients) and Group 2 (male patients) consisted of 71 and 152 patients, respectively. Mean age of patients was 74.4±3.6 years (range: 70-84 years). The level of EuroSCORE I, the incidence of hypertension and hyperlipidemia were significantly higher in Group 1, while the rate of smoking was significantly higher in Group 2. Mean postoperative intubation time, length of intensive care unit and hospital stay were longer in female patients than in male patients, but these differences were not statistically significant. No statistically significant difference between two groups in terms of the transfusion of blood products was observed. The rates of in-hospital mortality and major postoperative complications were statistically similar between the two groups.

    CONCLUSION: In conclusion, the female gender was not associated with worse early postoperative outcomes in elderly patients undergoing coronary artery bypass grafting surgery.

    Keywords: Coronary Artery Bypass; Women; Aged.

  

   

   

  INTRODUCTION

  Female gender is considered to be an independent predictor of morbidity and mortality following coronary artery bypass grafting (CABG)[1-3]. Previous studies showed that the risk of operative mortality after isolated CABG was approximately 1.5-2 fold higher in women than in men[1,4-6]. Many investigators have been interested in and pondered over the influence and outcomes of gender difference with regard to CABG for a long time. The most considerable and accepted opinion on this topic is that female patients undergoing CABG surgery are greater-risk patients than males. Different causes have been revealed to clarify why women have greater-risk following CABG surgery than men, including later onset of coronary artery disease and older age, smaller body size and coronary artery diameters, under-utilization of arterial grafts, and more existence of comorbid conditions such as diabetes mellitus (DM) and hypertension (HT)[6,7]. In fact, these factors may be associated with poorer postoperative outcomes and confound any comparison between two genders.

  There is also inconsistency between gender difference and postoperative outcomes following CABG in the previous studies when examined and compared with each other. In many studies female gender was found associated with worse postoperative outcomes after CABG surgery[8-11], while in some other studies which especially had the propensity-matching for the adjustment of risk factors, demonstrated that the outcomes in females were similar to their matched male counterpart following CABG[12-15]. Thus, the impact of gender difference on postoperative outcomes after CABG is a debated topic of ongoing relevance. Moreover, the information about the impact of gender on postoperative outcomes following CABG in elderly patient is limited. Therefore, this study aimed to investigate the impact of gender difference in early postoperative outcomes in elderly patients (aged 70 or older) undergoing CABG.

   

  METHODS

  Study Design

  The study population consisted of 1087 patients who underwent elective isolated first-time CABG in our institution between October 2009 and December 2013. Among them, 223 (20.5%) patients were aged 70 or older, and included in this study, following the approval of institutional ethics committee. Patients were divided into two groups according to their gender. Group 1 (female patients) consisted of 71 patients (mean age: 74.3±3.4 years) and Group 2 (male patients) consisted of 152 patients (mean age: 74.4±3.7 years). The medical data were collected, and baseline characteristics, intraoperative and postoperative records were retrospectively analyzed. Patients undergoing emergency surgery, redo surgery, concomitant valvular surgery, left ventricular surgery, or other cardiovascular procedures were excluded.

  Surgical Approach

  The surgical approach to be used was decided one day before the operation. The final decision was given after evaluation of coronary anatomy and the palpation of the aorta during operation. All cases were operated under general anesthesia and via median sternotomy. Left internal thoracic artery (LITA) and great saphenous vein were mainly used as bypass grafts in majority of patients. Pedicled LITA harvesting technique was routinely preferred in all of patients with LITA graft. In Group 1, 32 patients underwent off-pump coronary artery bypass grafting (OPCAB), while 39 patients had conventional CABG with cardiopulmonary bypass (CPB). In Group 2, 57 patients had OPCAB, while 95 underwent conventional CABG.

  Postoperative Follow-Up

  Postoperative intensive care unit (ICU) follow-up was standardized for all patients. All patients received intravenous nitroglycerin for the first 24 hours unless hypotension (systolic blood pressure < 90 mmHg). Selection of inotropic agents was dictated by the hemodynamic data. Patients were transferred from ICU to clinical service when they were hemodynamically stable. Some routine medications included daily oral acetylsalicylic acid, and beta blockers unless hypotension and bradycardia (systolic blood pressure < 90 mmHg, heart rate < 60/min). Angiotensin converting enzyme inhibitors, diuretics, digoxin, and warfarin were gradually introduced when clinically indicated.

  Statistical Analysis

  Continuous variables were expressed as mean ± standard deviation. Categorical variables were expressed as frequency and percentages. While comparing the two groups, Student's t-test was performed for the continuous variables, and Chi-squared test was performed for the categorical variables. Two tailed P values < 0.05 were considered as significant, and confidence interval (CI) was 95%. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) program (version 18.0, SPSS, Chicago, IL, USA).

   

  RESULTS

  Demographic and baseline clinical characteristics of patients are summarized in Table 1. Mean age of the study population was 74.4±3.6 years (range: 70-84 years). The mean level of the European System for Cardiac Operative Risk Evaluation I (EuroSCORE I), history of HT and hyperlipidemia (HL) were significantly higher in female patients when compared to males (P<0.05). The rate of smoking was significantly lower in women. The groups were statistically similar in terms of the other demographic and comorbid features.
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  Intraoperative data and postoperative clinical outcomes of patients are presented in Tables 2 and 3. There were no statistically significant differences when compared both groups according to the intraoperative data. Mean postoperative intubation time, length of ICU and hospital stay were longer in female patients than in male patients, but these differences were not statistically significant. No statistically significant differences between the two groups in terms of the transfusion of blood products were found. The occurrence of major postoperative complications, including low cardiac output syndrome, postoperative myocardial infarction, cerebrovascular events, respiratory failure, reexploration for bleeding, mediastinitis, new onset of acute renal failure were statistically similar between two groups. In-hospital mortality rates of both groups were also statistically similar.
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  DISCUSSION

  Coronary artery disease was considered as a male disease and believed to affect almost exclusively men for many years. However, nowadays it is a very substantial health problem and the leading cause of mortality of female population in the United States, accounting for approximately 1 of every 3 female deaths[16]. CABG is used as an effective treatment modality for coronary artery disease in female patients, and females now account for up to 30% of patients undergoing myocardial revascularization procedures[17]. Incidence of morbidity and mortality during early postoperative period after CABG is shown to be higher in female patients than in male[1-6]. The most universal and contemporary operative risk score models include the gender as a significant parameter for predicting mortality after CABG[18,19]. However, studies evaluating independent impact of gender on early outcomes following CABG have presented variable results[1-15]. The impact of gender difference on early outcomes after CABG is controversial. In addition to this controversy, especially in elderly CABG patients, available data about the impact of gender on postoperative outcomes are not sufficient. Therefore, this study was designed to determine whether or not the gender difference affects the early postoperative outcomes in elderly CABG patients.

  Our study showed no significant differences according to in-hospital mortality and major postoperative complications between females and males. Similary, Uncu et al.[20] study on 174 participants aged above 75 years, concluded that CABG operations could be applied with similar mortality rates in women comparing to men. Arif et al.[21] recent study on 4972 consecutive patients over 60 years revealed that women had a higher early postoperative mortality rate after CABG in only septuagenarians, but not in sexagenarians and octogenarians. Thus, the impact of gender difference on outcome may vary among different age groups. In a retrospective observational study on a total of 598 septuagenarian and octogenarian participants, no significant differences between genders were reported in terms of postoperative mortality and major complications such as central neurologic events, respiratory insufficiency, and renal failure requiring hemodialysis, thus female gender was not found to be associated with increased risks of morbidity and mortality after cardiac surgery in septuagenarians and octogenarians[22]. In another recent study performed by Berndt et al.[23], the impact of gender difference on postoperative outcomes in octogenarians after CABG similarly reported that female gender was not associated with increased risks of morbidity and mortality. When the results of our study were compared to the results of these studies mentioned above, similar results according to the current literature could be found.

  Although no statistically significant differences were found according to the postoperative complications, the rate of development of mediastinitis in female patients was 4.3 times higher than males. We believe that this difference was not statistically significant (5.6% vs. 1.3%, P=0.08), probably due to the small sample size of our study population. In a study performed by Sá et al.[24], the risk factors for mediastinitis after CABG were studied, and obesity, diabetes, smoking, use of pedicled internal thoracic artery and on-pump CABG were determined as independent risk factors of mediastinitis after CABG.

  Almost all studies in the literature reported that female patients undergoing CABG were older and higher risk patients with higher EuroSCORE had more preoperative comorbid conditions such as HT, DM and HL compared to male[25-28]. We also found that female patients had statistically significantly higher EuroSCORE levels, and the incidence of HT and HL were higher than in males. The incidence of DM was also higher in the female group, but the difference of incidence of diabetes mellitus between the groups was not statistically significant (38% vs. 26.3%; P=0.06). As a result, according to the literature, our study population had also similar features in terms of preoperative patients' demographics.

  Some surgeons can behave timidly to apply a CABG operation for female patients, and a delayed decision for operation may be a reason of disease progression, increased surgical risk, decreased long-term survival, and higher incidence of comorbid disorders[29]. Therefore, a consensus establishment regarding when to apply a CABG operation for female patients is crucial. Additionally, detailed anamnesis, rigorous physical examination, laboratory tests and radiological imaging methods can assist to specify the physiological reserves and optimal conditions of the patients for CABG[20].

  LITA is the most commonly used arterial graft in CABG accounting for its satisfactory patency rate, convenience for coronary artery anastomosis when it does not need proximal anastomosis. The importance of LITA graft use was emphasized in numerous reports, and the LITA graft use had proven to decrease the mortality rates and increase long-term survival in both male and female CABG patients[30-32]. Therefore, LITA as coronary bypass graft in our practice is commonly preferred. In this series, we used LITA grafts in 93% of females and 95.4% of males (94.6% of overall), but the difference between the groups was not statistically significant (P=0.52). Despite no statistically significant difference, similar to our study, the majority of studies in the literature has documented that the LITA graft use is less common in female patients.

   

  CONCLUSION

  The results of this present study will ensure some clarity to this controversial subject as no statistically significant differences were found in early postoperative outcomes in elderly female and male patients. However, there were several limitations in the interpretation of the results of our study. The major limitations of this study were the retrospective nature of data collection, evaluated data were limited, lack of the mid and long-term outcomes of patients, and relatively small number of patients in the study groups. A larger sample could have increased the statistical power of our research. This study demonstrated that the female gender was not associated with worse early postoperative outcomes in elderly CABG patients.
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    ABSTRACT

    OBJECTIVE: Ischemia-reperfusion injury after acute ischemia treatment is a serious condition with high mortality and morbidity. Ischemia-reperfusion injury may result in organ failure particularly in kidney, lung, liver, and heart. In our study, we investigated the effects of papaverine and vitamin C on ischemia-reperfusion injury developed in the rat liver after occlusion-reperfusion of rat aorta.

    METHODS: 32 Sprague-Dawley female rats were randomized into four groups (n=8). Ischemia was induced with infrarenal aortic cross-clamping for 60 minutes; then the clamp was removed and reperfusion was allowed for 120 minutes. While the control group and the ischemia-reperfusion group did not receive any supplementary agent, two other groups received vitamin C and papaverine hydrochloride (papaverine HCL). Liver tissues were evaluated under the light microscope. Histopathological examination was assessed by Suzuki's criteria and results were compared between groups.

    RESULTS: In ischemia-reperfusion group, severe congestion, severe cytoplasmic vacuolization, and parenchymal necrosis over 60% (score 4) were observed. In vitamin C group, mild congestion, mild cytoplasmic vacuolization and parenchymal necrosis below 30% (score 2) were found. In papaverine group, moderate congestion, moderate cytoplasmic vacuolization and parenchymal necrosis below 60% (score 3) were observed.

    CONCLUSION: An ischemia of 60 minutes induced on lower extremities causes damaging effects on hepatic tissue. Vitamin C and papaverine are helpful in reducing liver injury after acute ischemia reperfusion and may partially avoid related negative conditions.

    Keywords: Reperfusion Injury; Liver Diseases; Papaverine; Ascorbic Acid; Rats; Models, Animal.

  

   

   

  INTRODUCTION

  Ischemia develops during aortic surgery due to aortic clamping in lower extremities and the following reperfusion process brings about a systemic inflammatory response that causes endothelial injury and increasing vascular permeability. Non-cardiac pulmonary dysfunction can be indicated in many patients following an elective aorta surgery and is an important cause of postoperative morbidity[1]. During reperfusion, many chemical mediators are released into systemic circulation due to washout effect and contribute to distal organ injuries by organ capillary occlusions through possible microembolies[2-4]. Those result with increased permeability, platelet aggregation and necrotic areas due to microvascular endothelial injury in major organs[5]. This condition caused pulmonary edema and microproteinuria in the kidney. On the other hand, the effects of distal organ ischemia-reperfusion (I-R) injury on liver are examined in a limited number of studies.

  Many treatment strategies have been developed to prevent and to reduce I-R injury. As vitamin C (ascorbic acid) has long been known for its antioxidant effect and papaverine has vasodilator effects, we assume that vitamin C and papaverine could reverse the vasoconstrictive effects of the chemical mediators released during systemic inflammatory response and may reduce I-R injury in hepatic tissue[6,7].

  The aim of the present study is to perform a histopathological examination of the effects of vitamin C and papaverine on liver tissues following I-R injury in lower extremities.

   

  METHODS

  Study Design

  The study was performed in Experimental Animals Laboratory after the approval by Local Ethic Committee was obtained (Number: 36/2012). Thirty-two female Sprague-Dawley rats, 3.5-4 months old and weighing about 190-250 g, were used. The animals were randomly divided into four groups (n=8). This experimental study was carried out in accordance with Animals Act and associated guidelines. All animals were handled in accordance with the Guide for the Care and Use of Laboratory Animals.

  Preparation of the animals and the surgical techniques

  All animals were given ketamin HCl 40 mg/kg (Ketalar® 50 mg/ml vial, Pfizer Drug Company, Istanbul, Turkey) + xylazine hydrochloride 5 mg/kg (Rompun® 23.32 mg/ml, 50 ml vial, Bayer Drug Company, Istanbul, Turkey) after 8 hours fasting, with intramuscular anesthesia into left foot muscle, ensuring spontaneous respiration during the procedure. The animals were placed in a supine position on the table under a radiant heater. After the area of the skin aseptically prepared, all animals were subjected to median laparotomy from right below the xiphoid to 0.5 cm above pubis; intestines were deviated to the right side, then the infrarenal abdominal aorta and liver were explored through a blunt dissection. All animals were given a low dose (100 unites/kg) of heparin (Nevparin® 25000 IU 5 ml flakon, Mustafa Nevzat Drug Company, Istanbul, Turkey). Fluid resuscitation was supplied with 10 ml/kg 0.9% NaCl through the tail vein. Infrarenal abdominal aorta was clamped with an atraumatic microvascular clamp (Novaclip® 12 mm Angle, Plymouth, USA). After clamping, 5 ml warm saline solution was injected into the peritoneal cavity. To prevent abdominal fluid loss, the skin area was approximated with a suture. After 60 minutes of ischemia, clamp was removed and we waited 2 hours for reperfusion. Ischemia was monitored by loss of pulsation in aorta and reperfusion was monitored by the presence of pulsation in aorta. The animals were sacrificed after the procedure, and the livers of all animals were removed and conserved in 10% formalin.

  Experimental Groups

  Control Group (Group 1) (n=8)

  Rats hepatectomised at the end of the targeted period without any other procedure following anesthesia and median laparotomy.

  Ischemia-Reperfusion Group (Group 2) (n=8)

  Rats hepatectomised at the end of the targeted ischemia-reperfusion duration with induced ischemia-reperfusion following a standard surgical procedure.

  Ischemia-Reperfusion + Vitamin C group (Group 3) (n=8)

  Rats with induced ischemia following a standard surgical procedure, started infusion with 50 mg/kg dose of vitamin C (ascorbic acid) (Redoxan® 500 mg/5 ml vial, Bayer Drug Company, Istanbul, Turkey) 15 minutes before declamping and hepatectomised at the end of the reperfusion duration.

  Ischemia-Reperfusion + Papaverine Group (Group 4) (n=8)

  Rats with induced ischemia following a standard surgical procedure, and started infusion with 1.5 mg/kg dose of papaverine HCl (Papaverin HCl® 0.05 g/ 2 ml, Galen Drug Company, Istanbul, Turkey) 15 minutes before declamping, and hepatectomised at the end of the reperfusion duration.

  Histopathological Examination

  Liver tissues were fixed separately in 10% buffered neutral formalin, and tissue monitoring was performed. From the samples, paraffin blocks were prepared and 4-5 µm sections were cut and stained with hematoxylin and eosin (H+E). Histopathological examinations were performed under a light microscope. Sinusoidal congestion, hepatocyte cytoplasm vacuolization and parenchymal necrosis were assessed as described by Suzuki et al.[8] and scored on a scale from 0 to 4 (Table 1).
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  Statistical Analysis

  Statistical evaluations were performed using Statistical Package for the Social Sciences 20 (SPSS Inc, Chicago, IL, USA) and, for multiple comparisons, Kruskal Wallis analysis of variance and Bonferroni corrected Mann-Whitney U test were used. Descriptive statistics were median (min-max) values. Level of significance was accepted as P≤0.05; two-way and P≤0.008 for Bonferroni correction.

   

  RESULTS

  In our study, we used Suzuki classification in assessments and while no pathological differences were observed in the livers of three animals (Suzuki score 0), minimal congestion, minimal cytoplasmic vacuolization, and single-cell necrosis were observed in five animals (Suzuki score 1) in Group 1 (Figures 1A and B).
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  In Group 2, minimal congestion, minimal cytoplasmic vacuolization, and single-cell necrosis were observed in three rats (Suzuki score 1); mild congestion, mild cytoplasmic vacuolization and parenchymal necrosis below 30% were observed in two rats (Suzuki score 2); moderate congestion, moderate cytoplasmic vacuolization, and parenchymal necrosis below 60% were observed in two rats (Suzuki score 3); severe congestion, severe cytoplasmic vacuolization, and parenchymal necrosis above 60% were observed in one rat (Suzuki score 4) (Figure 1C).

  In Group 3, while no histopathological difference in the liver (Suzuki score 0) was observed in one animal, there were minimal congestion, minimal cytoplasmic vacuolization, and single-cell necrosis (Score 1) in five animals, and mild congestion, mild cytoplasmic vacuolization and parenchymal necrosis below 30% (score 2) in two animals (Figure 1D).

  In Group 4, although the histopathological examination of the liver revealed no difference (score 0), minimal congestion, minimal cytoplasmic vacuolization, and single-cell necrosis were observed in four animals (Score 1); mild congestion, mild cytoplasmic vacuolization, and parenchymal necrosis below 30% were observed in two animals (Score 2); and moderate congestion, moderate cytoplasmic vacuolization and parenchymal necrosis below 60% were observed (Score 3) in one animal (Figure 1E).

  There was a statistically significant difference among the groups Suzuki scores (P=0.021). In pairwise comparisons, while a significant difference (P=0.007) between Group 1 and Group 2 was found, the comparisons among other groups did not reveal any significant difference (respectively; Group 1 with Group 3, and with Group 4; P=0.195; 0.105; Group 2 with Groups 3 and 4; P=0.083, 0.234; with Group 2 and Group 3; P=0.645). In other words, although similar histopathological values were obtained in the comparison of Groups 3 and 4 with Group 1 and of Group 3 with Group 4, the histopathological scores were lower in Group 1 in comparison to Group 2 (P=0.007) (Table 2, Figure 2).
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  DISCUSSION

  Infrarenal abdominal aortic surgery for abdominal aortic aneurysm and peripheric bypass surgery have remained the gold standard treatment despite the decreasing number of such procedure with the development of endovascular techniques[9]. I-R experiments constitute the experimental models simulating injuries developed following such organ surgeries, circulation shocks, and disseminated intravascular coagulation disorders[10]. Aortic clamping procedure used in abdominal aortic surgery is not an innocent procedure, as it is well known. Not only its local effects, but also the systemic effects contribute to this fact. In patients with peripheral arterial disease, who have abnormal microvascular perfusion, oxygen increase during reperfusion is higher and therefore, ischemic injury is more severe[10]. For this reason, antioxidant agents to reduce the injury are being tested in experimental models which otherwise require a long processes to clinical application[10].

  In this study, we used ascorbic acid, because it is the strongest antioxidant soluble in water. We also used papaverine, an opium alkaloid and a good vasodilator that is thought to have an antioxidant effect through inhibition of mitochondrial glutamate oxidase system for decreasing oxidative stress and lipid peroxidation[10,11-13]. We found that ascorbic acid and papaverine caused some decrease in I-R related histopathological injury, although not reaching a statistically significant level. Various studies have addressed the use of similar agents in similar durations and their beneficial effects. In experimental studies on rats, reperfusion of distal organ ischemia has been shown to cause injury in lungs, kidneys, and in small intestine, and the use of certain molecules, such as melatonin, oxytocin, ascorbic acid and complement inhibitors, has reductive effects on the injuries[14-22]. Strategies directed at reducing apoptosis are thought to improve survival after ischemia and reduce reperfusion injury[8,23].

  We need to look at the pathophysiological process, caused by the condition in lower limbs. Skeletal muscle of the lower limbs is the major tissue that is susceptible to ischemia. Irreversible muscle injury starts after 3 hours of ischemia and complete at the 6th hour[24]. Mortality and amputation rates in acute peripheric arterial occlusion have been reported as 10-25% and 20%, respectively. Duration of ischemia has great importance among the factors that affect mortality and morbidity[25]. Free oxygen radicals, TNF-alpha and other mediators released into circulation during I-R activate various proteins involved in apoptosis. This causes DNA damage and cell death[14,15,23]. The more affected tissue mass and duration of ischemia, the more severe are the complications[24].

  The effects of I-R injury occur after 45 minutes in lungs and after 60 minutes of ischemia in extremities during reperfusion[15,26,27]. The tolerable duration of normothermic hepatic ischemia is not known and thought that irreversible injury occurs after 90 minutes of elective liver surgery[18]. However, there is a limited number of clinical and experimental studies on distal organ I-R-related liver injury. In literature, there two studies that have reported the histopathological and biochemical effects of distal organ ischemia reperfusion on liver[17]. Based on similar studies, we planned to use I-R duration as 60 minutes of ischemia and 120 minutes of reperfusion[14,16]. We also demonstrated in our study that 60 minutes of ischemia and 120 minutes of reperfusion induced in lower limbs of healthy subjects caused a significant I-R injury in hepatic tissue histopathologically.

  However, clinical studies have shown that the liver injury occurred in this part is influenced by many other factors, from hepatic lipid content to various systemic factors like acute hyperglycemia[8,23]. Sprung et al.[28], in their clinical study on 942 consecutive patients who had elective abdominal aortic aneurysm and vasculopathy, found an acute increase in hepatic enzymes in 1.5% of the patients at 24-72 hours postoperatively. However, we did not analyze the effects of the systemic factors on our subjects due to limited technical resources. This is a limitation in our study. Another limitation is that the subjects in our study do not have any vasculopathy and systemic risk factors, unlike real patient population.

  Initiation time of the antioxidant agents is also important. Since the free radicals formation has shown to occur rapidly (in the first seconds of the reperfusion), it has been known that the use of free radical scavengers is only effective when it is initiated 15 minutes prior to reperfusion if it is to reduce the reperfusion injury, and it has not any protective effect when initiated after reperfusion[2,29]. In our study, distal ischemia was also induced and at 45 minutes of ischemia, that is, 15 minutes before reperfusion antioxidant agent was initiated and the histopathological results were analyzed by using Suzuki classification[16]. Although similar histopathological values were obtained in the comparison of Group 3 and Group 4 with Group 1 and Group 3 with Group 4, the histopathological scores were lower in the control group in comparison with Group 2. In other words, Group 4 and Group 3 revealed similar results, yet the level of injury in these groups were lower compared to Group 2, although not statistically significant. In addition, Andrews et al.[30] demonstrated that, in experimental ischemia model in the gastric mucosa before reperfusion, the use of agents that increase gastric blood flow and vasodilator papaverine do not have any beneficial effect on I-R injury. These findings suggest that papaverine may have different effects depending on the type of ischemia, or on the organ involved. In another study, Koçarslan et al.[31] showed that intraperitoneal administration of silymarin reduces oxidative stress and protects liver, kidney, and lungs from acute supraceliac abdominal aorta ischemia-reperfusion injury in the rat model. Pharmacological, genetic and surgical studies directed at decreasing I-R injury would elucidate the prospect to decrease mortality and morbidity caused by vascular diseases and surgeries.

   

  CONCLUSION

  In conclusion, we revealed that an ischemia of 60 minutes induced on lower limbs is sufficient to cause damaging effects on hepatic tissue. We conclude that both papaverine and ascorbic acid, given 15 minutes prior to reperfusion, reduced hepatic injury caused by reperfusion following ischemia in lower limbs in experimental conditions.
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    ABSTRACT

    OBJECTIVE: To assess heart rhythm and predictive factors associated with sinus rhythm after one year in patients with rheumatic valve disease undergoing concomitant surgical treatment of atrial fibrillation. Operative mortality, survival and occurrence of stroke after one year were also evaluated.

    METHODS: Retrospective longitudinal observational study of 103 patients undergoing rheumatic mitral valve surgery and ablation of atrial fibrillation using uni- or bipolar radiofrequency between January 2013 and December 2014. Age, gender, functional class (NYHA), type of atrial fibrillation, EuroSCORE, duration of atrial fibrillation, stroke, left atrial size, left ventricular ejection fraction, cardiopulmonary bypass time, myocardial ischemia time and type of radiofrequency were investigated.

    RESULTS: After one year, 66.3% of patients were in sinus rhythm. Sinus rhythm at hospital discharge, lower left atrial size in the preoperative period and bipolar radiofrequency were associated with a greater chance of sinus rhythm after one year. Operative mortality was 7.7%. Survival rate after one year was 92.3% and occurrence of stroke was 1%.

    CONCLUSION: Atrial fibrillation ablation surgery with surgical approach of rheumatic mitral valve resulted in 63.1% patients in sinus rhythm after one year. Discharge from hospital in sinus rhythm was a predictor of maintenance of this rhythm. Increased left atrium and use of unipolar radiofrequency were associated with lower chance of sinus rhythm. Operative mortality rate of 7.7% and survival and stroke-free survival contribute to excellent care results for this approach.

    Keywords: Atrial Fibrillation; Ablation; Catheter Ablation; Rheumatic Disease.

  

   

   

  INTRODUCTION

  Atrial fibrillation (AF) is the most common sustained arrhythmia in the United States, where a prevalence of 2.2 million people with AF is estimated[1,2]. The prevalence of AF increases with age. It is estimated that the incidence of AF doubles for each decade of adult life. AF affects 2.3% of individuals over 40 years and 5.9% of those over 65 years[1].

  Approximately 70% of individuals diagnosed with AF are between 65 and 80 years old[1]. In addition, it can also be considered an important risk factor for stroke[3].

  AF is an independent risk factor for mortality, with relative risk for all ages of 1.5 for men and 1.9 for women[2].

  In the last 20 years, hospital admissions related to AF increased by 66%[4]. In Brazil, AF is the 5th largest cause of hospitalization in the Unified Health System (SUS - acronym in Portuguese) and affects 10% of the population served by the specialized department of cardiology in hospitals with a level of complexity of quaternary care[5].

  The high prevalence of this arrhythmia, the expenses with the health system and the high morbidity and mortality associated with that disease have justified the search for a better understanding of its pathophysiological bases and of new therapeutic approaches[4].

  Despite being considered a benign disease, AF is associated with significant morbidity and mortality due to three levels of sequelae:

  
    a. Discomfort and anxiety generated by irregular heartbeats;

    b. Hemodynamic compromise due to loss of atrioventricular synchrony;

    c. Blood stasis inside the left atrium, with greater vulnerability to systemic thromboembolism.

  

  AF may be related to thromboembolism and stroke in 5-10% of high-risk patients[6]. The risk increases with age and the presence of concomitant structural heart disease. According to the American Heart Association (AHA), it is estimated that more than 70,000 cases of stroke are related to AF each year.

  Up to the present time, the Maze surgery is the gold standard in the surgical treatment of AF, with success in healing AF greater than 90%[7-11]. The mechanism by which the procedure is able to prevent recurrence of AF is not yet conclusively established. However, the theory is that, with surgery, conduction blocks are created in the right and left atria, preventing macro-reentry circuits, responsible for the persistence of AF (Figure 1)[12].

  
    

    [image: Fig. 1. Atrial fibrillation (Reentry circuits). Adapted from Cox et al.[12].]

  

  Maze surgery involves the creation of surgical incisions at strategic sites of both atria which are then re-sutured by creating electrical conduction block lines that prevent the formation and conduction of errant electrical impulses, driving the electrical impulse generated at the sinus node to the atrioventricular node. Maze surgery was designed to accomplish three objectives:

  
    • Stop all reentry circuits that can lead to the development and maintenance of AF;

    • Restore control of the heart rate to the atrial pacing complex;

    • Allow the entire atrial myocardium to be activated to preserve the atrial transport function.

  

  Maze surgery, when performed, is often concomitant with other cardiac procedures such as coronary artery bypass surgery, valve repair and/or replacement. Despite the effectiveness of Maze surgery, its completion is still restricted due to its morbidity related to the time required to perform the set of lesions, among others factors. Surgical risk increases due to the high times required of cardiac anoxia and CPB (cardiopulmonary bypass). Due to this, great effort is required to reduce the morbidity associated with this procedure[10,11,13-15].

  Recently, different sources of energy have been identified in order to reduce the time and morbidity of surgical procedures for the treatment of AF[4,8,16]. In the last 10 years, great advances have occurred in the development of different energy sources capable of creating electric conduction blocks in myocardial tissue. The application of endo- or epicardial radiofrequency is capable of producing myocardial necrosis that electrically isolates myocardial tissue in a manner similar to that demonstrated by classic Maze surgery (cutting and suturing)[15,17,18].

  The ideal set of lesions in the atrial myocardial tissue is not yet defined. Isolation of the pulmonary veins and excision of the left atrium are mandatory and seem to be associated with AF-free survival. Several methods including these components have corrected AF in 70% to 90% of patients. The importance of connecting lesions in the left atrium (e.g. between right and left pulmonary veins or left pulmonary veins to the mitral annulus) is uncertain. Atrial fibrillation arising from the right atrium is uncommon. Right atrial lesions are required only in patients with typical atrial flutter. As a result, isolation of the pulmonary veins combined with excision of the left atrium may represent the appropriate operation for most AF patients. However, additional studies are needed to test this hypothesis.

  Records and retrospective analyzes have not shown an increase in surgical mortality when intervention on the mitral valve is performed concomitantly with atrial fibrillation ablation[19]. However, an increase in postoperative morbidity is observed[2].

  In Brazil, a large part of the population of patients in the Unified Health System requiring surgical intervention on the mitral valve has a diagnosis of rheumatic heart disease. In this clinical scenario, the impact of the use of bipolar radiofrequency devices in the surgical treatment of atrial fibrillation in operative mortality and in event-free survival is still to be defined[20-22].

  The main objective included the evaluation of the cardiac rate at hospital discharge and a one-year postoperative follow-up period as well as factors associated with the occurrence of sinus rhythm at the end of the first year with patients presenting rheumatic heart disease and indication for mitral valve surgery concomitant with surgical ablation of atrial fibrillation.

  The secondary aim of this study is to describe operative mortality and one-year survival, as well as the incidence of stroke in the same period.

   

  METHODS

  Observational, longitudinal and retrospective study. One hundred and three consecutive patients undergoing mitral valve surgery of rheumatic etiology with concomitant atrial fibrillation ablation using unipolar or bipolar radiofrequency were evaluated. Patients undergoing associated tricuspid repair were included. All patients were operated at the Instituto Nacional de Cardiologia (INC) between January 2013 and December 2014.

  Patients undergoing other associated procedures such as aortic valve replacement or coronary artery bypass grafting were excluded. Reoperation procedures were also excluded.

  Study performed in a Brazilian public institution in which patients are cared for by several surgical teams. Seven different surgeons participated in the surgical interventions as the first operator.

  In all patients, electrical isolation of the pulmonary veins was performed in pairs (left and right). Atrial connection ablation lines (upper and/or lower) and the type of device used for ablation (uni- or bipolar radiofrequency) were chosen according to the preference of the main surgeon and the availability of the device at the institution. The closure of the left atrial appendage was also performed at the discretion of the surgeon, always through the endocardial route with continuous suture with 3-0 or 4-0 Prolene.

  The pre-, intra- and postoperative clinical and surgical variables investigated were:

  
    1. Age

    2. Gender

    3. Comorbidities: systemic arterial hypertension (SAH), diabetes, chronic obstructive pulmonary disease (COPD) and smoking.

    4. New York Heart Association Functional Class (NYHA) functional class

    5. Type of AF: paroxysmal, persistent or permanent (American Heart Association - AHA)

    6. EuroSCORE

    7. Time of fibrillation

    8. Previous stroke

    9. Left atrium (LA) size by echocardiography

    10. Left ventricular (LV) ejection fraction by echocardiography

    11. Cardiopulmonary bypass time

    12. Time of myocardial ischemia

  

  Ablation lines performed: isolation of the pulmonary veins in pairs; lesions in the posterior wall of LA; connecting line to the mitral valve annulus; cavo-tricuspid line (between the inferior vena cava ostium and the tricuspid valve annulus); cava-cava line (between the ostia of both venae cavae) (Figure 2).

  
    

    [image: Fig. 2. Lines of tissue lesion by radiofrequency in the left atrium. Adapted from Weimar et al. [23].]

  

  Patients were followed-up postoperatively with visits scheduled for 1 month, 6 months and 12 months after surgery. During these visits, a non-blind investigator for the offered treatment has evaluated heart rate, medication use, thromboembolic events, need for percutaneous or surgical re-interventions.

  The rhythm investigation was always performed with conventional CPB at each medical appointment and with 24h Holter.

  The criterion of therapeutic failure was that of any irregular tachyarrhythmia lasting more than 30 seconds.

  Table 1 shows the general characteristics of the patients analyzed.

  
    

    [image: Table 1. Characteristics of the patients studied.]

  

  The results are presented as mean ± standard deviation for continuous variables and percentage for categorical variables. The evaluation of the effect of ablation surgery was performed using Student's t-test for the parametric data, Chi-square and Wilcoxon tests for the others. Univariate and multivariate regression analyzes were performed to evaluate predictive factors for AF recurrence. Survival curves and event-free survival were constructed using the Kaplan Meyer method. Values of probability less than 0.05 were considered statistically significant.

   

  RESULTS

  Surgeries performed are shown in Figure 3.

  
    

    [image: Fig. 3. Types of surgeries performed.]

  

  The operative variables are listed in Table 2 and the ablation lines performed in Figure 4:

  
    

    [image: Table 2. Perioperative data.]

  

  
    

    [image: Fig. 4. Ablation lines performed. Results expressed in absolute numbers.]

  

  Eight (7.8%) patients died in the first 30 postoperative days and were considered as procedure-related deaths. The causes of death in this period were: atrioventricular disjunction in two patients, hemorrhagic shock in one patient, septic shock in two patients, cardiogenic shock in two patients and cardiogenic shock associated with adult respiratory distress syndrome in one patient. There were no deaths during the one-year follow-up period of the patients who were discharged from the hospital.

  The occurrence of a new stroke was 1%: one patient presented neurological event 17 days after surgery, who is still hospitalized. The heart rate, at the time of the event, was the same as of AF. The symptomatology reversed completely in 7 days. There were no other neurological events during the one-year follow-up period.

  Figure 5 shows the actuarial curve for event-free survival (death and stroke) one year after surgery.

  
    

    [image: Fig. 5. Actuarial curve for event-free survival (stroke and death).]

  

  All survivors were followed-up for at least one year. At the time of hospital discharge information on heart rate was present in the medical records of the 95 (100%) surviving patients. Among them, 70 (73.7%) patients were in sinus rhythm, 22 (23.1%) patients in the rhythm of AF and 3 (3.1%) patients in pacemaker rhythm, one of whom already had a definitive pacemaker before surgery (Figure 6). Two (2%) patients required a definitive new pacemaker in the immediate postoperative period.

  
    

    [image: Fig. 6. Cardiac rate at discharge and at the end of the 1-year postoperative follow-up period.]

  

  The one-year follow-up was performed in 100% of them (95 patients). A total of 388 electrocardiograms were analyzed in the postoperative follow-up period (3.3 electrocardiograms per patient) and 81 3-channels 24 hours Holter (0.8 Holter/patient). At the end of the one-year-follow-up period, 60 (63.1%) patients were in sinus rhythm, 18 (18.9%) patients were in AF, 10 (10.5%) were in right atrial flutter and pacemaker rhythm was present in 7 (7.3%). Figure 7 shows the actuarial AF-free survival curve of this population in the first year of the follow-up period. Figure 6 compares the prevalence of sinus and non-sinus rhythm between the time of hospital discharge and the end of the one-year-follow-up period.

  
    

    [image: Fig. 7. Actuarial curve for AF-free survival.]

  

  In the multivariate analysis by binary logistic regression, three variables were associated with the occurrence of sinus rhythm during the one-year-follow-up period: sinus rhythm at discharge, left atrium size and use of a tissue ablation device by bipolar radiofrequency (Table 3).

  
    

    [image: Table 3. Multivariate analysis for sinus rhythm reversion one year after surgery.]

  

  Sinus rhythm at discharge increases by 29 times the chance of remaining in sinus rhythm in one year. The smaller the left atrium size the greater the chance of remaining in sinus rhythm in one year (2.3 times). The use of a tissue ablation device by bipolar radiofrequency increases this chance by eight times, when compared to the use of unipolar radiofrequency.

  As left atrial size was the only continuous variable related to the chance of being or not in sinus rhythm in the 1-year follow-up period of these patients, the ROC curve was evaluated to try to define the most accurate left atrial size for determining the chance of being or not in sinus rhythm at the end of the one-year follow-up period of this population.

  The cut-off point of left atrium size performed through efficiency was 5.35 cm.

   

  DISCUSSION

  The pathophysiological mechanism of atrial fibrillation is not fully understood. The predominant 20th century concept of multiple and chaotic atrial re-entry circuits following variant lines of conduction block was challenged by the observation that in some patients without structural heart disease the arrhythmia could only arise from a defined focus (generally emerging from the pulmonary veins)[24]. The two concepts seem to explain different forms of AF, the latter probably accounting for up to 80% of cases of paroxysmal AF in structurally normal hearts[25]. However, as the disease progresses, the atria grow and become more fibrous. AF outbreaks can then multiply and any treatment becomes less effective. Similarly, AF associated with mitral disease is associated with volume or pressure overload in the left atrium making it the main substrate of the arrhythmia. In cases of rheumatic disease[10] the chronic inflammatory process itself may be responsible for the development of atrial fibrosis, even in the absence of valve dysfunction.

  The curative ablation of AF has two mechanistic objectives: a) to remove all the triggers that could initiate or perpetuate the arrhythmia; b) alter the conduction properties of the atria so that AF cannot be sustained even if initiated. Only two approaches can modify the atrial substrate[26]. The first, through the creation of linear transmural lesions that connect two anatomical structures and form a conduction block (interrupting the re-entry circuits that perpetuate the arrhythmia). The second approach would involve reducing the amount of viable tissue[24]. The possible disadvantage of this approach would be the reduction of the potential of atrial contractility[27].

  The clinical objectives of performing an ablation of AF are to reduce or abolish symptoms (palpitation or symptoms of heart failure), to improve left ventricular function by restoring electrical and mechanical atrial systole, and ultimately to reduce the risk of stroke).

  Cox Maze III surgery, developed in 1992, after long experiments on canine models[16], has proven highly effective in addressing both the theoretical pathological mechanisms of arrhythmia described above and in achieving the clinical objectives of rate control (85% to 97% of long-term sinus rhythm)[14] and prevention of stroke (incidence of 0.3% in 12 years[4]). Cutting and suturing biatrial lesions were performed by isolating the pulmonary veins, communicating with the mitral ring and venous sinus, in addition to several lesions in the right atrium. The major limitation of this method was its complexity and time for execution since all the lesions were performed by cutting and suturing method. Its diffusion in the surgical environment was always very limited. The advent of new forms of energy that could recreate transmural lesions safely, effectively, and rapidly led to a greater applicability of the method in several countries. Bipolar radiofrequency is released by a clamp that envelopes the endocardial tissue into the epicardium and has the ability to detect the moment the lesion becomes transmural[28]. The unipolar radiofrequency is released by a pen-like instrument and must be applied in the endocardium point-by-point. This instrument does not have the ability to detect the transmurality of the lesion.

  The use of these methods of surgical ablation in Brazil is still very limited when compared to official data from the Thoracic Surgery Society (STS) of North America[29]. Between 2005 and 2010 more than 85,000 surgical ablations were performed associated with main cardiac surgery and another 5,000 isolated ablations. About 40% of AF patients who underwent cardiac surgery received some form of ablation. We do not yet have data from the Brazilian practice.

  In this study, we chose to study a homogeneous group of patients with mitral disease of rheumatic origin. Most of them (82%) presented functional tricuspid insufficiency with need for associated tricuspid repair. About 80% of the individuals presented the permanent form of the arrhythmia and the mean size of the left atrium was 5.5 cm. All these characteristics lead us to the conclusion that this population had advanced cardiac structural disease, which increases surgical risk, impedes perioperative care and decreases the chance of successful atrial fibrillation ablation, as discussed above.

  The mean surgical risk estimated by the EuroSCORE standard places this population in an intermediate risk zone for high risk. Therefore, in percentage numbers, the risk of death in 30 days for this population between 5 and 10% can be inferred. The occurrence of 8 (7.8%) deaths during the 30-day postoperative period seems to be within the confidence interval expected by this surgical risk calculation tool, inferring that there was no negative impact of completion of concomitant surgical ablation in the operative mortality in this population. In a meta-analysis of randomized controlled trials, used to evaluate the surgical treatment of fibrillation in cardiac surgery performed by Phan et al.[30] no significant difference between surgical ablation versus non-ablation in terms of mortality was observed (OR, 1.05, 95% CI 0.66 to 1.68, P=0.83) and neurological events (OR, 0.86, 95% CI 0.37 to 2.04, P=0.74).

  The 1-year mortality found in our study was 7.8%. It is noteworthy that all patients died within the 30-day postoperative period. In a recent multicenter, randomized study by Gillinov et al.[31], where patients with permanent AF undergoing mitral valve surgery concomitant to ablation were analyzed, no significant difference in the one-year mortality was observed between the mitral valve ablation group (6.8%) and the control group of isolated mitral surgery (8.7%) (P=0.57).

  In our study, the occurrence of stroke before surgery was 10.6% (11 patients) and after the 1-year follow-up period was 1.15% (1 patient). The study by Gillinov et al.[31] shows the occurrence of 3% of stroke one year after the surgical procedure.

  Our analysis also showed impact of left atrial size and occurrence of sinus rhythm in 1 year which correlates with the descriptions in the literature. The rate of sinus rhythm patients after surgical ablation of AF at hospital discharge of 73% and, 63% during the 1-year follow-up period, is compatible with the current series reported in rheumatic patients[20].

  In our series, an interesting non-significant difference in sinus rhythm was found one year after surgery when bipolar (65%) and unipolar (40%) energy were used (P=0.07). In the multivariate analysis, however, the use of tissue ablation devices by bipolar radiofrequency was associated with an 8-fold greater chance of being in sinus rhythm one after the procedure. The results associated with the use of uni- or bipolar radiofrequency for surgical ablation of AF are conflicting in the literature: Chen et al.[29] in a recent series of 324 patients undergoing cardiac surgery for rheumatic valve disease (mitral, aortic and tricuspid) with concomitant AF ablation using bipolar tweezers found sinus rhythm in 87% of patients after the 1-year follow-up period. On the other hand, Pinho-Gomes et al.[32] in a mixed series of patients undergoing mitral surgery of rheumatic and degenerative etiology, using only unipolar clamp, achieved sinus rhythm in two years in only 40% of the patients. Lazoupoulos et al.[33] report a series of 93 patients undergoing ablation concomitant to mitral surgery in which both types of radiofrequency energy were used. After a 22-month follow-up period, 69% of the patients were in sinus rhythm, but the type of energy used was not a determinant of success or failure. The great variation of therapeutic success (40% to 89%) observed in the literature[19,34] is due to different surgical populations, use of different forms of energy and heterogeneity in the choice of lesion lines performed. Although unipolar radiofrequency energy is considered useful in the confection of surgical ablation[22], some disadvantages in relation to bipolar clamps are observed[29], especially the longer time necessary to perform the lesions and the impossibility of detecting its transmurality.

  In our Institution, the rheumatic etiology leads the indications of mitral valve surgery. It is important to bear in mind that this is a risk factor for therapeutic failure of AF ablation[35,36]. In this group of patients, attention is drawn to the appearance of therapeutic failure due to right atrial flutter in 10% of the patients. A better understanding of the pathophysiological mechanisms of atrial flutter in the postoperative period may help to minimize this therapeutic failure, possibly when considering the right atrial lines in all patients, as discussed by Cox in his original study on the results of classic cut and suture procedure.

  Limitations

  Retrospective analysis with information collection in non-digitized medical records. There is no institutional protocol for performing the surgical ablation lines that were performed by several teams of different surgeons. Use of different devices related to the surgeon's preference and availability in the Institution. Unstructured follow-up care protocols for the management of postoperative atrial fibrillation. Use of electrocardiogram and Holter (less than 1 Holter/patient) only for the detection of AF.

   

  CONCLUSION

  Atrial fibrillation ablation surgery combined with a surgical approach of the rheumatic mitral valve has been shown to be safe, with excellent survival and stroke-free survival during the one-year follow-up period. The majority of patients undergoing combined surgery were discharged from hospital at sinus rhythm and this finding was a predictor of maintenance of sinus rhythm during the one-year follow-up period. Increased left atrium and use of tissue ablation device by unipolar radiofrequency were associated with a lower chance of being in sinus rhythm one year after surgery.
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    ABSTRACT

    INTRODUCTION: Although it only corresponds to 2.5% of congenital heart defects, hypoplastic left heart syndrome (HLHS) is responsible for more than 25% of cardiac deaths in the first week of life. Palliative surgery performed after the second week of life is considered an important risk factor in the treatment of HLHS.

    OBJECTIVE: The aim of this study is to describe the initial experience of a medical center in Northeastern Brazil with a modified off-pump hybrid approach for palliation of HLHS.

    METHODS: From November 2012 through November 2015, the medical records of 8 patients with HLHS undergoing hybrid procedure were retrospectively evaluated in a tertiary private hospital in Northeastern Brazil. The modified off-pump hybrid palliation consisted of stenting of the ductus arteriosus guided by fluoroscopy without contrast and banding of the main pulmonary artery branches. Demographic and clinical variables were recorded for descriptive analysis.

    RESULTS: Eight patients were included in this study, of whom 37.5% were female. The median age and weight at the time of the procedure was 2 days (p25% and p75% = 2 and 4.5 days, respectively) and 3150 g (p25% and p75% = 3077.5 g and 3400 g, respectively), respectively. The median length in intensive care unit stay was 6 days (p25% and p75% = 3.5% and 8 days, respectively). There were no in-hospital deaths. Four patients have undergone to the second stage of the surgical treatment of HLHS.

    CONCLUSION: In this series, the initial experience with the modified off-pump hybrid procedure showed to be safe, allowing a low early mortality rate among children presenting HLHS.

    Keywords: Hypoplastic Left Heart Syndrome; Congenital Abnormalities; Bandages; Angioplasty; Contrast Media.

  

   

   

  INTRODUCTION

  Although it only corresponds to 2.5% of congenital heart defects, hypoplastic left heart syndrome (HLHS) is responsible for more than 25% of deaths from congenital heart disease in the first week of life[1]. Ninety-five percent of patients with this condition, if not submitted to palliative surgery, evolve to death in the first month of life[2].

  The management of HLHS continues today as one of the major challenges in pediatric heart surgery. The experience gained over the past 20 years, including an improvement in the medical and surgical management of this condition, has elected the surgical staging as preference in most centers worldwide. However, the Norwood operation for HLHS has a significantly higher mortality than other surgeries performed in the neonatal period[3].

  Given the high initial mortality in Norwood procedure, some centers in the 90s developed an alternative option, known as "hybrid procedure" (by the combination of a surgical procedure and an interventional catheterization), consisting of a stent implant in the ductus arteriosus to keep it open, associated with regulation of pulmonary blood flow through the banding of the pulmonary artery branches, and septostomy of the interatrial septum. The "hybrid" route for HLHS has been developed in centers with high mortality in the Norwood operation, due to its lower eventual mortality in the initial stage and its potential advantage in avoiding circulatory arrest and deep hypothermia inherent to the Norwood operation[4,5].

  Thus, the hybrid procedure for handling HLHS was developed as an alternative to the Norwood procedure, in the neonatal period, providing a less invasive initial palliative treatment and, in most cases, with lower costs, becoming a great therapeutic option in an attempt to reduce mortality associated with the Norwood procedure[6].

  Countless variables have been associated with the increased surgical mortality rate. Palliative surgery performed after the second week of life is considered an important risk factor in the treatment of HLHS[7].

  The prenatal diagnosis also helps to improve survival after the first stage of the palliative surgery when compared to postnatal diagnosis, since it allows a better child labor arrangement, which shall be conducted in an appropriate referral facility, besides the early infusion of prostaglandin (PGL2), to help maintain a systemic cardiac output through the ductus arteriosus and, consequently, maintain the newborn clinically stable for carrying out the first stage of the heart surgery[8].

  The Brazilian Northeast region is needy for specialized care for the treatment of congenital heart diseases. According to DATASUS (Department of Informatics of the Brazilian Unified Health System), there is an annual deficit of 75.1% on surgical procedures for children with congenital heart disease in the region. Associated with this matter, the transfer of these children to hospitals in the Brazilian Southeast region depends on a national referral policy, which requires an extended holding time, resulting in the worsening of prognosis of the treatment or even in the child's death[9].

  Based on its lower cost, no need for cardiopulmonary bypass and the little experience of our group with the Norwood surgical technique, we decided to start a modified hybrid treatment for HLHS at the end of 2012.

  The aim of this study is to describe the initial experience of a center in the Brazilian Northeast region with a modified offpump hybrid palliation for HLHS, which consists in a combined intraoperative stenting of the ductus arteriosus without contrast and banding of the main pulmonary artery branches.

   

  METHODS

  Study Design

  From November 2012 through November 2015, the medical records of all patients diagnosed with HLHS who underwent the hybrid procedure were retrospectively evaluated. This study was carried out in a tertiary private hospital of the Northeast Brazilian region, which provides services to the Unified Health System in a complementary way.

  Variables

  Demographic and clinical variables were recorded for descriptive analysis, which included: age, sex, weight, intensive care unit (ICU) length of stay, mortality and progression to the second stage of the surgical treatment (Norwood-Glenn procedure). Early mortality was defined as death occurring within 30 days of surgery or before hospital discharge.

  Statistics

  A descriptive analysis of data was performed. Qualitative variables were expressed by percentage and quantitative variables by median and percentile (p25% and p75%).

  Ethics

  Written informed consent was obtained from the parents before all the hybrid procedures.

  In accordance with the Resolution 466/12 of the MOH of Brazil, this case series study was approved by the Ethics Review Board under protocol number CAAE: 58105616.1.0000.5084 and Consolidated Report No. 1.665.194.

  Operative Technique

  The modified hybrid procedure is usually performed in the catheterization laboratory under general anesthesia. The patient is monitorized with a 5-lead electrocardiogram, an arterial line inserted in the left radial artery, a 4 French venous central line in the right internal jugular vein, an esophageal thermometer probe and also a capnometer and a peripheral oxymeter for measurement of CO2 and oxygen saturation levels, respectively.

  The approach is through a median thoracotomy. The procedure begins with the banding of the pulmonary artery branches using a 3.5 mm polytetrafluoroethylene (PTFE) graft, which we cut into a rectangular small piece of 3 x 22 mm. After wrapping the pulmonary artery branches, the banding is secured with a 6-0 Prolene® suture (Ethicon, São Paulo, Brazil) in order to reduce 10 points from baseline oxygen saturation and consequently increase by 10 mmHg the baseline median arterial pressure. At the end, we cut the excess of PTFE. The final aspect of the banding is shown on Figure 1.

  
    

    [image: Fig. 1. Final aspect of the pulmonary banding.]

  

  The measurement of the length and diameter of the proximal and distal end of the ductus arteriosus is done preoperatively using a transthoracic echocardiogram Vivid S5 (GE®, Fairfield, USA) with a 2.7-8 MHz pediatric transducer. These measurements facilitate the choice of the stent size. The adventitia of the origin and of the distal end of the ductus arteriosus is marked with metal clips to guide the stent deployment (Figure 2). After that, a circular 6-0 Prolene® (Ethicon, São Paulo, Brazil) purse-string suture is placed in the pulmonary trunk, where the introducer is inserted, approximately 0.5 to 1 cm below the proximal end of the ductus arteriosus allowing the stent's release in the correct position (Figure 2).

  
    

    [image: Fig. 2. Placement of the metal clips and a circular 6-0 Prolene® (Ethicon, Sao Paulo, Brazil) purse-string suture placed in the pulmonary trunk.]

  

  Under radioscopic view using Integris Allura 12C (Philips®, Amsterdam, Holland), the stent is deployed through the previously positioned introducer, having the adventitial clips as reference markers. Thus, this modification of the technique precludes the use of contrast and the need for peripheral arterial punctures and cardiopulmonary bypass. Figure 3 shows the final surgical and radiographic aspects of the modified hybrid procedure.

  
    

    [image: Fig. 3. Final surgical and radiographic aspect of the hybrid procedure.]

  

  In all 8 cases, as the atrial septal defects (ASD) were not considered restrictive on the preoperative echocardiographic assessment, a balloon atrial septostomy was not performed. Serial echocardiograms were carried out at 30 days after discharge and every three months thereafter.

   

  RESULTS

  Eight patients were included in this study, of whom 37.5% were female. The median age and weight at the time of the procedure was 2 days (ranging from 2 to 10 days) and 3150 grams (ranging from 2945 to 3600 grams), respectively. The median length of ICU stay was 6 days (ranging from 2 to 24 days).

  There were no in-hospital deaths in this series. Two (25%) deaths occurred after hospital discharge, one of which was consequent to pneumonia two months after the procedure. The other case occurred three months after completion of the first stage of palliation, secondary to decompensated cardiogenic shock due to a restrictive atrial septal defect.

  The mean follow-up was 138,6 days (60-284 days). Four (50%) children have successfully undergone to the second stage of the treatment of HLHS (Norwood-Glenn procedure), while two were still waiting to have this procedure done at the completion of this study, since they were only three months old at that time. All demographic and clinical data are summarized on Table 1.
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  DISCUSSION

  Even today, HLHS remains one of the most challenging pathologies among congenital heart diseases. Despite of the recent data reflecting a continuous improvement of the outcomes in the world's best centers of pediatric cardiology, the mortality rate is still high, especially in less experienced institutions[10].

  The advantage of the modified technique presented in this case series in comparison to the standard hybrid procedure[4] resides on the fact that the insertion of the stent is conducted under fluoroscopic view using the metallic clips placed on the pulmonary artery wall as radiographic markers for its proper deployment, which precludes completely the use of any ionic or non-ionic contrast media.

  The main difference is the stenting technique. On the original procedure, the stent is placed under angiographic control using radiologic contrast: "through a sheath in the main pulmonary artery, using angiographic control, an appropriate sized stent is placed"[4]; while in the current study, this technique was modified by deploying the stent under radioscopic view having adventitial metal clips as reference markers. Thus, this modification precludes the use of contrast as proposed on the original technique.

  We have tried to perform the hybrid procedure as early as possible (median of two days of life). However, two of our patients who underwent the procedure at 6 and 10 days of life. Although some studies[6] present an average age of about 7 days of life, in our experience this delay reflected the difficulty to obtain early diagnosis of the condition, as well as the failure to refer the pregnant women to deliver their children in one of the pediatric cardiac surgery specialized facilities of our region.

  Previous study analyzing mortality, after the hybrid procedure, have shown a survival rate of 80% to 97%[8]. Our results have also shown favorable outcomes related to early mortality, since there were no deaths among the 8 patients analyzed. This fact has driven us to continue treating this complex heart disease in a mid-sized facility in the Northeast region of Brazil.

  However, during clinical follow-up, there was one death due to pneumonia after hospital discharge. Another death occurred three months after completion of the first stage, secondary to decompensated cardiogenic shock due to a restrictive atrial septal defect, reflecting the difficulty of maintaining clinical follow-up continuity of our patients because of a lack of specialized professionals in the primary care network at our state. To minimize this matter, we have set up a specialized team for the treatment of complex pathologies[12], since that there has been an increased number of cases referred to our care.

  According to Honjo et al.[11]. the one-year survival is equivalent among children undergoing the Norwood and hybrid procedure (69.2% vs. 73.7%, respectively, P=0.83), however we have not found reports indicating if the length of hospital stay after these two approaches are also equivalent. In our study, we present a median length of stay in the ICU of 6 days.

  Among the patients studied, 50% already performed the second surgical stage, and 2 patients were not at the appropriate age and weight to perform this procedure. Because of the deaths occurred, we have tried to keep the continuous monitoring, monthly, which was only possible after assembling a specialized multidisciplinary team, as suggested by Anuradha et al.[12], to complement the assistance given to people in the public health care network.

  The hybrid procedure has become the procedure of choice in many care facilities around the world because of neither requiring cardiopulmonary bypass nor deep hypothermic circulatory arrest; it can be performed in a shorter surgical time with lower risk of neurological damage, when compared to the Norwood surgery[13].

  We believe that the technical variant developed by our team is feasible and reproducible and gathers advantage to the original technique[4] by avoiding the use of intravenous contrast for the stent implantation and by reducing the risks of complications with the administration of such compounds in low-weight patients.

  The preliminary measurement of the ductus arteriosus by the echocardiogram and the use of metallic clips at its both ends help the stent deployment, avoiding the use of intravenous contrast. This advantage translates into a probable reduction of clinical complications; however, it will only be possible to confirm statistically this finding with a greater number of treated patients in our facility. Thus, the retrospective design and the small sample are the limitations of the current study.

  Despite all technological advances, the treatment of HLHS still presents a challenge to physicians, especially in a region where 75% of children are not surgically treated[9]. Throughout the analysis of our results, we could glimpse a hope on the care for the complex heart diseases in northeastern Brazil.

   

  CONCLUSION

  In this series, the initial experience with the modified offpump hybrid procedure showed to be safe, allowing a low early mortality rate among children presenting HLHS. However, advances are still needed to decrease the interstage mortality, as well as a larger number of cases to statistically prove the benefits of this technique.

  Therefore, more efforts should be made to improve the current outcomes of this type of palliation and, ultimately, the prognosis of this subset of patients. Currently, after three years of experience, we have developed a less invasive technique which precludes the use of contrast media, which we hope will positively reflect on the long-term outcomes, as well as an increased interest of colleagues from other medical centers to adopt our approach for the treatment of this complex pathology.
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    ABSTRACT

    OBJECTIVE: Abdominal aortic aneurysm is an important cause of morbidity and mortality in the elderly. Currently, the only way to prevent rupture and death related to abdominal aortic aneurysms is through surgical intervention. Endovascular treatment is associated with less morbidity than conventional treatment. The formation of an aneurysm is a complex multifactorial process, involving destructive remodeling of the connective tissue around the affected segment of the aorta wall. MicroRNAs are small sequences of non-coding RNAs that control diverse cellular functions by promoting degradation or inhibition of translation of specific mRNAs. A profile aberrant expression of miRNAs has been linked to human diseases, including cardiovascular dysfunction.
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  INTRODUCTION

  Abdominal aortic aneurysms (AAA) are more frequently found in clinical practice. An AAA is a permanent dilation, located in the abdominal aorta (from the level of the diaphragm and extending to its bifurcation to the right and left common iliac arteries), that exceeds the normal diameter by 50% or is larger than 3 cm. Most aneurysms are found in the infrarenal aorta, proximal to the aortic bifurcation[1].

  The pathological processes involved in the formation of degenerative AAA include upregulation of proteolytic pathways, apoptosis, oxidative stress, inflammation, and loss of the arterial wall matrix[2]. Although AAA seems to be a focal lesion, ample evidence indicates that the entire vascular system is abnormal in patients with AAA[3]. Molecular and biomechanical changes found in remote AAA vasculature are similar to those present in the wall of the aneurysm[4].

  The risk of AAA rupture increases as the diameter of the aorta increases. Mortality after rupture is high; about 80% of those who arrive at the hospital and 50% of those who undergo a ruptured AAA surgery will die. The basis for the management of AAA disease is to diagnose it before the rupture and to offer elective surgical correction at an opportune time[5].

  However, diagnosis is problematic since most aneurysms are asymptomatic until rupture. The significantly reduced mortality after elective repair, compared to that which occurs after rupture, has led to the development of screening programs with ultrasound. Community-based screening services have been shown to reduce mortality from AAA in men aged 65-79 years, but are not effective in women in whom the prevalence of AAA is smaller[6].

  Prevalence

  Most of the early studies describing the occurrence of AAA were based on findings in post-mortem examination or population-based series. Those studies estimated the prevalence of AAA could be as high as 6% in selected populations[7]. Aneurysms are more prevalent in white males and mortality increases with advancing age[8]. Subsequently, screening programs in specific populations were used to describe the epidemiology of AAA. They reported that the prevalence of AAA was between 4% and 8% in men aged 65-80 years[9].

  Prevalence is approximately six times higher in men than in women[10]. However, there is evidence to indicate that AAA prevalence among women may be gradually increasing, with women now representing one third of patients with rupture. The reason for this trend is not fully understood. One explanation is that the increase reflects a temporal change in the prevalence of smoking among women, which increased between 1950 and 1970[11].

  Incidence

  The average annual incidence of new AAA diagnoses in Western populations is 0.4% to 0.67%[12]. That incidence is ten times lower in Asian populations[13]. The incidence of AAA rupture is increasing. One possible explanation for this is the decrease in mortality from cardiovascular causes, thereby increasing longevity and providing insidious growth until AAA rupture. The real magnitude of the mortality associated with the rupture of the aorta is likely to be underestimated, particularly by reducing the number of post-mortem examinations[14].

  Risk Factors

  Gender

  Men are at much greater risk of AAA than women. The reasons for this are unclear, but it is likely to be a function of hormonal factors, genetic susceptibility, and exposure to risk factors[15]. When aneurysms are discovered unruptured in women, there appears to be an association with family history[16]. There is no evidence to suggest that screening women for AAA is cost-effective[17].

  Family History

  Family history is a risk factor independent of the development of atherosclerosis and AAA[15]. Several studies have reported a high prevalence of AAA among siblings of patients with AAA[18]. A positive family history of AAA is associated with twice the risk of those with no family history[19].

  The development of AAA is genetically complex. A number of familial cases and twin studies have provided strong evidence that heredity contributes to the formation of AAA[20]. The probability that the monozygotic twin of a person with AAA will develop an aneurysm is 24%[21].

  The development of AAA is unlikely to be related to a mutation of a single gene and various genetic factors are implicated. Susceptibility genes rather than occasional genetic mutations are likely to be important, particularly those that regulate the inflammatory mediators, tissue proteases and cellular biology of smooth muscle cells (SMCs) [22].

  Heritable connective tissue disorders

  Acquired connective tissue diseases are a typical reason for aortic aneurysms in more youthful patients. Roughly 20% of thoracic aortic aneurysms (TAAs) derive from disorders related with single gene mutations. In Marfan disorder, collagen cross-linking is hindered by alterations in the fibrillin-1 gene, predisposing patients to premature, severe cystic medial degeneration. More than 600 distinct mutations in the fibrillin-1 gene on chromosome 15 have been identified in patients with Marfan disorder. Fibrillin deficiency prompts dysregulation of TGF-β signaling, bringing about abnormal activation of vascular SMCs, overabundant deposits of extracellular matrix components, abundant metalloproteinase discharge, and invasion of macrophages. Marfan syndrome patients may develop thoracic aortic aneurysms, dissection, aortic valvular ineptitude, and mitral valve prolapse. Dilatation of the aortic root, which might be followed by dissection and rupture, is seen in roughly 75% of such patients. Musculoskeletal, visual, central nervous system, and pulmonary abnormalities are nonvascular sequelae of Marfan disorder[23]. Patients with type IV Ehlers-Danlos disorder have a defect in type III collagen production (COL3A1) that prompts hindered arterial elasticity, dissections, aneurysm formation, and arterial rupture most commonly including medium-sized arteries. Life expectancy of patients with type IV Ehlers-Danlos disorder is drastically abbreviated, with a median life expectancy of 48 years, attributable to a great extent to arterial rupture[24].

  When patients with generalized matrix deficiency diseases such as Marfan disorder and Ehlers-Danlos disorder are excluded, important family histories of AAA disease might be taken from 15% to 20% of patients with AAAs. The risk of AAAs in males with a first-degree relative affected by the illness is about fourfold higher than the risk in the general population, and twin-based studies estimate a heritability of roughly 60%[25].

  Loeys-Dietz disorder is an autosomal dominant disorder marked by mutations of TGF-β receptor 1 or 2 (TGFBR1 or TGFBR2), prompting dysregulation of TGF-β signaling. Widespread vascular dilatation and tortuosity, musculoskeletal pathology, facial dysmorphology, and skin abnormalities are characteristics of this disorder. Almost all patients present dilatation of the aortic root, and many of them go on to have dissection[26].

  Smoking Habit

  Smoking is a relevant risk factor for AAA. The relative risk of AAA is 7.6 higher in smokers[27]. Men who smoke more than 25 cigarettes a day are at 15 times greater risk of developing AAA contrasted with men who never smoked[28]. Smoking presents no less than a 3.5-fold greater increase in relative risk than any other perceived AAA risk factor, and the excess prevalence related with smoking is responsible for 75% of all AAAs 4.0 cm or larger[29].

  The relationship between smoking and AAA increases significantly with the number of years of smoking and decreases significantly with the number of years after smoking has stopped[30]. In spite of the fact that discontinuing smoking is related to a decrease in the risk for AAA, people with a remote history of smoking still have a higher risk for AAA than people who have never smoked. The impact of "ever smoking" is believed to be very durable, lasting decades. The relationship of a background marked by "ever smoking" with the development of an aortic aneurysm in men is 2.5 times more prominent than the relationship of "ever smoking" with the development of coronary artery disease and is 3.5 times more prominent than the relationship of "ever smoking" with cerebrovascular disease[31].

  The number of cigarettes smoked every day is relevant, however, the most critical variable is the time spent smoking[12]. Every year of smoking increases the relative risk of AAA by 4% in all populations[27]. Those that keep on smoking have faster development of AAA[32].

  The risk of a smoker developing AAA proceeds for no less than 10 years after quitting smoking. Nevertheless, to date no causal connection has been established between smoking and training AAA. The mechanism is independent of atherosclerosis and hypotheses incorporate interruption in collagen synthesis, modified expression of metalloproteinases, and reaction to oxidative stress[33].

  Chronic Obstructive Pulmonary Disease (COPD)

  An association between COPD and AAA has been reported. The prevalence of AAA among patients with COPD has been found to be 7% to 11% and most population-based screening programs report a prevalence of 4% to 6%. The association has been explained in part as a common degradation of elastic tissue. Increased elastolytic activity has been described in the serum and lungs of patients with COPD and in the serum and aorta of patients with AAA[6].

  Lipid Levels and Obesity

  The relationship between the levels of plasma lipids and AAA is disputable. Elevated serum cholesterol levels (> 240 mg/dl) were related with an OR of 2.82 for AAA (95% CI 2.13 to 3.72)[34]. Be that as it may, a similar retrospective epidemiological review was unable to duplicate this finding; identifying a protective effect of elevated levels of HDL in serum[35]. This protective effect may just be a surrogate marker of cardiovascular wellbeing, as exercise is known to build HDL cholesterol[36]. The conceivable part of statin treatment to stabilize the progression of AAA has been investigated. Retrospective analysis of the Dutch AAA screening database suggested that statins could moderate AAA development, but this perception has not yet been demonstrated in a prospective study[37].

  Central obesity and AAA are independently associated. Particular anthropometric measurements, specifically waist circumference (OR 1.14, 95% CI 1.06 to 1.22) and waist-hip ratio (OR 1.22, 95% CI 1.09 to 1.37) have been independently associated with AAA in men[38]. A review has demonstrated that obesity (BMI > 30 kg/m2) was independently associated with AAA (OR 2.0, 95% CI 1.2 to 3.4)[39].

  Hypertension

  Increased blood pressure is a common risk factor for AAA, yet it has a frail association[39]. Hypertension (systolic blood pressure > 160 mmHg, pulmonary artery diastolic pressure > 95 mmHg) is related with the risk of AAA, though just in women[12]. Normal hypertension has been referred to as an independent risk factor for aneurysm rupture in men and women. It mirrors the constant hemodynamic load on the aortic wall, which adds to the brittleness of the arterial wall[40].

  Diabetes

  Diabetes is a risk factor for atherosclerosis, however, it appears to be protective against the development of AAA[29]. A meta-analysis suggested a reduced rate of AAA among diabetes patients contrasted with patients without diabetes (OR 0.65, 95% CI 0.6-0.7, P<0.00[41]. Diabetes is additionally connected with a slower growth rate in AAA[29].

  The proposed components for the protective effect of diabetes comprise hyperinsulinemia, hyperglycemia, and results of therapeutic agents used to treat diabetes. These agents may balance out mural thrombus, augment the stiffness of the aortic wall, and decrease systemic inflammation[42] (Table 1)[30].
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  Pathophysiology of Abdominal Aortic Aneurysm

  The aorta is made out of three layers: the intima, tunica media, and adventitia. The inward layer is the innermost wall of the aorta, comprised of endothelial cells in direct contact with the blood. These cells can add to the formation of the aneurysm by generating reactive oxygen species.

  The middle layer contains extracellular connective components (elastin, collagen types I and III, and proteoglycans) and SMCs composed of lamellar functional units. These units, which form the primary load-bearing structure of the healthy aorta, are depleted significantly over years or decades in the pathogenesis of AAA. In advanced stages of the disease, the rigidity of the aorta and the collagen load are dramatically increased due to the degradations of elastin. The failure happens when the residual collagen fibers, newly synthesized from the media and adventitia, cannot maintain structural integrity. The exact succession of events that prompt rupture has yet to be identified, though it unquestionably includes inflammation and proteolysis of the middle layer, leading to significant reductions in wall tensile strength[43].

  The adventitia is made out of interstitial collagen, fibroblasts, nerve fibers and vasa vasorum, being effectively required in the pathogenesis of AAA. The density of the vasa vasorum diminishes along the length of the aorta from the aortic root to the bifurcation[44]. For a considerable length of time, there has been speculation about a potential connection between the reduced density of vasa vasorum in the adventitia and the upward trend of formation of aneurysm in the distal aorta. Nevertheless, evidence of causal connection between aneurysm development and regional differences in the vascularization of the adventitia of the aorta remains uncertain. As of late, expanded inflammationdriven neovascularization has been perceived in surgical specimens acquired at the time of aneurysm repair, found more prominently in areas of aortic rupture. In spite of the fact that this neovascularization is clearly present, it is as yet dubious whether it effectively advances the movement of aneurysmal sickness with ensuing rupture, or is basically evidence of progressive wall inflammation[45].

  The intraluminal thrombus, in addition to being a surrogate marker of illness progression, can directly intercede in the progression of AAA through proteolytic activation of matrix metalloproteinases by plasmin. Furthermore, the aggregation of thrombus may upset the dissemination of oxygen through the wall of the aorta and result in relative hypoxia potential and apoptosis/necrosis of SMCs. The laminar thrombus can likewise alter the wall voltage peak in the AAA. The impact of having a thrombus in the AAA remains unclear, yet most examiners concur that the laminar thrombus by and large expands the progression of the disease and the risk of AAA rupture of comparable diameter[46] (Figure 1).
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  Matrix metalloproteinases (MMPs) constitute an arrangement of extracellular enzymes that degrade the cellular matrix, which is essential to an assortment of physiological processes, including homeostasis, wound healing, and tissue remodeling and resorption. All MMPs are parts of amino acid sequences that are considerably similar, containing an essential zinc ion to its enzyme activity and being inhibited by chelating agents. In addition, their inhibition in vivo happens through expression and local release of biological inhibitors of metalloproteinase activity or tissues by metalloproteinase inhibitors (TIMPs). Pro-MMPs are emitted by neutrophils, macrophages, fibroblasts, and SMCs. Activation and cleavage of the enzyme are catalyzed by extracellular proteases, such as, for example, plasmin, plasminogen activators, and other MMPs[47].

  MMP-9, otherwise called gelatinase B or 92 kDa gelatinase, severs elastin, collagen types I and IV, and fibrinogen. AAA disease presents higher MMP-9 plasma levels, and more MMP9 mRNA is available in the aneurysmal aortic tissue than in the typical aortic tissue. Patients with AAA of intermediate size (5 to 6.9 cm) present higher serum levels than patients with AAAs smaller than 4 cm or more prominent than 7 cm. Even though these outcomes not normalized for the volume of tissue or wall cellularity, a significant role for MMP-9 activity in disease progression can be inferred[48]. MMP-9 levels reliably diminish after AAA repair, both endovascular and open, and patients who continue to have high levels of MMP-9 after endovascular repair of aneurysm might be at a greater risk of developing and maintaining leaks[49].

  MMP-2, like MMP-9, cleaves elastin and type IV collagen. Samples taken from aortic aneurysms demonstrate that MMP-2 activity is relatively lower than that of MMP-9, which suggests that expansion in MMP-2 activity could mean an early event in the temporal evolution of AAA pathogenesis. Trial data indicate that both MMP-2 and MMP-9 should be available and active for maximum progression of the aneurysm, suggesting a synergistic and co-dependent relationship between no less than two of the most essential proteases active in AAA disease[50].

  Moreover, depletion of SMCs is a distinct pathological characteristic of advanced aneurysmal disease. During surgical repair, aneurysmal specimens, contrary to specimens from occlusive aortic diseases, show evidence of increased apoptosis of SMCs, including higher production of p53. The other SMCs, albeit viable, show reduced capacity for proliferation. SMCs depletion is additionally a sentinel feature of experimental aneurysm pathogenesis. A large number of experimental models have demonstrated the capacity of enhanced medial cellularity to balance out the integrity of the aorta and limit the growth of the aneurysm[51].

  Besides proteolysis and loss of medial cellularity, inflammation is a main pathophysiological feature of aortic aneurysm ailment. While the starting events in human AAA sickness remain unclear, there is experimental evidence indicating that elastin degradation products, or hydrophilic peptides discharged from events, stimulate and enlarge the location and activation of mononuclear cells inside the aortic wall. Elastin degradation products bind to surface proteins and provide stimulus to increase chemotaxis, phagocytosis, and activation of mononuclear cells. Patients with AAA have high serum concentrations of elastin degradation products, which is associated with the risk for sickness progression[52].

  Production of superoxide (O2-) and hydrogen peroxide (H2O2) by fibroblasts, constitutive aortic cells, and infiltrating leukocytes are examples of other early events of pro-inflammatory signaling. Higher production of these reactive oxygen species inhibits plasminogen activator inhibitor-1, an enzyme that limits MMP activation, and prompts increased proteolysis and degradation of the matrix. Compared to normal aortic tissue, AAA surgical specimens show considerably higher levels of oxidative stress[53].

  Inflammatory cells found in AAA surgical specimens incorporate macrophages and Th1, Th2 and B lymphocytes. There is substantial discussion about the likely differential role of Th1 and Th2 cells in mediation of aortic diseases. Despite having an overlap, recent evidence shows that Th2 cytokines responses prevail in AAA disease and that the Th1 cytokine response is normal for atherosclerotic vascular occlusive infections. Th2 lymphocytes produce interleukin-4 (IL - 4), IL - 5, IL-8 and IL - 10, which together promote wall angiogenesis, extra release of proinflammatory cytokines and apoptosis of SMCs by means of the activation of the Fas ligand. CD4+ T cells, helper T cells with receptor affinity for class II major histocompatibility complex that produce interferon - γ, are the lymphocytes most commonly found in the aortic aneurysm tissue. Mice with CD4+ T cells deficiency are impervious to the development of AAA, however, the reaction could be partially reestablished by exogenous treatment with interferon γ, while AAA formation in interferon γ deficient mice can be reconstituted by reinfusion of wild-type splenocytes[54].

  Numerous inflammatory responses in SMCs and macrophages incorporate kinase activation via N-terminal (JNK), otherwise called protein kinase activated by stress. JNK, a proximal signaling molecule, regulates proteolytic functions and manufactured vascular SMCs, in addition to pro-inflammatory cytokine production and proteolytic action of macrophages. To some extent, JNK activity is responsible for regulating production and activation of more than 20 proteins significant to the pathogenesis of AAA, including MMP-9 and IL-1a. JNK expression is expanded in test studies and AAA human tissue samples[55].

  Proteins traditionally connected with thrombosis and coagulation cascade regulation can likewise take part in the pathogenesis of AAA. One study stated that patients with aortic aneurysms had, on average, three times the protein C and activated protein C inhibitor than controls. Activated Protein C/ Protein inhibitor levels correlate with AAA diameter. Additionally, osteopontin, a pluripotent mediator of bone metabolism, inflammation and vascular calcification, may be significant in AAA. Serum and tissue osteopontin concentrations are higher in human disease, and osteopontin deficient mice demonstrate lessened AAA formation in experimental models[56].

  MicroRNAs and the Formation of Aneurysms

  MicroRNAs (miRNA) are single stranded RNA molecules of about 17-23 nucleotides in length, that act on the regulation of gene expression, and are involved in many cellular processes, including proliferation, differentiation and apoptosis[57]. Evolutionarily, its origin is of the vegetable kingdom as a way of protecting the genetic material from outside interference. The first small RNA noncoding identified was the lin-4, control gene regulator lin-14 larval growth, Caenorhabditis elegans roundworm[58].

  The process of miRNA biogenesis is complex and involves nuclear and cytoplasmic components[59]. Initially, miRNAs are produced in the form of a long primary transcript (pri-miRNA), several kilobases long, by RNA polymerase II. The pri-miRNA is processed further in the core by an RNase III endonuclease, known as Drosha, together with its cofactor Pasha, generating a mature miRNA precursor molecule termed pre-miRNA, with about 70 nucleotides. Then, the pre-miRNA is transported to the cytoplasm by exportin-5, using GTP as a cofactor.

  In the cytoplasm, the pre-miRNA is processed by another RNase III, Dicer, generating a double stranded miRNA of about 22 nucleotides. This product is incorporated into the RISC multiprotein complex (RNA-induced silencing complex), whose main components are Argonaut proteins. The helicase activity causes only one of the miRNA duplex tapes to remain in the RISC complex to control post-transcriptional expression of target genes[60] (Figure 2)[61].
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  MiRNAs traditionally are a class of negative regulators of gene transcription. Each miRNA may be used for bioinformatics predictions, regular to 300 different genes, according to the complementary miRNA and mRNA gene sequence[62]. MiRNAs are known for two mechanisms of action: mRNA degradation and inhibition of their translation. The first mechanism occurs when there is perfect pairing between the miRNA and the target gene or when the imperfect matching results in degradation of mRNA[63]. The imperfect matching can interfere with the inhibition of translation through boot lock, removal of ribosomes and elongation inhibition[64].

  Experiments with specific SMCs emphasize the importance of miRNAs for homeostasis of vascular SMCs [65], and it is likely that miRNAs also play a role in aneurysm formation, which is characterized by dysfunction of vascular SMCs. Indeed, it has recently been shown that miRNA-29 plays a key role in the formation of aneurysms[66].

  These studies have reported that inhibition of miRNA-29 reduces the formation of aneurysms in various murine models. Specifically, inhibition of all miRNA-29 family has been shown to prevent angiotensin II and induce dilatation of the aorta in wild type mice[66]. miRNA-29b inhibitor reduced the progression of aneurysm in an elastase infusion model in porcine pancreatic C57BL6 mice and, to a lesser extent, in the angiotensin II infusion model in ApoE - / - mice[67].

  Similar results have been demonstrated in models using mice with genetic Marfan(Fbn1C1039G /+), in which miRNA-29b locking prevented the development of aneurysm and apoptosis of the aortic wall[68]. Furthermore, increased expression of miRNA-29 induced severe aneurysm expansion in two different murine models[67].

  All these studies indicate the same molecular mechanism: miRNA-29 regulates multiple target levels of expression with a role in extracellular matrix, and therapeutic inhibition of miR-29 improves the structure and integrity of the vessel wall. It has been previously demonstrated that, in the heart, miRNA-29 acts on different targets of the extracellular matrix, such as collagen and elastin. These extracellular matrix components are also induced after inhibition of miRNA-29 in the vasculature[66]. Interestingly, inhibition of miRNA-29 can also be used to increase elastin expression in patients with insufficient haploidentical cells as well as elastin deposition in bioengineering vessels[60]. Besides acting on the structural components of the extracellular matrix, miRNA-29 also targets anti-apoptotic MCL-1 protein and, paradoxically, MMP-2. In fact, a decrease in MCL-1 protein was found in mice with Marfan, and inhibition of miRNA-29 prevented apoptosis, which may contribute to the therapeutic effects of inhibition of miRNA-29[68].

  In human aneurysms, miRNA-29b (but not miRNA-29a and miRNA-29c) showed high expression in thoracic aneurysms in one study whereas, in another study, it was not regulated and showed low expression in abdominal aortic aneurysms (Figure 3). A recent additional report describes the association of altered levels miRNA-29 with aneurysm formation in human thoracic aneurysm zones and, using a bioinformatics approach, miRNA-29 has been proposed to contribute to aneurysm formation[69] (Figure 3)[66,70].
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  Similar to miRNA-29, other miRNAs have been described to play a role in the pathogenesis of aneurysm. One of the first reports referring to the role of miRNAs in the formation of aneurysms describes the mechanism by which miRNA-143/145 regulates SMCs function. The authors showed that, in human thoracic aneurysms, miRNA-143 and miRNA-145 were expressed at lower levels in comparison with healthy thoracic aorta, which correlated with the SMCs function. Another study points to the role of miRNA-143/145 in the maintenance of SMCs function and describes the specific elimination of SMCs in rats, leading to contractile dysfunction of SMCs that can be rescued by restoration of miRNA-143/145[65]. Whenever there was restoration of miRNA-143/145, aneurysm formation was not reported. Another major regulator of vascular smooth muscle phenotype cells, miRNA-21 was shown to inhibit the formation of aneurysms in rats. Overexpression of miRNA-21 protected against progression of the aneurysm while inhibition of miRNA-21 further increased the current aneurysm formation[66].

  Risk of Rupture

  Several factors are associated with AAA rupture. The most commonly used indicator of AAA rupture is the maximum diameter of the aneurysm (Table 2)[71]. Significant AAA diameter at break was 5 cm in women and 6 cm in men. After adjusting for age, initial AAA diameter, height, and BMI, the AAA rupture rate was three times higher in women than in men. Therefore, diameter limits AAA[39].
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  Studies with biomarkers and biomechanics were investigated for their usefulness in predicting AAA rupture and, although specific finite element programs are promising, these techniques are not sufficiently specific to be applied in clinical practice[72]. Studies examining putative biomarkers for AAA rupture are scarce and have focused on plasma proteins sensitive to inflammation, such as fibrinogen and α-1-antitrypsin[73]. Increased levels of these markers are likely to be a consequence of the rupture rather than a real risk predictor[9].

  AAA growth was suggested to have an independent effect on the risk of rupture. A growth greater than 1 cm per year has been used as an independent indication for AAA surgery[9]. Other factors have been shown to be independent and significantly associated with the risk of AAA rupture, namely: female gender (OR 4.5, 95% CI 1.98 to 10.2), smoking (OR 2.1, 95% CI 0.95 to 4.67), and hypertension (mean blood pressure > 110 mmHg) (OR 1.04, 95% CI 1.02 to 1.07)[39]. Pharmacological mechanisms to reduce the risk of AAA rupture have been explored. One study showed that patients taking angiotensin converting enzyme inhibitors are less likely to present with AAA rupture (OR 0.82, 95% CI 0.74- 9)[74].

  Treatment and Follow-up

  Once an aneurysm is established, its natural history grows gradually. A clearer understanding of the AAA pathophysiology led to testing pharmacological strategies to limit the expansion of the aneurysm. β-blockers and antibiotics have failed to translate the results in animal studies to therapies in clinical practice[75]. At present, surgery is the only proven effective treatment to prevent rupture of AAA and death related to the aneurysm. This intervention should be carried out when the AAA reaches 5.5 cm in diameter in male patients and 5 cm in female patients and in all symptomatic aneurysms, regardless of diameter.

  Initial evidence of the benefit of endovascular aneurysm repair (EVAR) over open surgery was provided by single-center and registry data. These registries described 2.9% to 5.8% mortality for elective EVAR and led to randomized controlled trials comparing established open surgery with endovascular techniques. Three randomized controlled trials have compared EVAR with open surgery in patients fit for elective surgery. The EVAR1, DREAM, and OVER trials have reported medium-term and long-term outcomes. All studies have demonstrated an early perioperative mortality benefit for EVAR versus open surgery (EVAR1: 1.7% versus 4.7%, P=0.009; DREAM: 1.2% versus 4.6%, P=0.1; OVER: 0.5% versus 3.0%, P=0.004). In addition, patients assigned to EVAR had less blood loss, required fewer blood transfusions, and had reduced intensive-care stay than patients assigned to open surgery. However, no difference between the two treatment options was found for long-term (>2 years) total mortality or AAA-related mortality[9].

  The uptake of EVAR for elective surgical management of AAA is now approaching 80% in many centers. In the context of surgical management of a ruptured AAA, a substantial body of evidence demonstrates improved survival with an EVAR-first approach[9].

  Leak rates range from 0 to 47%, depending on the type of stent graft, patient selection, implantation technique and morphology of the aorta. The presence of leaks can be associated with further expansion of the aneurysm, which in turn may result in rupture. Thus, it becomes necessary to monitor patients submitted to endovascular repair of AAAs using computed tomography scans, with a significant increase in costs of the overall process[76].

   

  CONCLUSION

  In conclusion, it can be said that the formation of an aneurysm is a multifactorial complex process, involving the destructive remodeling of the connective tissue around the affected segment of the aortic wall. In recent years, considerable effort has been dedicated to elucidate the molecular mechanisms and AAA training roads, with recent studies focusing on the role of miRNAs. By understanding the pathophysiology of aneurysm formation, treatments with specific drugs can be designed to interrupt the growth of or even to avoid their breakage. The study of miRNAs and their modulation will add to our understanding of the formation AAA and may result in potential therapeutic targets.
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    ABSTRACT

    Melanoma is a tumor that virtually involves any tissue and commonly metastasizes to the heart. It is usually not diagnosed because of the absent/nonspecific cardiac signs and symptoms. Herein, we present a case of a 41-year-old man without any cardiovascular risk factor, admitted to the emergency room with chest pain, diagnosed with a myocardial infarction. Due to the presence of a mass adjacent to the mitral valve on the cardiac ultrasound examination, causing mitral regurgitation, the patient was referred to surgery. Pathological analysis of the excised specimens diagnosed the melanoma. The chemotherapy was started and achieved a partial response. Cardiac metastases usually affect the myocardium, leaving the valves unaffected. In this case, the acute coronary syndrome was the first manifestation of the malignant melanoma. We highlight the high level of suspicion needed in these cases.
    Keywords: Melanoma; Acute Coronary Syndrome; Minimally Invasive Surgical Procedures.

  

   

   

  INTRODUCTION

  Melanoma is a tumor that arises from melanocytes or melanocyte precursors, and may virtually involve any tissue in the body[1]. It commonly metastasizes to the heart (40-45% of the cases)[1], but usually cardiac involvement is only diagnosed post-mortem because of the absent or nonspecific cardiac signs and symptoms[2]. Secondary cardiac lesions are up to 100 times more frequent than primary tumors[3]. Although they usually tend to remain silent[3], cardiac melanoma can cause serious mechanical (e.g. limitation of blood flow through the cardiac chambers) and electrical complications (usually associated with myocardial infiltrative masses) and embolization of the tumor[4]. In this article, we present a case of a patient admitted to the hospital with chest pain and diagnosis of myocardial infarction, with a ventricular mass identified. Histologic analysis after surgical resection revealed an occult metastatic melanoma.

   

  CASE REPORT

  A 41-year-old man without any cardiovascular risk factor presented to the emergency department with a 2-hour history of atypical chest pain. The patient had no history of previous episodes, or any other sign or symptom. At the examination, his pulse was arrhythmic at 125 beats/min. The electrocardiogram showed atrial fibrillation and 5 mm-ST-segment elevation on the inferior derivations. Troponin T was 3628 ng/L. The patient underwent immediate coronariography, and a thrombotic occlusion was visualized in the right coronary artery (Figure 1A), which was treated with aspiration, percutaneous balloon and abciximab (Figure 1B). The thrombus was not collected to histological analysis.

  
    

    [image: Fig. 1. A) Coronariography showing right coronary occlusion. B) Final result after percutaneous treatment. C) Echocardiography showing a para-mitral valve mass of 1.5 cm.]

  

  The echocardiogram showed hypokinesia of the inferior and posterior walls with normal left ventricular function, and the presence of a 10 x 15 mm mass (assumed to be a thrombus) adjacent to the mitral valve, causing mild to moderate mitral regurgitation (Figure 1C). The mass was unaltered with anticoagulation for 48 hours, so the patient was proposed to surgery. The patient was transferred to the cardiothoracic surgery department and was submitted to resection of the ventricular tumor. An 8 cm mini-thoracotomy was performed on the right 5th intercostal space and peripheral cannulation cardiopulmonary bypass was established. On the epicardial adipose tissue dark lesions were observed and excised for pathology. After left atriotomy, a large (2 x 2 cm), round and solid mass adjacent to the papillary muscle (Figure 2A) was causing mitral valve regurgitation. The mass was excised, including a partial resection of a papillary muscle, and sent for pathological examination. The mitral valve was surgically repaired with an annuloplasty (32 mm-ring) (Figure 2B). After annuloplasty, no regurgitation was observed during intraoperative echocardiogram.

  
    

    [image: Fig. 2. A) Para-mitral valve mass observed in the surgery. B) The mitral valve was surgically repaired with an annuloplasty. C) Histology of the myocardium with immunohistochemistry for the HMB-45 antigen.]

  

  Pathological examination revealed that undifferentiated tumor cells infiltrated both the papillary muscle and epicardial adipose tissue. The tumor cells were positive on the immunocytochemistry to melan-A, vimentin, MITF and HMB45 (negative to CKAE1/AE3, CK7, CK20, LCA, CD3, CD20, WT1 and calretinin), concluding that the tumor was a melanoma (Figure 2C). The presence of the BRAF-V600E mutation was detected.

  The patient's postoperative course was uneventful. He was discharged on the fourth postoperative day and referred to the oncology department. The patient underwent a thoraco-abdominopelvic computed tomography, which revealed metastatic disease to the lungs, liver, skin and lymph nodes. The patient started chemotherapy with vemurafenib and cobimetinib, to which he remains with partial response.

   

  CONCLUSION

  Although cardiac involvement in metastatic melanoma is frequent, symptomatic presentations are rare[2]. Most cases are not diagnosed antemortem due to the silent clinical course[4].

  Most metastasis are located in the myocardium and valvular structures are typically unaffected[4]. When searching for a primary focus of the metastatic melanoma, mucosal (including genital mucosal) and ophthalmologic examinations are essential and must not be disregarded.

  Few articles have been published reporting cardiac metastasis of malignant melanoma with unknown primary origin. In this case, the acute coronary syndrome was its first manifestation, since the patient had no history of previous mucosal and/or skin lesions or surgery.

  We highlight the essential high level of suspicion, since cardiac tumors should raise the possibility of being a metastatic melanoma.
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    ABSTRACT

    The development of left atrial myxoma after coronary artery bypass graft surgery is a rare entity. A 60-year-old man with previous off-pump coronary artery bypass grafting four years ago with patent coronary grafts was diagnosed with left atrial mass. The patient underwent successful resection of the same through minimally invasive right anterolateral thoracotomy. Histopathology of the atrial mass confirmed the diagnosis of atrial myxoma.

    Keywords: Myxoma; Coronary Artery Bypass; Heart Atria.

  

   

   

  INTRODUCTION

  Atrial myxomas are the most common primary cardiac tumors. Cardiac myxomas represent 30-50% of all benign tumours. About 75% originating from the left atrium and 15-20% from the right atrium, near the interatrial septum at fossa ovalis, and occur in all age groups. If left untreated, they progressively enlarge and are potentially fatal[1,2]. We herein report a patient with left atrial mass attached to posterior wall of left atrium, who underwent coronary artery bypass grafting four years ago with patent coronary artery bypass grafts.

   

  CASE REPORT

  A 60-year-old man was admitted with complaints of dyspnea grade II and single episode of syncope. The patient previously underwent coronary artery bypass grafting four years ago. On investigation, chest X-ray and electrocardiogram were unremarkable. Transthoracic echocardiogram revealed large (4.20 x 3.50 cm), mobile and pedunculated mass attached to posterior wall of left atrium with no obstruction of mitral valve orifice. Biventricular function on echocardiography appeared normal, with no other significant pathology. Computed tomography scan confirmed presence of large, lobulated and hypodense mass in left atrium, measuring approximately 4.00 x 3.50 cm attached to posterior wall. Coronary artery bypass grafts were patent without any evidence of stenosis or occlusion (Figure 1).

  
    

    [image: Fig. 1. Computed tomography scan showing large left atrial intracardiac mass.]

  

  Patient underwent reoperation through right anterolateral thoracotomy in 4th intercostal space. Cardiopulmonary bypass was instituted through femoro-femoral cannulation. Temperature was lowered down to 22ºC and heart was fibrillated. Left atrium was opened without aortic cross-clamp and mass resected in toto. Post-resection thorough saline wash given and posterior wall cauterized to prevent recurrence. Left atrium closed in two layers. Patient was successfully weaned off from cardiopulmonary bypass. Total fibrillatory arrest time was 25 minutes and cardiopulmonary bypass time was 95 minutes. Histopathological examination of the mass confirmed the diagnosis of myxoma (Figure 2). We continued with follow-up of the patient by echocardiography right after surgical treatment, as well as after 3 months and after 6 months, with no signs of tumor recurrence.

  
    

    [image: Fig. 2. Histopathology of resected specimen of left atrial mass suggestive of myxoma.]

  

   

  DISCUSSION

  Left atrial myxoma developing late following coronary artery bypass grafting with patent coronary grafts have not been frequently reported in literature. Yavuz et al.[3] reported resection of left atrial myxoma with concomitant redo coronary artery bypass grafting through median sternotomy approach. In their case, the patient underwent coronary artery bypass grafting eleven years ago. Kollias et al.[4] reported resection of right atrial appendage myxoma through median sternotomy with patent coronary grafts following urgent coronary artery bypass grafting six months ago due to left main disease. Mishra et al.[5], in their large single-centre experience with intracardiac myxomas, studied the clinical presentation and recurrence rate of cardiac myxomas and reported successful resection of intracardiac myxomas through median sternotomy approach. In their study, occurrence of intracardiac myxoma following coronary artery bypass grafting was not reported[5]. The association of coronary artery disease with left atrial myxoma has been reported earlier, but development of left atrial myxoma after coronary artery bypass grafting with patent coronary grafts is a rare entity.

  In our case, the patient had undergone coronary artery bypass grafting using left internal mammary artery graft to left anterior descending. Left radial artery to obtuse marginal branch and saphenous vein graft to posterior left ventricular branch of right coronary artery through median sternotomy. Left atrial mass was detected by two-dimensional echocardiography and transoesophageal echocardiography (TEE). Preoperative computed tomographic angiography scan was performed to confirm the diagnosis and evaluate graft patency. On computed tomographic angiography scan all the coronary grafts were flowing well. Right coronary artery graft was lying retrosternally in right atrioventricular groove making it prone for injury during sternotomy. We preferred minimally invasive right thoracotomy approach over routine median sternotomy to avoid graft injury and extensive dissections due to presence of patent grafts. Fibrillatory arrest avoids the need for aortic cross-clamping and cooling allows flow reduction for brief periods intermittently. Following surgery, histopathology of the mass confirmed myxoma.

  The surgical approach of left atrial myxoma with previous coronary artery bypass grafting is an important issue from the viewpoint of preventing injury to patent coronary grafts, intraoperative embolization of myxoma and myocardial protection. All patients must undergo computed tomographic angiography scan to look for graft patency. Patients with patent coronary grafts should undergo minimally invasive/right thoracotomy approach whereas in cases where coronary grafts are not patent then median sternotomy with concomitant coronary bypass grafting and resection of myxoma should be performed.

   

  CONCLUSION

  In conclusion, occurrence of left atrial myxoma following coronary artery bypass grafting is a rare entity. Resection of the same with patent grafts can be safely tackled by minimally invasive approach under fibrillatory arrest with good outcome.
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Fig. 3 -Finalsurgical and radiographic aspect ofthe hybrid procedure
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Fig. 2 - Histopathology of resected specimen of ef atrial mass
Suggestive of myroma.
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Fig. -A) CorPoint assembled with the body as one. The base:
with the colled spring are apart. 8) The device with each ofs parts
unassembled.

) 3





OPS/images/a08img02.png
L &
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Fig. 5 - A) Regeneration tssue and fibross found in the smal area adjacent o the device implant; §) Normal myocardium at the conrol site.
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TAAVI =Transapical transecatheter aortic valve implantation
TAVI = Transcatheter aortic valve implantation
TEAVI = Transfemoraltranscatheter aortc valve implantation






OPS/images/a13img03.png
‘Table 3. Postoperative outcomes of the groups.

o) e Pl
Transtused blood products
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Intubation time, hours (mean=S0) 93e44 87259 040
1CU stay, hours (meanzSD) 402592 672327 024
Hospital tay,days (mean=SD) 212132 104286 025
Complications
Low cardioc output syndrome (n39) ) 563% 086
Postoperative MI (1%) 208% 3000 100
CEO%) 32 +0s%) [
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Preumonia (n%) 329 +06%) 068
Reexploraton fr bleeding (%) 10499 203% 100
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Acute renal dysfunction (1% 2080 +06% 100
IS complications (n%) 049 ) 053
In-hospital mortalty (n3) 2080 +06% 100

o

—cerebrovascular event; GlS=gastrointestinalsystem; ICU=intensive care unit; Mi=myocardial infarction; SD=standard deviation
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Table 1. Suzuki scoring scale.

Score | Congestion Pﬂ:’:::;vsnil
0 No o .
1 Minimal Minimal S‘H"i"f;i”
2 Mid i 0%
5| Moderate | Moderaie oo
4 Severe. Severe. S 0%
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Fig. 1~ A) Group 1 subject 1, score 0 regular hepatic Fistology. )
Group 1 subjec 8, score - sinusoidal congestion findings O) Group
2 subjct 6, score 4 marked congestion, extensie cytoplasmic
vacuoliation, focal cellar necross. D) Group 4 subfect 5, score
2:sinusoidal congestion, mild level of cytoplasrmic vacuoliztion
) Group 4 subject 6. score 3: moderate level of congestion and
cytoplasmic vacuolzation.
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H = Hyperlipidemia
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icu = Intensive care unit

um = Leftinternal thoracic artery

OPCAB = Off-pump coronary artery bypass grafting
spss = Statistical Package for Social Scences
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Fig. 2 - Histopathological scores by groups.
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Table 2 Histopathological scores by groups.

Group Median | Minimum | Maximum
Control (n=8) 10000 o 100
Tschemia-

reperfusion (n=8) 2000 100 40
FR+Vit C (n=8) 10000 o 200
Ve papaverive | 1ooo0 N o

(=)
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Fig. 2 - Lines of tissue leson by radiofiequency in the left atrium
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‘Table 1. Characteristics of the patients studied.

‘Age years)
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Maximurn 72
Nean £50 s076:107
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Female 75 06%)
Nale 25 2%
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s 20079
oM 507%)
o 21003%
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Pecostis e o
NYHA Functional class
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Coss 3 17088
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EUrOSCORE (mean = 50) 4992206
Typeof AF
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Left atrial size (mean + 5D ) 56+08cm

LV ejecton fraction (mean £ 5D)

5834961165 (Teichholz)

Medications

Ol anticoagulant 395%
LvwH 185%
Beta-blockers 278%
Digitalis 230%
Antiarthythmics 5%
Diuretics 65%
ACEinhibtor 23%
ARBs 5%
NYHA=New York Heart Assoclation; AF=atrial fbrillation;

L=left ventricle; cm=centimeter, LMWH = low molecular
weight heparin; ACE = angiotensin-converting enzyme;
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Table 2. Perioperative data.

CPB time (min) 12547£3052
Myocardial ischernia time (min) 1058542834
Type of ablation

Unipolar 2019%
Bipolar 7081%

CPB=cardiopuimonary bypass Min=minutes
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‘Table 3. Multvariate analysis for sinus thythm reversion one year after surgery.

Standardized | 95% Confidence Interval for the Settlement Ratio
Variables in the model B coufficiant (SR

Lower limit SR Upper limit
Constant 6758
Sinus thythm on discharge™* 381 008 0034 0142
Size of the left atrium 0840 0209 0432 0803
Type of ablation *+* 2079 0032 0125 0483

"Unipolar and Bipolar R squared=049¢; *P<0001; *P=0003; ***P = 0,024,
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Fig. 6 - Cardiac rate at discharge and at the end of the 1-year
postoperative follow-up period.
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‘Table 2. ICU-CA demographic data (n=302).

Chsuspected cause ccording fo attending physician | ypotension 58 324
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Ch il thythm Peystole Va1 o7
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VInE 276w
Non specifed 720359
rlnmubation nubated 255 044%)
Etubed 1260
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ves 207 655%
Intra-arterial pressure Monitoring
o S5 G15%
Vasostive-notopic Vasodilation 403w
novopes 507%)
Vasopressors 181 60%)
Zor+ drugs s3075%)
None 9062%)
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[ [ 224 742%)
[T 4504%%)
w3 53009%)
Chtime of day Doy (ar 7o) 561w
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Dawn (midright 7am) 47056%)
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Ch=cardiac arest; Mi=myocardial infarction; PES=pulseless electrcal actvty; VT/VF=ventricular tachycardia/ventricular fbrilltion;

ICU=intensive care unit
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Table 3. Univariate and Multvariate analysis regarding DNR order (n=302)
Veriable Univariate Multivariate

OR (C195%) Pvalue OR (C195%) Palue
Male sex 1030518 091
Age 100910 048
Suspected reversible CA cause. 14(07-26) 027
Non-shockable inital hythm 3508156 009
Extubated 04(01-21) 048
Intra-arteial pressture monitoring 2001137 001 103(0332) 09
Vasoactive infusion 330388 001 65(07629) o1
Dawn CAtime 2101142 003 202(07-603) 02
Stuoke 260973 008 09(006-137) 09
Previous CAD 18(101-32) 004 08(0325) 07
Postoperative care of cardiac surgery 1200622 06
Sepsis 04(02:07) 0003 06(02-18) 03
Prior Left Ventricular Dysfunction 310466 0003 3100394 0045

‘CA=cardiac arrest; CAD=coronary artery disease
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Table 5. CPRtimetable.

CPR duration (min) N%) Cumulative (%)

=) 13027) 127
410 29085 412
1120 21 206) 618
2130 23025 843
3140 669) %02
4150 469 91
>60 669 100
Total 102 (100)

CPR=cardiopulmonary resuscitation
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‘Table 6. Epinephrine dosing distribution.

Epinefrin dosage

) N%) Cumulative (%)
1 100135 135
2 5022 257
3 120162) 419
4 100135 554
58 21084 838
58 12(162) 100
Total 74(100)

‘mgemiligram(s)
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‘Table 4. Univariate and Multivariate analysis of variables related to ROSC (n=242).

Univariate Multivariate
Variable

OR(95% C1) Pvalue OR (95% CI) Palue
Male sex 07(0414) 04
Age 09(096-099) 003 09(05-11) 07
Reversible cause 120724 04
Shockable thythm 69028174 00001 24924-257) 0007
Intubation 07(03-21) 05
Intra-arteral pressture monitoring 190937 005 1803119 06
Vasoactive drugs infusion 06(0313) 02
CA time between 7am-midnight 2200547 003 150381) 06
Time before first defbrilation 10309-11) 06
Total defibrilation charge () 09(081.1) 02
Time before intubation 09(081.1) 04
Time before epinephrine 103 (0813) 05
Epinephrine asfirst medication 2705135 02
Stroke 07(02:37) 07
AD 120723 [
Postoperative care of cardiac surgery 180933 007 130277 08
Sepsis 05(027-1.2) o1
Normal Left Ventricular function 3205116 008 4706397 015
LV Ejection Fraction 10(099-105) 01
‘CA=cardiac arrest; CAD=coronary artery disease; LV=left ventricle
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Table 7. Univariate and multivariate analysis of variables related to survival (v=213).

Veriable Univariate Multivariate
OR(95% C1) Pvalue OR (95% C1) Palue

Male sex 170551 04

Age 097 (093-101) o1

Reversible cause 102(0331) 05

Shockable iniial thythrm 49015159 0008 46(1415) oot
Previous intubation 08(0167) [

Intra-arterial pressture monitoring 160552 04

Vasoactive drugs infusion 04(0115) 02

CA time between 7am-midnight 1040335 0o

Time before first defibrilation 103(0813) [

Total defbilation charge () 10(099-101) 03

Time before intubation 102(09-12) 05

Time before epinephrine 22(0315) 04

Epinephrine asfirst medication 14(02-102) 07

Stroke 0300335 04

cAD 130442 06

Postoperative care of cardiac surgery 130442 06

Sepsis 018(002-138) o1

Normalleft ventricular function 15015147) 07

LV ejection fraction 10(05-106) 05

PR time 098 (093-104) 05

‘CA=cardiac arrest, CAD=coronary artery disease; LV=left ventricle
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‘Abbreviations, acronyms & symbols

A =Cardiacarrest
CPR = Cardiopulmonary resuscitation

CPS = Cerebral Performance Scale

DNR  =Donoresuscitate order

KU =Intensive care unit

ILCOR = International Lisison

IR =Interquartil range

PEA  =Pulseless electrc activity

PetCO; = Partial pressureof end-tidal carbon dioxide
ROSC = Return of spontaneous circulation

VINF = Ventricular Tachycardia/ Ventriculr Fibrillation
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Fig. 3 - Classication of VSDs: perimembranous and muscular;
muscular subdivided into anteror, mid-muscular, posterior and
apical Anterior-anterior to septal band, Mid-muscular-posterior to
septal band, Apical-infeior to moderator band, posteror-beneath
tricuspid septalleafet
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Table 1. Demographic data.

Patients (N) 36
‘Age (months) (ange) 7142324 (314)
Sex (male) 20(555%)
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BSA (m) (range) 0292003 (018035
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Preoperative TTE
Site of VSD
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PFO=patent foramen ovale; Lolarge; M=moderate; BSA=body
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ductus arteriosus; VSD=ventricular septal defect; RVS

ight

ventricular septal defect; TR=tricuspid requrgitation
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ig. 1 - Operative photograph showing proposed incision (4) and.
twansersestemotomy (5).C-Showing sheath punctured through
RV free wall. D - Showing echocardiographic image of VSD device
in-situ.






OPS/images/a12img02.png
Fig.2-Cperathe photogapholuge






OPS/images/publicidade4.png
Oxy me:

Membrane Oxygenafor

design

1g
P erformance

SBRALLE
www.braile.com.br
(+55) 17 2136.7000





OPS/images/a12img07.png
Abbreviations, acronyms & symbols
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Table 2. Intraoperative, postoperative and follow-up data.

Surgery 36
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‘Table 1. Demographic and baseline clinical characteristics of the groups.

Group 1 (Female) Group 2 (Male) Pualue
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BMi=body mass index; CCS=Canadian Cardiovascular Society; COPD=chronic obstructive pulmonary disease; CVE=cerebrovascular
event; EuroSCORE=European System for Cardiac Operative Risk Evaluation; LMCA=left main coronary artery; PAD=peripheral arteial
disease; PCl=percutaneous coronary intervention; SD=standard deviation
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‘Table 2 Intraoperative data of the groups.

Group 1 Female) Group 2ale Pualue
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‘CABG=coronary artery bypass grafting; CPB=cardiopulmonary bypass; LITA=leftinternal thoracic atery; SD=standard deviation
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‘Table 1. Demography and comorbidity data.
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‘Table 2. Intraoperative variables.
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Table 3. Postoperative outcomes.

Variable n=60
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Table 4. Pressures/tensions during cardioplegia infusions.

‘Time point

Median (p25-p75)

Second cardioplegia
Median (p25-p75)

Third cardioplegia
Median (p25-p75)

Surgeon A 55 (45-60) 60 (50-65) 60(50-65)
Surgeon8 55 (45-60) 60 (50-65) 55 (45-66)
Intraluminal pressure (mmHg) 62(56-68) 61 (56-66) 60 (54-6%)

Cardioplegia line pressure (mmHg) 140 (130-150) 140 (126-140) 140 129-150)
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‘Abbreviations, acronyms & symbols

CABG = Coronaryartery bypass graft
P8 = Cardiopulmonary bypass
EACTS = European Association for CardioThoracic Surgery
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LOA  =Limits of agreement

SUS  =Sistema Unico de Saide (Brazilian public heaith system)
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