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    The Brazilian Cardiac Surgery, Although it has High International Prestige, Never Performed a Great "Trial"

  
 
   

   

  Domingo M. BraileI; Paulo Roberto B. ÉvoraII

  IEditor-in-Chief - BJCVS

  IIEditor-in-Chief Interim - BJCVS

   

   

  BJCVS IN SEARCH OF EXCELLENCE

  Doctor Herbert L. Fred[1], an associate editor of the Texas Heart Institute Journal, pointed out five crucial components that make a successful medical journal: 1) financial security; 2) an ample, competent, and experienced editorial staff; 3) reliable manuscript reviewers; 4) equality of submissions, and; 5) responsive readers. In addition, one more fundamental component could be added, which would represent cardiac surgery, the ideas and contributions of the country. We are trying to follow these components to improve the excellence of our Brazilian Journal of Cardiovascular Surgery (BJCVS), encouraging the realization of substantial trials.

   

  A GREAT "TRIAL"

  The latest Sociedade Brasileira de Cirurgia Cardiovascular/Brazilian Society of Cardiovascular Surgery (SBCCV) newsletter (April 2017) highlights a consensus published by the American Heart Association (AHA) for the use of appropriate criteria for myocardial revascularization in stable angina[2]. This consensus is an update of the 2012 document, now divided into two publications, one referring to acute and present coronary syndrome. Unlike a standard guideline, this Consensus brings more than 60 real clinical settings, scored by a panel of 32 experts among clinicians, interventionists, and surgeons. The clinical, anatomical and functional characteristics were contemplated, and innovatively, the treatment with one or more antianginal drugs weighed in the intervention decision. This approach may be useful for an unambiguous standardization to correct regional discrepancies when, for example, EuroSCORE and STS are used. The Brazilian cardiac surgery, although it has high international prestige (Figure 1), never performed a great "trial." For this reason, the coronary artery bypass grafting without cardiopulmonary bypass would be chosen, since its introduction in the surgical practice was carried out by Dr. Enio Buffolo (in Brazil) and Dr. Federico Benetti (in Argentina).
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  ARTICLES IN THIS ISSUE

  This issue of BJCVS presents a blind peer-reviewed selection of 15 articles that will surely please your readers:
  
  
    A. Three papers related to congenital heart disease present and discuss outcomes of the superior cavopulmonary connection operation, evaluation of nosocomial infections in pediatric patients with extracorporeal membrane oxygenation support and neuroprotective anesthesia regimen and intensive management for pediatric cardiac surgery.

    B. Four presentations on risk factors: 1) hypothyroidism as risk factor for atrial fibrillation after coronary artery bypass graft; 2) validation of 4 prediction scores for cardiac surgeryassociated acute kidney injury in Chinese patients; 3) Brazilian pre-validation study of the disruptions in surgery index (DISI); and 4) B-type natriuretic peptide as a predictor of short-term mortality in on-pump CABG.

    C. Three articles on cardiac electrical stimulation: 1) an early experience on subcutaneous implantable cardioverter defibrillator; 2) analysis of dyssynchrony and ventricular function in the right univentricular stimulation; and 3) relationship between atrial fibrillation recurrence and brain natriuretic peptide (BNP) after successful electrical cardioversion.

    D. Two multimedia presentations: 1) spontaneous left anterior descending coronary artery dissection; and 2) embolization by bullet dislodged from the heart.

    E. Two case reports: 1) left atrial dissection, a rare cause of left ventricular assist device (LVAD) obstruction; and 2) stent graft relining in a patient with an acute aortic aneurysm and a wholly migrated endograft.

    F. One experimental study: comparison of arterial repair through suture, suture with fibrin or cyanoacrylate adhesive in ex vivo porcine aortic segment.

    G. One paper on outcome considering the effect of treatment strategy of chronic ischemic mitral regurgitation on long-term outcomes in coronary artery bypass grafting.

    H. One review on the left atrial appendage emphasizing issues that often are beyond of the cardiac surgeon's expertise.
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    "Do not wait for leaders; do it alone, person to person. Be faithful in small things because it is in them that your strength lies."

    Mother Teresa

    Religious Sister

  

  Humanitarian aid in the surgical sector is a young science. From before World War II until the late 1980's, little attention was drawn to surgical missions. Throughout that entire period, efforts of international aid agencies were largely directed toward control or eradication of major infectious scourges such as malaria, typhoid, plague, and other tropical and sanitation-based public health problems. It has become evident over the last decade, however, that global epidemiologic and demographic shifts have been changing the burden of disease in all societies. Developing countries are now facing a dramatic increase in noncommunicable diseases, primarily cardiovascular disease (CVD). 2017 Statistics from the World Health Organization confirm that cardiovascular disease remains the leading cause of death globally, and over three quarters (82%) of those CVD deaths take place in low- and middle-income countries[1].

  Like Brazil, some of these countries have pockets of excellence in surgical care, but the majority lack such care outside of main cities, amplified by a paucity of necessary equipment and/or formal training. For example, in Germany there is 1 cardiovascular surgeon per 87,000 people, in China there is 1 per 208,000, and in West Africa, there is 1 cardiac surgeon per 26.5 million people[2] (Figure 1).
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  Thus, cardiovascular mission formats can be varied, providing preventive care, direct surgical treatment, the donation of supplies and equipment, and/or building a program for sustained training and clinical care. While each objective has value and is interrelated to some extent, every mission follows a different pathway and modus operandi[3]. We implore surgeons and organizations to craft their missions around this foundation: to train, empower, and support local clinicians toward the shared goal of a self-sustaining center for their community.

  While this may seem like an obvious strategy, a common model for many surgical missions surrounds the singular goal of completing as many operations as possible in a short interval. Although this is well intentioned and may serve more patients in the short-term, the scope is myopic, since goals of speed and efficiency often eliminate or minimize teaching, training and the one-to-one skill transfer that is critical for local team advancement. Rather, multiple recurring trips providing graded levels of assistance and support, allowing the local team to take an increasingly primary role in the progression toward independence. Taking the time to teach surgical judgment, intraoperative and postoperative management may limit the number of cases achieved per mission, but is a critical investment in the local clinicians that will pay dividends for the community in the long term.

  Hundreds of organizations provide medical and public health services around the world; they include religious brigades, non-governmental organizations (NGOs), relief groups, United Nations affiliates, and military health regiments. Several groups focus on cardiovascular care by trying to reduce the imbalance in access to it across the globe. Humanitarian organizations such as CardioStart International, Team Heart, VOOM Foundation, and Heart to Heart, amongst many others, rely on volunteer teams donating their time and expertise to provide diagnostic investigations and surgical treatment for both acquired and congenital heart defects. Providers are largely from the Western world; however, manpower and local volunteers are keys to the success of any mission[4,5], and it is important to consider the vision and goals of any organization with which one aligns.

  To distill it down further, there are many contextual features about medical volunteer work that can provide ethical challenges to volunteers. By the very nature of the work, volunteers travel to areas that lack resources including equipment, personnel, and infrastructure. Thus, there are three major challenges to be faced in preparation for a humanitarian mission: 1) foreign setting; 2) sustainability; and 3) medical education[6].

  First, there is an understandable preoccupation with avoiding complications that may arise from working with unfamiliar colleagues in a foreign setting and caring for patients who speak a different language and may have never before seen a doctor. Complications that do occur are often attributable to insufficient screening of patients or inadequate follow-up, so it is of paramount importance to develop strong ties with local physicians who can offer preoperative insight and postoperative continuity[6,7]. This is a crucial collaboration at every step, since even surgical decisions such as valve prosthesis often rely on local and/or cultural dynamics, such as whether a patient will be able to afford or have access to warfarin, or if the nearest clinic to check an INR is a 2-day walk in good weather conditions from a remote village.

  The second feature is important not only for volunteers, but also for institutions and sponsors of medical service trips to consider logistics and the protocol-implementation required to maintain sustainability within the constructs of the host program. This may involve how their work will advance beyond the short-term experience, training local providers, researching supply chains, establishing local infrastructure, and maintaining long-term relationships. The visiting team must work in collaboration with the local team to build an empowering partnership based on respect for their skills, knowledge, traditions and, whenever possible, using locally available equipment and supplies, such as medications to closely replicate a future scenario sustained without international aid[5,7].

  Lastly, the fundamental and primary goal of any mission should be to provide teaching to local staff that encourages methods & techniques to support the improvement of patient care for the long run. This can be achieved most effectively by implementing a long-term educational programme. According to Corno[8], the most suitable and consistent model of long-term humanitarian educational programmes should include the following steps: 1) site selection; 2) demographic research; 3) site assessment; 4) organization of surgical educational teams; 5) regular frequency of surgical educational missions; 6) programme evolution and maturation; 6) educational outreach and interactive support.

  Again, this stresses the balance of direct patient care with medical education as very important and emphasizes that any surgical society, organization, institution or individual must prioritize the purpose and motivation for serving. A humanitarian surgeon's focus will always be on patients, but local health care providers and the communities they serve can, and should, both benefit. Ultimately, success should not be measured by the number of successful operations of any given mission, but by the successful operations that the local team performs after the visiting team leaves[6,8,9].

  
    "The next generation of surgeons, while meeting needs locally, must also take a leadership role globally - the need for international partnership has never been greater."

    Doruk Ozgediz, MD

  

  In this context, a volunteer is one who acts in recognition of a need, with an attitude of social responsibility and without concern for monetary profit, gaining beyond what is necessary to one's physical well-being. As a specialty, cardiovascular surgeons are uniquely positioned to have an important role in national/ international, home/abroad, or domestic/foreign humanitarian activity because we are well suited to adapt, improvise and function in unusual or unexpected situations that often require "thinking outside of the box".

  The enduring commitment of surgeons to these matters inspires confidence that solutions will continue to come from the surgical community, in keeping with a rich professional legacy. With an emerging generation passionate about their ability to give back in a global society, and so many practicing and retired surgeons pursuing similar opportunities to contribute, the time is ripe to foster these interests and actions[10].

  
    "By giving of your time and heart, you will not only help to advance the humane practice of surgery, but you will also reap the rewards of belonging to the greatest humanitarian profession in the world."

    Kathryn Anderson, MD, FACS
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    ABSTRACT

    INTRODUCTION: Most risk stratification scores used in surgery do not include external and non-technical factors as predictors of morbidity and mortality.

    OBJECTIVE: The present study aimed to translate and adapt transculturally the Brazilian version of the Disruptions in Surgery Index (DiSI) questionnaire, which was developed to capture the self-perception of each member of the surgical team regarding the disruptions that may contribute to error and obstruction of safe surgical flow.

    METHODS: A universalist approach was adopted to evaluate the conceptual equivalence of items and semantics, which included the following stages: (1) translation of the questionnaire into Portuguese; (2) back translation into English; (3) panel of experts to draft the preliminary version; and (4) pre-test for evaluation of verbal comprehension by the target population of 43 professionals working in cardiothoracic surgery.

    RESULTS: The questionnaire was translated into Portuguese and its final version with 29 items obtained 89.6% approval from the panel of experts. The target population evaluated all items as easy to understand. The mean overall clarity and verbal comprehension observed in the pre-test reached 4.48 ± 0.16 out of the maximum value of 5 on the psychometric Likert scale.

    CONCLUSION: Based on the methodology used, the experts' analysis and the results of the pre-test, it is concluded that the essential stages of translation and cross-cultural adaptation of DiSI to the Portuguese language were satisfactorily fulfilled in this study.

    Keywords: Surveys and Questionnaires; Translating; Environment; Medical Errors/Prevention & Control; Patient Care Team/Organization & Administration; Quality Assurance, Health Care; Safety Management.

  

   

   

  INTRODUCTION

  The last 15 years were characterized by significant changes in clinical and hospital services, especially concerning to safety issues in patient care, which has become the focus of several publications on this topic[1-5].

  However, despite numerous interventions to improve patient safety, progress has been slower than originally anticipated. A large-scale study in the USA has shown that error rates have remained relatively constant over the last few years, with one in 10 hospitalized patients likely to suffer an error during hospitalization[1].

  In the field of surgical practice, technological and scientific advances have led to a significant increase in the number of procedures worldwide, which are often performed in unsafe conditions, interfering with the promotion and recovery of patients' health[6]. The World Health Organization (WHO) estimates that 7,000,000 complications and 1,000,000 deaths occur annually during or immediately after surgery[7].

  According to Wachter[8], a high percentage of complications in surgery is due to avoidable adverse events, which are often not related to the lack of technical ability, training or knowledge, but they represent cognitive failures of teamwork. Non-technical skills, such as communication, cooperation, coordination, and leadership, are essential components of teamwork, but limited interpersonal competence is often the underlying cause of adverse events and errors[9,10].

  Problems in teamwork that cause interruptions in safe surgical flow are extremely common, with a rate of 17.4 per hour being observed in a cardiac surgery study[11]. Such interruptions are defined by Wiegmann et al.[12] as any problem in teamwork, technology/instruments, training, or the environment that results in deviations from the natural progression of an operation, which can potentially compromise the patient safety.

  To prevent such errors and minimize interruptions to the flow of working processes in the operating room environment, it is necessary to evaluate the safety culture[13]. Most studies that evaluate safety culture in health organizations use questionnaires as a tool for data collection. These questionnaires are based on a combination of dimensions and are considered an efficient strategy because they are anonymous, have low costs and allow to assess professionals' perceptions and behaviors related to safety. They also identify weaknesses and strengths of the safety culture for both staff and hospital, which are indispensable for planning and implementation of improvement interventions[14,15].

  Considering that annoyances, disturbances, distractions and interruptions in surgery contribute to error and obstacles to the safe flow of the procedure being performed, the Disruptions in Surgery Index (DiSI) questionnaire was developed to evaluate the professionals' perceptions regarding the environment and its impact on their performance in the operating room[16].

  In Brazil, the evaluation of the surgical patient safety culture based on the self-perception of professionals performing the procedures is still incipient; therefore, the cross-cultural translation and adaptation of DiSI questionnaire will bring significant contributions because it will make possible to identify and manage prospectively relevant safety issues in the routines and working conditions of different surgical environments.

  Thus, the purpose of this pre-validation study was to analyze the clarity and verbal comprehension of the translated and adapted transculturally Brazilian version of DiSI questionnaire.

   

  METHODS

  The present study was carried out in two phases:

  
    • Phase I - Translation and cross-cultural adaptation

    • Phase II - Pre-test of the Brazilian version

  

  Phase I

  The Tool

  The choice for DiSI was based on three aspects: 1 - free availability obtained by written consent from the author of the original instrument; 2 - perspective of wide use in different cultural contexts; and 3 - psychometric properties of the questionnaire.

  DiSI is a tool that has been developed to capture the self-perceptions of operating room staff regarding the disruptions that they and their colleagues have to deal with in the operating room[16].

  In DiSI, surgical disruptions are grouped into seven different types: 1 - individual's skill, performance, and personality; 2 - operating room environment; 3 - communication; 4 - coordination and situational awareness; 5 - patient-related disruptions; 6 - team cohesion; and 7 - organizational disruptions. Each disruption type is assessed with two or more specific items.

  Translation and Adaptation

  The translation and adaptation of DiSI were carried out following internationally recommended standards which have been previously adopted in Brazil for cross-cultural adaptation of other health care instruments[17-20].

  The semantic evaluation of this instrument was based on the universalist approach which involved four stages: translation, back translation, equivalence appraisal, and criticism by specialists in the thematic area[17].

  Translation

  The instrument was translated from the original, in English, into Portuguese, by two independent Brazilian translators, generating two translations (T1 and T2). Only one of them had knowledge about the phenomenon evaluated by the instrument. Subsequently, the formal evaluation of T1 and T2 equivalence was carried out by five researchers; who, after consensual decisions, prepared a synthesis of the translations (T3). This team was composed of a researcher in Quality of Care and Patient Safety, a nurse with expertise in Health Information, a biologist, and two cardiovascular surgeons.

  Back Translation

  The T3 version was sent for back translation by two independent native English speaker translators, who were unaware of the original instrument, generating two back translations into English (BT1 and BT2), which were compared and approved by a single referee - the author of the original instrument in England.

  The evaluations of the translated, back translated and synthesis versions were documented by means of written reports.

  Appraisal of Equivalence

  The equivalence was evaluated by a panel of experts based on the original, T1, T2, T3, BT1, BT2, and the respective reports generated during the translation and synthesis stages.

  The decisions about the equivalence between the original source and the target version were made by this panel considering four aspects:

  
    A. Semantic Equivalence: to evaluate if the translated words meant the same thing; if there were multiple meanings of a given item and if there were grammatical difficulties in translation;

    B. Idiomatic Equivalence: sought to identify if equivalent expressions were formulated in the target version, avoiding difficulties in translating colloquialisms and idiomatic expressions;

    C. Empirical Equivalence: evaluated whether we substituted terms in the questionnaire for similar ones that are used in our culture, seeking to capture experiences of daily life;

    D. Conceptual Equivalence: allowed to observe if the words had different meanings between the cultures and to replace the inadequate terms.

  

  Criticism by Specialists in the Thematic Area

  The expert committee consisted of the four researchers involved in the study, a linguist specialist, one of the translators, two specialists in patient safety and quality, and a psychologist with experience in Psychometric Assessment of Questionnaires.

  The committee's work consisted in detecting possible divergences in the translations, by comparing the terms and words to each other, and also verifying whether the items of the translated instrument referred or not to the concepts measured in the original instrument. The descriptors accepted by at least 80% of the specialists were considered as having adequate translation. Based on expert opinions, the final version of the instrument (T4) was created.

  Phase II

  Pre-test

  The pre-test was performed to evaluate the verbal comprehension and clarity of the questions using a non-random sample of 43 professionals divided into three subgroups that compose a typical team of cardiovascular and thoracic operating rooms of a University Hospital: 9 surgeons, 26 nurses/technicians, and 8 anesthesiologists.

  They were asked to indicate in a protocol sheet how much they understood of each item, using a Likert scale:

  
    0 - I did not understand anything;

    1 - I understood only a little;

    2 - I understood more or less;

    3 - I understood almost everything, but I had some doubts;

    4 - I understood almost everything;

    5 - I understood perfectly and I had no doubts.

  

  Responses 0, 1, 2 and 3 indicated insufficient understanding. If the overall mean of comprehension was ≥ 4.0 (maximum value = 5), it indicated that the questions were easy to understand and that the instrument would be ready to be validated[15,17]. The phases of the study are shown in Figure 1.
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  Statistical Analysis

  Descriptive analyses of the pre-test data were performed using software Stata version 12.0 (Statacorp LP, College Station, Texas, United States). The qualitative variables were expressed by frequencies and percentages. The quantitative variables from the psychometric Likert scale applied to the target population to assess overall clarity and verbal comprehension of the translated version were expressed by means and standard deviations.

  Ethical Aspects

  In accordance with the regulatory guidelines for research involving human beings, this study was approved by the Institutional Research Ethics Committee under Consubstantiated Act No. 1,650,066 as of 07/27/2016.

  All of the professionals who agreed to participate in the study signed the Informed Consent Form.

   

  RESULTS

  Translation and Adaptation

  The final Brazilian version of DiSI was approved with 89.6% (23 of 26 descriptors) agreement among the experts and representatives of the target population that composed the panel of experts; however, during the process of cross-cultural adaptation, empirical and conceptual divergences were observed in three (10.4%) of the descriptors (Figure 2).

   
    

    [image: Fig. 2. Cross-cultural adaptation of divergent descriptors.]

  

  The empirical and conceptual divergences and the crosscultural adaptations with their respective justifications by the Panel of Experts are described below:

  
    • The word "error" in our culture denotes "guilt"; although the questionnaire is anonymous, this could inhibit respondents from pointing out a true response, so the word "failure" was chosen to replace "error";

    • "Disruption" has been replaced by "disturbance/interruption". The committee considered that not all disturbances lead to an interruption in the flow of the operation, but any disruption originates from an initial disturbance;

    • The term "language issues" has been adapted as a "lack of familiarity" of some employees with the terminology used in the operating room which can lead to interruptions of the surgery because of linguistic misunderstandings;

  

  These divergences, after being discussed and adapted by the panel of experts, were approved in consensus with the developer of the original instrument in England (Sevdalis et al.[16]), who ratified that there was a semantic equivalence between the English source version and the Target version in Portuguese.

  For being widely recognized and used in the scientific community, the title of the instrument remained in English in the final version. The panel of experts also considered that there was operational equivalence between the format of the original questionnaire and that of the translated and adapted target instrument which was maintained for the pre-test (Appendix A).

  Pre-test

  The pre-test was performed with a target population of 43 professionals (62.8% female), whose main area of practice was cardiothoracic surgery: 9 surgeons, 8 anesthesiologists and 26 nurses/technicians. The mean age was 36.8±9.95 years and the mean practice time was 11.5±9.26 years.

  By analyzing the Likert scale responses, it was observed that the 29 questions distributed in the seven domains (A-G) of translated and adapted version of DiSI were easy to understand. The overall mean comprehension reached 4.48 ± 0.16. The mean values of all items of the questionnaire presented verbal comprehension greater than 4.0 (maximum = 5) as described in Table 1.

  
    

    [image: Table 1. Mean verbal comprehension of all items of the Disruptions in Surgery Index (DiSI) after translation and crosscultural adaptation. São Paulo, 2017.]

  

   

  DISCUSSION

  In general, the risk stratification scores adapted to different scenarios allow estimating the patient's operative risk and evaluating the results and, eventually, an institution's quality of care[21-23]. However, they do not include external and nontechnical factors as predictors of morbidity and mortality that are based on the self-perception of professionals in the operating room.

  The present study aimed to fill this knowledge gap by translating and adapting the DiSI questionnaire to the Brazilian version which was developed to capture the self-perception of each member of the surgical team regarding the disruptions they and their colleagues have to deal with in the operating room by judging how often each disruption contributes to an error or obstruction of safe surgical flow[16].

  Transcultural adaptation of a self-administered questionnaire to be used in a new country, culture and/or language requires a specific methodology to achieve equivalence between the original source and the target version in order to maintain the content validity of the instrument on a conceptual level between different cultures. Thus, a robust methodology based on international guidelines and associated with interventions and suggestions of the experts was used in the development of the Brazilian version of DiSI[15,17,19,20,24-26].

  The translation and adaptation process carried out in the present study involved some complex topics, such as the conceptual adequacy and adaptation of the words error and disruptions and the expression language issues. These were necessary to guarantee the semantic equivalence and, therefore, the understanding of the expressed content in the original instrument and in the the Brazilian version. Despite these three divergences, the final version was approved by 89.6% of the experts, being superior to that recommended in the international literature (80%)[17,24,25].

  It is recommended that in the final stage of the adaptation process a pre-test of a new questionnaire be performed in 30 to 40 individuals of the target population with the objective of evaluating the verbal comprehension and clarity of the instrument[17]. Thus, a field study with 43 professionals, whose main area of practice was cardiothoracic surgery, was conducted by the authors using Likert's psychometric scale and reaching an overall mean comprehension of 4.48 ± 0.16. These results are similar to those of other authors who used a similar methodology to translate and adapt questionnaires for application in Brazil[15,19,20,27].

  Limitations

  This is a pre-validation study whose specific methodology does not foresee the analysis of the constructs validity and reliability. However, it contributes to the evidence that the adapted version retained its equivalence from both the specialists in that thematic area and from the target population in which it was applied.

   

  CONCLUSION

  Based on the methodology used as recommended by the international guidelines, on the technical discussions with experts and also on the results of the pre-test, it is concluded that the essential stages of DiSI translation and cross-cultural adaptation to the Portuguese language were satisfactorily fulfilled in this study.
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    ABSTRACT

    OBJECTIVE: The present study refers to a determination of the preoperative B-type natriuretic peptide is a predictor of short-term all-cause mortality in patients undergoing on-pump coronary artery bypass graft surgeries.

    METHODS: Two hundred and twenty-one patients undergoing on-pump coronary artery bypass graft surgeries were evaluated prospectively during a 30-day postoperative follow-up period. Serum B-type natriuretic peptide concentration was measured without a 24-hour period prior to the surgical procedure and the value obtained was correlated with a short-term all-cause mortality.

    RESULTS: Data analysis showed that all-cause mortality rates were equal to 9.5% in 30 days. Accuracy analysis by the receiver operating characteristic curve found an ideal cut-off value of B-type natriuretic peptide equal to 150 pg/mL in relation to mortality (AUC=0.82, 95% CI=0.71-0.87, P<0.001). Multivariate analysis showed that B-type natriuretic peptide value greater than or equal to 150 pg/mL (P=0.030, HR=3.99, 95% CI=1.14-13.98) was an independent predictor of all-cause mortality in a 30-day follow-up period.

    CONCLUSION: Preoperative serum B-type natriuretic peptide concentration is an independent predictor of short-term all-cause mortality in patients undergoing coronary artery bypass grafting with cardiopulmonary bypass.

    Keywords: Natriuretic Peptides; Coronary Artery Bypass; Prospective Studies.

  

   

   

  INTRODUCTION

  Since its introduction in the 1960s, coronary artery bypass grafting (CABG) is the most studied surgical procedure in medical history and rapidly as the standard treatment for patients with extensive coronary artery disease[1].

  In the last decades, there has been a significant decline in short-term mortality for this procedure. This work can be attributed to an improvement in the surgical technique combined with the significant progress in perioperative care, as well as the development and diffusion of databases that provide a better definition and understanding of variables that impact on mortality after CABG[2-6].

  This stabilization of mortality is a challenge for the discovery of new variables to predict mortality in order to further improve the care related to this procedure. In this context, due to its close correlation with ventricular parietal stress and clinical and hemodynamic variables that determine a higher cardiovascular risk, B-type natriuretic peptide (BNP) has been investigated as a new prognostic tool to predict mortality in cardiac surgery[7-9].

  In this study, the objective is to evaluate whether the preoperative BNP concentration is an independent predictor of short-term all-cause mortality in patients undergoing on-pump coronary artery bypass grafting (OPCABG).

   

  METHODS

  Patients consecutively submitted to OPCABG admitted to the Intensive Care Unit in the postoperative period of cardiac surgeries at Hospital de Base of São José do Rio Preto (SP, Brazil). Patients younger than 18 years of age, advanced neoplasia or those who underwent a combined cardiac procedure, congenital surgery, cardiac transplantation, aortic surgery, valve surgery and off-pump coronary artery bypass surgery were excluded.

  The OPCABG were performed by median transsternal thoracotomy with extracorporeal circulation, aorta-bicaval cannulation, transverse aortic clamping and antegrade and retrograde cardioplegia using normothermic blood solution. Patients were treated according to European and American guidelines in force at the time[10].

  The data were prospectively collected through a computerized database of the Hospital de Base of São José do Rio Preto for an average follow-up period of 30 days. The study protocol was approved by the local ethics committee (CAAE 53306916.8.0000.5415).

  Variables included in the study were demographic, preoperative comorbidities, degree of left ventricular systolic dysfunction, intraoperative variables, and all-cause mortality in 30 days. The definition of all variables, as well as the indication and performance of the surgical procedures are based on the guidelines published by the European Society of Cardiology and European Association for Cardio-Thoracic Surgery[10].

  The serum concentration of BNP was measured in the immediate preoperative period (24 hours before surgery) in all surgeries by the electrochemiluminescence method using the Siemens ADVIA Centaur equipment (Siemens Medical).

  Statistical Analysis

  Categorical variables were presented in absolute numbers (percentages) and the continuous variables in mean and standard deviation or median and interquartile ranges (Q3-Q1), according to the type of distribution.

  Statistical analysis was performed with SPSS software (version 20.0). The power to discriminate the preoperative serum concentration of BNP to predict all-cause mortality within 30 days after surgery was determined by calculating the area under the Receiver Operating Characteristic (ROC) curve, value > 0.60 considered as not determined by chance.

  In this study, the risk analysis with the Cox proportional regression model was used to establish the relationship between the dependent variable (all-cause mortality in 30 days) and the exploratory variables. Univariate variables related to mortality (P≤0.05) were considered for multivariate regression analysis. Independent predictors of mortality were established for the variables with P≤0.05 in the multivariate analysis.

  The probability of survival during the 30-day follow-up period was estimated by the Kaplan-Meier method. The log rank test was used to compare the probability of survival.

  Values with P≤0.05 were considered statistically significant.

   

  RESULTS

  In the period evaluated, a total of 730 patients were consecutively submitted to open cardiac surgical procedures. Two hundred twenty-one patients underwent OPCABG were included in the study with a 30-day follow-up period in all patients. A total of 509 patients who underwent combined cardiac procedures (71 patients), congenital surgery (33 patients), cardiac transplantation (17 patients), aortic surgery (25 patients), valve surgery (313 patients) and off pump CABG (50 patients) (Figure 1).

  
    

    [image: Fig. 1. Flowchart for study enrollment and patient outcome (CABG - Coronary Artery Bypass Graft Surgery, BNP - B -type natriuretic peptide, PO - postoperative).]

  

  The baseline characteristics of patients undergoing OPCABG evaluated in this study are summarized in Table 1. The median age was 60 (52-67) years and 66% were men. Among the 221 patients, 70 (32%) were diabetic, 192 (87%) had systemic arterial hypertension. Eighty-two (37%) patients had urgency or emergency surgery, 74 (33%) patients were operated in the presence of acute coronary syndrome, 43 (19%) patients had moderate or significant left ventricular dysfunction. Intra-aortic balloon pump was implanted in the preoperative period in 13% of the patients and the mean duration of cardiopulmonary bypass was 94 minutes.

  
    

    [image: Table 1. Baseline characteristics of patients undergoing myocardial revascularization surgery (N=221), overall and stratified according to the cutoff value of BNP (150 pg/ml).]

  

  Mortality from all Causes in the 30-day Follow-up Period

  There were 21 (9.5%) deaths in 30 days. The optimum cutoff value selected by ROC curve was 150 pg/mL, the area under the curve was equal to 0.82 (CI 95% 0.72 to 0.91), with a sensitivity of 81% and a specificity of 46%, positive and negative predictive values, respectively, equal to 24% and 95% for all-cause mortality in 30 days after CABG (Figure 2).

  
    

    [image: Fig. 2. ROC curve showing point of maximum sensitivity and specificity correlating BNP measured in the preoperative and all-cause mortality during the 30-day postoperative period.]

  

  When stratified according to the optimal cutoff value of the preoperative serum BNP concentration equal to 150 pg/dl, the group of patients with BNP greater than or equal to 150 mg/dl was older (58 years versus 62 years, P=0.010), higher body mass index (28 kg/m2 versus 26 kg/m2, P=0.010), in the presence of acute coronary syndrome (20% versus 47%, P<0.0010, urgency/emergency surgery 21% versus 54%, P<0.001), higher rate of the left ventricular dysfunction (9.9% versus 29%, P<0.001), intra-aortic balloon use (8.1% versus 18%, P=0.027) and higher EuroSCORE additive (2 versus 3, P<0.001) (Table 1).

   Table 2 shows the variables univariate associated with mortality in 30 days, as well as the independent predictors determined by the multivariate Cox regression analysis. In order of prognostic importance, the time of extracorporeal circulation (P=0.027, HR=1.02, 95% CI 1.00- 1.03), age (P<0.001, HR=1.1, 95% CI 1.04-1.16), preoperative serum creatinine (P<0.001, HR = 1.95, 95% CI 1.42-2.68), BNP greater than or equal to 150 pg/ml (P=0.030, HR=3.99, 95% CI 1.14-13.98) were independent predictors of all-cause death in the 30-day postoperative followup period.

  
    

    [image: Table 2. Univariate and multivariate analysis by the Cox Regression model for mortality in the 30-day postoperative period.]

  

  The survival probability of patients undergoing OPCABG was 90.5% in the 30-day postoperative follow-up period. Survival for patients with BNP ≥ 150 pg/ml in 30 days was 83.6% and for those with BNP <150 pg/ml was 97.3% (P<0.001, Figure 3).

  
    

    [image: Fig. 3. Kaplan Meier survival curves for patients undergoing CABG stratified for serum preoperative BNP.]

  

   

  DISCUSSION

  This prospective study with a significant cohort revealed independent predictors of all-cause mortality in patients undergoing OPCABG. In ascending order of prognostic importance, the factors were time of extracorporeal circulation, age, preoperative serum creatinine, and preoperative serum BNP concentration ≥ 150 pg/ml.

  Predictors of short-term mortality in CABG have been well established in the last decades. Consequently, risk stratification systems were created with the objective of predicting shortterm mortality after CABG and the most employed in the USA and Europe are, respectively, the STS risk score and EuroSCORE II. Widely validated in thousands of patients in a multicenter database, these systems have contributed to a progressive decline in mortality in the short-term and are recommended as a gold standard model for risk stratification in CABG[8,11-15]. It is necessary to identify new variables capable of improving and better predict short-term results in myocardial revascularization surgery. In this context, the role of preoperative serum BNP concentration as a risk stratification instrument in cardiac surgery has been investigated and further studies are needed to determine the actual clinical usefulness of BNP in relation to already validated risk stratification systems[16,17].

  In our study, preoperative serum BNP concentration greater than 150 pg/mL was an independent predictor of mortality with the hazard ratio (HR) function equal to 3.96 (P=0.006, 95% CI 1.50 - 10.50) and a significant reduction in the probability of survival in 30 days. In patients undergoing OPCABG, the use of preoperative serum BNP concentration had already been evaluated as a predictor of adverse clinical events. Bernstein et al.[18] previously demonstrated that the preoperative serum concentration of high BNP was associated with a higher incidence of postoperative atrial fibrillation and longer hospital stay. In a study by Cuthbertson et al.[19], a higher preoperative concentration of BNP was a predictor of greater need for hemodynamic support and longer time in the intensive care unit. However, in a study by Chen et al.[20], the preoperative serum BNP concentration has not presented a significant association with the length of hospital stay and rehospitalization after elective CABG.

  Regarding all-cause surgical mortality, our group found significant preliminary results in a group of patients underwent cardiac valve or CABG, demonstrating a significant association between higher preoperative serum BNP concentration and short-term mortality[16,17]. According to these findings, a systematic review by Litton & Ho[21] showed a correlation between the preoperative serum BNP concentration and mortality, however due to the slightly relevant accuracy, the authors recommended in their study the clinical use of Judiciously.

  Few studies specifically evaluated the preoperative BNP concentration in relation to mortality after OPCABG. In a study by Fox et al.[22], the peak perioperative serum BNP concentration (preoperative up to the fifth postoperative day) was independently correlated with the combined outcome of hospitalization or death from heart failure in 5 years of follow-up. This study warned the need for clinical studies to evaluate whether a medical therapy focused on reducing the perioperative concentration of BNP would be able to reduce events after OPCABG.

  At the present time, our study is original when it was designed methodologically with the specific purpose of evaluating the preoperative serum concentration of BNP and the short-term mortality after OPCABG, adding information to the scarce literature on the subject. An important prognostic function of this hormone in myocardial revascularization surgeries was shown. From the pathophysiological point of view, it is implicit that higher levels of BNP correlate with greater ventricular parietal tension, myocardial ischemia and its secretion and mechanism of action have a cardioprotective effect in the attempt to promote systemic and coronary arterial vasodilation, as well as venodilation with reduction of pre and post loading and improvement of cardiac index[9,23].

  The relevance of the topic is evident, since the natriuretic system is currently the focus of great therapeutic perspective in cardiovascular medicine. Although metanalysis still shows uncertainties regarding the use of BNP to guide treatment in patients with HF, the emergence of drugs (LCZ 696) acting directly on the enzyme system (neprilysin inhibitors) responsible for the degradation of BNP demonstrated a significant reduction in cardiovascular mortality in patients with heart failure and its clinical use is already authorized by regulatory agencies in some countries[24,25].

  Our group believes that the high preoperative serum BNP concentration characterizes a group of patients with a higher risk of death in myocardial revascularization surgeries and that new therapies guided by the level of BNP and drugs acting on its metabolic pathway may come to collaborate for a possible additional reduction of mortality after this surgical procedure.

  A limitation of our study consists of a relatively small number of patients followed up, however, it can still be considered one of the largest studies among those related on the subject in the literature.

   

  CONCLUSION

  The preoperative serum concentration of BNP is a strong independent predictor of all-cause mortality during the 30-day postoperative period in patients undergoing OPCABG.
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    ABSTRACT

    INTRODUCTION: Extracorporeal membrane oxygenation (ECMO) has become a standard technique over the past few decades in intensive care unit (ICU).

    OBJECTIVE: A review of pediatric patients who received ECMO support in the pediatric cardiac ICU was conducted to determine the incidence, risk factors and causal organisms related to acquired infections and assess the survival rates of ECMO patients with nosocomial infections.

    METHODS: Sixty-six patients who received ECMO support in the pediatric cardiac ICU between January 2011 and June 2014 were included in the study. Demographic, echocardiographic, hemodynamic features and surgical procedures were reviewed.

    RESULTS: Sixty-six patients received a total of 292.5 days of venoarterial ECMO support. Sixty were postoperative patients. Forty-five patients were weaned from ECMO support with an ECMO survival rate of 68.2%. The rate of infection was 116.2/1000 ECMO days. Prolonged ICU stay, duration of ventilation and ECMO were found associated with development of nosocomial infection and only the duration of ECMO was an independent risk factor for nosocomial infections in ECMO patients.

    CONCLUSION: The correction of the underlying process leading to ECMO support and shortening the length of ECMO duration together with stricter application of ECMO indications would improve the infection incidence and hospital surveillance of the patient group.

    Keywords: Extracorporeal Membrane Oxygenation; Cross Infection; Child.

  

   

   

  INTRODUCTION

  The use of extracorporeal membrane oxygenation (ECMO) has become a standard technique to provide temporary respiratory and cardiovascular support to pediatric and adult patients over the past few decades[1]. Despite the efficacy, significant associated risks including infections are present[2]. The cannulation of major vessels provides entry for infectious agents along with additional invasive devices such as urinary catheters, endotracheal tubes, dialysis and central venous catheters, which further increase the risk of nosocomial infection in patients on ECMO[3,4].

  ECMO support has been used in our pediatric cardiology and cardiovascular intensive care unit (ICU) and the patient records who have received ECMO were retrospectively collected. This study aims to determine the incidence, risk factors and causal organisms related to acquired infections in pediatric patients who received ECMO and assess the survival rates of ECMO patients with nosocomial infections.

   

  METHODS

  The study was a retrospective cohort study and approved by the Institutional Review Board. Written consent was taken from the parents.

  Sixty-six patients who received ECMO support in the pediatric cardiac ICU at the Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Center between January 2011 and June 2014 were included in this retrospective study. The medical records were retrospectively reviewed from database of the hospital and incomplete data was fulfilled from individual chart review; age, sex, underlying medical condition, length of stay in the pediatric ICU, length of hospitalization, duration of ventilation, indication for ECMO support, duration of ECMO support, duration of post ECMO ventilation, empiric antibiotics within first 24 hours of ECMO, ECMO-related infections, type of infection and causative agents, pH, C-reactive protein (CRP), blood urea nitrogen (BUN), lactate before ECMO support, and final outcome were recorded. During the study period, there was no defined protocol for antibiotic prophylaxis for ECMO in our clinic.

  A hospital-acquired infection was defined as an infection that was not present, nor an extension of an infection present, on admission to the hospital. All hospital-acquired infections including blood stream infections (BSI), respiratory tract infection (RTI), urinary tract infection (UTI) and sternal wound infections (SWI) of the patients were recorded and Centers for Disease Control and Prevention (CDC) criteria were used as standard definitions for ECMO related hospital-acquired infections[5]. Nosocomial infections that occurred 24 h after initiation and 48 h after discontinuation of ECMO were defined as ECMO-related nosocomial infections[6]. The percentage of patients who survived after ECMO discontinuation to the total number of patients who received ECMO was defined as the ECMO survival rate, and the percentage of patients who survived to discharge from hospital to the total number of patients who received ECMO was defined as the overall survival rate[6].

  All patients were intubated before ECMO. Since our patient population was mainly postoperative cardiac patients, they all underwent venoarterial (VA) cannulation. DLP (Medtronic®, Inc., Minneapolis, MN, USA) arterial and venous ECMO cannula were used for ECMO cannulation for all patients.

  A central venous line and a nasogastric tube were placed before ECMO was initiated. Medos Deltastream® System has been in use for ECMO support in our ICU unit and after November 2012, Medos Deltastream® DC system with DP2 pump head (MedosAG, Stolberg, Germany) was switched to the Medos Deltastream® MDC system with DP3 pump head (MedosAG, Stolberg, Germany). Continuous intravenous heparin infusion was started and titrated at a dosage adequate to keep activated clotting time (ACT) around 180-200 sec and activated partial thromboplastin time (aPTT) in a range of 60-80 sec. The ECMO pump flow started at a rate of 100 ml/kg/min but higher flow of 150-200 ml/kg/min was preferred in patients with single ventricle and after shunt operations with sternotomy. The flow rate was set again after the correction of end-organ perfusion, lactic acidosis, arterial blood gases and an increase in systemic venous oxygen saturation was established. Urine cultures were obtained weekly and when clinically indicated. Patients were removed from ECMO when their cardiac or pulmonary status improved or they were decannulated because of irreversible disease as severe neurologic injury[4].

  Statistical Analysis

  All analyses were performed using SPSS 15.0 for Windows (SPSS, Chicago, IL, USA). The statistical significance of continuous variables was determined using nonparametric tests (the Mann-Whitney U-test), and categorical variables were analyzed with Fisher's exact test. A value of P<0.05 was considered statistically significant. The median (maximum-minimum) of the variables was reported. After univariate analysis with selected variables, a logistic regression model was used for multivariate analysis to determine the independent predictive factors of ECMO-related infections.

   

  RESULTS

  A total of 66 patients received a total of 292.5 days of VA-ECMO support in the pediatric cardiac ICU. Sixty were postoperative patients, and six patients were internalized by different indications. The Risk-Adjusted Congenital Heart Surgery (RACHS-1) category of the operated patients were median 3 (range 2-6) whereas the O`Brian classification of the operated patients were median 3 (range 1-5). Twenty-five patients were newborns (37.8%), 37 were infants (56%), three were children older than two years of age (4.5%) and one was an adolescent (1.5%). The indications for ECMO were cardiac arrest in 21 patients, hypotension resistant to medication in 36 patients, failure to be separated from cardiopulmonary bypass in four patients, pulmonary hypertensive crisis in two patients, and other in three patients.

  Forty-five patients were weaned from ECMO support with an ECMO survival rate of 68.2%. The overall survival rate was 33.3%. All but two deaths occurred more than 48 h after separation from ECMO (Table 1).
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  A total of 28 patients out of the 66 patients experienced 34 infectious episodes during ECMO support. Culture-positive infections were detected at a single site in 22 patients, and multiple sites in six patients. There were 13 (37.2%) BSI, 10 (29.4%) RTI, 9 (25.7%) UTI, and 2 SWI (5.7%) (Table 2). The nosocomial infection rate was 116.2/1000 ECMO days.
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  Empiric cefazolin treatment was started in 41 patients and ampicillin-cefotaxime therapy in 14 patients. Ten patients received different combinations of antibiotics due to infections reported before ECMO support (four patients received vancomycin and meropenem, two patients received vancomycin and ceftriaxone, two patients received ceftriaxone, and two patients received sulbactam-ampicillin). One patient received no antibiotics before ECMO support.

  Gram-negative bacteria accounted for 44.1% (15/34), Gram-positive bacteria for 26.5% (9/34), and Candida 29.4% (10/34) of the total culture-positive pathogens. Candida was the most common isolate (29.4%; 10/34) in the ECMO patient population followed by species of Coagulase-negative Staphylococci (17.6%; 6/34), Klebsiella (14.7%; 5/34), Pseudomonas (8.8%; 3/34), Acinetobacter (8.8%; 3/34), Stenotrophomonas maltophilia (5.9%; 2/34), Staphylococcus aureus (2.9%; 1/34), Micrococcus (2.9%; 1/34), Corynebacterium bovis (2.9%; 1/34), Enterobacter cloaca (2.9%; 1/34), and Escherichia coli (2.9% (1/34). The subspecies were Candida Albicans in eight patients and Candida Parapsilosis in the remaining two patients.

  ECMO cannulations were performed through the chest in 60 patients, from the neck in four patients, and from the neck and groin in two patients. No statistically significant difference was found between the cannulation sites as means of infection (P=0.925) (Figure 1).
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  The chest was left open in 61 patients, the skin was closed with silastic patch or primarily in 37 and 24 patients, respectively. Culture-positive infections were observed in 14 of the 24 skin primarily-closed patients (58.3%), but only in 11 of 37 skin patchclosed patients (29.7%). The results of ECMO patients who had skin patch-closed and primarily closed were demonstrated in Table 3. The age and infection rates of the skin patch-closed patients were found significantly lower although the risk categories were significantly higher; the ECMO and mechanical ventilation durations and ICU stay were significantly prolonged in skin primarily-closed patients (P< 0.05).
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  Forty patients were re-operated for bleeding at least once and had been supported by excessive blood products during ECMO where 19 (47.5%) of them had culture-positive infections. In terms of infectious outcomes, no statistically significant difference of culture positivity rates was found between the patients with high rate of bleeding and others (P=0.322).

  In comparison with Medos Deltastream® DP2 and DP3 systems (25 patient vs. 41 patients) in terms of infectious outcomes, no statistically significant difference of culture positivity rates was found (32%, DP2 vs. 41%, DP3, P>0.05).

  When the infected and non-infected patient groups were compared in univariate analysis, prolonged ICU stay, duration of ventilation, and duration of ECMO were associated with the development of nosocomial infection in patients who received ECMO support (P=0.045, P=0.030, P=0.040, respectively). However, multivariate logistic regression analysis revealed that only the duration of ECMO was an independent risk factor for nosocomial infections in patients who received ECMO support (odds ratio:1.318; 95% CI: 1.066-1.63; P=0.011). The ratio of patients who were successfully weaned and discharged were not different between infected and uninfected patients (P=0.424, P=0.435; respectively).

   

  DISCUSSION

  In this study, the characteristics and frequency of nosocomial infections associated with ECMO support in pediatric cardiac patients were described, who are mostly postoperative in a government hospital with a high surgical volume in a developing country.

  ECMO has been increasingly used in postoperative pediatric cardiac patients who have inability to wean from cardiopulmonary bypass and have certain risk factors such as infection/sepsis, bleeding, neurologic sequela, etc. The reported rate of infection in these patients varies between 3.5% and 45% in the literature, which might be due to different study designs[3-8].

  In 2010, Extracorporeal Life Support Organization (ELSO)[9] reported that 18.7% of all pediatric respiratory ECMO cases were complicated by culture-proven infections whereas in 2011 ELSO Task Force on Infections and ECMO[2] reported a prevalence of 13.7% and a rate of 20.7/1000 ECMO days for culture-proven infections acquired during ECMO in the pediatric cardiac patient population.

  Around 42% (28/66) of our patients experienced at least one nosocomial infection during ECMO support with a nosocomial infection rate of 116.2/1000 ECMO days. As emphasized in many studies[3,4,10], the ECMO population in pre/postoperative cardiac failure or arrest, such as the patient population in our study, are among the most critically ill patients.

  These patients were also exposed to invasive procedures before and during ECMO, and thus, broad-spectrum antibiotics were frequently prescribed. In addition, the patients required prolonged use of endotracheal intubation tubes, central venous lines, urinary catheters along with the deleterious effects of cardiac surgery. Moreover, entry into the ECMO circuit for laboratory evaluations or for intravascular infusions increases the entry of colonized organisms in the bloodstream, which contributes to the high rate of infections in these patients. The reported decrease in the number and function of white blood cells in ECMO patients with an altered immune response after cardiopulmonary bypass might also add to the increased susceptibility to infections[11-14].

  Prolonged ECMO support, ECMO support for cardiac disease in particular apart from other reasons for ECMO, and requiring ECMO support with an open chest were reported as risk factors for the development of infection and especially closed versus open chest was reported to be protective in cardiac patients[3,4,7].

  Since nearly all of our patients required ECMO with an open chest, we started to close the skin primarily of these patients during ECMO support in our clinic. However, when we evaluated the culture-positive infection difference between the skin-primarily closed and patch-closed patients, we found that the culture-positive infection rates were not lower in the skin primarily-closed group as expected. Higher operative risk categories and early death rates of skin patch-closed ECMO patients (73% of skin patch-closed vs. 54% of the skin primarilyclosed patients died) might lead to underestimation of the diagnosis of infection in these patients. Besides prolonged ICU, mechanical ventilation and ECMO durations along with although not significant higher revision rates in skin primarilyclosed patients might cause infection rates higher than reported rates previously. Finally as not only BSI or mediastinitis but allcause infection rates of ECMO patients were demonstrated here, it would not be wise to explain infection of other sites only with the type of skin closure.

  A longer duration of post-ECMO ventilation support in patients with culture-proven infection is another finding in our study in accordance with Bizarro et al.[2] and Meyer et al.[15] which was also reported to be a predictor for mortality for patients on ECMO support[16].

  Various reports have demonstrated different microorganisms cultured from patients on ECMO support[17,18]. Coagulase-negative Staphylococci, Candida spp., Pseudomonas Aeruginosa were three of the reported microorganisms responsible for the majority of positive cultures obtained from patients on ECMO support in the ELSO registry[2], and Candida spp. was the most common cause in pediatric and adult age groups and the second most common agent in neonates.

  Candida spp., Coagulase-negative Staphylococci, Klebsiella, and Pseudomonas were the most common isolates in our study. Candida species reported to be responsible for the majority of cases in pediatric ECMO patients were the most common isolated agent in our study in accordance with most studies[2,4]. The high prevalence of fungemia in ECMO patients might be due to the high severity of illness and longstanding use of wide-spectrum antibiotics before and during ECMO support[19]. Urinary tract infections due to Candida should be noted as an important part of nosocomial infections on ECMO support that has been demonstrated by other authors and highlighted in this study[2,4,6,20]. Candida spp. should be considered during an antimicrobial regimen selection when an infection is suspected in a patient on ECMO support.

  A web-based survey[21] of ELSO responses from 132 ELSO centers demonstrated that most centers administer antibiotic prophylaxis (mostly antibacterial) and almost half have a standardized protocol. Our institution does not have a standardized protocol for antibiotic prophylaxis, and our high infection prevalence might be partly due to being a new center with limited but increasing experience and a lack of standardized protocols.

  In the pediatric population, ECMO has been widely used after cardiac surgery with an overall reported survival rate of 40-50% in different studies[22-26]. Although our ECMO survival was 68.2%, which is within the range reported by other studies[27,28], the overall survival rate was 33.3%. The overall survival rate improved when the ECMO patients were evaluated in the means of years. The 24% overall survival in 2011-2012 increased to 39% in 20132014 following the switch to the DP3 system from the DP2 system after November 2012. Although improved, our overall survival rate was still lower than other reported rates[29]. No improvement in the culture positivity rates of ECMO patients was found between DP2 and DP3 systems. Several predictors of mortality were inconsistently identified from different studies, including cardiac arrest before ECMO, length of mechanical ventilation, infection/sepsis on ECMO, and duration of ECMO exceeding 8-10 days[8,16,24,25,30]. Besides in a study of 56 ECMO patients with congenital heart disease from Brazil, Miana et al.[31] reported that after the ECMO program implementation with investment in training and equipment increased the probability of postcardiotomy ECMO weaning and survival. This low overall survival rate in our study might be due to induction of ECMO support for extended e-CPR or irreversible cardiac failure especially in the beginning period of ECMO support at our institution in 20112012 and partly due to factors such as infection on ECMO and increased length of mechanical ventilation.

  Limitation

  This study has some limitations. Firstly, it was limited by its retrospective nature, data were collected by chart review and some laboratory data such as lactate or CRP levels were not available for the entire cohort. Secondly, our center is a tertiary cardiac center with a wide referral base for complex cardiac surgeries and the evaluation of patients were from a single center.

   

  CONCLUSION

  In conclusion, ECMO is a life-saving modality in perioperative cardiac patients who have already increased risk for nosocomial infections. As a result, the only independent factor associated with nosocomial infection was prolonged ECMO support and although it was reported vice versa, the type of closure of skin did not have a substantial protective effect for infection in cardiac ECMO patients alone. The correction of the underlying process leading to ECMO support and shortening the length of ECMO duration together with stricter application of ECMO indications would be the best to prevent nosocomial infection in ECMO patients.
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    ABSTRACT

    INTRODUCTION: Few reports in the world have shown a differential effect of hypothyroidism in relation to morbidity and mortality following cardiac surgery.

    OBJECTIVE: To determine the association between preoperative hypothyroidism, composite and disaggregated outcomes of mortality and complications in patients undergoing first-time isolated myocardial revascularization surgery.

    METHODS: Historical cohort of patients undergoing myocardial revascularization between January 2008 and December 2014, with 626 patients included for evaluation of the composite and disaggregated outcomes of in-hospital mortality and complications (atrial fibrillation, surgical site infection and reoperation due to bleeding). A logistic regression model was used to determine the association between hypothyroidism and the onset of those outcomes.

    RESULTS: Cohort of 1696 eligible patients for the study, with 1.8 mortality. Median age, female gender and prevalence of arterial hypertension were all significantly higher among hypothyroid patients. No differences were found in other preoperative or intraoperative characteristics. Hypothyroidism was associated with the presence of the composite outcome, RR 1.6 (1.04-2.4) and atrial fibrillation 1.9 (1.05-3.8). No association with mortality, infections or reoperation due to bleeding was found.

    CONCLUSION: Hypothyroidism is a disease that affects females predominantly and does not determine the presence of other comorbidities. Hypothyroidism is a risk factor for the onset of postoperative fibrillation in patients undergoing myocardial revascularization surgery. Postoperative care protocols focused on the prevention of these complications in this type of patients must be instituted.

    Keywords: Coronary Artery Bypass; Atrial Fibrillation; Hormones; Hypothyroidism.

  

   
  
   

  INTRODUCTION

  According to the World Health Organization (WHO), cardiovascular disease accounts for 46% of deaths from noncommunicable diseases in the world, which means that 7.4 million people die of a coronary event[1].

  In Colombia, according to the National Health Institute, 56.3% of deaths in the cardiovascular disease group were due to coronary heart disease, this figure being higher that the cumulative figure reported by the WHO[2].

  However, the biggest concern for governments and healthcare services relates to the millions of people who survive a coronary event and who are in need of specific treatment for the disease, secondary prevention, and rehabilitation[1].

  Multiple factors have been described, including genetics, the environment, life style and even geography as influencing coronary artery disease[1]. The disease consists of atheroma plaques that line the length and bifurcations of the proximal and distal branches of coronary circulation. This creates an imbalance in oxygen supply which results in a process of ischemia, injury and, finally, infarction and death of the myocardial fibres when sufficient oxygen supply cannot be restored[3].

  One of the interventions for treating coronary heart disease is coronary artery bypass surgery (CABG)[4]. This operation has been shown to produce excellent results in terms of mortality, with a 10-year survival of 80%, making it a safe procedure[5].

  Although this operation - performed with growing frequency due to the logarithmic increase in the number of cases of coronary heart disease - has been shown to be safe, the frequency of complications may be as high as 13%, meaning that 13 out of 100 patients undergoing this procedure may experience at least one complication postoperatively[4].

  Multiple patient-related and/or procedure-related factors have been reported in the literature as affecting the onset of complications and mortality during the postoperative period[4,5].

  Moreover, differences have been shown between patients with and without metabolic diseases in terms of mortality and complications following CABG, with an association between the presence of those diseases and a higher frequency of complications[6].

  One of the patient-related factors is the presence of hypothyroidism before CABG. Although the association between the presence of coronary heart disease and thyroid dysfunction is well known, it is not clear yet whether that dysfunction may have an impact postoperatively[6].

  Although figures on the hypothyroid population are not well known, there are reports showing a higher frequency of coronary heart disease in patients with metabolic diseases such as diabetes mellitus and hypothyroidism[6,7].

  No studies has yet been published in Colombia or Latin America about the impact of hypothyroidism on surgical procedures. There are only a few reports in other cardiac surgery centres in the world showing the same differential impact of hypothyroidism in terms of mortality and morbidity following cardiac surgery[6-10].

  The objective of this study was to determine the association between a preoperative diagnosis of hypothyroidism and the presence of the composite and disaggregated outcome of mortality and complications (atrial fibrillation, surgical site infection, reoperation due to bleeding) in patients undergoing first-time myocardial revascularization.

   

  METHODS

  Study Design and Population

  Retrospective cohort study of patients undergoing firsttime isolated CABG. Exposed patients were those who met at least one of the following criteria: a) a history of pre-operative hypothyroidism, b) a diagnosis made during the preoperative clinical history, c) a quantitative elevation of the thyroid stimulating hormone (TSH) found up to seven days before the surgical procedure. Non-exposed patients were those who did not meet any of the three criteria listed above. The end-points of the study were: composite and disaggregated outcome of inhospital mortality and complications (atrial fibrillation, surgical site infection and reoperation due to bleeding).

  Eligibility criteria: Exclusion criteria were patients taken to emergent surgery; patients who had died in the operating room or within the first 24 hours after surgery; patients with hybrid surgery and/or minimally invasive surgery.

  Sample Size and Sampling

  Sample size was estimated using the Sample Size software version 1.1 and using the arcsine method for estimating two proportions for cohort studies with the following parameters: Type I error, 0.05; Type II error, 0.2; group-control proportion, 0.12; rate of assignment between the groups, 1:1; type of estimation, 2 tails; parameter for the exposed group, relative risk 2; total number of patients in the exposed group, 314; total number of patients in the non-exposed group, 314. The systematic nonprobabilistic sampling of all the patients undergoing CABG at the cardiovascular surgery service between January 2008 and December 2014 was designed to identify exposed patients. A random sampling was used for non-exposed patients, using the order of the date of surgery as the systematic criterion during the same study period.

  Statistical Analysis

  A data audit was conducted in order to look for outliers, missing values, mismatches or error data. The audit was based on a random selection of 10% of the total number of patients included, and each of the variables was verified against the clinical record. The overall audit error was 0.7%, resulting in the approval of the information.

  A univariate exploratory data analysis was conducted as follows: after using the Shapiro-Wilk test to verify distribution type, quantitative variables were expressed as the mean plus standard deviation for variables with normal distribution, and as median plus inter-quartile range for variables without a normal distribution. Qualitative variables were expressed in absolute and relative frequencies. A comparative analysis of the exposed group (hypothyroid patients) versus the non-exposed group (non-hypothyroid patients) was conducted in order to look for differences among preoperative, intraoperative and postoperative variables.

  Quantitative variables with normal distribution were compared using Student's T test, and variables with a non-parametric distribution were compared using the Mann - Whitney test. Qualitative variables were compared using the Chi square test.

  A bivariate analysis was performed to determine individual variable association with the composite and disaggregated outcome of in-hospital deaths and complications (atrial fibrillation, surgical site infection and reoperation due to bleeding). Independent variables were entered in the logistic regression model when the P value was lower than 0.2 at that point of the analysis. A logistic regression model was applied to determine the association between hypothyroidism and the outcomes, adjusted for preoperative and intraoperative variables.

  An evaluation of the confounding variables of sex, age and use of cardiopulmonary bypass circulation (CPB) was performed. No significant or clinically relevant interactions were observed. The stepwise strategy was used, starting with the complete model. Regression diagnoses were performed and the quality of the model was evaluated once each variable was eliminated, using the R2, Akaike and Bayesian criteria, and ending with the Hosmer and Lemeshow test.

  The results of the associations were expressed in relative risks with their respective 95% confidence intervals. The statistical tests were considered significant, with a P value of less than 0.05. The analyses were carried out using the STAT 13.0 software package.

  Ethical Considerations

  The study was conducted in accordance with the principles set forth in the 18th World Medical Assembly (Helsinki, 1964) and its subsequent amendments, and with Resolution 8430 of 1993 of the Colombian Ministry of Health. According to Article 11 of the latter regulation, this research was considered free of risk. Respect for the dignity of the individuals and protection of the patient's privacy and confidentiality rights prevailed throughout the different phases of the study.

  The study protocol was reviewed and approved by the Research Committee and by the Ethics Committee of Fundacion Cardioinfantil - Instituto de Cardiología. The research was conducted by professionals in training under the supervision of competent professionals with knowledge and experience to ensure the privacy and quality of patient information. The information was used purely for academic purposes and the confidentiality will be preserved.

   

  RESULTS

  During the study period, 2049 first-time isolated myocardial revascularization procedures were performed at Fundación Cardioinfantil - Instituto de Cardiología. Inclusion and exclusion criteria were applied for the selection of the patients of the exposed group (hypothyroid) and the non-exposed group (non-hypothyroid). Figure 1 shows the sampling flow-chart, and the patients who were included in the analysis.
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  The overall prevalence of hypothyroidism in the general cohort from which the study patients were selected was 15.9% (n=313). The general characteristics of the population are described below, stratified according to the presence of hypothyroidism, as shown in Table 1.
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  The analysis of the general population revealed a cohort of young patients with a high proportion of hypertension, diabetes and dyslipidemia as common factors in the pathophysiology of cardiovascular disease, as well as a high proportion of myocardial infarction as the presenting symptom.

  In the hypothyroid group, the mean age of the patients was higher, with a greater proportion of women and hypertensive patients than in the non-exposed group, and these differences were statistically significant. Regarding the other variables, although there was a trend towards increased frequency among hypothyroid patients, the difference was not statistically significant. Intraoperative characteristics were similar in the two groups, as shown in Table 2.
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  Statistically significant differences in the proportion of the composite outcome and the proportion of the atrial fibrillation outcome could be noted, which were higher in the group of hypothyroid patients, as shown in Table 3.
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  Mortality in the original cohort of patients was 1.8% (37/1969), and in-hospital mortality and surgical site infection, although more frequent in hypothyroid patients, did not show a statistically significant difference.

   Table 4 describes the final model that confirms hypothyroidism as a risk factor for the presence of the composite outcome and postoperative atrial fibrillation adjusted for covariables. The variables explain the outcomes by more than 80% according to the R2 analysis, and the result of the proof of adequacy of the adjustment hypothesis was not significant, suggesting that the model adjusts adequately.
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  DISCUSSION

  Aging of the world population and the associated burden of disease create an opportunity to generate new knowledge designed to comprehend and attempt to reduce the burden of the disease, in this case of chronic non-communicable diseases.

  The assessment and understanding of the comorbidities of the aging population affected by cardiovascular events are the basis for planning primary and secondary prevention strategies, improving patient care and rehabilitation, and ensuring that medical, interventional and/or surgical treatments yield the maximum expected benefits[11].

  This study evaluated the impact of preoperative hypothyroidism on the outcomes of CABG in terms of mortality and morbidity. The objective was to determine whether the presence of this metabolic comorbidity increased the occurrence of death and complications, as has been observed in patients with metabolic syndrome and diabetes[12-14].

  The patients in the study were similar to those reported in the American registries of the Society of Thoracic Surgeons (STS) and in European, Asian and Japanese studies, with similar ages and prevalence of comorbidities such as hypertension, diabetes and dyslipidemia[15-18].

  The overall prevalence of hypothyroidism in this study was higher than that reported by Zindrou et al.[7] and Park et al.[8] at a range between 0.5-11%, adjusted by sex. This may be explained on the basis of the preoperative assessment protocols, because the use of a systematic assessment may improve detection and diagnosis of patients with hypothyroidism, as is the case in our own institution.

  Hypothyroid patients were older than the controls and there were more women with this diagnosis. These findings are similar to those reported by Zindrou et al.[7], Park et al.[8], and Ning et al.[19], and they may be associated with the fact that this metabolic disease is more frequent in females and, moreover, the onset of coronary heart disease tends to occur later in women due to the protective effect of oestrogens[7,8,19].

  No important differences was found in terms of other comorbidities between hypothyroid and non-hypothyroid patients. As suggested by Zindrou et al.[7] and Park et al.[8], this metabolic disease does not determine the onset of other diseases, unlike what has been observed in diabetes and heart failure[12,13,20].

  No differences was found either in terms of the surgical characteristics between the groups, showing that the technical conditions of the procedure were not impacted by the presence of this diagnosis in this cohort of patients. The results of the operative characteristics are comparable to those reported in American series[11,15].

  The mortality observed in the original cohort of the patients selected for study, and the mortality in hypothyroid patients is similar to the mortality reported in the STS and the European registries[15,16].

  Although mortality in hypothyroid patients is higher than in non-exposed patients, it is not significantly different from that observed by Park et al.[8]. However, it is in contrast to what has been observed for other cardiovascular procedures[20-22].

  The incidence of complications such as atrial fibrillation, reoperation due to bleeding and surgical site infection in the cohort is similar to what has been reported in American and European series[15,16]. There was a difference between the groups only for the postoperative atrial fibrillation outcome, but this finding has not been observed in prior studies[20,22].

  This study showed a risk association between hypothyroidism and the onset of atrial fibrillation as comorbidity-adjusted independent factor. Comorbidities affecting the association between hypothyroidism and the presence of the composite outcome and atrial fibrillation were age over 61 years for both outcomes, and bypass circulation time greater than 123 minutes for atrial fibrillation.

  The strengths of this study are the fact that it was conducted in an institution with national and international quality accreditation, with an average volume of 400 cardiac surgeries per year, by a surgical team that has remained stable during this time period; an institutional prospective and systematic collection database for all the patients in the study; and similar mortality outcomes as those reported in the literature. All of these factors result in less variability of care, safety of the procedures, and quality of the information[23,24].

  The limitations of the study, derived from its retrospective nature, were controlled by the selection of a cohort coming from a prospective data collection with the same operationalization protocol for the variables of all the patients; outcome stratification in accordance with clinical and subclinical hypothyroidism which requires an ad hoc study that will be conducted once the sample size is completed for the stratified outcomes; the assessment of other factors that could impact the magnitude of the association of hypothyroidism; and the assessment of other outcomes.

   

  CONCLUSION

  Hypothyroid patients taken to myocardial revascularization surgery are older and have a higher prevalence of arterial hypertension than the non-hypothyroid population.

  Hypothyroidism is a disease that affects females predominantly but is not a determining factor for the presence of other comorbidities apart from the ones mentioned above.

  Mortality in patients undergoing myocardial revascularization surgery in this institution is comparable to that observed in American and European series.

  Hypothyroidism is an independent, comorbidity-adjusted risk factor for the onset of postoperative atrial fibrillation in patients undergoing myocardial revascularization.

  In this study, hypothyroidism was not a factor associated with the occurrence of mortality, surgical site infection or reoperation due to bleeding.

  Further studies are needed to evaluate the long-term impact of this comorbidity in patients undergoing myocardial revascularization in order to determine whether it affects the survival of the procedure.
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    ABSTRACT

    OBJECTIVE: To assess the clinical value of four models for the prediction of cardiac surgery-associated acute kidney injury (CSA-AKI) and severe AKI which renal replacement therapy was needed (RRT-AKI) in Chinese patients. 

    METHODS: 1587 patients who underwent cardiac surgery in the department of cardiac surgery in the Zhongshan Hospital, Fudan University, between January 2013 and December 2013 were enrolled in this research. Evaluating the predicting value for cardiac surgery-associated AKI (AKICS score) and RRT-AKI (Cleveland score, SRI and Mehta score) by Hosmer-Lemeshow goodness-of-fit test for the calibration and area under receiver operating characteristic curve (AUROC) for the discrimination. 

    RESULTS: Based on 2012 KDIGO (Kidney Disease: Improving Global Outcomes) AKI definition, the incidence of AKI and RRT-AKI was 37.4% (594/1587) and 1.1% (18/1587), respectively. The mortality of AKI and RRT-AKI was 6.1% (36/594) and 66.7% (12/18), respectively, while the total mortality was 2.8% (44/1587). The discrimination (AUROC=0.610) for the prediction of CSA-AKI of AKICS was low, while the calibration (x2=7.55, P=0.109) was fair. For the prediction of RRT-AKI, the discrimination of Cleveland score (AUROC=0.684), Mehta score (AUROC=0.708) and SRI (AUROC=0.622) were not good; while the calibration of them were fair (Cleveland score x2=1.918, P=0.166; Mehta score x2=9.209, P=0.238; SRI x2=2.976, P=0.271). 

    CONCLUSION: In our single-center study, based upon valve surgery dominant and less diabetes mellitus patients, according to KDIGO AKI definition, the predictive value of the four models, combining discrimination and calibration, for respective primary event, were not convincible. 

    Keywords: Acute Kidney Injury; Cardiac Surgical Procedures; Risk Assessment; Renal Replacement Therapy; Validation Studies.

  

   

   

  INTRODUCTION

  With the technique of cardiac surgery booming in the big developing countries like China, Brazil and India, more and more complex procedures can be performed. Meanwhile, the following complications of surgery may emerge as well, which will be a huge burden of national health cost[1]. Acute kidney injury (AKI) is one of these common complications after cardiac surgery with reported incidences over 30% while mortality increased fourfold and even slight renal function changes were reported to influence short- and long-term survival rates after cardiac surgery[2,3]. Since early identifying the patients who are at high risk of developing into cardiac surgery associated acute kidney injury (CSA-AKI) may improve prognosis, in the last two decades various predictive models have been developed to forecast CSA-AKI or renal replacement therapy (RRT)-AKI required after cardiac surgery. Among them, adequate predictive value has been validated in the Caucasians cohorts[4,5] in four risk scores[6-9]. However, with the new 2012 Kidney Disease: Improving Global Outcomes (KDIGO) AKI definition being popularized[10], the predictive value for predicting CSA-AKI, RRT-AKI become doubtful due to the updated definition, with which some "subclinical AKI" can be defined.

  The aim of this study is to validate the predictive value of four predictive scores for their respective outcome in Chinese patients, in which cohort valve surgeries are dominant, and less diabetes[11].

   

  METHODS

  Patients

  In our retrospective study, we included patients at department of cardiac surgery between January 2013 and December 2013, and extracted data from a computerized cardiac surgical database. Patients (aged > 18 years) who underwent cardiac surgical procedures [coronary artery bypass grafting (CABG) alone, mitral or aortic valve surgery alone, or combination of CABG and aortic or mitral valve surgery] with cardiopulmonary bypass (CPB) were enrolled. In addition, according to common exclusion criteria derived from these four scores, patients who were on RRT preoperatively, those who underwent heart transplant or assist device insertion and patients who denied access to their medical records for the purpose of research were also excluded. In order to evaluate predictive value of different models, the prediction scores were calculated and summed as in the original studies[6-9].

  Patients who did not meet the original inclusion criteria for a certain model were excluded from the analysis of that specific model. If there were more than one cardiac surgery procedures performed during the same hospitalization, only the data with the first surgery were considered. All the patients included were followed until discharge or death. The study was approved by the ethical committee of the Zhongshan Hospital and all participants provided written informed consent before inclusion.

  Outcomes

  The four prediction scores analyzed in this study were Cleveland score, Mehta score, SRI and AKICS score. The brief description and characteristics of the scores were shown in Table 1.
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  RRT-AKI, defined with the initiation of dialysis in the postoperative course until the discharge, was the outcome for validation of Cleveland score, Mehta score and SRI. The dialysis was initiated at the consulting nephrologists based on the indication including uremia, acidosis, hyperkalemia or severe fluid overload. CSA-AKI defined with KDIGO guideline was the outcome for validation of AKICS score.

  KDIGO AKI definition:
  
  
    • Increase in serum creatinine (SCr) by ≥ 0.3 mg/dL (≥ 26.5 µmol/L) within 48 hours; or

    • Increase in SCr to ≥ 1.5 times baseline, which is known or presumed to have occurred within the prior 7 days; or

    • Urine volume < 0.5 mL/kg/h for 6 hours.

  
  
  Statistical Analysis

  Statistical analysis was carried out by SPSS statistics for Windows (Version 20.0. Armonk, NY, USA, IBM Corp). Continuous variables were expressed as mean ± standard deviation (SD), and analyzed by unpaired t-tests, with Welch's adjustment when necessary. Non-parametric variables were expressed as median and 25-75 percentiles and analyzed by Mann-Whitney U test.

  Categorical variables were expressed as absolute (n) and relative (%) frequency, and were analyzed by Pearson's 2-test or Fisher's exact test, whenever appropriate. Significant level was considered with P<0.05. Area under receiver operating characteristic curves (AUROC) and Hosmer-Lemeshow goodness-of-fit test were utilized to evaluate discrimination and calibration of every predictive risk score. Statistically, calibration refers to the agreement between observed and predicted risk and Hosmer-Lemeshow P value > 0.05 means good calibration. Discrimination refers to the capacity of separating people with disease from people without disease and the AUROC > 0.80 indicates good discrimination.

   

  RESULTS

  A total of 1609 patients were included in our study. After excluding cases with preoperative RRT (n=4), left ventricular device (n=2), missing data (n=11) and intra-operative and early-post-operative death (< 24h) (n=5), 1587 patients were included to the validation (Table 2). Due to the original exclusion criteria, the cases with emergency surgeries (n=2) were not qualified into the validation of AKICS score.
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  The incidence of AKI was 37.4% (594/1587), while the incidence of RRT-AKI was 1.1% (18/1587) and the mortality of AKI and RRT-AKI were 6.1% (36/594) and 66.7% (12/18), respectively. The total mortality was 2.8% (44/1587). The discrimination (AUC, 95% CI) for both the prediction of CSA-AKI of AKICS (0.610, 95% CI 0.59 to 0.65) (Figure 1) and the prediction of RRT-AKI of Cleveland score (0.684, 95% CI 0.57 to 0.79) and SRI (0.622, 95% CI 0.49 to 0.75) were low, while Mehta score (0.708, 95% CI 0.60 to 0.81) indicated barely fair discrimination (Figure 2). On the other side, calibration of AKICS score (x2=7.55, P=0.109), Cleveland score (x2=1.918, P=0.166), Mehta score (x2=9.209, P=0.238) and SRI (x2=2.976, P=0.271) were fair. Compared to the expected incidence, in our study, AKICS score far underestimated the incidence of AKI, and the other models overestimated the incidence of RRT-AKI slightly (Table 3).

  
    

    [image: Fig. 1. ROC curve for the prediction of CSA-AKI of AKICS score.]

  

  
    

    [image: Fig. 2. ROC curves for the prediction of RRT-AKI of Cleveland score, Mehta score and SRI.]

  

  
    

    [image: Table 3. Comparison between predicted and observed outcomes for each score.]

  

  Although the purpose of the study was to evaluate patients according to the KDIGO criteria, we presented a subanalysis using the AKICS criteria for CSA-AKI.

  CSA-AKI criteria in AKICS study: an increase of SCr levels above than 2.0 mg/dL in patients with baseline SCr lower than 1.5 mg/dL. In patients with baseline creatinine between 1.5 and 3.0 mg/dL, AKI was defined as a creatinine increase of 50% over the baseline value.

  The incidence of CSA-AKI resulted from the AKICS criteria is lower than that from the KDIGO definition (22.8% vs. 37.4%, P<0.001).

   

  DISCUSSION

  As one of the most common complications of cardiac surgery, AKI plays an important role in worsening prognosis. In the past decades, the incidence of CSA-AKI varies between 8.9% and 39%, according to different definition[2,3]. Some revealed reasons for the wide range of incidence are the difference between underlying disease, procedure types, comorbidities, ethics and medical care development in global population.

  Since early prediction in those patients at high risk of developing CSA-AKI may contribute to prevention of complications, in the last two decades various predictive models have been developed to forecast CSA-AKI or RRT-AKI after cardiac surgery. Among those risk scores, adequate predictive power in the method published by Palomba et al.[7], the Cleveland Clinic score[8], the scoring system published by Mehta et al.[6] and the simplified renal index score[9] were validated among Caucasians[4,5]. However, with the developing of AKI academic community, especially the publication of KDIGO guideline and recognition of intraoperative and post-operative risk factors, utilizing these risk scores in population other than Caucasians, and cohorts with more valve surgeries and less diabetes become questionable. With the development of medical technology, the cardiac surgery in developing countries like China is booming. Meanwhile, the complication of surgery and economic burden are also increasing due to relatively low medical technology and management. Compared to the existing score derivation cohorts, the incidence of CSA-AKI is much higher in developing countries like Brazil and China[11-14]. Thus, it is important to identify whether or not these existing scores are good enough to predict respective outcome in patients in developing countries.

  In 2007, Palomba et al.[7] carried out a single-center study to generate a risk score to predict CSA-AKI with a cohort of 603 patients. In that study, the result of internal validation was good with AUROC 0.84, which meant a good predictive power of AKI after cardiac surgery. By that time, the authors had recognized the worse prognosis and long-term CKD evolvement could be resulted from even slightly AKI. They also focused on the intraoperative and early postoperative risk factors contributing to CSA-AKI. This has been proven a promising milestone for subsequent authors to build predictive risk scores. However, the validation in our study is not as good as that. Potential reason may include: (1) The definition of AKI in the primary study was an increase of SCr levels above than 2.0 mg/dL in patients with baseline SCr lower than 1.5 mg/dL. In patients with baseline creatinine between 1.5 and 3.0 mg/dL, AKI was defined as a creatinine increase of 50% over the baseline value. This urine output lacking definition may result in the missing diagnosis of CSA-AKI compared with the KDIGO definition. (2) The Asian population in the primary study is 3.8%, while we know the racial discrepancy may affect the validation result[15].

  As for the three risk scores predicting RRT-AKI, they were generated upon deliberate design and large sample cohorts, Mehta score[6] and SRI score[9] were established with multicenter studies, and their predictive power have been validated sufficient among Caucasian population[4,5]. However, their predictive power in our study were not good enough, and we tried to find the reason. Maybe the following can explain.

  Firstly, the endpoint event of the Cleveland score, Mehta score and SRI is RRT-AKI. Though up till now, whether early RRT is beneficial remains debatable[16], some studies have shown early initiation of RRT can reduce short-term mortality[17]. However, the variability of local practices in when to start RRT may affect the incidence significantly. As is known to all, the key problem of risk scores is their derivation, which is strongly dependent on characteristics of the derivation cohort and the statistical methods[18], especially when the endpoint has a low incidence and is multifactorial. The RRT-AKI incidence in our cohort is 1.1%, slightly lower than that in those three scores (Cleveland 1.7%, Mehta 1.4% and SRI 1.3-2.2%). This may be one of the reasons that result in their insufficient predictive power in our study.

  Secondly, despite of strict similar inclusion or exclusion criteria being utilized, there remained much difference among our cohort and the derivation cohorts. The proportion of valve surgery is much higher in developing countries like China than the previous risk scores developing centers, in which CABG is majority. Compared to CABG, the pathophysiology and pathological impairment are diversified. Patients who undergo valve surgery typically demonstrate low stroke volume related to regurgitation, which increases the vulnerability of the kidney to injury during cardiac surgery. The comorbidities in developing countries like Chinese patients are also different from Western population. In our derivation cohort, the ratio of hypertension and diabetes mellitus is also remarkable, lower than the previous develop population[19].

  Nonetheless, our validation did not make the scores useless. The predictors can be further analyzed with other newly found risk factors[20] or biomarkers so as to establish new brand risk scores[21]. Along with the discovery of intraoperative and postoperative predictors, a dynamic predictive model for CSA-AKI/RRT-AKI based on the KDIGO AKI definition, which might be applied to predict the incidence of CSA-AKI from preoperative to early postoperative periods, shall meet the need. Meanwhile some limitation of our study must be noted, our validation is a single-center study, with relatively lower sample amount.

   

  CONCLUSION

  We carried out this study to validate four risk scores predicting CSA-AKI or RRT-AKI. Although all scores presented good calibration in our cohort, their discrimination were barely satisfactory with an underestimated CSA-AKI incidence by AKICS score and overestimated RRT-AKI incidence by Cleveland score, Mehta score and SRI score. However, the risk factors in the scores can be further analyzed to generate reliable new risk scores.
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    ABSTRACT

    INTRODUCTION: Tissue adhesives can be used as adjacent to sutures to drop or avoid bleeding in cardiovascular operations.

    OBJECTIVE: To verify the efficiency of fibrin and cyanoacrylate adhesive to seal arterial sutures and if the adhesives penetrate through suture line to the inner of arteries.

    METHODS: 20 abdominal aorta segments of pigs were divided into two groups according to the adhesive which would be used as adjacent to the suture. In every arterial segment an arteriotomy was done, followed by a conventional artery closure. Afterwards a colloidal fluid was injected inside the arterial segment with a simultaneous intravascular pressure monitoring up to a fluid leakage through the suture. This procedure was repeated after application of one of the adhesives on the suture in order to check if the bursting pressure increases. The inner aorta segments also were analyzed in order to check if there was intraluminal adhesive penetration.

    RESULTS: In Suture 1 group, the mean arterial pressure sustained by the arterial suture reached 86±5.35 mmHg and after the fibrin adhesive application reached 104±11.96 (P<0.002). In the Suture 2 group, the mean arterial pressure sustained by the suture reached 83±2.67 mmHg and after the cyanoacrylate adhesive application reached 152±14.58 mmHg (P<0.002). Intraluminal adhesive penetration has not been noticed.

    CONCLUSION: There was a significant rise in the bursting pressure when tissue adhesives were used as adjacent to arterial suture, and this rise was higher if the cyanoacrylate adhesive was used. In addition, the adhesives do not penetrate through the suture line into the arteries.

    Keywords: Fibrin; Cyanoacrylates; Tissue Adhesives.

  

   

   

  INTRODUCTION

  Although arterial sutures are widely used in vascular surgeries, they present problems in some cases. These problems occur particularly in patients who are currently using anticoagulants, in those who present coagulopathy, and also in those cases in which vascular prostheses are necessary[1]. In the latter case, there may be bleeding problems in the needle hole. Certainly, tissue adhesives (TA) may be used as sealants to drop or avoid undesirable bleeding which can lead to morbidity and mortality rise. However, there is a range of products and, consequently, the need of an effective evaluation of a likely advantage from the TA use to avoid leakage in sutures is widely recognized[2]. Whenever TA is used as a complement to sutures, the TA should allow a bleeding-free artery closure, as well as through the needle holes. The present study aims to verify, on practical basis, the effectiveness of a biological origin adhesive, as well as a synthetic origin adhesive in sealing arterial sutures. This verification was done by checking the higher intravascular pressure level that can be supported before leakage occurs in the treated site, in order to compare the effectiveness of the two adhesives and to check if the adhesives penetrate in the inner surface of the vessel through the suture site.

   

  METHODS

  The present study has been granted by the local Research Ethics Committee (CEUA-FMJ no. 230/2012). Segments of the abdominal infrarenal aorta were removed from slaughtered adult pigs (around 90 kg) in a slaughterhouse and promptly taken to the Surgical Technique Laboratory. These segments were prepared through adjacent tissue removal (keeping the adventitious layer tied to aorta) and through emergent branches tied with 4-0 cotton suture. One edge of the "Y" polypropylene tube (Compojet Biomédica, BA, Brazil) was firmly tied to the lumen of the aorta through 2-0 cotton suture. The aorta distal segment edge was fully occluded through a vascular clamp. After that, a saline solution at 0.9% NaCl was injected into the aorta segment in order to verify if there was any leakage through branches of the aorta and, in case of leakage, fix it (4-0 cotton suture). Whenever the aorta segments were leakage-free, a 100 mm longitudinal incision with no. 11 scalpel blade was done in each of them; this incision was sutured with a 7-0 polypropylene suture (Prolene® Johnson & Johnson, Sao Jose dos Campos, Brazil) by a trained surgeon with binocular magnification x 2.5 loupes (Heine Optotechnik GmbH & Co KG®, Germany). Then, the aorta segments were considered prepared for the experiment.

  Bursting Pressure Test

  In each prepared segment of the aorta, 6% of hidroethylamin solution (Voluven® Fresenius Kabi, Barueri, Brazil) + 1 ml of 1% methyltioninium chloride (Azul de Metileno ADV®, Sao Paulo, Brazil) were injected through a "Y" catheter; the other end of the catheter was attached to a tensiometer (Missouri, table model, Mikatos Ind. Com., Sao Paulo, Brazil) to verify the intraluminal pressure. The objective of adding hidroethylamin is to make easier the visualization of fluid leakage. In ten aorta segments, the solution was injected slowly until the leakage occurs at the arterial suture site (Suture 1 group). The bursting pressure value was the mmHg pressure in which leakage occurred at the suture site. Then a fibrin patch was placed in the vessel at the suture site (Fibrin group) and, again, the bursting pressure was checked to see if there was any change in mmHg values. Also in another ten prepared segments of the aorta in which the arteriorrhaphy was already done, the solution was injected and the bursting pressure values were registered (Sutured 2 group). Thereafter, a film of cyanoacrylate adhesive was placed in the suture site and a new bursting pressure test was done (Cyanoacrylate group). The results are shown in Figure 1.
  
  
    

    [image: Fig. 1. Results of bursting pressure test: pressure supported up to the moment of leakage occurrence, viewed by an observer with the aid of magnifying glass and proper illumination. Suture 1: aorta closure by suture; Fibrin: aorta closure by suture + fibrin adhesive; Suture 2: aorta closure by suture; Cyanoacrylate: aorta closure by suture + Cyanoacrylate adhesive.]

  
  
  The occasional penetration of adhesive through the suture line into the artery by intervals between the stitches was evaluated by opening the arteries and viewing the inner layer by the surgeon through a 2.5 magnification loupe (Heine Optotechnik GmbH & Co KG®, Germany) and enough illumination.

  Statistical Analysis

  For comparison among bursting pressure test values of Suture 1 group versus Suture 2 group and for Fibrin group versus Cyanoacrylate group, the Wilcoxon test for independent samples was used.

  For comparison among bursting pressure test values of Fibrin group versus Suture 1 groups and among Suture 2 group versus Cyanoacrylate group, the signed-rank test was used.

   

  RESULTS

  Bursting test pressure showed similar values between Suture 1 and Suture 2 groups (86±5.35 versus 83±2.67, P=0.3197).

  In the Fibrin group, the median intraluminal pressure supported only by the suture was 86±5.35 mmHg and after application of the fibrin adhesive, this value reached 104±11.96 mmHg (P=0.002). In the Cyanoacrylate group, the median pressure supported only by the suture was 83±2.67 mmHg and after the application of this adhesive the median pressure reached 152±14.58 mmHg (P=0.0020).

  The joining strength provided by the cyanoacrylate adhesive was significantly superior than that provided by the fibrin adhesive (152±14.58 versus 104±11.96, P<0.0002).

  No trace of penetration of any adhesive within these vessels was found in any segment of the arterial aorta through intervals between stitches of the suture line.

   

  DISCUSSION

  To date, there are no generally accepted rules or specifications for assessing TA performance and, due to this fact, many evaluation models have been proposed[3]. TA effectiveness would be better assessed by whether or not leakage of remaining fluids occurred. This endpoint, which can be easily and quickly checked, is, in most of circumstances, the clinically desirable endpoint[3].

  For this study, an objective evaluation method was chosen, a method that is similar to that already utilized by Myers et al.[4] (to evaluate the effectiveness of suture types) and by Flahiff et al.[5] (to evaluate the effectiveness of the fibrin patch). This method consists of measuring the intraluminal pressure limit, in which the repair in the vessel area is sustained until leakage of intravascular fluid occurs through the suture line (Figure 2).

  
    

    [image: Fig. 2. Details of all procedures. A) Aorta segment showing the 10 mm incision sutured. B) Application of fibrin adhesive over the sutured incision site. C) Application of cyanoacrylate adhesive over the sutured incision site. D) The set up to bursting pressure test.]

  

  Choice of Method for the Comparative Test

  An ex vivo model can present a different performance when compared to an ex vivo model because there is no blood flow. A blood-flowing free tissue can compromise or raise the adhesive strength of some sealants, because some TAs depends on physical mechanisms to promote adhesiveness and other TA depend on enzymatic processes to work. Another critical parameter is the temperature. The impact of low temperatures could compromise the surgical adhesiveness of some sealants, presumably with a more emphatic impact in sealants which depend on human enzymatic activity[6].The long-term response of the host tissue cannot be studied in the ex vivo model. Thus, these kinds of studies should use an animal model which can survive to evaluate the strength of cohesion over time, as well as the inflammatory markers. The selection of the animal model for leakage tests after the use of TA still remains a problem to be solved[3]. Chvapil et al.[7] remind that, despite of the fact that several species of animals have been utilized to study bleeding, there are relevant hematological differences among animal species. Thus, the dog, for instance, presents higher platelet adhesion than the human. Bruck[8] suggested that primate animals would be best suitable for testing because the blood and hemorrhage of these animals would best resemble the physiological characteristics of blood and bleeding in humans. However, these types of experiments would be impossible on the current days due to ethics evolution concerned with animal research and legislation. Therefore, the alternative for researchers is to perform tests using synthetic substances or biological tissue (ex vivo).

  Choice of Tissue Adhesives to Be Tested

  The TA can be divided into two basic categories according to their origin, biological origin and synthetic origin. The main representative of the biological origin TA is the fibrin adhesive and the synthetic origin TA is the cyanoacrylate. The fibrin adhesive is made up of two basic components, the thrombin and the fibrinogen. The fibrinogen is the source of fibrin which represents the basic clotting element. Each of these ingredients is put into syringes apart from each other displayed side by side in a system that allows the mixing of the products only by the moment of application. The components interact along the application to form a stable fibrin clot. The relative rate of thrombin is that which will determine the rate of clot formation and the adhesion strength by the final phase of fibrin application[9,10]. As fibrin adhesives simulate the last clotting phase, they are autonomous and independent of body coagulation and, as a result, are also effective in patients who present coagulopathy as well in those who have been receiving anticoagulants[11,12].

  In contrast to synthetic adhesives, fibrin adhesives present the advantage of being biocompatible and biodegradable. The fibrin clot is reabsorbed within days or weeks as part of a normal wounds healing process. Macrophages and fibroblasts absorb the fibrin adhesive completely within about two weeks after application[13,14]. In this way, they are not associated with inflammation, foreign body reaction, tissue necrosis or extension of fibrosis[15]. However, in an extent review over fibrin sealants, Spotnitz[16] demonstrated that, despite of the fact that the fibrin has been used for more than 25 years, it is still unclear whether it is actually effective in all types of suture.

  Cyanoacrylates are liquid monomers which quickly polymerize when applied and then they quickly promote the adhesion of two altogether surfaces or a surface seal. Despite they were invented in 1942, the first formulations degraded into toxic products and only in 1998 new formulations became available, slowly degraded to allow medical use[9]. The advantages of the cyanoacrylates are fast application, the shortest repair period, and an effective fluid barrier. Cyanoacrylate has been effective in vascular reconstruction[17,18], but there are still doubts about the possibility of the product particles penetrating into the vessel and then causing embolism[19]. The arterial wall tissues are more "elastic" than the vascular graft tissues, meaning that after the needle has crossed the arterial wall, a prompt tissue approach around the hole occurs, promoting fast occlusion. This does not occur in synthetic tissues grafts which present greater "memory" that maintain the needle hole open, which leads a trend in allowing the fluid adhesive to flow into the vessels in case of synthetic graft anastomosis[17]. It is also considered that the application of cyanoacrylate can cause an intense inflammatory reaction in the artery that reaches the internal wall of the vessels and this condition can lead to thrombus formation[10].

  About the Results of the Present Study

  The intraluminal pressure supported by suture was low in this experiment despite of the fact that the suturing was carefully done. It is certainly due to the use of a colloid solution rather than the use of blood with its coagulation factors. The cyanoacrylate sealant that has been used presents low viscosity, which permits a fast adhesion, but there is still a doubt about the limited elasticity. Cyanoacrylate showed a high strength cohesive power and a high bursting pressure in the present study, but it is also recognized for its stiffness. Thus, the low flexibility of cyanoacrylate can explain the failure in demonstrating its clinical advantages when compared to the lower cohesion strength TA[20]. The ideal TA should have an elastic flexibility, similar to the surrounding tissue to minimize the interface stress along the tissues drive[20]. This would be a disadvantage of cyanoacrylate. Kull et al.[21] investigated the properties of cyanoacrylate in comparison to the fibrin adhesive and concluded that cyanoacrylate demonstrated a higher adhesion potential than fibrin in an in vitro porcine skin study. Others studies have also shown that cyanoacrylate adhesive has stronger power in bonding or sealing other tissues as lung[22] and colon[23] compared with other products.

  Barbalinardo et al.[24] have done the interposition of a 6 mm PTFE tube of iliac arteries utilizing sheeps and have found that the adjacent use of cyanoacrylate in the suture was effective as a synthetic graft anastomosis sealant. Saba et al.[19] compared the graft interposition through continuous suture with 5-0 polypropylene and with an anastomosed suture-free graft with application of cyanoacrylate in the abdominal aorta of dogs. They came to the conclusion that cyanoacrylate can be a good alternative to do suture-free anastomosis. New studies will be necessary to confirm this alternative.

  In the present study, the penetration of any adhesive through suture line into the artery segments did not occur. This fact confirms that the low viscosity of these adhesives makes it safe to use vascular surgery under this point of view. This study shows that cyanoacrylate adhesive provides higher bursting pressure and can sustain intravascular pressures up to 220 x 100 mmHg (mean arterial pressure 140 mmHg), even using a colloid solution instead of blood.

   

  CONCLUSION

  There was a significant rise in the bursting pressure when tissue adhesives were used as adjacent to arterial suture, and this rise was considerably higher if the cyanoacrylate adhesive was used. The results show that the adhesives are effective sealants in arterial sutures in ex vivo models. In addition, the adhesives do not penetrate through suture line into the arteries.
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    ABSTRACT

    INTRODUCTION: Chronic stimulation of the right ventricle with pacemaker is associated with ventricular dyssynchrony and loss of contractility, even in subjects without previous dysfunction. In these patients, there is a debate of which pacing site is less associated with loss of ventricular function. 

    OBJECTIVE: To compare pacemaker-induced dyssynchrony among different pacing sites in right ventricular stimulation. 

    METHODS: Cross-sectional study of outpatients with right ventricle stimulation higher than 80% and preserved left ventricular ejection fraction. Pacing lead position (apical, medial septum or free wall) was assessed through chest X-rays. Every patient underwent echocardiogram to evaluate for dyssynchrony according to CARE-HF criteria: aortic pre-ejection time, interventricular delay and septum/posterior wall delay on M mode. 

    RESULTS: Forty patients were included. Fifty-two percent had apical electrode position, 42% mid septum and 6% free wall. Mean QRS time 148.97±15.52 milliseconds. A weak correlation between the mean QRS width and pre-aortic ejection time (r=0.32; P=0.04) was found. No difference in QRS width among the positions could be noted. Intraventricular delay was lower in apical patients against mid septal (34.4±17.2 vs. 54.3±19.1 P<0.05) - no difference with those electrode on the free wall. No difference was noted in the pre-aortic ejection time (P=0.9). 

    CONCLUSION: Apical pacing showed a lower interventricular conduction delay when compared to medial septum site. Our findings suggest that apical pacing dyssynchrony is not ubiquitous, as previously thought, and that it should remain an option for lead placement. 

    Keywords: Pacemaker, Artificial; Ventricular Dysfunction; Heart Failure; Stroke Volume.

  

   

   

  INTRODUCTION

  Apical pacing of the right ventricle (RV) has been the preferred site for pacemaker lead positioning[1,2]. However, data on long-term follow-up revealed potentially harmful effects of chronic RV apical stimulation[3-5]. The mechanisms involved in such effects include myofibrillar derangement and intraventricular and interventricular dyssynchrony, which may lead to loss of contractile function[6]. The clinical consequence of such changes manifest through worsening of left ventricular ejection fraction (LVEF) and, in some cases, heart failure (HF) symptoms. Once LVEF starts to fall, it leads to deterioration in quality of life, to an increase in atrial fibrillation burden and to a tendency to a higher mortality[7-11]. The DAVID trial[12] showed that RV pacing is poorly tolerated by patients and may cause heart failure. The BLOCK-HF[13] study showed that apical RV stimulation associates with poor outcomes in patients with atrioventricular block and mild to moderate HF.

  Recent studies suggest that non-apical pacing sites may reduce dyssynchrony and consequently preserve LVEF[14]. However, these studies were limited by a relatively small sample size and heterogeneity of both the selected population and of the methods used for monitoring for LV function[15]. As such, the ideal pacing site for patients requiring RV-only pacing, if existent, remains a matter for debate[16].

  In this study, LVEF and ventricular synchrony criteria were compared (as adopted in the CARE-HF trial)[17] in patients with different RV pacing sites.

   

  METHODS

  This was a cross-sectional study conducted at the pacemaker clinic of our institution between June and November 2015. Patients aged 18 years or older were eligible if they had a RV pacing percentage above 80 and a LVEF above 50%. Exclusion criteria were: atrial fibrillation (AF), New York Heart Association (NYHA) HF symptoms class III our IV, moderate to severe valvular disease, epicardial electrode, biventricular pacemaker and HF hospitalization before pacemaker implant. All participants signed the consent form. Study protocol was approved by local ethics committee.

  During the index visit, clinical data and current medication use were assessed. Clinical data collected were the reason for pacemaker implant, pacemaker program mode, RV pacing percentage, height, weight, resting heart rate (HR), NYHA HF functional class status and the presence of comorbidities such as hypertension, diabetes mellitus (DM), coronary artery disease (CAD), dyslipidemia and smoking status. Relevant medications assessed were diuretics, angiotensin enzyme converter (ACE) inhibitors, beta-blockers, calcium channel blockers and amiodarone.

  All patients underwent 12-lead electrocardiography (ECG) examination, chest X-ray and transthoracic echocardiography. ECG finding collected was largest QRS duration of the 12 leads. X-ray was used to assess RV lead position[18], which was divided into 3 categories: RV apex, middle RV septum and RV free wall.

  Echocardiography was performed using Vivid E9 machine (GE Healthcare) and EchoPAC software (GE Healthcare). Single and two-dimensional images were obtained, as were Doppler velocities and pulsed and continuous Doppler tissue imaging[19]. All the analyses were performed after, at least, three months from the date of implantation. The following measurements of dyssynchrony and ventricular function were analyzed[17]:

  
    • Driving delay between the interventricular septum and posterior wall in M mode (cutoff ≥ 130 ms);

    • Difference between pre-ejection times the for the left and right ventricles (interventricular delay) and the pulsed Doppler (cutoff ≥ 40 ms);

    • Measure the pre-ejection time LV (aortic) the pulsed Doppler (cutoff ≥ 140 ms);

    • Measurements of systolic and diastolic left ventricular volume and left atrial volume in the biplane method;

    • Left ventricular ejection fraction calculation using the Simpson biplane method;

    • Ratio E/e ' by Doppler analysis of transmitral and pulsed Doppler flow.

  

  Statistical Analysis

  The collected data were stored in Excel spreadsheets and analyzed using the softwares SPSS version 23.0 (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.) and MedCalc version 8.2 (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc.org; 2008). Continuous variables were expressed as mean and standard deviation or median and interquartile range. Categorical variables were presented as absolute and percentage number.

  Bivariate comparisons were made with chi-square test or test-T-tailed, as appropriate.

  For correlation analysis between the QRS length and CARE-HF echocardiographic indexes the Spearman coefficient (rs) was used. The data were transformed into rank to analyze the differences between the obtained values and the standard error. A P<0.05 was considered statistically significant.

   

  RESULTS

  A total of 40 patients were included for this analysis. Other two patients able to participate were excluded because they did not have a post-implant chest X-ray recorded on our electronic chart. The majority (55%) of patients were male and their mean age was 69 years (Table 1). The most common pacemaker indication was complete AV block (62.5%). Hypertension was the most prevalent comorbidity and only 12.5% of patients had mild HF symptoms (NYHA functional class II). No patient had post procedure cerebrovascular event. Mean heart rate was 71 beats per minute and mean largest QRS on ECG was 148.97±15.52 ms. Mean RV pacing percentage was 94.95% and most pacemakers (72.5%) were on DDD mode.

  
    

    [image: Table 1. Clinical and pacing echocardiographic characteristics (n=40).]

  

  Regarding echocardiographic evaluation, a mean LVEF of 63% was found. QRS measurement during echocardiogram ranged from 77.96 to 109.4 ms, averaging 93.68 ms on lead DII. As for dyssynchrony parameters, the pre-aortic ejection time was slightly prolonged with a mean of 141 ms, and the interventricular delay measurement was also extended, averaging 43 ms (Table 2).

  
    

    [image: Table 2. Echocardiographic measurements of ventricular synchrony, in milliseconds.]

  

  Pacing Site Comparisons

  Apical RV lead position was found in 52% of patients, RV medium septum (RVMS) in 42% and RV free wall (RVFW) in the remaining 6%. No differences in QRS duration between the 3 groups could be noted (Figures 1 and 2). Mean QRS duration had a weak correlation with pre-aortic ejection time (r=0:32; P=0.044) (Figure 3) and had no correlation with interventricular delay (Figure 4). NYHA average was lower in patients with apical stimulation (P<0.001) (Figure 5). Intraventricular delay was lower in those with apical RV pacing when compared to those with RVMS pacing (34.4±17.2 ms vs. 54.3±19.1 ms; P<0.05), and no difference was found when compared to those with RVFW pacing (Figure 6). Pre-aortic ejection time did not differ among the groups (P=0.9) (Figure 7).
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  DISCUSSION

  In this study, left ventricular function and myocardial synchrony were compared among different right ventricular pacing sites. Our main finding was that RV apical pacing was related to a lower degree of interventricular dyssynchrony when compared to septal pacing (Figure 8). Furthermore, we found that QRS duration did not correlate with pacing site and correlated poorly with dyssynchrony parameters.

  
    

    [image: Fig. 8. Interventricular dyssynchrony and pacing position.]

  

  Our findings are in contrast with several previous studies that have suggested that RVMS might provide better results when compared to RVA pacing[20-23]. It has been shown that apical pacing potentially leads to electrical dyssynchrony, and that it changes the physiological apex-to-base contraction to an alternate pattern[24]. Theoretically, RVMS pacing could create a faster depolarization wavefront, since it is in close proximity with the normal conduction system. However, there are still no conclusive data to prove that these changes translate into clinical outcomes[25].

  One of such studies showed that septal pacing not only did not correlate with LVEF worsening, but also had fewer atrial arrhythmias during the follow-up period[11]. It should be noted, however, that those patients had a lower percentage of RV pacing when compared to subjects in our study (50-60% vs. > 80%). A second study has shown that septal pacing relates to improvement in 6-minute walk test[23], even though the apical position presented the same result. On the other hand, another study in elderly patients has shown that even though apical pacing was related with worsening of LVEF, this finding did not translate into heart failure symptoms[2]. Recent review suggests that unfavorable clinical outcomes are associated not only with the stimulation site, but also with other pre-existing condition as CAD and systolic dysfunction where the compensatory mechanisms of dyssynchrony has been exhausted[5].

  The heterogeneity both of dyssynchrony criteria and of patient selection across these studies interferes with extrapolations and hampers pooled-data analysis. In fact, a metaanalysis on this subject has highlighted the diversity of study populations and inclusion criteria concluding that non-apical pacing sites were non-inferior to apical ones, with a statistical tendency to be better[14]. In this review, 14 randomized clinical trial analyzed population ranging from 12 to 122 people, followup periods of 3 to 90 months, different evaluation methods (echocardiography and nuclear imaging) and different cutoff points for ventricular function as selection criteria; some of them had LVEF as low as 27%. Inclusion of patients with AF and very broad definitions among the control and study groups by percentage of stimulation below and above 10%, respectively, contribute even more to the heterogeneity of the results, whose clinical translation is still uncertain.

  Not evaluating RV outflow tract (RVOT) pacing is a potential limitation of our study. Even though there are several studies that have suggested this pacing site as a good alternative to RVA, our institution does not place leads in that position routinely. Intraventricular flow was not evaluated either, which has been shown to markedly change in RVA pacing. However, since the clinical meaning of such measurement is yet unknown, CARE-HF dyssynchrony criteria was chosen to be used in our study, hopefully to allow study comparisons and pooled-data analysis.

   

  CONCLUSION

  In this study, RVA pacing showed a lower interventricular conduction delay when compared to RVMS pacing. Our findings suggest that RVA pacing dyssynchrony is not ubiquitous as previously thought, and that it should remain an option for lead placement.
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    ABSTRACT

    INTRODUCTION: The implantable cardioverter defibrillator had been increasing the survival of patients at high risk for sudden cardiac death. The subcutaneous implantable cardioverter defibrillator was developed to mitigate the complications inherent to lead placement into cardiovascular system.

    OBJECTIVE: To report the initial experience of 18 consecutive cases of subcutaneous implantable cardioverter defibrillator implantation showing the indications, potential pitfalls and perioperative complications.

    METHODS: Between September 2016 and March 2017, 18 patients with indication for primary and secondary prevention of sudden cardiac death, with no concomitant indication for artificial cardiac pacing, were included.

    RESULTS: The implantation of the subcutaneous implantable cardioverter defibrillator successfully performed in 18 patients. It was difficult to place the subcutaneous lead at the parasternal line in two patients. One patient returned a week after the procedure complaining about an increase in pain intensity at pulse generator pocket site, which was associated with edema, temperature rising and hyperemia. Two patients took antialgic medication for five days after surgery. A reintervention was necessary in one patient to replace the lead in order to correct inappropriate shocks caused by myopotential oversensing.

    CONCLUSION: In our initial experience, although the subcutaneous implantable cardioverter defibrillator implantation is a less-invasive, simple-accomplishment procedure, it resulted in a bloodier surgery perhaps requiring an operative care different from the conventional. Inappropriate shock by oversensing is a reality in this system, which should be overcame in order not to become a limiting issue for its indication.

    Keywords: Death, Sudden, Cardiac; Defibrillators, Implantable; Arrhythmias, Cardiac/therapy.

  

   

   

  INTRODUCTION

  The implantable cardioverter defibrillator (ICD) has been increasing the survival of patients at high risk for sudden cardiac death (SCD)[1,2]. Advancements in programming this device have been significantly decreased the necessity for shocks and their quantity, otherwise, acute and chronic complications related to the implantation of a transvenous ICD (TV-ICD) result in a significant increase in peri-operative morbidity[3].

  Currently, the insertion of leads into the central venous system and within cardiac chambers is considered the most fragile portion of this pacing system since it could cause vascular obstruction, thrombosis, cardiac perforation and cardiac tamponade; leads are also associated with infectious complications, such as endocarditis, and mechanical complications, such as pneumothorax[4,5]. Silicone breakage, micro-fracture or even the fracture of the lead, which is estimated in 0.58% per year and more than 20% in 10 years[6,7] could lead to inappropriate shocks or non-delivery of appropriate shocks.

  The subcutaneous implantable cardioverter defibrillator (S-ICD) was developed to mitigate the complications inherent to lead placement into cardiovascular system aiming primarily patients with congenital heart disease, immunosuppressed patients, patients with permanent intravascular access for hemodialysis, or those with severe cardiovascular system problems in which lead passage would be almost impossible. The result was the development of a device whose lead preserves the cardiovascular system. The S-ICD was authorized in Europe in 2009, in the United States in 2012 and recently this new technology has been authorized in Brazil as well.

  The purpose of this study is to report the initial experience of 18 consecutive cases of S-ICD implantation showing the indications and peri-operative complications.

   

  METHODS

  Between September 2016 and March 2017, 18 patients with indication for primary and secondary prevention of SCD, with no concomitant indication for artificial cardiac pacing for the treatment of symptomatic bradycardia, cardiac resynchronization therapy and/or antitachycardia therapy, were included. After S-ICD potential benefits had been presented to the patients and accepted by them, the patients were submitted to the screening phase by validating the QRS complexes through a specific ruler designed for this purpose. The procedure was performed in the operating room under general anesthesia. After antisepsis and surgical fields positioning, three incisions were made in the first 15 patients and just two incisions in the last three patients. The first one to create the pocket in which the pulse generator will be placed was made with approximately 6 cm between the fifth and sixth intercostal spaces, nearby the nipple, beginning next to the anterior axillary line towards the middle axillary line; the second one with 3 cm in parasternal position nearby the xiphoid process and the third one with 2 cm at the third intercostal space region (Figures 1 and 2). The lead was tunneled through the first incision, made to create the pocket, to the incision next to the xiphoid process and then to the third incision, approximately 14 cm in straight line to sternal, at the third space region. All these tunnelizations were performed between the muscle plan and the subcutaneous tissue. Afterwards, the lead was connected to the pulse generator, which was positioned in the pocket made between the fascia of the transverse muscle and the great dorsal muscle (Figure 3). The last three patients had the lead tunneled from the second incision toward to the Louis angle with a 11 French introducer avoiding the third incision. Then, the defibrillation test (DFT) was performed in order to assess the system efficiency.

  
    

    [image: Fig. 1. The picture is showing the two last incisions. The upper arrow in pointing out the last incision and the lower arrow is pointing out the second incision.]
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    [image: Fig. 3. Postoperative posteroanterior (PA) chest radiograph]

  

   

  RESULTS

  The implantation of the S-ICD was successfully performed in the 18 patients, four female and 15 male, with mean age 52±12 years, and mean EF 48±11.8% (Figures 3 and 4). Four patients had indication for secondary prevention and 14 for primary prevention. Five out of 18 patients had hypertrophic cardiomyopathy, five with ischemic cardiomyopathy, four with Chagas disease cardiomyopathy, one with non-compacted myocardium, one with arrhythmogenic right ventricular cardiomyopathy, one with primary ventricular fibrillation (VF) and one with congenital long QT syndrome (Figure 4).

  
    

    [image: Fig. 4. Frequency and etiologyfor the S-ICD.]

  

  It was difficult to place the subcutaneous lead at the parasternal line in two patients, one due to grade II obesity with body mass index (BMI) of 32 and the other one due to pectus excavatum thoracic deformity. In all cases the cut off heart rate was set up to 170 beats per minute. In 16 cases, VF was induced and reverted to sinusal rhythm with a 65 Joules shock. In one case, even after the repositioning of the electrode, a successfully defibrillation only occurred after the second shock with 80 Joules and, in another patient, even with an appropriate positioning, the sinus rhythm was only restored with the third shock, both patients were considered to a late retest for at least 30 days after the procedure. The mean time between sensing and shock was 18±3 seconds.

  One patient returned a week after the procedure complaining about an increase in pain intensity at pulse generator pocket site, which was associated with edema, temperature rising and hyperemia. This clinical condition was solved providing nonsteroidal anti-inflammatory drugs and therapy with antibiotics over 7 days and two patients demanded antialgic medication for five days after the procedure. A reintervention was necessary in one patient to replace the lead in order to correct inappropriate shocks caused by myopotential oversensing.

   

  DISCUSSION

  The greatest advantage of the S-ICD is avoiding the implantation of leads within cardiovascular system, thus preserving central venous circulation, with no risks of mechanical traumas, such as vascular damages or pneumothorax, and with a very low risk of systemic infection[8]. An important disadvantage is the impossibility of the system to provide heart pacing. For this reason, it is contraindicated for patients with indication for bradycardia pacing, cardiac resynchronization therapy or antitachycardia pacing (ATP) since S-ICD cannot provide cardiac pacing other than for a short period post-shock, when necessary[9]. Based on the benefits and after pre-selecting the patients, this new technology was chosen to be used.

  After selecting the patients, they were submitted to the screening phase using a customized plastic ruler supplied by the manufacturer with the purpose of evaluating if the generated electric signal would be able to provide an appropriate functioning of the S-ICD. Although it is estimated that 7% of the patients do not show appropriate electric signals[10], all of our patients were approved to be implanted.

  All the implants were successfully accomplished. We did not depend on cardiac anatomy and venous system, but instead we depended on thorax morphology, size and structure. We faced some difficulties to position the lead when tunneling it at the sternal region between proximal and distal incisions; one case due to a great quantity of subcutaneous tissue, patient with a high BMI, and unfortunately this is a condition that has been increasing in our country and currently almost half of Brazilian population are overweight[11]. The other one due to a thoracic deformity. In this last one, even after repositioning the lead, the highest defibrillation threshold was achieved. As well as described in the literature[12], our success rate to convert the induced tachyarrhythmia during the implant defibrillator test was quite satisfactory bearing in mind that two out of 18 presented a higher defibrillation threshold than expected, less than 80 Joules. We sought the Technical Consultant Boston Scientific Therapy Systems Support for some help. They informed us that there are a few known causes of high DFTs for SICD devices. The first one would be amiodarone, the second one would be a long time of anesthesia and the third one would be a suboptimal system positioning, and thus if the shock impedance is in the normal range, it is a medical decision whether to wait and try DFT on a different day with medication changes or less anesthesia. As these two patients had been taking amiodarone for a long time, the medicine was withdrawn and the threshold test was redone after 30 days at least. But both patients didn´t return yet to do the new threshold assessment.

  Similar to the 3-year follow-up data of EFFORTLESS Registry[12], which is the first great international non-randomized, multicenter registry designed to follow-up and assess the long term clinical and device outcomes from S-ICD, our data show 77.8% of the patients submitted to the intervention for primary prevention (14 patients) and 22.2% for secondary prevention (4 patients). On the other hand, only 22.2% of our patients (4 patients) treated for primary prevention showed EF less than 35% compared with 30.6% of the EFFORTLESS Registry[12]. In comparison, our numbers for the disease etiology were also different. Hypertrophic cardiomyopathy was responsible for 27.7% (5 patients) of the indications and ischemic cardiomyopathy for 27.7% (5 patients) compared with 11.7% and 31.1%, respectively, of EFFORTLESS. These differences can be explained, firstly, by the reduced number of our sample and, secondly, although the increasing evidences of indications for primary prevention in ischemic patients with reduced EF and also because this is an initial experience, the trend was choosing indications in younger patients and without the necessity of using a great quantity of negative chronotropic drugs. It is important to notice that four patients had Chagas disease and it is also well known that approximately 60% of these cases, the sinus node is injured, developing a more or less extensive sick sinus syndrome[13] and for that reason we must take care when recommending the S-ICD procedure for chagasic patients.

  One patient showed inappropriate shocks a week after the discharge due to oversensing caused by myopotentials and a reintervention to replace the lead was performed because the programming optimization was unsuccessful (in this case, it is very limited). One of the limitations inherent to the device is the presence of inappropriate shocks occurring in up to 8.4% of the cases[14]: T-wave oversensing is responsible for 80% of the cases and myopotential oversensing for 5-10%[10].

  There was a case of edema in pulse generator pocket with intense pain beginning five days after discharge. The diagnostics of the ultrasound test performed was not really clarifying. A treatment with non-steroidal anti-inflammatory drugs (NSAIDs) and oral therapy with antibiotics over 7 days was prescribed, even without an evidence of infection, since this was the post-operative of a prosthesis implantation and a more bloody surgery although less invasive. This clinical condition was solved with this prescription. Pocket infections in this procedure as well as in the conventional one may occur in 5-10% of the cases, but in such cases the solution with antibiotics therapy without the necessity of withdrawing the system seems to be more probable and can be tried with less risk of endocarditis[10]. Two patients demanded medication for pain relief that last five days after the surgery. It is important to notice that it is more bloody procedure than the conventional, so we should consider a special post-surgery care, mainly in those pain sensitive patients.

  Initially, the motivation to develop this device was the possibility of treating special cases such as the pediatric population with congenital heart disease, patients without venous access or any other contraindication for a transvenous ICD[8]. Many advantages inherent to the S-ICD currently turn it into not only an alternative to the conventional ICD, but the first therapeutical choice for patients at high risk for infection, immunosuppressed patients, patients with prosthetic valves and patients dependent on hemodialysis, since besides the absence of risk for mechanical traumas, such as vascular damages or pneumothorax, the risk for systemic infection is too low[8]. Due to its potential benefits, the S-ICD can be considered a feasible alternative for patients with channelopathies, usually young and with a long-life expectancy, as well as for primary and secondary prevention in ischemic and non-ischemic patients.

   

  CONCLUSION

  In our initial experience, the S-ICD implantation showed an acute efficacy to revert induced VF during the procedure performed in pre-selected patients, but it should take into account that in two out of 18 patients demanded high energy delivered shocks in order to achieve this goal. In addition, although it is a less-invasive, simple-accomplishment procedure, it resulted in a more bloody surgery perhaps requiring an operative care different from the conventional. Inappropriate shock by oversensing is a reality in this system, which should be overcome in order not to become a limiting issue for its indication.
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    ABSTRACT

    INTRODUCTION: The superior cavopulmonary connection operation is one of the stages of the palliative surgical management for patients with functionally single ventricle. After surviving this stage, the patients are potential candidates for the final palliative procedure: the Fontan operation.

    OBJECTIVES: This study aimed to analyze the outcomes of superior cavopulmonary connection operations in our center and to identify factors affecting the survival and the progression to Fontan stage.

    METHODS: The outcomes of 161 patients were retrospectively analyzed after undergoing superior cavopulmonary connection operation in our center between 2005 and 2015.

    RESULTS: The early mortality rate was 2.5%. Five (3.1%) patients underwent takedown of the superior cavopulmonary connection. The rate of exclusion from the Fontan stage was 8.3%. Statistical analysis revealed that elevated mean pulmonary artery pressure preoperatively and the prior palliation with pulmonary artery banding were risk factors for both early mortality and takedown; however, the age, the morphology of the single ventricle and the type of operation were not considered risk factors.

    CONCLUSION: The superior cavopulmonary connection operation can be performed with low rate mortality and morbidity; however, the elevated mean pulmonary artery pressure preoperatively and the prior pulmonary artery banding are associated with poor outcomes.

    Keywords: Fontan Procedure; Heart Bypass, Right; Heart Ventricles/pathology; Heart Defects, Congenital/surgery.

  

   

   

  INTRODUCTION

  The superior cavopulmonary connection (SCPC) operation represents one of the stages for the surgical palliation in patients with functionally univentricular hearts. This operation may or may not be preceded by a first stage palliation; however, it is well known that this operation results in more efficient oxygenation than the systemic pulmonary shunt with the advantage of avoiding the volume or pressure overload of the single ventricle[1]. There are two basic surgical techniques for creating a cavopulmonary connection, the bidirectional superior cavopulmonary anastomosis (bidirectional Glenn operation) and the Hemi-Fontan operation. In those patients who have an interruption of the inferior vena cava with azygous or hemiazygous continuation, a bilateral superior cavopulmonary connection operation is performed with all the systemic venous return is directed to the pulmonary circulation except for the portal venous return, this operation is called "Kawashima operation"[2]. However, the development of pulmonary arteriovenous malformations and pulmonary arteriovenous fistulae remains a potential complication following Kawashima operation[2-6]. The patients who survive the SCPC operation are potential candidates for the final palliative procedure: the Fontan operation[7].

  This study aimed to analyze the outcomes of SCPC operations in our center and to identify factors affecting the survival and the progression to Fontan stage.

   

  METHODS

  Study Protocol and Population

  Between 2005 and 2015, 161 patients with single ventricle physiology due to variable congenital heart defects underwent SCPC in our center, Rajaie Cardiovascular Medical and Research Center. In a retrospective study, the outcomes of these patients concerning the clinical conditions, the survival rates, and the progression to the final palliative stage were analyzed (Fontan stage). Baseline demographics, preoperative, and intraoperative data were collected from their charts. This study protocol was approved by the local ethics committee in our institution.

  Patients Follow-Up

  The patients were regularly followed up in the outpatient clinic (1 week and 1 month after surgery, then every 3 months), with complete physical examination and transthoracic echocardiography (TTE). The follow-up data were obtained from chart review, with special attention to survival and the completeness of the final palliative stage.

  Diagnostic Evaluations

  The main diagnostic device was the TTE for both preoperative diagnosis and postoperative follow-up. For further anatomical evaluation and especially for measuring the mean pulmonary artery pressure (mPAP), cardiac catheterization was performed preoperatively in 113 (70%) patients. For those patients who had not undergone cardiac catheterization, the PAP was measured intraoperatively. Additionally, computed tomographic angiography (CTA) was performed in 90 (55.9%) patients.

  Statistical Analysis

  Continuous variable were presented as mean ± SD or median (interquartile range) as appropriate. Qualitative variables were presented as frequency and percentage. Mann Whitney U test was used to compare two groups' means and P value < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 20 for windows (IBM Inc., Somers, NY, USA).

   

  RESULTS

  Baseline Characteristics

  Median age at SCPC operation was 5±4.9 years (range 9 months to 24.5 years), and 54% of the patients were male (87 patients). Mean mPAP preoperatively was 13±3.6 mmHg (range 7-27 mmHg). The most common congenital heart defect in our patients was tricuspid atresia (60 patients, 37.3%). The underlying congenital heart defects are summarized in Table 1.
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  Intra- and Post-Operative Outcomes

  Primary SCPC defined as SCPC operation without any previous palliative operations was performed in 61 (37.9%) patients, and secondary SCPC (with prior palliation) in the remainder. The prior palliative operations included systemic pulmonary shunt in 63 (39.1%) patients, pulmonary artery banding (PAB) in 25 (15.5%), PAB with atrial septectomy in 5 (3.1%), systemic pulmonary shunt with atrial septectomy in 5 (3.1%), and atrial septectomy in two (1.3%) (Figure 1).
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  The predominant ventricle was with left ventricle (LV) morphology in 118 (73.3%) patients, with right ventricle (RV) morphology in 41 (25.5%), and with intermediate morphology in two (1.2%).

  The type of the SCPC operation was right SCPC in 128 (79.5%) patients, left SCPC in seven (4.3%), bilateral SCPC in 18 (11.2%), hemi-Fontan in two (1.2%), and Kawashima operation in six (3.8%) (Figure 2). The operation was carried out using cardiopulmonary bypass (CPB) except for 22 patients in whom right SCPC was performed without CPB (13.7% of the cohort). The azygous (or the hemiazygous) vein was ligated and divided in 96 (59.6%) patients. Previous systemic pulmonary shunt (if existed) was taken down in 75% of the cases, without any effect on the outcomes. Concomitant operations at the time of SCPC included: repair of pulmonary artery branches (n=8), atrioventricular valve repair (n=3), total anomalous pulmonary venous connection (TAPVC) repair (n=2), and atrial septectomy (n=2).
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  Four (2.5%) patients died in the hospital due to pulmonary infection (two patients), failure of the SCPC which was taken down (one patient), and low cardiac output syndrome with disseminated intra vascular coagulation (one patient). The characteristics of these patients are summarized in Table 2. Mean mPAP in this group of patients (in-hospital mortality) was 20±1.63 mmHg, which was significantly higher than that in the survived patients (12.85±3.44 mmHg), (P=0.001). Two patients underwent takedown of the SCPC on the same day of operation; one of them died in the hospital and the other was alive after a 2-year follow-up period. Twelve (7.5%) patients suffered from prolonged pleural effusion (> 14 days), with three of them having chylothorax.
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  Follow-Up

  Median follow-up time after the SCPC operation was 3.1±1.9 years (range 6 months to 10 years). Two (1.27%) late deaths occurred during the follow-up period, both of them due to heart failure. The rate of freedom from mortality in the follow-up period was 96.27%. Thirty-seven (23.57%) patients underwent total cavopulmonary connection (TCPC), and 99 others (63%) are waiting for TCPC. Thirteen (8.3%) patients were not candidates for TCPC due to high PAP (7 patients of whom three patients underwent takedown of the SCPC), poor development of pulmonary arteries (three patients), ventricular dysfunction (two patients), and viral hepatitis (one patient). No patient (especially from those who underwent Kawashima operations) developed pulmonary arteriovenous fistulas during the period of this study.

  Takedown of the SCPC

  Five patients underwent takedown of the SCPC (two on the same day of SCPC operation of whom one died, and three during follow-up). The common denominator among these patients was the prior palliation with PAB. Furthermore, their mean mPAP preoperatively (17.4±3.29 mmHg) was significantly elevated when compared with that of the other patients (12.87±3.5 mmHg), (P=0.01). All the patients who survived the takedown of the SCPC were excluded from the completeness of TCPC due to elevated mPAP. The characteristics of the patients who underwent takedown of the SCPC are summarized in Table 3.

  
    

    [image: Table 3. Characteristics of the takedown patients.]

  

   

  DISCUSSION

  The early mortality rate after SCPC operation in our study was 2.5%. Five (3.1%) patients underwent takedown of the SCPC of whom two at the same operation day and three later during the follow-up period. The rate of exclusion from the TCPC was 8.3%. Statistical analysis revealed that elevated mPAP preoperatively and the prior palliation with PAB were risk factors for both early mortality and takedown of the SCPC; however, the age, the morphology of the single ventricle, and the type of SCPC were not considered risk factors. The diagnosis of large multiple ventricular septal defects or the upstairs downstairs ventricles with double outlet right ventricle or double outlet left ventricle was associated with poor outcomes but due to the small number of patients a statistically significant correlation could not be found.

  Preoperative mPAP has been reported as a risk factor for death after the Glenn procedure[8], and mortality in those receiving pulmonary artery banding was high[9], and these findings were compatible with ours. From our perspective it is essential to protect the pulmonary vascularity in patients with single ventricle and unrestricted pulmonary blood flow since that the PAP importantly affects the results of the surgical palliation in these patients.

  There is no consensus regarding the ideal time for performing the SCPC in patients with single ventricle[10] . Age did not seem to influence the outcomes; however, we recommend surgery as earlier as possible, although other logistic factors such as the availability of specialized centers and physicians may affect the trend to perform the SCPC earlier.

  The elimination of an accessory pulmonary blood flow (prior systemic pulmonary shunt) at the time of SCPC operation did not affect the outcomes. On the other hand, some studies suggested that this may be advantageous on a long-term basis[11].

  Pulmonary arteriovenous malformations and pulmonary arteriovenous fistulas did not develop during the follow-up period in this study in patients who underwent Kawashima operation. In one study, this complication arose in 58% of the patients in a median follow-up period of 5 years after Kawashima operation[6].

  Limitation

  The retrospective nature of this study is one of its main limitations, and the short follow-up period in some patients was another considerable one.

   

  CONCLUSION

  The SCPC operation is an essential stage for the surgical palliation in patients with univentricular heart and can be performed with a low rate of mortality and morbidity; however, the elevated mPAP and the prior palliation by PAB remain an important risk factors for poor outcomes.
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    ABSTRACT

    OBJECTIVE: To investigate the mid- and long-term outcomes of case-based selective strategy of mitral ring annuloplasty during coronary artery bypass grafting in patients with coronary artery disease accompanied by chronic ischemic mitral regurgitation.

    METHODS: 132 patients who were diagnosed ischemic moderate to severe mitral regurgitation undergoing coronary artery bypass grafting in the same center with the same surgical team were divided into 2 groups and investigated retrospectively. Patients undergoing simultaneous mitral ring annuloplasty and coronary artery bypass grafting were enrolled to group 1 (n=58), patients undergoing isolated coronary artery bypass grafting were enrolled in group 2 (n=74).

    RESULTS: The mean age of the patients were 65.0 ± 9.4 years and 39 (29.5%) of them were female. Preoperative New York Heart Association (NHYA) class (P=0.0001), atrial fibrillation (P=0.006) and the grade of mitral regurgitation (P=0.0001) were significantly different between the groups. Hospitalization for heart failure was required in 6 (10.6%) patients in group 1 and 19 (27.1%) patients in Group 2 (P=0.02). Hospital mortality and one-month postoperative mortality occurred in 2 (3.4%) patients in Group 1 and in 4 (5.4%) patients in Group 2 (P=0.69). Clinical follow-up was completed with 117 (88.6%) patients.

    CONCLUSION: Mitral ring annuloplasty in addition to the coronary artery bypass grafting is associated with improved NYHA functional class, increased ejection fraction, decreased residual mitral regurgitation. Further studies are needed to clarify the role of combined surgery on long-term outcomes. With proper tools and according to the decisions made by heart teams, both management strategies can be safely performed.

    Keywords: Coronary Artery Bypass; Mitral Valve Annuloplasty; Survival.

  

   

   

  INTRODUCTION

  Chronic ischemic mitral regurgitation (IMR) is an important complication of coronary artery disease and commonly accompanied by partial or total occlusion of one or two coronary arteries[1]. It is commonly associated with functional-valve incompetence due to myocardial injury and adverse left ventricular remodeling, which develops in approximately 50% of patients after an myocardial infarction, and moderate regurgitation occurs in more than 10% of patients[2]. IMR is associated with high morbidity and mortality rates, independent of treatment strategy[3].

  IMR is commonly accompanied with multivessel coronary artery disease needing surgical treatment. During coronary artery bypass grafting (CABG), mitral valve intervention is debated between cardiologists and cardiovascular surgeons and the treatment strategy were not clearly elucidated in the literature[2]. IMR is associated with poor outcomes in patients undergoing CABG but the outcome of mitral valve intervention during CABG is controversial[4].

  Deja et al.[5] has observed that, in patients with moderate to severe mitral regurgitation in addition to left ventricle (LV) dysfunction, mitral repair in addition to CABG is associated with better survival compared to isolated CABG. In another study, it is observed that isolated CABG is associated with lower mortality in patients with ischemic mitral regurgitation[3]. In a study conducted in 355 patients with ischemic mitral regurgitation, Kim et al.[6] observed that survival at 5 years was not different between isolated CABG and CABG in addition to mitral repair.

  In this study we aimed to investigate the outcome of mitral repair in addition to CABG on mid- and long-term survival.

   

  METHODS

  In this study, the data of a total of 1640 patients underwent to open cardiac surgery in a single center by the same surgical team between 2007 and 2014 were investigated retrospectively. Among these patients, 132 who had coronary artery disease diagnosed with cardiac catheterization (≥ 75% stenosis in at least one coronary artery) and moderate to severe (≥ 2 +) ischemic mitral valve insufficiency (IMI) diagnosed with echocardiography and left ventriculography, and undergoing CABG and/or mitral ring annuloplasty (MRA) were included in the study. Two groups were created: Group 1, which included patients who were operated for MRA together with CABG under cardiopulmonary bypass (CPB) (n=58); and Group 2, which included patients who were operated for isolated CABG under CPB (n=74).

  Exclusion criteria included any echocardiographic evidence of structural (chordal or leaflet) mitral valve disease or ruptured papillary muscle. Likewise, patients who had acute IMI, reoperations for CABG, additional operations for diseases such as valvular, carotid and peripheral arterial diseases were excluded.

  The controls of the patients included in the study were performed on the 6th and 12th postoperative months by the same clinician using transthoracic echocardiography (TTE). All of the patients' follow-up included measurements of the left ventricular ejection fraction (LVEF), left ventricle end-diastolic diameter (LVEDD), left ventricle end-systolic diameter (LVESD), left ventricle end-diastolic volume (LVEDV) and left ventricle end-systolic volume (LVESV) by Simpson method with TTE. The severity of IMI and evaluation of the mitral valve functions were done by visual method in all patients. Evaluation of the degree of IMI was performed by quantitative Doppler echocardiography as it is done the same as recently[7]. By quantitative Doppler echocardiography, measurements of stroke volume, regurgitant volume (RV) and effective regurgitant orifice area (EROA) using proximal isovelocity surface area (PISA) method were done. Grading the severity of IMI was classified on Table 1 in parallel with the literature. Intraoperative transesophageal echocardiography was performed during surgery in all patients and residual mitral regurgitation was evaluated after repair[1]. Patients who had moderate (Grade II), moderate to severe (Grade III) and severe IMI by echocardiography and clinical evaluation, but who had a short lifetime expectancy, high operative risk and severely low LVEF, were operated for isolated CABG operation with the decision of cardiology and cardiovascular surgery council. Patients whose mitral valves were not operated were added angiotensin-converting-enzyme (ACE) inhibitors and diuretics for medical treatment in the postoperative period.
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  The demographic and clinical data of the patients were obtained by using the software system of the hospital for records and archives to investigate the patient files, epicrisis, operation notes and laboratory results. Age, gender, smoking history, diabetes, hypertension, hyperlipidemia, LVEF, LVEDD, LVESD, LVESV, LVEDV, preoperative and postoperative laboratory parameters (hemoglobin, leukocyte count, thrombocyte count, fasting blood glucose, creatinine) operation information, the number of grafts used, duration of CPB and aortic cross-clamp, amount of blood products used and length of stay in the intensive care unit and hospital were recorded. In addition, New York Heart Association (NYHA) functional class was analyzed.

  Hypertension was accepted as a blood pressure ≥ 140/90 mmHg or usage of antihypertensive drugs; smoking was accepted positive if the patient had not quitted smoking for the last one year. Diabetes was accepted as fasting blood glucose ≥ 126 mg/dL or use of antidiabetic drugs, hyperlipidemia was accepted as total cholesterol > 220 mg/dL and LDL-cholesterol > 130 mg/dL or use of antihyperlipidemic drugs.

  All of the patients were transferred to intensive care unit intubated. They were extubated following onset of spontaneous breathing and normalization of orientation and cooperation if the haemodynamic and respiratory functions were appropriate. If there was no contraindication, 50 mg/day of metoprolol was started orally to all patients following the 1st postoperative day. The diagnosis of postoperative atrial fibrillation (AF) was made by standard 12 derivation electrocardiography (ECG). Mortality during the stay in the hospital following operation or in the first 30 postoperative days was accepted as postoperative early-term mortality.

  Functional status was assessed according to NYHA criteria during follow-up. Clinical follow-up data were collected during patient visits to the department or by telephone interviews. Operative mortality was defined as death within 30 days of the index procedure or before discharge. The authors had full access to the data and take full responsibility for its integrity. All authors have read and agree to the manuscript as written.

  Written informed consent form was obtained from all the patients included in the study. This study complied with the Declaration of Helsinki and was carried out following approval of Ethics Committee for Clinical Trials of Medical Faculty of Kocaeli University.

  Operative Technique

  Median sternotomy was applied following the routine anesthesia application in the surgery. Bypass grafts (saphenous vein and left internal mammary artery) were prepared. Systemic heparinization was ensured by administration of 300 IU/kg heparin in a fashion that activated clotting time (ACT) was greater than 450 seconds. CPB was performed by clinic aortic arterial-bicaval venous cannulation. Two-stage cannula was used for venous cannulation for patients who were not applied mitral ring annuloplasty. In all patients, non-pulsatile roller pump and membrane oxygenator were used for CPB. Surgical procedures were established in moderate systemic hypothermia (28-30ºC). CPB was applied in a fashion that flow rate would be 2.2 to 2.5 L/min/m2; the mean perfusion pressure would be between 50 and 80 mmHg, hematocrit values would be between 20% and 25%. Myocardial protection was achieved via antegrade hypothermic and hyperpotasemic blood cardioplegic arrest, followed by continuous administration of retrograde blood cardioplegic solution for the duration of cross-clamping. After cross-clamp application, the initial distal saphenous vein anastomoses were performed. This step was followed consecutively by ring implantation, distal anastomosis of the left internal mammary artery (LIMA). Cross-clamps were removed after de-airing of the heart. All proximal anastomoses were done in the heart working under partial clamp in all patients operated on.

  Mitral ring annuloplasty was performed in patients in whom the mitral leaflets could be coapted. A circular SJM TailorTM Flexible Ring (St. Jude Medical, Inc. St. Paul, USA) was used in all instances. The appropriate ring size was determined from measurement of the anterior leaflet. Ring sizes 28 to 32 were used. In each patient, 12 TiCronTM 2-0 sutures (Covidien Syneture; Mansfield, MA, USA) were placed. After CPB was stopped, intraoperative transesophageal echocardiography was performed in order to rule out substantial valvular insufficiency. In our study, no patient required mitral reintervention.

  Statistical Analysis

  Statistical analysis was performed using the SPSS software version 12.0 (SPSS Inc, Chicago, IL, USA). Among the data measured, those showing normal distribution were expressed as mean ± standard deviation; those that do not show normal distribution were expressed as median (minimum-maximum). The data obtained by counting were given as percentages (%). Among the data measured, the normality of distribution was evaluated by histogram or Kolmogorov-Smirnov test, the homogeneity of distribution was evaluated by the Levene's test for equality of variance. Among the data measured, the difference between the groups was evaluated by Student's t-test in normal and homogenous distribution and by Mann-Whitney U test in a distribution that is not normal and homogenous. Among the data obtained by counting, the differences between the groups were evaluated by parametric or non-parametric Pearson's chi-square test or Fisher's exact test according to the distribution being parametric or not. Survival curves were constructed for each group using the Kaplan-Meier method, and comparisons were made using the log-rank test. A P value < 0.05 was considered statistically significant.

   

  RESULTS

  The demographic characteristics and clinical data of the patients were summarized in Table 2. Preoperative NHYA class (P=0.0001), AF (P=0.006) and the grade of mitral regurgitation (P=0.0001) were significantly different between groups. The preoperative blood analysis and hematological parameters of the patients summarized in Table 3. No significant differences in preoperative blood analysis and hematological parameters were found between the groups.

  
    

    [image: Table 2. Evaluation of groups for preoperative characteristics.]

  

  
    

    [image: Table 3. Preoperative blood results and haematological parameters of patients.]

  

  The intraoperative and postoperative data of the patients were shown in Table 4. Aortic cross-clamp time (P=0.0001), CBP time (P=0.0001), intubation time (P=0.0001), use of inotropic support (P=0.004) and length of hospital stay (P=0.01) presence were significantly different between the groups. The average number of distal anastomoses was 3.53±0.60 in Group 1, and 3.54±0.86 in Group 2, which was not statistically different between the groups (P=0.92). LIMA was used in 55 (94.8%) patients in Group 1 and 68 (91.9%) patients in Group 2.
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  Evaluations of the early postoperative complications were summarized in Table 5. Postoperative AF was significantly different between groups (P=0.005) and other parameters were not significantly different between the groups. There were 6 hospitalizations for heart failure in Group 1 (10.6%) and 19 in Group 2 (27.1%) (P=0.02). Mortality in the hospital and in the 1st postoperative month occurred in 2 (3.4%) patients in Group 1 and in 4 (5.4%) patients in Group 2, which was not statistically different between the groups (P=0.69). The causes of operative mortality were low cardiac output syndrome in 3 patients and multiple organ failure, mediastinitis and pneumonia in one patient each.
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  Clinical follow-up was completed with 117 (88.6%) patients, with a mean follow-up period of 51.3 ± 26.8 months. There were 3 deaths in the CABG plus mitral ring annuloplasty group over a mean follow-up of 45.9 ± 26.0 months, yielding an estimated actuarial 8-year survival rate of 90.4% ± 4.1%. NYHA class in this group improved from 3.6 ± 0.5 to 1.3 ± 0.5 during follow-up. There were 6 deaths in the isolated CABG group over a mean follow-up of 55.6 ± 26.8 months, yielding an estimated actuarial 8-year survival rate of 84.1%±4.7%. NYHA class in this group improved from 2.5 ± 0.6 to 2.1 ± 0.7 during follow-up.

  Long-term survival was not different between groups (P=0.56, 95% CI: 91.64 (88.23-95.05) (Figure 1). Preoperative and postoperative NYHA class were significantly different between the groups (P=0.0001).
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  Follow-up TTE was performed on all surviving patients 6 months and 1 year after surgery. IMR was improved in 51 (92.7%) patients in the MRA plus CABG group, compared with 47 (67.1%) patients in the CABG alone group, which was statistically different between the groups (P=0.001). In the echocardiographic evaluation of survived patients with severe mitral regurgitation, 39 (95.1%) patients in Group 1 and 13 (56.5%) patients in Group 2 had reduction in the degree of mitral regurgitation (P=0.0001) in the 1-year follow-up.

  In the echocardiographic evaluation of survived patients with severe moderate regurgitation, 11 (84.6%) patients in Group 1 and 24 (51.1%) patients in Group 2 had reduction in the degree of mitral regurgitation (P=0.003) in the 1-year follow-up.

  The echocardiographic data of the survived patients (preoperative, 6th and 12th postoperative months) and comparison of the echocardiographic data in groups and between the groups were depicted in Table 6. Postoperative ejection fraction (EF) was significantly improved in Group 1 and was not significant in Group 2 (P=0.0001 for Group 1, P=0.22 for Group 2).
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  Postoperative LVESD, LVEDD, LVESV, LVEDV, RV and EROA were significantly decreased in Group 1. LVESD was significantly decreased in Group 1 (P=0.001), EROA (P=0.0001) and RV dimensions (P=0.005) was significantly decreased in Group 2.

   

  DISCUSSION

  We evaluated the efficacy of concomitant CABG plus mitral ring annuloplasty (MRA) compared with CABG alone in patients with moderate and severe IMR. In the present study, we found that combined CABG and MRA in patients with moderate and severe IMR resulted in a greater decrease of early postoperative mitral regurgitation than CABG alone. We have observed that, in addition to the CABG, MRA is associated with improved functional capacity. Patients in both groups had low early and late mortality rates, despite the presence of impaired LVEF and moderate and severe MR. We have observed that early-, mid- and long-term mortality was not significantly different between the groups.

  Mitral repair in addition to CABG was associated with better NHYA functional class and improvement in EF and decrease in LVESD, LVEDD, LVESV, LVEDV, EROA and regurgitation volume.

  Approximately 20% of MR is ischemic and associated with myocardial infarction[8]. IMR is an important complication of myocardial infarction and observed in 40% of patients with this condition. Regurgitation is caused by annular dilation and papillary muscle displacement in an anatomically normal valve[9].

  IMR associated with coronary artery disease can occur in an acute or chronic fashion[10]. Acute ischemic mitral regurgitation was an exclusion criteria in our study.

  Chronic IMR is still a significant clinical problem. It is present in 10-20% of patients with coronary artery disease and is associated with a worse prognosis after myocardial infarction and subsequent revascularization. Currently, CABG combined with restrictive annuloplasty is the most commonly performed surgical procedure[11].

  Chronic mitral regurgitation is commonly accompanied with left ventricular segmentary wall motion abnormality in one or more LV wall with occlusion or stenosis of the culprit vessel which occurs 16 days after acute myocardial infarction[12].

  Mitral regurgitation is graded mild, moderate or severe based on echocardiographic and ventriculography criteria[13]. EROA criteria for severe mitral regurgitation was 0.4 cm2 and RV criteria was 50 mL in patients without ischemia, EROA criteria for severe mitral regurgitation was 0.2 cm2 and RV criteria was 30 mL in patients with ischemia[14]. We have performed MRA in patients with EROA 0.2 cm2 and RV 30 mL in our study.

  The presence of IMR in addition to coronary artery disease requiring surgical revascularization is an important topic for both cardiologists and cardiovascular surgeons. The surgical options for moderate to severe IMR are mitral repair or replacement in addition to CABG or isolated CABG[15].

  The patient's symptoms, the severity of mitral regurgitation, repairability of the mitral valve, ischemic burden and surgical risk are considered for surgical intervention[16].

  The surgical options for IMR and the results of surgery are controversial in the literature[9].

  Wong et al.[17] has investigated the role of MRA in addition to CABG in patients with moderate to severe mitral regurgitation. In the long-term follow-up the mortality rate for MRA was not different between the groups, but the degree of mitral regurgitation was significantly decreased in MRA group.

  Three hundred ninety patients with moderate to severe IMR were involved in a study and the groups were compared for MRA in addition to CABG. MRA group was associated with lesser degree of mitral regurgitation and less symptomatic in short-term follow-up, but in the long-term functional class and survival were not different between groups[18]. In our study we have observed better NYHA functional status and lesser degree of mitral regurgitation in the MRA group, but in the long-term follow-up survival was not different between the groups.

  Surgical timing is another important issue, because early intervention can prevent the irreversible myopathic changes consequent to remodeling[19]. Fattouch et al.[20] randomized 102 patients with moderate mitral regurgitation to CABG or CABG plus mitral repair. CABG plus mitral repair was associated with decreased LVESD, LVEDD, pulmonary arterial pressure (PAP) and left atrial size. Similar to their findings we have observed decreased LVESD, LVEDD, LVESV, LVEDV, PAP, EROA, regurgitation volume and MR degree in patients with CABG plus MRA.

  The presence of MR has been associated with adverse cardiac events and mortality[8]. Isolated CABG is usually performed in moderate and moderate-to-severe mitral regurgitation in high-risk patients with poor general performance. Percutaneous mitral repair may be an option for these patients. On the other hand, in patients with an acceptable risk profile, mitral repair is performed in IMR in the majority of patients[21,22]. We have performed isolated CABG in patients with high surgical risk and poor perioperative state.

  Mallidi et al.[23] observed higher rate of heart failure and shorter cardiac event free survival in CABG-only patients who had mild-to-moderate mitral regurgitation, in comparison with patients who had no regurgitation.

  In contrast to this finding Silberman et al.[24] has observed higher rate of heart failure in patients with CABG plus mitral repair in 231 patients. Smith et al.[2] has involved 301 patients with IMR to their study and observed that hospitalization for heart failure was similar between isolated CABG and CABG plus mitral repair groups (13.2% and 14.7%, respectively). In our study we have observed that hospitalization for heart failure was significantly higher in patients with isolated CABG group.

  The hospital mortality rate of CABG-only patients who have no mitral regurgitation ranges from 0 to 6.9% and the rate for CABG-only patients with moderate mitral regurgitation ranges from 1.8% to 12%[25]. Harris et al.[26] has investigated the role of mitral intervention in 176 patients with moderate IMR and the mortality rate was 9% in CABG group and 21% in mitral intervention group (P=0.047). Silberman et al.[24] has investigated the role of MRA in addition to CABG in patients with moderate IMR and have observed similar mortality rates (7%) between the groups. In our study, we have observed similar mortality rates in patients with CABG alone and CABG plus MRA (3.4% and 5.4%, respectively).

  Limitations

  A few limitations of our study deserve mention. This is a single centre retrospective study. Another limitation is the echocardiographic evaluation of MR grade and the lack of complete follow-up. Small sample size, especially in the propensity analysis, is another limitation of this study. The issue of myocardial viability is also important in surgical management of IMR. Improvement in the grade of mitral regurgitation with CABG is associated with functional improvement of dysfunctional but viable myocardium. Viability studies may have a role for prediction of improvement in mitral regurgitation. We did not routinely perform viability testing. In addition, we did not examine the relation between viability test results and improvements in IMR.

   

  CONCLUSION

  Patients who have undergone either CABG alone or CABG plus MRA surgery have experienced very low early and late mortality rates, despite the presence of multiple comorbidities, impaired LVEF, and moderate and severe MR. Mitral ring annuloplasty can be performed safely, concomitantly with CABG, in patients who have moderate and severe IMR. In such patients, the combined procedure resulted in a greater decrease in early postoperative MR, LVESD, LVEDD, LVESV, LVEDV and EROA than CABG alone.

  MRA in addition to CABG is associated with improvement in NHYA functional class. Prospective studies in a randomized fashion are needed to better define the role and outcome of MRA in this population.

   

  REFERENCES

  1. Akar AR, Durdu S, Khalil A, Özyurda Ü. Ischemic mitral regurgitation. Turkish Clinics J Cardiovasc Surg-Special Topics. 2008;1(2):37-46.

  2. Smith PK, Puskas JD, Ascheim DD, Voisine P, Gelijns AC, Moskowitz AJ, et al. Surgical treatment of moderate ischemic mitral regurgitation. N Engl J Med. 2014;371(23):2178-88.

  3. Castleberry AW, Williams JB, Daneshmand MA, Honeycutt E, Shaw LK, Samad Z, et al. Surgical revascularization is associated with maximal survival in patients with ischemic mitral regurgitation: a 20-year experience. Circulation. 2014;129(24):2547-56.

  4. Fattouch K, Sampognaro R, Speziale G, Salardino M, Novo G, Caruso M, et al. Impact of moderate ischemic mitral regurgitation after isolated coronary artery bypass grafting. Ann Thorac Surg. 2010;90(4):1187-94.

  5. Deja MA, Grayburn PA, Sun B, Rao V, She L, Krejca M, et al. Influence of mitral regurgitation repair on survival in the surgical treatment for ischemic heart failure trial. Circulation. 2012;125(21):2639-48.

  6. Kim YH, Czer LS, Soukiasian HJ, De Robertis M, Magliato KE, Blanche C, et al. Ischemic mitral regurgitation: revascularization alone versus revascularization and mitral valve repair. Ann Thorac Surg. 2005;79(6):1895-901.

  7. Grigioni F, Enriquez-Sarano M, Zehr KJ, Bailey KR, Tajik AJ. Ischemic mitral regurgitation: long-term outcome and prognostic implications with quantitative Doppler assessment. Circulation. 2001;103(13):1759-64.

  8. Gulack BC, Englum BR, Castleberry AW, Daneshmand MA, Smith PK, Perrault PL. Repair or observe moderate ischemic mitral regurgitation during coronary artery bypass grafting? Prospective randomized multicenter data. Ann Cardiothorac Surg. 2015;4(3):266-72.

  9. Fattouch K, Castrovinci S, Murana G, Moscarelli M, Speziale G. Surgical management of moderate ischemic mitral valve regurgitation: where do we stand? World J Cardiol. 2014;6(11):1218-22.

  10. Yıldırır A. Valvular heart disease associated with coronary artery disease. Anadolu Kardiyol Derg. 2009;9(Suppl 1):10-6.

  11. Boyd JH. Ischemic mitral regurgitation. Circ J. 2013;77(8):1952-6.

  12. Agricola E, Oppizzi M, Pisani M, Meris A, Maisano F, Margonato A. Ischemic mitral regurgitation: mechanisms and echocardiographic classification. Eur J Echocardiogr. 2008;9(2):207-21.

  13. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine RA, et al. Recommendations for evaluation of the severity of native valvular regurgitation with two-dimensional and Doppler echocardiography. J Am Soc Echocardiogr. 2003;16(7):777-802.

  14. Vahanian A, Baumgartner H, Bax J, Butchart E, Dion R, Filippatos G, et al. Guidelines on the management of valvular heart disease: the Task Force on the Management of Valvular Heart Disease of the European Society of Cardiology. Eur Heart J. 2007;28(2):230-68.

  15. Aydin C, Kara I, Ay Y, Inan B, Basel H, Yanartas M, et al. Ischaemic mitral regurgitation: the effects of ring annuloplasty and suture annuloplasty repair techniques on left ventricular re-remodeling. Pak J Med Sci. 2013;29(1):31-6.

  16. Sade LE. Functional mitral regurgitation. Anadolu Kardiyol Derg. 2009;9(Suppl 1):3-9.

  17. Wong DR, Agnihotri AK, Hung JW, Vlahakes GJ, Akins CW, Hilgenberg AD, et al. Long-term survival after surgical revascularization for moderate ischemic mitral regurgitation. Ann Thorac Surg. 2005;80(2):570-7.

  18. Mihaljevic T, Lam BK, Rajeswaran J, Takagaki M, Lauer MS, Gillinov AM, et al. Impact of mitral valve annuloplasty combined with revascularization in patients with functional ischemic mitral regurgitation. J Am Coll Cardiol. 2007;49(22):2191-201.

  19. Kang DH, Kim MJ, Kang SJ, Song JM, Song H, Hong MK, et al. Mitral valve repair versus revascularization alone in the treatment of ischemic mitral regurgitation. Circulation. 2006;114(1 Suppl):I499-503.

  20. Fattouch K, Guccione F, Sampognaro S, Panzarella G, Corrado E, Navarra E, et al. Efficacy of adding mitral valve restrictive annuloplasty to coronary artery bypass grafting in patients with moderate ischemic mitral valve regurgitation: a randomized trial. J Thorac Cardiovasc Surg. 2009;138(2):278-85.

  21. Borger MA, Alam A, Murphy PM, Doenst T, David TE. Chronic ischemic mitral regurgitation: repair, replace or rethink? Ann Thorac Surg. 2006;81(3):1153-61.

  22. Adademir T, Alp M. Should a cardiac surgeon blame himself for replacing a mitral valve? Braz J Cardiovasc Surg. 2016;31(5):VI-VII.

  23. Mallidi HR, Pelletier MP, Lamb J, Desai N, Sever J, Christakis GT, et al. Late outcomes in patients with uncorrected mild to moderate mitral regurgitation at the time of isolated coronary artery bypass grafting. J Thorac Cardiovasc Surg. 2004;127(3):636-44.

  24. Silberman S, Merin O, Fink D, Alshousha A, Shachar S, Tauber R, et al. Does mitral valve annuloplasty improve long-term survival in patients having moderate ischemic mitral regurgitation undergoing CABG? Harefuah. 2014;153(12):705-8, 754.

  25. Tekumit H, Cenal AR, Uzun K, Tataroglu C, Akinci E. Ring annuloplasty in chronic ischemic mitral regurgitation encouraging early and midterm results. Tex Heart Inst J. 2009;36(4):287-92.

  26. Harris KM, Sundt TM 3rd, Aeppli D, Sharma R, Barzilai B. Can late survival of patients with moderate ischemic mitral regurgitation be impacted by intervention on the valve? Ann Thorac Surg. 2002;74(5):1468-75.

   

   

  Correspondence Address:

  Huseyin Saskin

  Derince Training and Research Hospital – Department of Cardiovascular Surgery

  İbnisina Mahallesi, SSK Hst., 41900 – Derince/Kocaeli, Turkey

  E-mail: sueda_hs@yahoo.com

  Article received on January 2nd, 2017.

  Article accepted on September 6th, 2017.

  This study was carried out at Derince Training and Research Hospital, Kocaeli, Turkey.

  No conflict of interest.

  No financial support. 

  
    [image: ABB]

  

  
    [image: AUT]

  





  DOI: 10.21470/1678-9741-2017-0085

  REVIEW ARTICLE

  
    Evora PRB, Menardi AC, Celotto AC, Albuquerque AAS, Chagas HMA, Rodrigues AJ. The Left Atrial Appendage Revised. Braz J Cardiovasc Surg 2017;32(6):517-522

  

  
    The Left Atrial Appendage Revised

  

   

   

  Paulo Roberto Barbosa EvoraI, MD, PhD; Antonio Carlos MenardiI, MD, PhD; Andrea Carla CelottoI, BsC, PhD; Agnes Afrodite S. AlbuquerqueI, BsC; Hannah Miranda Araujo ChagasI, PT; Alfredo José RodriguesI, MD, PhD

  IDivision of Cardiovascular and Thoracic Surgery, Department of Surgery and Anatomy of the Faculdade de Medicina de Ribeirão Preto da Universidade de São Paulo (FMRP-USP), SP, Brazil

   

  
    ABSTRACT

    Nonvalvular atrial fibrillation is associated with a 4- to 5-fold strokes increase and may be responsible for 15% to 20% of all strokes in the elderly. In this scenario, the left atrial appendage thrombus would be the associated with 90% of cases. The use of anticoagulants, percutaneous devices, and the left atrial appendage surgical exclusion is still an open discussion. For left atrial appendage procedures, relevant anatomic spatial relationships have to be emphasized, besides the chance of the normal physiological functioning would be eliminated with the proceedings. There are evidences that the left atrial appendage closure during routine cardiac surgery is significantly associated with an increased risk of early postoperative atrial fibrillation. Therefore, the purpose of this review is to focus basic aspects for continuous medical education. In summary, the rationale of this text is to emphasize anatomical and pharmacological aspects involved in the simple surgical exclusion of left atrial appendage under cardiopulmonary bypass. There are several operative techniques, but to conclude this revision it will present one of them based on the discussed basic sciences.
    Keywords: Atrial Appendage/Surgery; Heart Atria; Atrial Fibrillation; Cardiac Surgical Procedures.

  

   

   

  INTRODUCTION

  Nonvalvular atrial fibrillation (AF) is associated with a 4- to 5-fold strokes increase and may be responsible for 15% to 20% of all strokes in the elderly. In this scenario, the left atrial appendage (LAA) thrombus would be associated with 90% of cases, even considering the effective oral anticoagulants, they may be used only in 40% to 50% of patients at stroke increased risk. Nowadays, the Watchman is the only device approved in the United States. However, this approach includes at least three unresolved issues: 1) Optimal patient selection criteria; 2) The devices role in patients in whom anticoagulation is contraindicated; and 3) The novel oral anticoagulants role versus the device not tested in randomized trials[1]. The left auricle occlusion is adopted by all the current guidelines for the prevention of thromboembolism and stroke, motivating the development of various percutaneous devices occluders, and has been practiced since the 1930s[2], even without evidence-based data in the form of randomized controlled trials. Initially, LAA closure through excision or ligation was performed in the context of open heart surgery or even during abdominal surgeries. There are evidences that the LAA closure during routine cardiac surgery is significantly associated with an increased risk of early postoperative AF. However, remains uncertain whether the prophylactic exclusion is warranted for stroke prevention during cardiac surgery. There are evidences that the LAA closure during routine cardiac surgery is significantly associated with an increased risk of early postoperative AF. Therefore, the purpose of this review is to focus basic aspects for continuous medical education. In summary, the rationale of this text is to emphasize anatomical and pharmacological aspects involved in the simple surgical exclusion of LAA under cardiopulmonary bypass (CPB). There are several operative techniques, but to conclude this revision it will present one of them based on the discussed basic sciences, without considerer "stapling" devices which can be applied from the outside surface of the heart.

  For the review of the general aspects of the subject, the original text selected was published by Holmes and Reddy[1].

   

  LEFT ATRIAL APPENDAGE ANATOMY

  The publication chosen for the description of the LAA anatomy was signed by DeSimone et al.[3] from Mayo Clinic, Rochester, MN, USA. The three-dimensional LAA morphology is, by itself, the substrate for thrombus generation, and should be the subtract for embolism due to its direct connection to the left-sided circulation. The LAA mesodermal justify its exclusion from the atrial circulation and thereby can lead to a significant reduction in stroke risk. This process also provides insight into the LAA as an endocrine organ, its fluid homeostasis involvement, and its autonomic nervous system connection. The surrounding LAA structural knowledge arrangement is critical to identify the endocardial and epicardial landmarks perspective to improve devices placement. Furthermore, correlation of the LAA body, neck, and ostium to the surrounding anatomy can also improve both procedural safety and efficacy. Also, a working knowledge of the regional anatomy adds a prudent degree of awareness for procedural complications allowing for early identification and timely intervention. A detailed understanding of the LAA morphology (embryology, histology, and gross anatomy) is imperative to identify the individual approach for each patient[3].

  Cardiac structures are derived from the mesodermal layer during the third week of embryonal development, when LAA originates and develops from the left side of the primary left atrium. At around week six of embryologic life, further development of the left atrium occurs around the six weeks, depending on the pulmonary system growth and development, which connects to the heart via the pulmonary vein-left sinus horn[4,5]. The LAA is derived from the primary atrium left the wall, during the fourth week of embryonic development, when has ultrastructural, and physiological characteristics distinct from the left atrium[6].

  The appendage is comprised of rigid pectinate muscles, in contrast to the rest of the smooth left atrium, with thin-walled myocardium interdigitating these raised regions. These pectinate structures are almost exclusively found in the LAA, in comparison to the remainder of the left atrium, and these anatomical variations can influence the exclusion procedures deserving to be reviewed: 1) The LAA pectinate muscles; 2) The LAA variable morphology of its ostium shape and dimensions; and 3) The LAA variable morphology and stroke risk[3,7]. All these factors have been extensively studied resulting in great controversies.

  Relevant LAA anatomic spatial relationships have to be emphasized since it is a blind-ended pouch situated within the pericardium emerging from the left atria. The anatomical relations are complex, and the critical structures surrounding the LAA include: 1) The pulmonary artery superiorly directed; 2) The appendage tip pointing inferomedialy oriented towards the left ventricle free wall; 3) The left phrenic nerve running overtop of the appendage; 4) Fibers of Bachmann's bundle that approach the LAA from the medial aspect of the atrial roof; 5) A posteriorly situated left superior pulmonary vein; and 6) An inferiorly related mitral valve[3]. However, of utmost importance to note, when performing any LAA procedure, it is its critical relationship with the area above the left atrioventricular groove, which houses both the left circumflex artery and great cardiac vein (Table 1).
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  LEFT ATRIAL APPENDAGE PHARMACOLOGY

  The endocardial endothelium (EE) is a monolayer cellular that covers internally the heart. The endocardial endothelial cells (EECs) also constitute a very large contact surface area that offers a very high ratio of cavity surface area to atrial volume, a finding that suggests an important sensory role for the EE. These cells play the role of a physic-chemical barrier between the cardiomyocytes and the circulating blood[7-9]. Furthermore, just like other types of endothelial cells, EECs release several factors such as nitric oxide (NO), angiotensin II[7], endothelin and prostacyclin[8-10].

  To study the NO release from intact atrial endocardial endothelium, tube-shaped sutures of canine atrial appendages were performed and effluents from these tubes were bioassayed (isolated perfused organ chamber system) for detection of NO in the canine coronary artery (Figure 1). Effluent from the right atrial appendage caused a relaxation of 58.4 ± 10.1% and the left atrial appendage 74.9 ± 8.5% from the initial prostaglandin-F2α contraction in the bioassayed coronary artery (Figure 2). This relaxation was abolished by treating the heart tubes with Triton X-100 and reduced by treatment with L-NMMA, a competitive inhibitor of NO and with indomethacin, an inhibitor of the cyclooxygenase pathway also indicating the release of vasodilatory prostanoids from the endocardial endothelium (Figure 3). This study showed, for the first time, in vitro luminal release of NO and prostacyclin from the canine heart atrium. The ability of the EE to produce these factors could play an important role in preventing thrombus formation in the cardiac chambers. In the present model, it could not demonstrate a basal release of EDNO (i.e. release in the absence of stimulation by an agonist from the intact atrium, as is typically present in other vessels[10].

  
    

    [image: Fig. 1. Bioassay system from the perfused atrial appendage tube. The atriums are perfused through a separate constant-flow perfusion loop, and vasoactivity of effluent from the atriums was bioassayed on a ring of canine coronary artery. The central cannula was used to direct perfusion of coronary rings (physiologic solution with or without drugs). The lateral cannulae were connected to the right and left atrium and the solution perfused thought atrial tubes was dripped on coronary ring. The coronary ring was connected to a force transducer that registers the variation of vascular tone (contraction and relaxation)[10].]

  

  
    

    [image: Fig. 2. Representative recording of change in contraction of canine coronary artery ring with endothelium superfused with effluent from atrial appendage tubes infused with A23187. Relaxation was inhibited when the ring was superfused with L-NMMA (A) and when the endothelium was removed (B) [10].]
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  Guazzi and Arena[11] focuses on the evidence of an association of AF with endothelial dysfunction (ED) that increases proinflammatory agents, oxidative stress and impairs NO-dependent vasorelaxation. There are some evidences that AF is a risk factor for ED: 1) Reduced plasma nitrite/nitrate levels impaired; 2) Increased blood flow acetylcholine-mediated; 3) Impairment of flow-mediated dilatation by comorbidities; and 4) Efficacy of cardioversion. Speculative mechanisms sustain the AF-ED association: 1) An impaired rheology associated with AF induced by a non-pulsatile turbulent flow, which may impair the NO synthase (eNOS) activation; 2) A disorganized atrial contraction markedly reduces eNOS expression; 3) AF causes a proinflammatory activity with elevation of C-reactive protein and cytokines; and 4) Systemic factors such as the renin-angiotensin system (RAS) may be prominent in a kind of inflammation reciprocally "cross-talk" and the RAS inhibition prevents AF[11].

   

  THE CONTROVERSY ABOUT LEFT ATRIUM APPENDAGE FUNCTION

  The LAA role as an endocrine organ is greatly underappreciated[12]. The LAA contain a variety of cardiac progenitor cells that is fundamental to many of its underlying functions, including its vital role in endocrine regulation[13]. The LAA has critical importance to homeostasis and cardiovascular physiology, containing almost 30% of the heart atrial natriuretic factor, which is a potent endocrine modulator including a change in heart rate, natriuresis, and urination, effects suggestive of the role in modulating body volume status. Therefore, there was an old controversy about the LAA critical role in a healthy physiological function that may be eliminated with occlusion procedures, for example, to keep the critical pressure-induced, stretch receptor endocrine response[14]. However, the right atrial appendage can execute similar LAA endocrine effects overcoming this dilemma. Otherwise, the endocrine regulation should need both LAA structures, and the LAA exclusion may eventually lead to long-term adverse results, but no studies to date have shown any adverse effects post-LAA exclusion[12-14].

   

  LEFT ATRIAL APPENDAGE AND STROKE

  The observation that 90% of the thrombi found in nonvalvular AF patients and 57% found in valvular AF are in the LAA triggered significant interest in the LAA as a potential therapeutic target. Until recently, the results were inconsistent, and high rates of incomplete occlusions precluded the medical community from confirming a definite relationship between LAA and stroke. Anticoagulation is considered the first-line for stroke risk reduction in AF, and the American College of Cardiology/American Heart Association guidelines recommend LAA exclusion only with surgical ablation of AF or in the context of concomitant mitral valve surgery[15]. Nowadays, considering the occlusion devices development Ramlawi et al.[15] recommend LAA exclusion in all AF patients undergoing cardiac surgery regardless of their suitability for anticoagulation therapy. For lone AF patients with an embolic risk that necessitates anticoagulation, it was recommended LAA exclusion in those who have failed or with relative or absolute contraindications to anticoagulation. Characteristics of the ideal LAA exclusion include: 1) The procedure is safe and minimally invasive; 2) The procedure is complete and receives intraoperative transesophageal echocardiogram (TEE) confirmation; 3) The procedure is free of intracardiac foreign bodies; 4) The procedure is applicable to all LAA morphologies; 5) The procedure allows the immediate cessation of anticoagulation medications; and 6) The cost is lower compared to other devices and long-term oral anticoagulation[15].

   

  ROUTINE SURGICAL EXCLUSION OF THE LEFT APPENDAGE

  Although the LAA occlusion is technically easy, its regular performance is still a matter of open discussion. A recent study from Mayo Clinic presented in the Scientific Bulletin of the Brazilian Society of Cardiovascular Surgery (number 01/2017) concluded that there was no need for LAA exclusion and, surprisingly, associated this surgical maneuver with a higher incidence of postoperative AF[16]. The study included 9,792 adults who underwent CABG or valve surgery between January 2000 and December 2005, matching a propensity-score analysis. Twenty-eight covariates pretreatment were performed, 461 matching pairs were derived and analyzed to estimate the association of LAA closure with early postoperative AF (AF ≤ 30 days of surgery), ischemic stroke and mortality. The authors concluded that after adjustment for treatment bias, LAA closure during routine cardiac surgery was significantly associated with early preoperative AF (POAF) increased risk, but without any risk of stroke or mortality. It remains uncertain whether prophylactic exclusion of LAA is warranted for stroke prevention during non-AF-related cardiac surgery. Therefore, the decision of "to close or not to close" the appendage is an open question and therefore depends on the individual experience of the surgeon[16].

   

  SURGICAL ASPECTS - "HOW TO CLOSE"

  Some surgeons, including the authors of the present review, routinely close the LAA in patients having mitral valve surgery, without any adverse results, in accordance with the literature data. Studies suggest that the LAA has a minimal useful function, and it is the source of most embolism causing hundreds of thousands of strokes annually. It is clear that the LAA is the most human lethal appendage. During cardiac surgery, the LAA removal is safe and has to be considered[17]. According to the 2017 Society of Thoracic Surgeons Clinical Practice Guidelines, the surgical ablation for AF can be carried out without major morbidity or additional risk of operative mortality, and is recommended at the time of joint mitral operations, at the time of isolated aortic valve replacement, isolated coronary artery bypass graft surgery, and concomitant aortic valve replacement plus coronary artery revascularization[18]. There is an association between LAA decreasing velocity, measured by TEE, and the development of postoperative AF[19]. Also, the LAA reduction flow velocity is a risk factor for thrombus formation and increases the risk of stroke in patients with AF. Furthermore, in patients with AF, LAA orifice diameter and LAA volume, but not left atrial dysfunction, were determinants of stroke and were useful for stratifying noncardioembolic risk in patients with AF[20]. Therefore, these two pieces of evidence (LAA decreasing flow and volume) reinforce the surgical LAA exclusion.

   

  TECHNIQUE

  Assuming "to close" LAA to prevent thromboembolism, we will present, as illustration, a technique based on the discussed basic concepts. The LAA should be damaged seriously, which explains the historical reluctance to manipulate appendage based on its fragility and proximity of surrounding structures. Unsuccessful results, regardless of the technique employed, have been reported. An incomplete LAA occlusion has been reported in 10% to 73% of patients, depending on simple running or double suture. Although excision seemed more practical (success rate of 73%), it was observed a residual stump in 27% of them[20,21]. Our preference, used since the last 20 years in the association of mitral valve surgery, is quite similar to the technique described by Hernandez-Estefania et al.[22]. After entering the left atrium (LA) by the atrioventricular groove, the LAA is completely invaginated, taking care in avoiding lesion to the LAA apex. A 4-0 polypropylene purse-string suture is placed along the base of the appendage including only atrial tissue (remember the LAA anatomical individuality) (Figure 4A). The stitches should be enough for encircling the shape inlet orifice avoiding the LAA (remember the LAA embryological individuality). To pass across the intimal and medial tears, avoiding transfixing, is a critical maneuver. While LAA is pulled outward with forceps, the two ends of the suture are pulled together gently, and the purse-string suture is tied up. The purse string suture has not to be overtight because the aim is to delineate the rims, not to obliterate the orifice completely (Figure 4B). Finally, a second "out-out" running suture carried out and then tied up (Figures 4C and 4D). It is expected that the right atrial appendage will maintain the pharmacological functions of the excluded LAA.

  
    

    [image: Fig. 4. Surgical technique. A - Purse-string suture avoiding the left atrial appendage; B - The purse-string suture is tied up taking care not to be overtight, because the aim is to delineate the rims, not to obliterate the orifice completely; C - Finally, a second "out-out" running suture carried out and then tied up; D - Final aspect.]

  

   

  CONCLUSION

  The mini-review concluding remarks would be summarized in Table 2.
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    ABSTRACT

    This article describes our proposal for routine anesthesia, intraoperative medical management, cerebral and physiological monitoring during pediatric cardiac surgery with cardiopulmonary bypass that intend to provide appropriate anesthesia (analgesia, hypnosis), neuroprotection, adequate cerebral and systemic oxygen supply, and preventing against drugs neurotoxicity. A concise retrospective data is presented.
    Keywords: Pediatrics; Cardiac Surgical Procedures; Neuroprotection; Cardiopulmonary Bypass.

  

   

   

  INTRODUCTION

  Perioperative neurologic monitoring of small children has become routine in most major centers and the pertaining data suggest that the technologies identify adverse neurologic events and may indeed predict outcome. Monitoring methods currently used included processed electroencephalography (BIS- bispectral index), cerebral oximetry (NIRS- near-infrared spectroscopy) and Doppler ultrasound. On the other hand, neuroprotective therapies (drugs and procedures) are still controversy and used empirically.

  Pediatric cardiac surgery survival rate, which is more than 95% in highly developed institutions, and the incidence of severe neurological sequel have been dramatically improved over time, so that attention has been focused on long term functional morbidity, especially neurodevelopmental disabilities. Unfortunately, neurological injury still occurs in children as a consequence of heart surgery with cardiopulmonary bypass (CPB). In large USA centers, 40-50% of children aged 4-5 years who were submitted to complex heart surgeries during the neonatal period or before six months of age present delayed neurocognitive development, including cognitive, motor and emotional deficit, delayed fine motor skills, language, speech and motor visual organization, as well as attention deficit and hyperactivity[1-3]. Recently, in neonates undergoing cardiac surgery with CPB, who were monitored with cerebral oximetry (rScO2) with near-infrared spectroscopy technology (NIRS) and cerebral blood flow (CBF) with Doppler ultrasound, the swift treatment of ischemia-hypoxia detected events resulted in better neurodevelopmental outcomes accessed by Bayle Scale III for language and motor performance[4].

  Severe neurological sequeale (coma, cerebral palsy, choreoathetosis, epilepsy, and hemiparesis) are much less frequent (occurring in less than 10% of cases). The actual incidence of deficits is difficult to define and may only be evident several years after cardiac operation due to the limitations of functional evaluation of neonates and infants and to the potential changes produced by neuroplasticity. Because of the lifelong personal expenses and efforts associated with neurological sequels, timely investments in prevention and treatment are socially and individually justified. The major costs of prolonged intensive therapies in cases of serious neurological sequels should also be considered[4-6].

  Real-time neurologic and cardiorespiratory monitoring should be an integral part of neuroprotective strategies for pediatric patients requiring cardiac surgery. It also allows appropriate and swift management to detect and counteract decrease in cerebral oxygenation. Ideally, real-time monitoring should allow easy, reliable, and reproducible detection of adverse outcome events and their causes.

   

  MECHANISMS OF NEUROLOGICAL INJURY DURING HEART SURGERY

  The etiology of brain damage is multifactorial regarding the time and mechanism of injury. One must consider that preoperative abnormalities (hyper/hypotonia, difficulty in feeding, choreoathetosis, spasticity, macro/microcephaly) are identified in 50% of neonates with congenital heart disease and are predictive factors of neurodevelopmental disability after heart surgery[7]. Magnetic resonance image (MRI) and computed tomography (CT) have demonstrated a 10-30% incidence in brain abnormalities such as metabolic dysfunction, structural anomalies and white matter damage (leukomalacia) in children with congenital heart disease. Leukomalacia has been identified in 50% of children submitted to heart surgery and is associated with diastolic hypotension and hypoxemia[4,8].

  The mechanisms of postoperative brain damage are still controversial, although hypoxemia, global ischemia and post ischemic reperfusion damage appear to be the major components. Other mechanisms include embolism, anesthetic neurotoxicity, inflammatory responses and modification of cell life-cycle development (apoptosis). The neurological damage of ischemia-hypoxia results from an inadequate oxygen and glucose supply needed to guarantee the energy requirements for the neurons, glia, endothelium, and support tissues that form the neurovascular unit[4]. The initial events of the ischemic-hypoxic process include excitotoxicity, intracellular calcium overload, energy failure (ATP depletion), oxidative and nitrosoactive stress that result in cell death (necrosis) in the infarction nucleus. Late events such as an inflammatory process and apoptosis (programmed death) are relevant regarding neuronal death in the penumbra tissue ischemia. All together, these phenomena are known as continuous necrosis-apoptosis of neonatal brain injury[9]. The degree of ischemia of the infarction nucleus is the primary risk factor that distinguishes ischemic damage from the penumbra region, as determined on animal models that evaluated the degree of hypoxia and cerebral blood flow[10].

  The reduction of neurological sequels by the handling of manageable risk factors is based on the interruption of the cerebral ischemia-hypoxia process as soon as it arises (within minutes of its occurrence) or by providing timely intervention while a therapeutic window still exists. This approach has received priority attention on the part of pediatricians, surgeons, and anesthesiologists. Manageable and modifiable intraoperative period factors include hematocrit during CPB, acid-base management, regional cerebral perfusion, cooling and rewarming during CPB rates, high cerebral vascular resistance, alteration in cerebral autoregulation (BP- rScO2 relationship) during deep hypothermia, glycemia, mean and diastolic BP, pulmonary vascular resistance, seizures, PaCO2, and cardiac output[11-14]. Brain oxygenation monitoring with NIRS or SsvcO2 (superior vena cava hemoglobin oxygen saturation), largely determined by cerebral venous flow, and real time functional integrity (electroencephalogram (EEG), evoked potentials) monitoring in real time are of primordial importance, and avoid or minimize the use of anesthetic associated with neurotoxicity (apoptosis) such as volatile anesthetics and ketamine should be part of advocated anesthesia cardiac pediatric surgery protocols[4]. Critical periods of cerebral oxygenation reduction typically occur during the induction of anesthesia when hypotension and decrease of cardiac output take place, cannulation for CPB, low-flow or variable flow during CPB, rewarming and separation from CPB[15].

   

  EVALUATIONS OF BRAIN INJURY

  The application of specific neurological monitoring for the detection of cerebral ischemia/hypoxia such as continuous brain oxygenation by the NIRS technique and transcranial Doppler or for immediate neurophysiological repercussions of neurological injury, processed EEG techniques such as BIS and evoked potentials may lead to rapid therapeutic intervention as well as refinement of risk reduction strategies. Prospective cohort study has shown that neurophysiological monitoring may afford a sound bases for rapid therapeutic intervention resulting in reduction of this complication from 26 to 6%[9].

  On the other hand, biochemical markers, neural band creatine kinase (CK-BB), neuron specific enolase (NSE) and S100β protein are also of great theoretical importance[4] however, unfortunately, their determination still requires a too long time before a neuroprotective therapy can be started, in contrast to NIRS and functional neurophysiological evaluations can be performed in real time.

  The growing attention devoted to the brain functioning development in children, particularly neonates, has been emphasizing the usefulness of neurological monitoring of cerebral hypoxia, blood perfusion anomalies and electrophysiological disorders acknowledge as a surrogate for neurologic injury events (seizures, delta pattern of the EEG)[16]. The most frequent employed brain monitors (neuromonitors) include NIRS (which measures regional oxygen saturation - rSO2), processed EEG and transcranial Doppler (which estimate cerebral blood flow-CBF). These monitors devices with other standard physiological monitoring techniques increase our ability to detect and prevent damage resulting from ischemia-hypoxemia, embolism, hypocapnia, arterial hypotension, low cardiac output, and hyperthermia during surgery and over postoperative intensive therapy. Functional tests of specific neural systems are seldom used as auditory evoked potentials (AEP) and somatosensory evoked potentials to assess the synaptic integrity of the neural pathways. Continuous measurements of arterial hemoglobin oxygen saturation (SaO2), systemic arterial pressure and central venous oxygen saturation (SvO2) do not predict in an adequate manner brain desaturation[12,13]. For this reason, continuous monitoring by cerebral NIRS is being adopted as a universal strategy (for all patients) for the detection of cerebral desaturation events that may occur in unpredictable manner, but that respond normally to therapeutic intervention[6]. Notwithstanding, the simultaneous measurement of cerebral and somatic rSO2 may provide a body map of cardiac output distribution, low cardiac output and/or specific low cerebral blood flow[5].

   

  MEASUREMENT OF CEREBRAL OXYGENATION

  The most frequently employed technique is the determination of SjO2 and rSO2 by NIRS, representing global (hemispheric) and regional oxygenation, respectively. The two variables are highly correlated and the tendencies are monitored[17], both describing the relation between cerebral metabolic rate of oxygen (CMRO2) and oxygen supply. The NIRS has the advantage of not being invasive, of being a dynamic marker in real time, without requiring pulsatile method such as pulse oximetry, and being useful during CPB with hypothermia and during resuscitation after a cardiac arrest. The cerebral NIRS provides a reliable measure of venous saturation below the sensors, especially in small skulls such as those of neonates[18]. The cerebral regional oximetry (rScO2) is strongly correlated with neurological evolution in experiments of cerebral ischemia-hypoxia. In piglets submitted to progressive degrees of hypoxia, NIRS was strongly correlated with neurocognitive dysfunction and cerebral blood flow. Increased lactate production (measure of anaerobic metabolism), low frequency (<4 Hz) in the electrocardiogram, and energy failure (ATP depletion) occur when rSO2 fell to 44%, 42% and 33%, respectively. Changes in CBF are also correlated with cerebral rSO2 and with biochemical and electrophysiological markers. A 58% reduction of CBF marks the threshold for the installation of ischemia-hypoxia injury associated with a cerebral rSO2 of less than 50%[19]. During CPB, the period of rewarming carries the greatest risk for cerebral hypoxia regardless of appropriate SaO2[15].

   

  FUNCTIONAL MEASUREMENTS OF BRAIN INJURY

  The EEG during the per operatory period of pediatric heart surgery permits the detection of neocortical synaptic activities. The EEG pattern, in addition to cerebral perfusion, is influenced by the cerebral temperature, alert state, anesthetic drugs, and age. The interpretation of the EEG is operator-dependent and the signals may suffer electric interferences; however, the signals can be processed with various algorithms to reduce their complexity and the interpretation task. Fourier analysis of the EEG generates a series of numerical descriptors including spectral edge frequency, total potency and suppression ratio that may have a poorly consistent relationship with cerebral ischemia. The BIS quantitates the cortical activity by spatial non-coherence and has a probabilistic relation with the depth of anesthesia and the degree of sedation; however, it suffers the influence of various drugs and of temperature and of the supply of oxygen and glucose to the brain. At profound hypothermia, a body temperature of less than 28o C, the electrical activity may be processed to the isoelectric point, which may not be distinguished from profound anesthesia[20]. The relationship between cerebral perfusion and EEG abnormalities, although poorly consistent and nonlinear, may provide a clinically useful marker of cerebral ischemia (EEG frequency < 4 Hz, convulsive activities)[21]. However, when it is detected, the ischemic injury should have already occurred. Importantly, combined NIRS and EEG monitoring reduces the incidence of brain damage observed by magnetic resonance (an early marker)[22].

  On CPB, when usual clinical signs of anesthesia are not available, processed EEG technology monitoring, such as BIS, are advantageous anesthetic depth determination. BIS monitoring compute a number that range from zero (isoelectric) to the mean awake values in 90-100 range in adults, children and infants. BIS values are reported to decrease during hypothermia and anesthetic dose required to achieve BIS values of 40-60 (deep hypnosis levels) are decreased during hypothermia. During rewarming phase of hypothermia CPB in children, BIS is reported to increase, perhaps reflecting an actual increase of conscious levels. BIS monitoring is reported to help the detection central nervous system hypoperfusion and cerebral embolism. It has been combined with NIRS to detect cerebral ischemia during cardiac surgery in children[22,23]. During adult cardiac surgery, anesthesia controlled by BIS monitoring may facilitate titration of anesthetic agents, and decrease the hemodynamics disturbances. Inversely, fewer intraoperative hemodynamics events occur with BIS monitoring[24]. Additionally, BIS can predict bad neurological outcome in comatose survivors after cardiac arrest and induced hypothermia[25].

  Nowadays, NIRS is the most frequently used brain monitor due to practical reasons. The use of various continuous monitoring modalities such as regional oximetry (NIRS) and processed EEG (BIS), Doppler ultrasound are complementary rather than exclusive. Application of combination of these monitors might be the best current approach. Indeed, several authors have developed prevention measures and treatments algorithms based on multimodal neurological monitoring. However, evoked potentials, such as AEP, can be an additional tool to provide additional neurophysiological information regarding the functional integrity of the neuronal pathway on real time[22].

   

  NEUROPROTECTIVE ANESTHESIA AND INTRAOPERATIVE IN-TENSIVE MEDICAL CARE

  Neuroprotective strategies can be classified as preventive, reactive and reparative. Anesthesia and hypothermia are most involved with preventive therapeutics strategies since it is given in advance of the anticipated cerebral insult such as circulatory arrest, cumulating of periods of low-flow CPB, hypotension, cerebral hyperthermia and vasoconstriction during rewarming on CPB[4]. Reaction strategies requires cerebral oxygenation monitoring with NIRS or SsvcO2, combined with hemodynamic, arterial oxygenation, core body temperature and metabolic (PaCO2, glycemia, lactate) monitoring. Neurophysiological monitoring such as processed EEG (BIS) and AEP, and cerebral blood flow measurement with Doppler can be complementary and improve the fast detection and management of cerebral hypoxia.

  Erythropoietin is the only available drug that has scientific rationale and pre-clinical data for two phases of neuroprotective strategies (preventive and reparative) and had safety and efficacy studies (Phase I/II) in neonate[26,27]. Nevertheless, despite of its extreme safety in neonate, future studies concerning its efficacy in cardiac surgery with CPB are required. Besides volatile anesthetics (sevoflurane, isoflurane), intravenous anesthetics GABAA agonist (propofol, midazolan) and NMDA antagonist (ketamine), that are routinely used during cardiac pediatric anesthesia as a complement of the high induction of opioid anesthesia, other adjuvant drugs can also be used because of their hypnotic, analgesic, vasodilator (sympatholytic effect), antiarrhythmic, anti-inflammatory effects and anticonvulsant effects. Among them, dexmedetomidine[28-32], magnesium sulfate[33-35], lidocaine[36-38], chlorpromazine[39], although presenting neuroprotective properties in animal model of ischemia/hypoxia, suffer from conflicting clinical evidence for their putative benefits. The clinical evidence for their benefits are still conflicting[40-42]. Dexmedetomidine has been used in combination with opioid in order to provide hypnosis and deep intraoperative analgesia during pediatric cardiac surgery[30] and it is considered a therapeutic agent against ventricular and supraventricular tachyarrhythmias[43]. Chlorpromazine is an effective systemic vasodilator in neonate on CPB[44]. Interestingly, spontaneous moderate hypothermia (33-34°C) and permissive hypercapnia may contribute to organ protection during pediatric cardiac surgery with CPB[44,45]. The combination of dexmedetomidine, magnesium sulfate, lidocaine infusion and ketamine, called opioid-free anesthesia, is an acceptable, safe and effective anesthesia techniques in adult patients[46].

  Despite of intensive research on the field of neuroprotection with drugs and procedures (moderate hypothermia, remote preconditioning), the development of reliable clinical neuroprotective therapy during pediatric cardiac surgery which individually or in appropriate combination that can maintain blood pressure, cardiac output, and cerebral oxygenation, block the transmembrane and large volume shift, inflammatory, oxidative pathway, and the release of excitotoxic neurotransmitter (glutamate) or block their postsynaptic effects that leads to neuronal death have not been stablished yet. The advocated neuroprotective regimens have most of their evidence based on animal basic studies and translated to clinical practice - "bench-to-bedside approach". Proper animal's studies that reproduces the clinical conditions and assessment, validation and pilot studies to prove the concept in patients, particularly in neonate, followed by controlled studies are indicated. Recent dating regarding neuroprotection strategies may be controversy because there are multiple factors that contribute to brain injury and assessment of long-term neurocognitive outcome is problematic[11,46,47].

  Besides anesthetics and adjunct drugs above mentioned, other well accepted procedures and physiological controls are routinely applied during cardiac surgery with CPB, including mild to moderate hypothermia (core temperature of 33-34°C), deep hypothermia (core temperature of 17-26°C), hematocrit over 24%, glycemia >100 mg%, pH management, prophylactic anti-inflammatory, selective cerebral perfusion, ultrafiltration. A protocol for physiologic targets is established in order to guarantee appropriate cerebral and systemic oxygen supply: 1- MABP (mean arterial blood pressure) 40-50 and DBP (diastolic blood pressure) > 30 mmHg; 2- SsvcO2 or rScO2 >65% and > 75% during CPB; 3- arterial pulse profile visually normal; 4- mild hypothermia (33-34°C) before CPB and normothermia (35-36°C) after CPB; 5- glycemia = 100 - 180 mg%; 6- Htc > 35% and >25% (during CPB); 7- plasma calcium > 1.20 mmol/L; 8- plasma lactate < 2 mmol/L, 9- diuresis ≥ 1 ml/kg/h; 10- CVP = 6-10 mmHg, 11- SpO2 =80 - 95%; 12- PaCO2 = 35-55 mmHg; and 13- BIS = 45-70 in children over 6 months and core temperature over 30°C. These required end-points can almost always be accomplished through management of hemodynamic (volume loading and vasoactive drugs), ventilation patterns and FiO2, and anesthesia deepness through opioid dosing and adjuvant drugs. Specific cerebral ischemia-hypoxia can occur with low PaCO2 (<30 mmHg), high core temperature (>38˚C), and light anesthesia (pain, awareness). On the other hand, when cardiac output is critically low, permissive hypercapnia can lead to splanchnic and renal ischemia[11,13].

  Sedation for transport and monitoring can be promoted by midazolan (50-100 µg/kg) plus ketamine (0.5-1 mg/kg) boluses. An anesthetic induction that allows tracheal intubation, arterial and central venous cannulation can be carried out with midazolam (0.1mg/kg), lidocaine (1.5 mg/kg), fentanyl (5 µg/kg), and vecuronium (0.4 mg/kg). The anesthesia is maintained with fentanyl (50 µg/kg before CPB and more 25-150 µg/kg until the end of surgery), lidocaine (1.5 mg/kg/h), and dexmedetomidine infusion (1 µg/kg/h) started soon after arterial and central venous cannulation and physiologic and laboratorial monitoring. Magnesium sulfate (50 mg/kg followed by 15 mg/kg/h) is administered at the beginning of CPB. An infusion of norepinephrine (0.03-0.06 µg/kg/min) or boluses of vasopressors phenylephrine or ephedrine should be given to minimize the blood pressure and heart rate decrease caused by fentanyl, dexmedetomidine and magnesium administration, particularly those hemodynamic unstable or in critical condition. Recently, we changed the anesthetic technique by given continuous infusion of dexmedetomidine, magnesium sulfate and lidocaine without bolus, to avoid decrease in BP, HR and cardiac output (SvcsO2 or rScO2< 60%). Sevoflurane can be used for induction in children with no venous access and for short-time control of hyper dynamic responses (increases in systolic arterial pressure and heart rate above 30% of control levels). All the patients receive dexchlorpheniramine (0.2 mg/kg), hydrocortisone (20 mg/kg) and ranitidine (2 mg/kg). Chlorpromazine (0.5-5 mg/kg) is administered for arterial hypertension control. All patients receive milrinone (0.5-0.7 µg/kg/min), when starting the rewarming during CPB.

  This anesthetic protocol is supported by basic studies and recent cohort that have demonstrated that high doses of fentanyl and benzodiazepine are associated with neuroprotection and less apoptosis, and higher cognitive scores and less new MRI brain injury while exposure to volatile anesthetics and ketamine lower the cognitive scores in neonate undergoing cardiac surgery[28]. There are, also, a strong body of evidences that dexmedetomidine can in fact be neuroprotective, anti-apoptotic, and antagonize the behavioral impairment caused by inhaled anesthetics in neonate[28,29]. The safety of general anesthetic in neonate has come under contention after accumulating reports from preclinical studies revealed that general anesthetic exposure leads to widespread apoptosis neurodegenerative and long-lasting cognitive and learning impairment in immature and developing brain (neonate). Animal studies and some clinical studies has shown the neurotoxicity of prolonged (more than 3 hours) or repeated exposure to GABAA agents (inhaled anesthetics, benzodiazepines, nitrous oxide, propofol, barbiturates) and NMDA receptors antagonists (ketamine) produce cognitive and behavioral deficits such as learning and memories deficits[48]. The ghost of the routinely anesthetic agents as a contributing factor for neuronal apoptosis and consequent neurocognitive impairment in human neonate remain a current concern. We believe that high induction dose of opioid anesthesia associated with alpha2 agonists (clonidine, dexmedetomidine) is a better alternative to current volatile anesthesia technique in neonate. On the other hand, the cardiovascular limitation of the developing heart to depressant effects of general anesthetic due to its limited contractility, low compliance and frequency dependency, significant hypotension and reduction of cardiac output associated with anesthesia can cause decrease in cerebral blood flow and oxygenation which can exaggerate drug neurotoxicity. Ketamine anesthesia induction can maintain blood pressure and heart rate, and despite of potential neurotoxicity of prolonged administration, a single dose of 0.5-1 mg/kg can, in fact, be neuroprotective[49]. Also, a short period of sevoflurane anesthesia to provide hypnosis and hemodynamic control, should not cause neurologic harm[50].

  The present advocated neuroprotective anesthetic regimen was used in 52 pediatric patients undergoing cardiac surgery with CPB. SsvcO2> 65% was considered the end-point criteria for hemodynamic and respiratory management, weaning from the CPB and to pediatric intensive care unit admission. In this retrospective cohort, with pediatric patients aging from 1 day to 14 years weighting 2-28 kg, SsvcO2 at the end of surgery varied from 67 to 87 % (76±6). One patient died at the end of the surgery and one had low SsvcO2<50% due to cardiac arrhythmia that improved after careful adjustment of the pacemaker. The fentanyl dose range was 56 to 170 µg/kg. Twenty-four percent of the patients received chlorpromazine (0.5-5 mg/kg), to control systemic hypertension during and after CPB. All patients were transported to PICU on milrinone (0.5-0.7 µg/kg/min) but less than 50% required catecholamine at the end of surgery. Although the perioperative clinical results yet observed seems very promising and warrant a clinical research trial to test organ protection efficacy, we must avoid over-enthusiasm in adoption this anesthetic technique for all patients with congenital heart disease undergoing undergoing cardiac surgery with CPB, and we should maintain healthy skepticism until controlled study are carried out.

  Recently, we have been using a combined infusion of dexmedetomidine (1 µg/kg/h), magnesium sulfate (30 mg/kg/h), and lidocaine (2 mg/kg/h) associated with fentanyl (≥ 75 µg/kg). The infusion starts soon after arterial cannulation and is halved after one hour. All patients are monitored with cerebral and somatic (renal) regional oximetry and BIS (over 3 month of age). Various degree of systemic vasodilation at the end of surgery is a common feature. A protocol for study with a controlled, randomized, double-blind and stratified design was started, comparing the proposal anesthetic neuroprotective regimen against the standard anesthesia care with opioid-midazolan anesthesia. The primary outcome will be cerebral/somatic oximetry with NIRS technology, neurophysiological and biochemical organs injury markers, perfusion pressure and vasoactive drugs requirement, inflammatory markers (protein C reactive and IL-6), ventilation patterns FiO2, PEEP), organs perfusion pressures, oxygen extraction, duration of mechanical ventilation and length of stay in pediatric intensive care unit.
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    ABSTRACT

    OBJECTIVE: To investigate the relationship between brain natriuretic peptide and recurrence of atrial fibrillation after successful electrical cardioversion.

    METHODS: Medline and Embase databases were used to identify publications evaluating BNP/N-Terminal (NT)-proBNP levels in association with atrial fibrillation recurrence after successful electrical cardioversion. Nineteen studies that fulfilled the specified criteria of our analysis were found.

    RESULTS: Baseline BNP/NT-proBNP levels of the atrial fibrillation recurrence group were significantly higher than those of the sinus rhythm maintaining group (SMD -0.70, CI [-0.82, -0.58]).

    CONCLUSION: Our analysis suggests that low BNP/NT-proBNP levels are associated with sinus rhythm maintenance, and baseline BNP/NT-proBNP concentrations may be a predictor of atrial fibrillation recurrence after successful electrical cardioversion.

    Keywords: Atrial Fibrillation; Atrial Flutter; Electric Countershock; Natriuretic Peptide, Brain.

  

   
  
   

  INTRODUCTION

  Atrial fibrillation (AF), the most prevalent cardiac arrhythmia, is a costly disease associated with significant morbidity and mortality. There are two modalities of treatment for AF: rate control and rhythm control. Rhythm control is preferred in cases in which sinus rhythm (SR) is expected to be maintained after cardioversion. Direct-current cardioversion is frequently used to restore SR in patients with AF, but the recurrence rate of AF after direct-current cardioversion is 50% after six months[1]. There are many predictors of SR after cardioversion of AF, of which BNP/NT-proBNP is a commonly described one.

  Evidence from several studies supports the relationship between BNP/NT-proBNP and AF recurrence before electrical cardioversion, but other studies have failed to find an association. In 2011, a meta-analysis by Tang et al.[2], which included 10 trials and 618 patients, concluded that higher plasma BNP levels are associated with a greater risk of AF recurrence. Since 2011, nine additional randomized controlled trials were published with double the sample size and that contained information on the association between BNP/NT-proBNP and AF recurrence.

  Under this circumstance, this updated meta-analysis was conducted to reveal a wealth of evidence and provide more valid information for clinical practice.

   

  METHODS

  Search Strategy and Selection Criteria

  This analysis was performed according to the guideline of the Meta-analysis of Observational Studies in Epidemiology Group[3]. Medline and Embase databases were used to identify relevant publications indexed between January 1980 and August 2016, using the following key words ["natriuretic peptide" and "atrial fibrillation"] or ["atrial fibrillation" and "cardioversion"] or ["atrial fibrillation" and "electrical cardioversion"]. We reviewed abstracts except for articles that focused on natriuretic peptide in AF cardioversion, for which we obtained full text. A review for the references of identified studies was conducted and limited the language to English. The corresponding authors were contacted if further unpublished data were needed. And a manual search was also conducted for relevant review articles and for abstracts of the scientific sessions of the American College of Cardiology, the American Heart Association and the European Society of Cardiology for the past five years.

  Studies were considered eligible for inclusion in our meta-analysis if they meet the following criteria: (i) they were observational studies; (ii) they evaluated the potential relationship between plasma BNP/NT-proBNP levels before cardioversion and AF recurrence after successful electrical cardioversion; (iii) they used AF recurrence rates as an index of the outcome; and (iv) they used a follow-up period of ≥ 5 days. The 5-day follow-up was decided on the basis of the 2010 European Society of Cardiology guidelines, which indicate a late recurrence of AF that occurs more than five days after successful electrical cardioversion[4].

  Assessment of Study Quality

  To examine biases in the studies and their effects, quality assessments according to the following criteria were conducted: (i) whether the inclusion criteria and the end of the event were clearly defined; (ii) whether the follow-up period was adequate; (iii) whether all cases were followed up (i.e., withdrawal rate was <20%); (iv) whether confounding and predicting factors were distinguished; and (v) whether there was a clear description of the detection system used to identify the incident endpoint.

  Data Extraction

  Two reviewers independently extracted data from each study. Results were compared, and any disagreements were resolved by consensus. The extracted data included first author, patient characteristics (e.g., left ventricular ejection fraction (LVEF), AF duration, follow-up period), AF detection methods, number of AF recurrence and SR-maintaining patients, and mean and standard deviation (SD) of BNP/NT-proBNP concentrations in the AF recurrence and SR-maintaining groups. If the documents provided medians and range, the method of Hozo et al.[5] was used to calculate the mean and SD.

  Statistical Analysis

  Data were collected and analyzed using STATA software (version 12.0 STATA Corp., College Station, TX, USA). Cochrane's Q test is the most commonly used method to evaluate heterogeneity. In our article, the result of this test is shown by I2, because the I2 statistic describes the percentage of variation across studies that is due to heterogeneity rather than due to chance. I2 = 100% x (Q-df )/Q. I2 is an intuitive and simple expression of the inconsistency in studies' results. We considered an I2 statistic of 50% or more as indicative of a considerable level of heterogeneity; if I2 >50%, the random effects model was used[6]. Otherwise, the fixed effect model was used. We planned to perform sensitivity analysis and subgroup analysis to explore the potential influence of heterogeneity.

   

  RESULTS

  Literature Search

  Our initial literature search identified 1,064 studies (Figure 1), of which 19 were selected in our analysis[7-25]. A total of 1,373 patients were enrolled in these studies: 657 cases were classified in the AF recurrence group and 716 in the SR-maintaining group. Basic characteristics of the 19 studies are shown in Table 1.
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  Findings from the meta-analysis related to the relationship between plasma BNP/NT-proBNP level and AF recurrence after successful electrical cardioversion in patients with AF are shown in Figure 2. When data were pooled across studies, the baseline BNP/NT-proBNP levels in the AF recurrence group were significantly higher than those in the SR-maintaining group (SMD -0.70, CI [-0.82, -0.58]).

  
    

    [image: Fig 2. BNP/NT-proBNP levels and AF recurrence: an updated meta-analysis.]

  

  Evidence of significant heterogeneity was observed (P<0.0001; I2=92.8%). We analyzed the heterogeneity using the random effects model. To explore potential reasons for heterogeneity, we conducted a subgroup analysis to investigate the effect of follow-up duration on BNP/NT-proBNP levels between the SR and AF groups, because the duration of the follow-up period was a major difference in the included studies. This subgroup analysis showed in the long-term follow-up subgroup (defined as followup >1 month) (SMD -0.63, CI [-0.78, -0.47]) and the short-term follow-up subgroup (defined as follow-up of ≤ 1 month (SMD -0.82, CI [-1.02, -0.62]), baseline BNP/NT-proBNP levels in the AF recurrence group were significantly higher than BNP/NT-proBNP levels in the SR-maintaining group (Figure 3). This indicated than BNP/NT-proBNP concentrations in the AF recurrence group were significantly higher than those in the SR-maintaining group.
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  When the study with the shortest follow-up[21] was discarded, the sensitivity analysis produced results similar to those obtained when this study was included (SMD -0.69, CI [-0.81, -0.57]). The heterogeneity was observed in our analysis, which may be attributed to differences in patient characteristics, such as etiology, AF duration, age, and heart function. Possible language and publication biases may also be considered. Distribution of data points on a funnel plot (Begg test) indicated that bias were possibly related to language and publication bias (Figure 4).
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  DISCUSSION

  Our meta-analysis aimed to further explore the relationship between BNP/NT-proBNP levels before successful electrical cardioversion in patients who maintained SR and who had AF recurrence during the follow-up period. The result of our analysis showed that patients with lower BNP/NT-proBNP concentrations were more likely to remain in SR after successful electrical cardioversion. This analysis was conducted in 2011, when 10 studies were included in our analysis. Our present analysis contains nine additional studies, including studies with negative results and twice the number of patients. A previous meta-analysis by Zografos et al.[26] was conducted. In contrast to their meta-analysis, we pooled the BNP/NT-proBNP results. Moreover, the studies involving both electrical cardioversion and pharmacologic cardioversion were excluded.

  B-type natriuretic peptide, a neurohormone, is synthesized as a prohormone in the heart in response to increased myocardial wall stress from volume or pressure loading and other factors. The peptide proBNP is cleaved into BNP and the biologically inactive fragment NT-proBNP. BNP is secreted primarily by ventricular myocytes. In the patients in our analysis, which mainly have preserved ejection fraction, high BNP/NT-proBNP level may have occurred for a different reason. In patients with AF, there is evidence that BNP is secreted by the atrium. Tuinenburg et al.[27] studied atrial BNP gene expression in patients with paroxysmal and persistent AF and found that the atrium was the major site of BNP gene expression. Silvet et al.[28] found that the increase in BNP levels after atrial stretching and volume overload was closely related to chronic AF. In addition, pathologic changes such as the enlargement and fibrosis of the atrium may also cause increased BNP[29]. BNP levels may also reflect a higher degree of systematic inflammation, which is consistently associated with AF[30]. The question of whether BNP/NT-proBNP can be used as an effective indicator in the proactive prevention of AF or its recurrence or in the likelihood of success of cardioversion treatment has, therefore, attracted wide attention.

  The present updated meta-analysis of 19 AF-related publications[7-25] showed that after successful electrical cardioversion, AF was more likely to recur in patients with high, rather than low, plasma BNP/NT-proBNP concentrations. This indicates that plasma BNP/NT-proBNP level is a predictor of AF recurrence. Our subgroup analysis achieved the same result, regardless of the long- and short-term follow-up period, which indicated that the baseline BNP/NT-proBNP concentrations may be a predictor of AF recurrence after successful electrical cardioversion. Distribution of data points on the funnel plot graph after application of the random effects model indicated possible language and publication biases.

  As a biomarker indicator, plasma BNP/NT-proBNP level has the advantages of cost- effectiveness, convenience, and a high degree of reliability[31]. The measurement of plasma BNP/NT-proBNP levels may help predict the risk of AF recurrence, thus helping the initial selection of suitable patients for AF treatment.

  Our analysis suggests that low BNP/NT-proBNP levels are associated with SR maintenance, which is consistent with our previous finding even after including nine additional studies and doubling the number of patients. Even though using BNP/NT-proBNP levels could not guide electrical cardioversion by current evidence, our work's purpose is to suggest that BNP/NT-proBNP levels may help predict the risk of AF recurrence, thus helping the initial selection of suitable patients for electrical cardioversion; therefore, further research is needed to explore such a cutoff of BNP/NT-proBNP value to select the right patients for electrical cardioversion.

  Study Limitations

  A limitation of this study is the significant heterogeneity, which probably reflects several differences between the included studies, such as patient characteristics. Nevertheless, we failed to observe a significant difference between studies with short- long-term follow-up. Another potential factor contributing to the observed heterogeneity is the difference in patient characteristics, such as etiology and ejection fraction. We included patients with AF with varying etiology; details of the etiology were not always available, even though the majority of studies included patients with preserved LV systolic function, and details on diastolic or left atrial function were not always available. Differences in these variables may account for the observed between-study differences as well as the significant in-study variation, which is evident in the wide SD of BNP or NT-proBNP levels observed in many studies.
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    ABSTRACT

    INTRODUCTION: Spontaneous coronary artery dissection is a sudden separation between the layers of a coronary artery wall, non-iatrogenic or trauma related, that has been recognized as an important cause of myocardial infarction.

    OBJECTIVE: To report an emblematic case, in terms of angiographic images, clinical presentation and predisposing factors, whose clinical management failure led to surgical intervention.

    METHODS: A previously healthy 48-year-old male farmer was admitted to the emergency room complaining of anterior chest pain described as "tearing", which started after physical exertion. Anterior wall ST-segment depression was observed in the electrocardiogram and troponin levels were increased. The patient then underwent coronary catheterization. Angiography showed a tortuous left anterior descending coronary artery with a dissection line involving proximal and middle segments, resulting in mild to moderate luminal stenosis. At first, a conservative approach was chosen. Control cardiac catheterization, 3 months later, showed dissection progression to the distal segment.

    RESULTS: The patient was referred to surgical treatment. Internal thoracic artery and a great saphenous vein graft were used to revascularize the target vessels. He had an uneventful postoperative course.

    CONCLUSION: In this report, we describe a typical clinical manifestation of an uncommon cause of acute myocardial infarction. The dissection was started by an extreme physical effort, which is a known triggering factor. Management of these cases is always challenging because there are no evidence-based therapies or guideline-based recomendations.

    Keywords: Coronary Artery Dissection, Spontaneous; Acute Coronary Syndrome; Coronary Artery Bypass.

  

   

   

  PATIENT CHARACTERIZATION

  A previously healthy 48-year-old male farmer was admitted to the emergency room complaining of anterior chest pain described as "tearing", which started after extreme physical exertion, co-occurring with general malaise and lipothymia.

  He denied having previous comorbidities such as hypertension, diabetes, family history of cardiovascular disease and smoking or alcohol consumption.

  Anterior wall ST-segment depression was observed in the electrocardiogram and troponin levels were increased.

  The patient then underwent coronary catheterization. Angiography showed a tortuous left anterior descending (LAD) coronary artery with a dissection line involving proximal and middle segments, resulting in mild to moderate luminal stenosis; these findings were consistent with spontaneous coronary artery dissection (SCAD) diagnosis (Figure 1).

  
    

    [image: Fig. 1. Spontaneous coronary artery dissection affecting the left anterior descending coronary artery. (A) Characteristic angiographic flap is visualized. (B) Long lesion is visualized. (C) Arrows pointing the initial and final dissection points.]

  

  SCAD is a spontaneous separation between the layers of a coronary artery wall, non-iatrogenic or trauma related[1], which has some predisposing factors, namely: fibromuscular dysplasia, postpartum status, multiparity, connective tissue disorders, systemic inflammatory conditions and hormonal therapy[2-4].

  SCAD is responsible for 0.1% to 0.4% of all acute coronary syndrome (ACS) cases in general population[5,6], and up to a quarter of them in women ≤50 years old[7].

  Emotional and physical stressors were identified as common triggers in the Vancouver General Hospital SCAD registry. Out of 204 cases, 99 (48.5%) of them reported emotional stressors and 87 (42.6%) of them physical stressors prior to the SCAD event[8].

  In this report, we describe a typical case of effort-induced LAD coronary artery dissection in a middle-aged man, former smoker and with no other risk factors.

   

  DESCRIPTION OF THE TECHNIQUE EMPLOYED

  At first, a conservative approach was chosen: administration of anticoagulation for 2 weeks with low-weight heparin (enoxaparin 1 mg/kg, subcutaneously, twice a day) and then statin, ticagrelor and beta-blocker.

  Control cardiac catheterization, 3 months later, showed dissection progression to the distal segment (Figure 2, Movies 1 and 2). Considering the dissection extension and technical difficulty for percutaneous coronary intervention (PCI), he was referred to surgical intervention.

  
    

    [image: Fig. 2. Control angiogram three months after the initial episode. (A) Increased dissection flap observed. (B) Dissection flap extension. (C) Involvement of diagonal branches.]

  

  
    

    [image: Movies 1 and 2. Spontaneous coronary artery dissection affecting the left anterior descending coronary artery.]

  

  Coronary artery bypass grafting (CABG) was performed under mild hypothermia, extracorporeal circulation, and aortic clamping. The internal thoracic artery was anastomosed in the distal portion of the LAD coronary artery, a dissection-free segment, and the great saphenous vein was anastomosed in a large-caliber 2nd diagonal branch, whose origin was in the false lumen. Cardiopulmonary bypass and cross-clamping times were 35 and 26 minutes, respectively.

  Although conservative management has generally been associated with favorable outcomes, it is also associated with small hazard of dissection progression and the consequent need for intervention[9]. Thus, the decision for revascularization, with PCI or CABG, should rely on clinical status, hemodynamic instability, and angiographic characteristics.

  Comparing conservative versus aggressive management, Shamloo et al.[10] described that 21.2% of conservatively managed patients eventually required surgical or catheter-based interventions, but only 2.5% of the patients initially treated with an invasive strategy needed that. Those patients with an isolated single lesion in left or right coronary artery had a statistically significant better outcome when treated with early aggressive strategy.

  For our patient, we had to adopt an invasive strategy due to the dissection distal progression after three months of optimized clinical treatment. Successful surgical revascularization was achieved and the patient had an uneventful postoperative course. He was discharged on the seventh postoperative day, taking aspirin (100 mg, daily), beta-blocker (metoprolol succinate 50 mg, daily) and statin (rosuvastatin 10 mg, daily).

   

  CONCLUSION

  We reported a typical clinical manifestation of a rare cause of acute myocardial infarction, especially in men. In this case, SCAD was clearly initiated by an extreme physical exertion, which has been described as an important triggering factor. After an initial conservative approach, the dissection progressed to the distal segment, and we opted for surgical treatment, which was successful. Management of these cases is always challenging because there is no evidence-based therapies or recommendations based on guidelines.
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    ABSTRACT

    Embolization by a dislodged projectile is a rare complication that may occur in cases of gunshot cardiac injuries. We report a case of a firearm projectile cardiac injury that evolved, with dislocation of the projectile during cardiac surgery, into embolization of the right external carotid artery.
    Keywords: Wounds, Penetrating; Heart; Wounds, Gunshot; Foreign-Body Migration; Carotid Arteries.

  

   
 
   

  INTRODUCTION

  The main causes of penetrating injuries to the heart are gunshots and stabbings[1]. The mortality rate in such cases reaches 84%, in some series, being exsanguination the primary cause of death[1]. Young male adults are the main victims[2]. Embolization by a dislodged projectile is a rare complication that may occur in 0.3% of cases of gunshot cardiac injuries[3].

   

  PATIENT CHARACTERIZATION AND DESCRIPTION OF THE TECHNIQUE EMPLOYED

  A 26-year-old male patient was admitted to the emergency room due to injuries to the right hemithorax caused by a 12-gauge shotgun.

  At first examination, the patient was hemodynamically stable, albeit presenting moderate dyspnea. No sounds were detectable by auscultation of the right hemithorax. Non-contrast computed tomography (CT) revealed the presence of metallic fragments in the thorax and abdomen, associated with right hemopneumothorax. Tube thoracostomy and laparotomy were performed. No abdominal visceral damage was found.

  After clinical stabilization, the patient underwent further evaluation to precisely locate the projectiles in the mediastinum. Contrast-enhanced CT showed an image suggestive of a projectile fragment in intracardiac position (Figure 1). Transthoracic echocardiogram (TTE) was performed and showed a fixed, hyperechogenic image, measuring about 9x7 mm, located in the membranous septum region, and close to the septal cusp of the tricuspid valve. No intracardiac shunts were detected.

  
    

    [image: Fig. 1. Cross-sectional chest tomography.]

  

  After careful consideration, the heart team decided to surgically remove the fragment, whose intracardiac presence and location had been further reconfirmed by preoperative transesophageal echocardiography and fluoroscopy (Movie 1).

  
    

    [image: Movie 1. Intracardiac mobile foreign body and other fragments distributed in the thorax.]

  

  The surgical approach was done by median sternotomy. During the inspection, there were no signs of pericardial effusion and the penetrating orifice was localized on the topography of the interatrial septum, between the right upper pulmonary vein and the superior vena cava (Figure 2).

  
    

    [image: Fig. 2. Entry location of the projectile near the right superior pulmonary vein.]

  

  After full heparinization, with 3 mg/kg intravenous unfractionated heparin, extracorporeal circulation was installed with aortic and bicaval cannulations, allowing the right atrium to be accessed. The examination of the open chamber showed no signs of presence of the projectile in this chamber or in any other location.

  Fluoroscopy revealed that the fragment had migrated to the right cervical region. In order to define its precise position, arteriography of the cervical vessels was performed and showed that the projectile had lodged itself in the right external carotid artery.

  Angiography revealed that, although the right internal carotid artery was intact, the right external carotid artery was occluded, in its proximal portion, by the projectile (Figure 3). Because occlusion of the external carotid artery does not result in brain injury and can only cause mild facial symptoms, it was decided for a conservative treatment. Protamine was infused and the surgical procedure concluded.

  
    

    [image: Fig. 3. Projectile embolized and relocated in the right external carotid artery.]

  

  The patient had no postoperative complication, and he was discharged, asymptomatic, on the fourth postoperative day. He returned to the outpatient clinic 20 days later reporting, as the only symptom, intermittent jaw claudication (episodes of involuntary movement of the mandible).

   

  DISCUSSION

  Cases of gunshot wounds affecting the heart often have high mortality rate due to severe blood loss[4]. In cases of perforating injuries to the left ventricle, there is greater chance of the heart muscle sealing itself, thus preventing exsanguination[4]. This is less likely to occur on the right ventricle, whose thinner walls are more susceptible to perforation[2,4]. Cardiac tamponade and perforation of the aorta or pulmonary vein are complications also described[3].

  Cardiac lesions should be considered whenever there are penetrating lesions in the precordial and/or epigastric region[2]. TTE can provide important information[2]. Other imaging tests, such as radiography or CT, can be used to precisely locate the projectile[5,6]. The presence of metal fragments contraindicates the use of magnetic resonance in this context[6].

  Projectile embolization is a rare complication found in patients with penetrating injuries caused by gunshots[3]. The emboli usually reach the limbs, especially the left leg[1]. When the projectile is smaller than 3 mm, the embolization occurs, usually, in the vessels of the head and neck, where it lodges itself, preferentially, at the origin of the middle cerebral artery and it is associated with a mortality rate of 25-33%[1]. Embolization is symptomatic in 80% of the cases: signs of cerebral or peripheral ischaemia are valuable findings[3].

  Surgical intervention should be carried out when the projectile is lodged in the lumen of important vessels, especially in cases involving arteries that perfuse extremities or the extracranial internal carotid artery[6]. In these specific cases, the extraction of the projectile or fragment must be done at the earliest possible opportunity[3].

  The approach to remove the embolizing projectile may be endovascular or by open surgery, using a Fogarty catheter. Extraction by arteriotomy, after direct exposure, is recommended in case of older lesions, in which the projectile has been in situ for more than one week and it is fixed to the vessel wall[3].
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    ABSTRACT

    Left atrial dissection is a rare factor that may cause left ventricular assist device obstruction. Prompt diagnosis and surgical repair are essential. This case report describes our experience and a successful surgical management in a patient after HeartMate 3 implantation and mitral valve inflow obstruction due to a left atrial dissection.
    Keywords: Heart Atria; Heart Aneurysm; Cardiac Surgical Procedures; Heart-Assist Devices.

  

   

   

  INTRODUCTION

  Left atrial wall dissection is defined as the forced separation of layers of the left atrial wall by blood. It is a rare complication during cardiac surgery and it occurs in up to 0.84 percent of mitral valve replacements. This surgical complication can result in haemodynamic collapse and can also be fatal[1,2].

  Other rarer surgical complication causes include mitral valve repair, aortic valve surgery, myocardial infarction, percutaneous coronary intervention, cardiac mass excision, left ventricular aneurysm repair, coronary artery bypass graft, blunt cardiac trauma, pulmonary vein cannulation, infective endocarditis and spontaneous occurrence[1,3].

  Left atrial dissection can present a variety of symptoms such as chest pain, dyspnea, palpitations, fatigue, syncope, and cardiac arrest. One of the most common presentations is a rapid hemodynamic change with weaning of cardiopulmonary bypass. Obstruction of pulmonary veins and mitral inflow causes congestive heart failure and low-output syndrome[4].

  We are going to report a rare case of left atrial dissection related to a left ventricular assist device (LVAD) implantation, that caused obstruction of the assist device and right ventricular dysfunction, and discuss its management.

   

  CASE REPORT

  A 38-year-old male patient was presented with end-stage heart failure, based on the New York Heart Association class IV, and was hemodynamically supported by a peripheral femoral venoarterial extracorporeal membrane oxygenation (ECMO) Cardiohelp device (Maquet Holding, Germany). The patient's medical history indicated that he has suffered from chronic heart failure, due to dilated cardiomyopathy, and that during the last two months, he has been hospitalized several times due to acute heart decompensation. ECMO was implanted as a bridge-tobridge strategy and he was transferred to our institution for further treatment. Accordingly, the patient underwent implantation of a LVAD, HeartMate 3 (Thoratec Corp, Pleasanton, CA, USA). The operation was performed through median sternotomy with ECMO support. The inflow cannula of the HeartMate 3 LVAD was implanted in the left ventricular apex, and the outflow cannula in the ascending aorta. After completion of the operation, and during weaning of the ECMO device based on signs of right ventricular dysfunction, a right ventricular assist device (RVAD), Cardiohelp (Maquet Holding, Germany), was implanted with cannulation of the femoral vein and the pulmonary artery.

  During the immediate postoperative period, there were signs of LVAD low-flow due to low left ventricular filling and an increasing need for RVAD support. Additionally, serial transthoracic echocardiograms showed a hyperechogenic lesion in the left atrium that resulted in mitral valve inflow obstruction.

  Surgical revision was decided and intraoperative echocardiography confirmed the presence of left atrial lesion with the endocardial layer of the left atrium separated from the left atrial wall (Figures 1A, B and C). With the use of cardiopulmonary bypass, a left atriotomy was performed, which identified that the posterior atrial wall has suffered a large hematoma (atrial wall dissection) that obstructed the mitral valve inflow. The space was evacuated and the dissected layers were reapproximated using full thickness 4/0 polypropylene sutures to the posterior muscular wall through the mitral annulus and the left atrial appendage. Early postoperative transesophageal echocardiography showed that the left atrial lesion was significantly smaller, without any obstruction of the mitral valve inflow (Figure 1D). Also, during the procedure, the inflow cannula of the RVAD was transferred from the femoral vein to the right atrium.
  
  
    

    [image: Fig. 1. (A) Intraoperative echocardiogram showing left atrial dissection; (B) 3D echocardiography; (C) Intraoperative Doppler echocardiography; (D) Early postoperative echocardiogram after the repair.]

  
 
  After the left atrial wall dissection repair, the LVAD flow returned to normal and a weaning process for the RVAD was initiated. In the subsequent postoperative period, there was a recovery of the right ventricular function, and eventually the RVAD was explanted.

  Moreover, the postoperative recovery was complicated, with few surgical revisions due to pericardial tamponade. On postoperative day 43, the patient was discharged in stable clinical condition. Transthoracic echocardiography on discharge showed regression of the atrial hematoma after the repair with residual thickening of the left atrial wall, without any obstruction of the mitral inflow (Figure 2). An informed consent and an institutional review board permission were obtained to present this case.
  
  
    

    [image: Fig. 2. Follow-up echocardiogram showing residual thickening of the left atrial wall.]

  
  
   

  DISCUSSION

  Left atrial wall dissection is a rare complication and the true incidence, etiology and management remain poorly defined. It is mostly associated with atrioventricular junction injuries, however, as presented in this report, there are other less common cases remote from the atrioventricular junction (dome of left atrium or junction of the pulmonary veins entering the left atrium)[4]. We believe that the left atrial dissection in the presented case occurred during elevation and placement of the laparotomy pads under the heart while inserting the inflow cannula of the HeartMate 3 device into the left ventricular apex. Manipulation of the heart and mechanical pressure applied on the left atrium by the laparotomy pads may have resulted in left atrial wall dissection.

  In 1985, Maeda et al.[5] firstly reported a surgical repair of left atrial dissection through left thoracotomy. Since then, different surgical approaches have been described[4]. Surgical techniques reported include primary repair, repair with bovine/synthetic patch and in association with mitral valve replacement, prosthesis explantation and reimplantation for which careful sizing of the valve is crucial[4,6,7].

  Repair of the left atrial wall dissection should focus on evacuation of the hematoma and blood from the false atrial cavity, obliteration of the dissected cavity, and repair of the dissection entry point as required. In this case, we did not identify the dissection entry point, and, as such, a full-thickness continuous suture was used to obliterate the cavity. Furthermore, BioGlue (Cryolife, INC, Kennesaw, GA, USA) can be used to bring the dissected layer together[1].

  A spectrum of clinical presentations exists as well as required treatments that depend on how extensive the atrioventricular disruption is and on what is the direction of the dissecting blood. Prompt diagnosis and repair with obliteration of the false cavity may prevent obstruction of the mitral valve inflow, pulmonary artery hypertension and right heart failure. Based on the review of the available literature, all of intraoperative left atrial wall dissections should be repaired. Acute, left atrial wall dissections resulting in mitral valve inflow obstruction require repair; and delayed left atrial wall dissection in a stable patient can be managed conservatively[1,4,8].

  In conclusion, this study report describes a rare case of a left atrial wall dissection in association with an LVAD implantation, which was successfully managed with surgical repair.
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    ABSTRACT

    Stent-graft migration and type I endoleaks are associated with a higher rate of reintervention and increased mortality and morbidity. This article describes a patient presented with an infrarenal aortic stent-graft which had migrated into the aortic sac with loss of all aortic neck attachment. The acutely expanding abdominal aortic aneurysm was treated by placing a second modular endograft within and above the migrated stentgraft. The patient returned 36 months later, with features of an acute myocardial infarction, severe bilateral lower limb ischemia, and renal failure. He was too ill for intervention and demised within 48 hours.
    Keywords: Endovascular Procedures; Aortic Aneurysm, Abdominal; Stents/adverse effects; Blood Vessel Prosthesis/adverse effects; Blood Vessel Prosthesis Implantation/adverse effects; Minimally Invasive Surgical Procedures/adverse effects.

  

   

   

  INTRODUCTION

  Endovascular aneurysm repair (EVAR) results in a lower 30-day mortality, compared to open repair[1,2]. However, the long term reintervention rate is high[1,2]. Migration and type I endoleaks are serious adverse events and indicate EVAR failure[3,4]. Distal migration of the main body, within a long infrarenal neck, may be treated by inserting an extender cuff, provided there is some overlap between the main body and neck[1,2,5]. More extensive forms of migration, when the main body is no longer contained within the neck (complete migration), may mandate conversion to open repair[2,3]. We will describe a medical high-risk patient presented with a completely migrated stent-graft (MG), abdominal pain, and a 10.5 cm infrarenal abdominal aortic aneurysm (AAA). The patient was treated by placing a second modular bifurcated endograft (SG) within and above the MG. Appropriate consent was obtained from the patient.

   

  CASE REPORT

  A 72-year old male presented with abdominal pain. Medical history included hypertension, diabetes and coronary artery disease. He had undergone endovascular repair, 6 cm AAA, five years before and had not returned for follow-up.

  The computed tomography (CT) scan revealed a 10.5 cm infrarenal AAA and a totally migrated AneuRxTM stent-graft (Medtronic Inc. Minneapolis, USA). There was a complete displacement and angulation of the stent-graft's main body within the aneurysm sac (Figure 1). Both iliac components of the endograft were still maintained inside their respective iliac arteries (right limb as part of the main body and left limb as an intact extension). Due to his body mass index and comorbidities, we opted for endovascular stent-graft placement.

  
    

    [image: Fig. 1. Pre-operative computed tomography (CT) scans: proximal end of migrated graft within the aneurysm sac.]

  

  Management Strategy and Planning

  The plan was to place a SG within and above the existing MG. The short SG's (AnacondaTM Stent Graft System Vascutek Terumo, Inchinnan Renfrewshire, Glasgow, Scotland) main body should lie within the infrarenal neck and the two iliac limbs to extend itself from the main body into the iliac limbs of MG. All components were oversized by 10%.

  Procedure

  The main body of SG (24F) was introduced from the right femoral artery and deployed just below the renal arteries. The distance between the distal end of SG and the proximal end of MG was 40 mm. The left limb of SG's main body was cannulated by attaching the ipsilateral and contralateral magnets within the MG's main body. The contralateral magnet wire was then exchanged for a Lunderquist wire. A 17 mm x 140 mm contralateral iliac limb was used to bridge the gap between SG and MG, landing into the left iliac limb of MG. An ipsilateral 17 mm x 140 mm iliac limb was deployed from the right iliac limb of SG into the right limb of MG. Thus, a new modular endograft was inserted above and into the MG, thereby excluding the aneurysm sac from blood flow. Intraoperative angiogram didn't reveal endoleaks. Pedal pulses were palpable postoperatively. The duration of the procedure was 1 hour and 30 minutes.

  The patient was discharged 72 hours later. CT scans at 6 weeks, 6 months and 18 months showed intact endograft components, absence of endoleaks and shrinkage of the aneurysm sac (Figure 2). He returned after 36 months with chest pain, hypotension and loss of sensation in both lower limbs. Investigations confirmed acute myocardial infarction (MI), lower limb ischemia and severe renal dysfunction. Ultrasound revealed absence of blood flow within the stent-graft. He was assessed as being too ill for any cardiological or vascular intervention. He demised within 48 hours of admission. It was unclear whether it was the lower limb ischemia or cardiac ischemia that initiated his current condition.

  
    

    [image: Fig. 2. Six weeks follow-up computed tomography (CT) scan.]

  

   

  DISCUSSION

  The Society for Vascular Surgery (SVS) define migration as the movement of the endograft by 10 mm relative to anatomical landmarks or any migration leading to symptoms or requiring therapy[6]. There are no guidelines for treating complete migration[5]. Open repair is the recommended procedure of choice to treat complete migration.

  In this case, due to inflammation, graft component incorporation and the prohibitive comorbidities, endovascular repair seemed to be a better option. The use of an extender cuff only was not an option because the graft had completely migrated. The AnacondaTM device was chosen. Its short main body allowed a "working length" to place two iliac extension limbs between SG and MG. The lower limb ischemia prior to his death could have been due to component occlusion, kinking or migration. Stent-graft thrombus secondary to MI and hypotension was also possible. In appropriate individuals, such "off-label" use of EVAR devices requires a stricter follow-up or even conversion to open repair at a later stage if the patient's general condition allows it.

  Although EVAR relining by using a second infrarenal endograft seems to be a feasible alternative to immediate open surgery in high-risk patients, with a complete MG, other options need to be investigated. Customizing EVAR devices in this setting demands more investigation.
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Table 1. Baseline characteristics of patients undergoing myocardial revascularization surgery (N=221), overall and stratified
according to the cutoff value of BNP (150 pg/ml).

Baseline characteristi All patients (221) | BNP <150 pg/mL (111) | BNP =150 pg/mL (110) |  PValue
Median (25% -75%) or N (%)

Age (years) 60(52-67) 58 (51-66) 62(56-69) 0014
Male gender 146 (66) 75 (68) 71(65) 0635
Weight (ko) 72(65-83) 75 (67-85) 70(63-80) 0023
Height (m) 1.6 (1.60-170) 166 (160-170) 165 (160-170) 0772
Body mass index (ka/m?) 27(24-30) 28(25-31) 26(24-29) 0010
ICU Length of Stay 3e-5 30-5 30-6 0342
‘Acute Coronary Syndrome 7433) 220 52(47) <0001

Unstable Angina 37(50) 1673 21¢40)

Non-ST Elevation MI 2230 408) 18(35) <0001

ST Elevation MI 1520) 200 1305
LMCA > 50% 5907 2906) 3000 0912
Number of grafts 30-3 30-3 30-3) 0197
Urgency/Emergency 8267 3 59 (54) <0001
CoPD 762 307 486 0722
High blood pressure 192(87) 93 (849) 99 (90) 0171
Diabetes mellitus 7062 2603) 44 (40) 0008
Baseline SCr (mg/dl) 110(090-130) 1,10(1.00-130) 110(090-140) 0761
LV dysfunction 4309 109 3209 <0001
‘CPB time (min) 94(77-111) 94(78-110) 93(77-113) 0763
1ABP 2003 961 2008 0027
Additive EuroSCORE 20-4) 20-3 30-5 <0001

Low(0-2) 115(62) 7269 43(9)

Intermediate (3-5) 7363) 3360 40 36)

High (6-8) 2195 4G6) 17015 oot

Very high (>9) 12(54) 208 1000

BNP = B-type natriuretic peptide; COPD=chronic obstructive pulmonary disease; CPB=cardiopulmonary bypass; IABP=intra-aortic,
balloon pump; ICU=intensive care unit; LMCA=left main coronary artery; LV=left ventricle; Mi=myocardial infarction; SCr=Serum
creatinine
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Movie 1- Intracardiac mobile foreign body and other fragments
distibuted in the thorax:
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Table 2. Univariate and multivariate analysis by the Cox Regression model for mortality in the 30-day postoperative period.

Univariate Multivariate

Al patients

HR 95%Cl PValue HR 95%Cl PValue
Age (years) 110 105-116 | <0001 110 104-116 | <0001
Gender (male) 104 042-258 0930
Urgency/emergency surgery 594 217-1621 0001
Baseline SCr (ma/dl) 244 180-330 | <0001 195 142-268 | <0001
LV Dysfunction 277 115-670 0023
Cardiopulmonary bypass time (min) 103 101-104 | <0001 102 100-103 0027
BNP > 150 pg/mL_ 655 193-2223 [ 0003 399 114-1398 | 0030

BNP=8-type natriuretic peptide; LV=left ventricle; SCr=Serum creatinine
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Fig. 3 - Projectile embolized and relocated in the right external
canotid artery:
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Fig. 2 - ROC curve showing point of maximum sensitivity and
specificity corrlating BNP measured in the preoperative and all-
cause mortality during the 30-day postoperative period.
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Fig. 3 - Kaplan Meier survival curves for patients undergoing CABG
stratified for serum preoperative BNP.
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Abbreviations, acronyms & symbols

T =Computed tomography
TIE =Transthoracic echocardiogram
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Table 1. The underlying congenital heart defects.

Congenital heart defect Values
™ 60(373%)
PS or PA with or without VSD 230143%
TGA 2037%)
ccTGA 1168%)
DI 10(62%)
Mitral atresia 9(56%
DORV or DOLV with upstairs downstairs ventricles | 8 (5%)
Heterotaxy syndrome 7043%
Unbalanced CAVSD 667%)
Large multiple VSDs 531%

“All values are presented as number (%)

CAVSD=comple atrioventricuiar septa defect; - TGA=congenitally
corrected transposition of great arteres; DILV= double inlet eft
ventride; DOLV=double outlt left ventrice; - DORV=couble
outlet right ventricle; PA=pulmonary airesia; PS=pulmonary
stenosis; TA=tricuspid atresia; TGA=transposition of great arteries;

VSD=ventricular septal defect
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‘Table 2. Characteristics of the in-hospital mortality patients.

Patient | Age® Diagnosis Prior palliation Type of SCPC mPAP® | Associated procedures
1 3 PS without VSD Shunt Right SCPC without pump’ 18 None
2 6 | Unbalnced CAVSD PAB Right SCPC with pump 2 None
3 15 TASPS None Right SCPC with pump 2 PA branch repair
4 1| Heterotaxy syndrome None Right SCPC with pump 2 TAPVC repair

“age at operation in years, Pmean pulmonary artery pressure in mmHg preoperatively, ‘pulmonary artery branch repair
CAVSD=complete atrioventricular septal defect; mPAP=mean pulmonary artery pressure; PA=pulmonary atresiz; PAB=pulmonary artery
banding; PS=pulmonary stenosis; SCPC=superior cavopulmonary connection; VSD=ventricular septal defect, TA=tricuspid atresia;

TAPVC=total anomalous pulmonary venous connection
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Table 3. Characteristics of the takedown patients

Patient | Age® Diagnosis Prior palliation | mPAP® | Time of takedown Follow-up
1 125 Large multiple VSDs A3 12| The same operation day 2years
2 6 Unbalanced CAVSD PAB 20| The same operation day | Died in the hospital
3 3| DORV upstairs/downstairs ventricles PAB 20 After 35 years 9years
4 1| DORV upstairs/downstairs ventricles PAB. 17 After 3 years 9years
5 2| DOLV upstairs/downstairs ventricles PAB 18 After 3 years 7years

“age at SCPC operation in years, "mean pulmonary artery pressure in mmHg preoperatively.
CAVSD=complete atrioventricular septal defect; DORV=double outlet right ventricle; mPAP=mean pulmonary artery pressure;
PA=pulmonary atresia; PAB=pulmonary artery banding; PS=pulmonary stenosis; SCPC=superior cavopulmonary connection;

VSD=ventricular septal defect; TA=tricuspid atresia; TAPVC=total anomalous pulmanary venous connection
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Table 1. Grading of ischemic milral regurgitation.

Regurgitant Effective regurgitant
WRdegree | ) orfice area (mm)
1 <30 <20
I 30-44 2029
1 45-59 30-39
v > 60 > 40

IMR=ischemic mitral regurgitation
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Table 2. Evaluation of groups for preoperative characteristics.

Variables CABG : r':‘i]l;a: Tnnu‘l;;plasly é‘r“’,':f;’ (f.gf) P
‘Age, mean+SD, year 6410874 6566+9.95 0227
Gender,n ()

Male 40(690%) 53(716%) o

Female 18(31.0%) 21 084%)
EuroSCORE (st), mean+SD 721177 693+1.14 0.73%
PAP (mmHg), mean+SD 42594515 41014496 011
NYHA class, mean+SD 355+0.50 246+062 0.0001***
‘COPD, n (%) 10(17:2%) 9(9.5%) 0.19*
Left main lesion > 50%. (%) 8(135%) 13074 056"
Rhythr,n 06

Sinus rhythm 47 (81.0%) 71(95.9%) 0006+

Atrial fibrillation rhythm 11(19.0%) 3(4.1%)
Diabetes mellitus, n (%) 27 (46.6%) 31(41.9%) 0.59*
Hyperlipidemia, n (%) 23(39.7%) 31(41.9%) 0.80%
Hypertension, n 06 27 (466%) 40(54.1%) 039°
Smoking, n (%) 20 (34.5%) 27 (365%) 081*
Previous neurological event, n (%) 3(5.2%) 5(6.8%) 0.98*
Unstable angina, n (%) 21(36.2%) 31(41.9%) 051%
Severity of mitral regurgitation, n (%)

Moderate 16(276%) 47(635%)

Severe 2024%) 27(365%) oo
'COPD=chronic obstructive pulmonary disease; NYHA=New York Heart Association; PAP=pulmonary artery pressure

*Pearson's chi-square test o Fisher’s exact test.

*Student’s-t test.
***Mann-Whitney U test.
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Table 3. Preoperative blood results and haematological parameters of patients.

CABG + mitral annuloplasty

Isolated CABG

e Loy sy | e
Haemoglobin (mg/dL) 136(104-15.5) 140 (104-16.5) 036
Haematocrit (%) 407 (306-48.1) 426 (30.5-489) 031*
Creatinine (mg/dL) 0.90 (0.56-1.83) 10.90 (0.50-1.89) 064
Urea (mg/dL) 41(31-68) 43 (31-49) 082**
Leukocyte count (x10°/ul) 7.75(590-9.70) 760(5.10-1020) 092**
Thrombocyte count (x10%pl) 261(180-401) 255 (147-422) 041%
C-reactive protein (mg/L) 055 (0.17-1.76) 054 (0.16-1.87) 097**

“**Mann-Whitney U test. CABG=coronary artery bypass grafting
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Table 6. Comparison of intragroup and intergroup for preoperative and 6" and 12" postoperative months echocardiographic data.

CABG + mitral annuloplasty. Isolated CABG
Variables Group 1 (n=58) Group 2 (n=74) P

n (min-max) Median (min-max)
Preoperative EF () 40 (25-50) 40 20-55) 019
Postoperative 6 months EF (%) 45 (3055 40 20-55) 0001+
Postoperative 12 months EF (%) 45 (3560 40 20-55) 00001+
Pvalue 00001 022
Preoperative LVESD (mm) 49 (45-54) 46 (42-51) 00001+
Postoperative 6 months LVESD (mm) 46 43:51) 45 (42-51) 0001+
Postoperative 12 months LVESD (mm) 43 (40-48) 45 (42-50) 00001+
Palue 00001 0001
Preoperative LVEDD (mm) 60 (56-65) 57 (53-62) 00001+
Postoperative 6 months LVEDD (mm) 57 (54-62) 57 (5461) 018"
Postoperative 12 months LVEDD (mm) 54 (50-58) 56 (53-61) 00001+
Palue 00001 on®
Preoperative LVESV (mm) 91(83-97) 84(76.92) 00001+
Postoperative 6 months LVESV (mm) 73 (67-84) 845 (75-91) 00001+
Postoperative 12 months LVESV (mm) 61(5475) 85(75-94) 00001+
Pvalue 00001* 043"
Preoperative LVEDV (ml) 137(125-145) 128(117-137) 00001+
Postoperative 6 months LVEDV (ml) 121(112:125) 127(120-138) 00001+
Postoperative 12 months LVEDV (ml) 109 (102-116) 127 (120-140) 00001+
Palue 00001* 0l6"
Preoperative EROA (mm?) 42(32-48) 2802442 00001+
Postoperative 6 months EROA (mm?) 2101823) 292543 00001°
Postoperative 12 months EROA (mm?) 18(16-20) 30(25-46) 00001+
Pualue 00001 00001
Preoperative RV (ml) 631573) 40(32-62) 00001+
Postoperative 6 months RV (ml) 3342 40 (28-58) 00001+
Postoperative 12 months RV (ml) 200729 42(2563) 00001+
Pvalue 00001 0005*

‘CABG=coronary artery bypass grafting; EF—ejection fraction; LVED=left ventricle end-diastolic diameter, LVEF=left ventricular
ejection fraction; LVESD=left ventricle end-systolic diameter; LVEDV-=left ventricle end-diastolic volume; LVESV=left ventricle end-
systolic volume; RV=regurgitant volume; EROA=effective regurgitant orifice area

*Friedman test.

**Mann-Whitney U test.
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Table 4. Intraoperative and postoperative data of the patients.

‘CABG + mitral annuloplasty Isolated CABG
Variables Group 1 (n=58) Group 2 (n=74) P
MeanzSD MeanzSD

CCT, minute 9029699 590041062 00001+
CPB time, minute 132004664 911941169 00001+
Intubation time, hours 8004506 6714612 00001
Amount of drainage, ml 382742116 367641922 051+
Number of distal anastomoses 3531060 3541086 092
Length of intensive care unit stay, hours 377453133 300142809 015
Length of hospital stay, days 7173316 585137 001
Use of inotropic support, n (%) 18 31.0%) 8(108%) 0004
Use of blood products, n (%) 32 (552%) 30 (405%) 010"

‘CABG=coronary artery bypass grafting; CT=cross-clamp time; CPB=cardiopulmonary bypass
* Pearson's chi-square test or Fisher's exact test.

**Mann-Whitney U test.
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Table 5. Evaluation of the early postoperative complications.

Complications ‘CABG + mitral annuloplasty Isolated CABG »
Group 1 (n=58) Group 2 (n=74)
Neurological events, n (%) 3(52%) 5 (68%) 100°
Respiratory event, n (%) 10(17.2%) 16216%) 053
Renal disorder, n (%) 2(34%) 4064%) 069"
1ABR.n (6) 6(103% 5(68%) 053
Bleeding revision, n (%) 3(5.2%) 207% 065*
Steral infection, n (%) 5(86%) 4(54%) o051
Sternal revision, n (%) 3(5.2%) 207% 065"
Postoperative new-onset AF, n (%) 22 (37.9%) 12(162%) 0005*

AF=atrial fibrillation; CABG:

* Pearson's chi-square test o Fisher’s exact test.

ronary artery bypass grafting; ABP=intra-aortic balloon pump
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Table 1. Left atril appendage anatomic relationships.

Relationship of the lef circumflex artery to the LAA ostium

Epicardial/endocardial relationship of the LAA to the left superior vena cava and left superior pulmonary vein

Relationship of the LAA ostium and mitral valve

Relationship of the lef circumflex artery to the LAA ostium

Epicardial/endocardial relationship of the LAA to the left superior vena cava and left superior pulmonary vein

Relationship of the LAA ostium and mitral valve:

LAA—left atrial appendage
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Fig. 1 - Bioassay system fiom the perfused atrial appendage
tube. The atriums are perfused through a separate constant-flow
perfusion loop, and vasoactivity of effuent from the atriurns was
bioassayed on aring of canine coronary artery. The central cannula
was used to dirct perfusion of coronary rings (physiologic solution
with or without drugs). The lateral cannulae were connected to the
tight and left atrium and the solution perfused thought atral tubes
was dripped on coronary ring. The coronary ring was connected
10 a force transducer that registers the variation of vascular tone
{contraction and relaxation)".
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Abbreviations, acronyms & symbols

ACE = Anglotensin-converting-enzyme
AT Activated clotting time

AF = Atrial fibrillation

CABG = Coronary artery bypass grafting
B Cardiopulmonary bypass

ECG = Electrocardiography

B = Ejection fraction

EROA Effective regurgitant orifice area
™ Ischemic mitral valve insufficiency
MR Ischemic mitral regurgitation

UMA = Leftinteral mammary artery
w = Leftventricle

eft ventricle end-diastolic diameter
eft ventricle end-diastolic volume
eft ventricular efection fraction
Left ventricle end-systolic diameter
eft ventricle end-systolic volume
Mitral ring annuloplasty

‘=New York Heart Association
Pulmonary arterial pressure
Proximal Isovelocity surface area
Regurgitant volume

= Transthoracic echocardiography
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Abbreviations, acronyms & symbols

PTFE = Polytetrafluoroethylene
™ =Tissue adhesives
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Fig. 1 -Resultsof bursting pressure test:pressure supported up to the
moment of leakage occurrence, viewed by an observer with the aid
of magnifying glass and proper ilumination. Suture I: aorta closure
by suture; Fibrin: aorta closure by suture + fibrin adhesive; Suture 2:
aorta closure by suture; Cyanoacrylate: aorta closure by suture +
CGyanoacrylate adhesive.
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Table 2. Echocardiographic measurements of ventricular

synchrony, in millseconds.

Aortic pre-ejection time 1406042252
Pulmonary pre-gjection time 983342212
Interventricular delay 432742025
Septum/posterior wall delay (M mode) | 105504469
Diastolic volume of LV (ml) 9168+2908
Systolic volume of LV (ml) 3441310
Ejection fraction (%) 6350:609
Left atrial volume (ml) 321241024
Ratio E/e’ 11114450

LV=left ventricle
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Fig. 1 - QRS on lead Dil during echocardiogram (ms).
RVEW=Right ventricke ree wal RVMS=Right ventricle mediur septum
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MVHC Concept, design, acquisition, analysis and interpretation
of data and critical review of the study; final approval of
the version to be published

EM  Interpretation of data and critical review of the study:
final approval of the version to be published

EAL  Interpretation of data and critical review of the study:
final approval of the version to be published
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Table 1. Clinical and pacing echocardiographic characteristics
(=40

Variables N (%) or mean £ SD.
Age 602521476 years
Male 2(55%)
BMI 27915478
Heart rate (bpm) 71151978
QRS in lead DIl during echo (ms) 9368+1572
Largest QRS on 12 lead ECG 1489741552
Hypertension 26 (65%)
oM 1025%)
Dyslipidemia 1362%
Smoking 13 325%)
D 6(15%)
NYHA functional dlass

| 875%

] 125%
Current medications

Diuretics 15 G7.5%)

ACEinhibitors 12 30%)

Angiotensin receptor blockers 11275%)

Beta blockers 20(50%)

Calcium channel blockers 5025%

Amiodarone 105%
Reason for the Implant

Complete AV block 25 (62.5%)

2% degree AV block 7075%
Others 8(20%)
Stimulation Mode

DOD 29 (725%)

DDDR 6015%)

WIR 400%)

VDD 105%

RV pacing (%) 0495%21065%

Bpm=beats _per minute; ms=miliseconds; DM=diabetes
melitus; CAD=coronary artery disease; NYHA=New York Heart
Association;  ECG=electrocardiography;  ACE=angiotensin
enzyme converter, BMI= body mass index; AV=atrioventricular;
Rv=right ventricle
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Fig. 4- QRS duration and interventricular delay.
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Fig. 2+ Largest QRS on 12 lead ECG (ms).
RVFW=iight ventiicl fiee wall; RvMS=right ventricle mediurn septum
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Fig. 3 QRS duration and aortic pre-ejection time.
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Fig. 7 - Aortic pre-gjection time and pulmonary pre-ejection time
according to pacingssite.
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Fig. 8 - Interventricular dyssynchrony and pacing position.
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Fig. 5 - New York Heart Association class and lead position
NYHA=New York Heart Association; RVFW=right ventricle
freewall;RvMS=right ventricle medium septum





OPS/images/a13img08.png
Weans (erorbars: 1.5D)
P=0008

ey (moes)

o
o
o+ 1
"
o

T B 3
apcal s VW

Fig. 6 - Intraventricular delay and lead position.
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ventricle mediu septum
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Fig. 4 - Frequency and etiologyfor the S-1CD.
HCM=hypertrophic ~ cardiomyopathy; ICMD=dilated  ischemic
cardiomyopathy; CD=Chagas disease; ARVC=arrhythmogenic right
ventricular cardiomyopathy; LQTS=congenital long QT; NCM=non-
compacted myocardium, IVF=primary ventricular brillation





OPS/images/cover.png
ISSN 0102-7638 (Print)
1678-9741(Online)

BICVS
BRAZILIAN JOURNAL OF
CARDIOVASCULAR SURGERY

REVISTA BRASILEIRA DE CIRURGIA CARDIOVASCULAR






OPS/images/a09img01.png
Table 1. Comparison of patient characteristics with and without infectious complications.

s Non-infected (n=38) el ’

Age (month) 4(0.03-240) 52 (003-108) 15 (0.03-240) 0256
Sex (male/female) 38/28 2414 14/12 0799
Postoperative ECMO (n) 60 35 25 0693
Duration of ECMO (day) 4(1-13) 35(1-8) 4(1-13) 0030
pH 7.18(69-7.5) 7.14(69-7.5) 7.19(69-743) 0410
Lactate (mmol/L) 9.8(16-129) 104(1.6-129) 9(33-176) 0284
CRP (mg/dl) 17 (05-185) 194(06-116) 17 (05-185) 0870
BUN (mg/dl) 15(2-40) 15(2-38) 145(2-40) 0732
Antibiotics on ECMO day 1 65 (98%) 37 (97.4%) 28 (100%) 0287
Duration of ICU stay (day) 145(2-114) nsEN4 17 (7-81) 0045
Duration of ventilation (day) 120-114) 9(1-114) 145 (3-66) 0040
Outcome

ECMO survival 45 (68.2%) 24 (63.2%) 21 (75%) 0424
Overall survival 22G33%) 11089% 11Go3%) 0435

BUN=blood urea nitrogen; CRP=C-reactive protein; ICU:

intensive care unit
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Table 3. Comparison of patient characteristics with skin patch-closed and primarily closed.

Skin-patch closed (n=37) | Skin-primarily closed (n=24) P
Overall survival 1027%) 11 46%) 0171
ECMO survival 23(62% 20@3% 00%0
Risk classification (O'Brian) 405 305 0040
Infected/noninfected 2%/11 14/10 0025
AFR positive/negative 314 14/10 07%
Multiple revisions 22 (59%) 16 (67%) 0601
Peritoneal dialysis 801%) 605% 0765
Hemodialysis 13 35%) 10 42%) 0787
Age (month) 1501-17) 7(01-108) 0030
Sex (male/female) 2017 15/9 0600
Postoperative ECMO () 36 97%) 2202% 0556
Duration of ECMO (day) 308 450-13) 0040
pH 7.18(69-74) 719(6775) 0532
Lactate (mmol/L) 100624 9302229 0727
BUN (mg/d)) 165 (2-40) 14038 0372
Duration of ICU stay (day) ey 21490 0050
Duration of ventilation (day) 901-114) 185 (4-66) 0040
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Abbreviations, acronyms & symbols

AT Activated dlotting time
aPTT = Activated partial thromboplastin time
Bsl Blood stream infections

BUN Blood urea nitrogen

c Centers for Disease Control

P “reactive protein

ECMO = Extracorporeal membrane oxygenation
ELSO Extracorporeal Life Support Organization

icu = Intensive care unit
RACHS-1 = Risk-Adjusted Congenital Heart Surgery

RTI Respiratory tract infection
swi stemal wound infections
un Urinary tract infection
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Fig. 1 - The characteristics of cannulation sites of infected and non-
infected patients.
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Table 2. The characteristics of patients who had culture positive nosocomial infection.

Patient Number of sites of | i _ | Daysof | Antibiot Emo | oo
ne Age ofinfection | positivity icroorganism | ecmo | ECMO survival fesul
T [ 4months [ 551 MRCNS 7 Cefazoline Exitis_|_bxitus
2| 10months [ utl Candida 4 Cefazoline__| Survived | _Bxitus
‘Ampilin +
3 1day 1 Bs1 MSSA 8 bt | mivs | e
‘Ampidlin +
4 | 100 2 8L RTI Kebsiclla 3 Survived | - Bxitus
Cefotaxime
5 | 1o 2 BS.RI | Acnetobacteria | 8 Other Exites | xitus
Zmonths 1 utl Candida 7 Other Sunvived | Bxitus
7| 24das 1 w1l Pseudomonas 2 Cefaroline | Survived | _bitus
Ampicilin +
8 | 2dws 1 Bs1 MRCNS 2 b | sunived | it
Bs1 Micrococcus
9 | 21dy 2 o fon 13 Other Survived | Discharged
10 | 20yeas 1 Bs1 MSCNS 2 Other Sunvived | Discharged
11| 28months 1 Bl ["’V"“b’;“’;‘”’“’" 2 Cefazoline | Sunvived | Discharged
12 16 days 1 BSI Enterobacteria 3 Cefazoline Exitus Bxitus
cloacae
Bl MRCNS
13| 3dws 2 - e 35 Other Survived | Bxitus
14| 13months [ B MSCNS 5 Cefazoline__| Survived | _Bitus
15| Tmonth [ 85| Stenotophomonas |11 Cefazoline Exitus_ | xitus
16 | tadays [ RTl Pseudomonas 2 Cefazoline__| Survived | Discharged
17| 2months [ utl Candida 7 Cefazoline__| Survived | _Bitus
18| 11 months [ RTl Kiebsicla 4 Cefazoline__| Survived | Discharged
Bl Kebsiela ‘Ampilin +
19 | 1days 2 o e 7 et | eivs | e
20 28 days 1 RTI Acinetobacteria 10 Ampicilin+ | g ed | Bitus
cefotaxime
Ampicilin +
21 | 6months 1 AT Pseudomonas 1 s Survived | Discharged
fotaxime
Ut Candida ‘Ampilin +
2 | 3months 2 N e 4 fmpiin | sunvived | Discharged
23 [ 14months 1 w1l Ecoli 4 Cefazoline | Survived | Discharged
24| 10months 1 utl Candida 5 Cefaroline | Survived | _bitus
25 | 45months 1 un Candida 13 Ampicilin + Bxitus | Exitus
Cefotaxime
% | 21y [ utl Candida 5 Cefazoline__| Survived | Discharged
27| 7months [ RIl__| Stenotophomonas | _ 6 Cefazoline__| Survived | Discharged
ampiclin +
28 | sdys 1 AT Kebsiclla 3 Tt | sunived | Discharged

BS=blood stream infection; RTI—respiratory tract infection; UTI—urinary tract infection; MRCNS=meticilln-resistant coagulase
negative staphylococcus; MSCNS=meticilln-sensitive coagulase negative staphylococcus; MSSA=meticilin-sensitive staphylococcus
aureus
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Table 1. Preoperative characteristics of the participants.

Total

Non-hypothyroid

Hypothyroid

Variable Net26 s oty P Value
Age in years. Median (IQR) 65(58-72) 63(56-70) 68(61-73) 00001
Fernale sex n (%) 168(268) 57(182) 111355 00001
Arterial hypertension, Yes n () 474(758) 219(69.9) 255 (81.5) 0001
Diabetes Melltus, Yes n (%) 23737.9) 108 (345) 129(412) 008
Body Mass Index kg/m? Median (IQR) 255(237-279) 257235277 254(237-280) 068
Dyslipideria, Yes n (%) 350(559) 165 (527) 185 (59.1) 0107
Heart Failure, Yes n (%) 27(43) 1032 17(54) 017
Myocardial infarction, Yes n (%) 349(557) 170(543) 179(57.2) 047
Creatinine, mg/dl. Median (QR) 092(08-11) 09(0811) 092(0812) 077

N=number; IQR=inter-quartile range
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Table 2. Variables related to the surgical procedure.

e Rl el el
Use of cardiopulmonary bypass, Yes n (%) 402 (64.2) 190 (60.7) 212(67.7) 007
Aortic clamping time (Minutes). Median (IQR) 71 (57-87) 70 (56-84) 72(58-88) 006
CPB time (Minutes). Median (IQR) 90 (75-108) 89(76-108) 91 (76-109) 015
Use of intra-aortic balloon pump counterpulsation, Yes n (%) 19(20) 10(32) 9(29) 082

N=number, IQR=Inter-quartile range; CPB=cardiopulmonary bypass
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Fig. 1 - Study sampling flowchart.
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Table 3. Postoperative outcomes.

Variable J:;IG """"'Vf"“;'y“’i" ”“"‘f‘"{';’i" PValue
‘Composite outcome*, Yes. n (%) 119(19.0) 47 (150) 72(23) 001
In-hospital mortality, Yes. n (%) 12(1.9 403) 8(26) 024
Postoperative atrial fibrillation, Yes. n (%) 83(133) 29(93) 54(172) 0003
Surgical site infection, Yes. n (%) 30 (4.8) 11(35) 19 (6.1) 0.13
Reoperations due to bleeding, Yes. n (%) 22(35) 8(26) 14 (45) 0.19

N:

{umber. “Death, atralfbrilation, surgical site infection, reoperation due to bleeding.
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Fig 2 - BNP/NT-proBNP levels and AF recurrence: an updated meta-analysis.
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‘Table 4. Association of hypothyroidism with the composite outcome and atrial fibrillation. Co-variable-adjusted model.

Variable Composite outcome Atrial fibrillation

OR (95% CI) Pvalue OR (95%CI) Pvalue
Hypothyroidism, Yes 16(10424) 003 19(10538) 004
Age®, years 17(1.0427) 003 20(102-40) 004
CPB time, Min® 10.196) 002
R2 81% 8%
AIC 09 086
BIC 3414 16745
Adjustment goodness 080 066
CPB=cardiopulmonary bypass; Min=minutes; AIC=Akaike information criterion; BIC=Bayesian information criterion

¥ Over 61 years of age. *CPB longer than 123 minutes, adjusted for CPB use.
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass surgery
PB = Cardiopulmonary bypass dirculation
TS =Society of Thoracic Surgeons

TSH  =Thyroid stimulating hormone
WHO  =World Health Organization
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Table 1. Predictors in each score.

Cleveland Score Mehta Score. SRIScore AKICS Score
Prediction
RRT-AKI RRT-AKI RRT-AKI AKI
Variable Definition | Score | Definition | Score|  Definition | Score |  Definition | score
Age Varies Varies 65 23
Race Non-white 2
Gender Female 1
EE:S:E:V;W scr1221mgdl | 2 scr Varies | G irl]io ey P'i"fs’:g’:f’ 3
SCr>21mg/dl | 5 GFR<30m/min | 2
cHF Yes
NYHA Class 4 3 Sor4 32
Preoperative
Diabetes aapillary glucose | 17
> 140 mg/dL
coPD Yes 1 Yes
Recent MI (< 21 d) Yes
LVEF <35% 1 <40% 1
Previous surgery Yes 1 Yes 3 Yes 1
Preoperative IABP Yes 2 Yes 1
Cardiogenic shock Yes 7
Timing of surgery | _Emergence 2 Nonselectve | 1
CPBtime >120min 18
Postoperative CVP >14amtho | 17
Lcos Yes 25
Type of surgery CABG only 0 CABG only 0 | OtherthanCABG | 1 (‘;'j"':;;d 37
Valve only 1 [Aorticvaveonly| 2
Aortic valve +
CABG+valve | 2 o 5
Mitral valve only | 4
Mialvale + |
CABG
Score range 017 083 08 020
At=acutekidneyinjury; RRT-AKi=AK which renal replacement therapy isneeded; CABG=coronary artery bypass grafting; CHF=congestive

heart failure; COPD=chronic obstructive pulmonary disease; CPB=cardiopulmonary bypass; CVD=cerebral vascular disease; CVP=central
venous pressure by ICU admittance; DM=diabetes melitus; eGFR=estimated glomerular filtration rate, as calculated based on the
Cockeroft Gault formulae for SRI score validation; GFR=glomerular filration rate; IABP=intra-aortic balloon pump; LCOS=low cardiac
output syndrome; LVEF=left ventricular ejection fraction; Mi=myocardial infarction; NYHA=New York Heart Association; SCr=serum
creatinine; SD=standard deviation
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Abbreviations, acronyms & symbols

AKI = Acute kidney injury.
AUROC = Area under recelver operating characteristics curve
CABG = Coronary artery bypass grafting

B Cardiopulmonary bypass

CSA-AKI = Cardiac surgery-associated acute kidney injury

KDIGO = Kidney Disease: Improving Global Outcomes
RRT-AKI  =Renal replacement therapy-acute kidney injury
scr
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Table 2. Characteristics of the patients in the validation cohort.

Preoperative Non-AKI (N=993) AKI (n=594) P
Male 542 (54.6%) 434(73.1%) <001
Age, mean (D), years 568(123) 587(117) 008
Kidney function

Serum creatinine, mean (SD) mg/dL 083(02) 104 (040) <001

€GFR, mean (SD) mL/min/1.73 m? 1094 304) 859252 <001
Comorbidities

Hypertension 320 322%) 204 (343%) 0408

DM 136 (137%) 60(10.1%) 004

COPD 0 0

) 303%) 407%) 043
Cardiac function

NYHA dlassification > 2 541 (545%) 363(61.1%) <001

LVEF < 35% 101 102%) 147 (244%) <001

Previous cardiac surgery 9(09%) 8(13%) 0454
Intraoperative

Emergency 2(02% 0 0531
Procedure

Valve 605 (609%) 428(72.1%) <001

CABG 342 344%) 133(224%) <001

Valve + CABG 46 (46%) 33(56%) <001

‘CPB time (min) 89 (71.113) 100(79,124) <001
Postoperative

Lcos 303% 13022%) <001

VR, mean (SD),cmH20 8407 10929 <001
Prognosis

28-day mortality 8(08%) 36(61%) <001

‘AKi=acute Kidney injury; RRT-AK=AKI which renal replacement therapy is needed; CABG=coronary artery bypass grafting;
COPD=chronic obstructive pulmonary disease; CPB=cardiopulmonary bypass; CVD=cerebral vascular disease; CVP=central venous
pressure by ICU admittance; DM=diabetes mellitus; eGFR=estimated glomerular itration rate, as calculated based on the Cockeroft-
Gault formulae for SRl score validation; LCOS=low cardiac output syndrome; LVEF=left ventricular ejection fraction; NYHA=New York
Heart Association; SCr=serum creatinine; SD=standard deviation
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Table 3. Comparison between predicted and observed outcomes for each score.

AKI RRT-AKI
AKICS (n=1585) Cleveland (n=1587) Mehta (n=1587) SRI(n=1587)
Predicted 14% 1.7% 14% 1322%
Observed 37.4% 1.1% 1.1% 1.1%

‘Aki=acute kidney injury

The predicted incidences of each outcome were derived from the origin papers.





