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  Domingo M. BraileI

  IEditor-in-Chief - BJCVS

   

   

  Entrepreneurship and Cardiovascular Surgery

  In the last weeks, the Brazilian Journal of Cardiovascular Surgery (BJCVS) Blog published three articles concerning the intersection of cardiovascular surgery and entrepreneurship. One of the articles brings the international case of the Indian cardiovascular surgeon Dr. Devi Shetty, who created a health management model that revolutionized Indian reality. A second article dissects a Brazilian case, the startup of the cardiovascular surgeon Dr. Marcus Vinicius Gimenes, named "Consulta do Bem", which seeks to facilitate access to private health care by making use of shared economic model. Finally, the last article discuss the importance of leadership for cardiovascular surgeons and how the concept of leadership changed since the last decades.

  I myself, as a cardiovascular surgeon, was compelled to be an entrepreneur, to produce cardiac pericardial valves, not available in the country at the beginning of our specialty. So, I deeply believe that entrepreneurship must be instigated in our young students, residents, and surgeons. Entrepreneurship is the key to progress and, if we want cardiovascular surgery keeps advancing and being known for its innovative nature, we must ensure that the new generations are stimulated and free to create new things.

  Another believe I have is that innovation must come from the Universities, in close cooperation with the medical devices Industry. The University is the ideal place which brings together the young, smart and dedicated people, the knowledge accessibility and the resources to develop and test new concepts, to be produced and distributed by the Industries. It was not a coincidence that, within university surgeons, as Prof. Euryclides of Jesus Zerbini and Prof. Adib Jatene, was developed a mindset that we should, create and manufacture many of the equipment for cardiovascular surgery in Brazil. An interesting tool recently created, and which relates to what I mentioned before, is the Brazilian Index of Entrepreneurial Universities. It is a ranking based on how the Universities in Brazil stimulate innovation and entrepreneurship and can be accessed at http://bit.ly/indexofentrepreneurialuniversities. After you check the Index, I invite you to inquire yourself with the following questions: How does my University scores in the ranking? What can I do to improve this score?

  With these thoughts, I urge all my surgeons colleagues to learn more about entrepreneurship, develop your ideas and stimulate your fellows to do the same. Only then, we will bring back the innovative spirit which for long characterized the field of cardiovascular surgery.

  44th Brazilian Congress of Cardiovascular Surgery

  From April 20 to 22, the 44th Brazilian Congress of Cardiovascular Surgery will take place at Riocentro Exhibition & Convention Center in Rio de Janeiro, RJ.

  The theme this year is "High Technology: Acquiring Knowledge to employ it better".

  At the same time, the 7th Symposium of Nursing in Cardiovascular Surgery, the 7th Symposium of Physiotherapy in Cardiovascular Surgery, the 6th Academic Congress on Cardiovascular Surgery, the 35th Brazilian Congress on Cardiopulmonary Circulation, the Meeting of Female Surgeons and the Meeting of Residents, completes the program.

  It's scheduled 3 opening lectures by 3 worldwide recognized leading experts. The subjects are the understanding of mitral regurgitation pathophysiology after repair or replacement, the standard of surgical management in coronary artery bypass grafting (CABG) and the role of surgery in treatment of cardiac failure of ischemic etiology are 3 issues of interest to surgeons today.

  The presence of 7 several international speakers are: Hartzell Schaff, Mayo Clinic (USA); John D. Puskas, Mount Sinai (USA); Eric Velasquez, Duke University (USA); Andreas Martens, Hannover Medical School (GER); Michael Madani, University of California San Diego (USA); Emir Kabil, Centre for Heart Tuzla (BIH) and Vlassis Ninios, Interventional Cardiologist, St. Luke's Hospital (Greece) which guests consolidate the growth and fundamental integration of SBCCV with international Societies and values the essential exchange of knowledge. In addition, participants will enjoy moments with colleagues and family as well as leisure time visiting the beautiful capital of Rio de Janeiro.

  The Scientific Methodological course that will happen on April 20th and TAVI, TEVAR, HPTEC – chronic thromboembolic pulmonary hypertension and intraoperative echocardiogram course that will happen on April, 22rd are the news of the 44th SBCCV Congress, bringing great professionals to share their wisdom.

  I congratulate the Board of the SBCCV, the Organizing Committee; coordinated by Dr. Henrique Murad, on the effort made for this meeting to become interesting for all participants of the Congress.

  This year the free themes will have an award differently. The SBCCV has implemented several educational projects, including the free themes of the congress, with the following awards: 1st place - Airline tickets and international congress registration (AATS, STS or EACTS). 2nd place - Arline tickets and registration for the next SBCCV Congress and 3rd place it is a registration for the next SBCCV Congress. These projects aim to contribute as encouragement scientific production for each specialty.

  I proudly announce that in this issue we are publishing the first article "The Brazilian Registry of Adult Patient Undergoing Cardiovascular Surgery, the BYPASS Project: Results of the First 1,722 Patients" (page 71), which is the beginning to come true an old dream of the SBCCV that it will allow the access of safety database about cardiovascular surgery in the country. The BYPASS, will also be introduced by Dr. Walter Gomes at clinical studies table, that impacts surgical procedures on Friday.

  BJCVS will have a stand working together with SBCCV, that it will host every participant during the meeting.

  During the Welcome Cocktail event, there will be the prelaunch of the book "Cardiovascular Surgery - A Clinical Casebook" of academic league of SBCCV.

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

  On April 21st, from 1pm to 2pm, in room 211, there will be a meeting of the Editorial Board of the BJCVS with Associate Editors and Editorial Board members, also open to all members. We will address very strongly the issues like financial, scientific, ScholarOne, ABEC, Plagiarism, CrossRef, DOI, ORCID, IF, planning 2017/2018 and it will be of great importance to have all suggestions and criticisms in this, so that we can improve the Journal and make it in accordance with the requirements of all Databases and aspiration of our readers around the globe. I count on the participation and suggestions from everyone.

  My warmest regards,

   

  Domingo M. Braile

    1Editor-in-Chief - BJCVS
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  A preferred treatment for cardiovascular disease (CVD) is preventing its occurrence (i.e., primary prevention). Moving further upstream, preventing the occurrence of well-established CVD risk factors from ever manifesting is optimal (i.e., primordial prevention). In the unfortunate and currently common situation where CVD does manifest, either clinical or subclinical, reversal of risk factors becomes imperative (i.e., secondary prevention). Regardless of the CVD prevention entry point (i.e., primordial to secondary), increasing physical activity and cardiorespiratory fitness (CRF) is a primary objective[1-3].

  While unique entities, there is a degree of overlap between physical activity and CRF that warrants recognition. Physical activity is quantified by some type of activity tracker or more commonly by self-report. CRF is quantified by exercise testing techniques, where peak/maximal aerobic capacity is either estimated [i.e., metabolic equivalents (METs)] or directly measured [i.e., peak oxygen consumption (VO2)]. The link between both higher levels of physical activity and CRF and a decreased risk of being diagnosed with CVD, or suffering a subsequent adverse event if already diagnosed with CVD, is beyond dispute[1,2,4,5]. Comparatively, the drop in CVD risk with increasing CRF is sharper than that observed with increasing levels of physical activity, an observation likely associated with the fact that the former is a more objective measure that the latter.

  There are well established recommendations for weekly exercise patterns: 1) 150 minutes or more moderate-intensity aerobic activity per week; or 2) 75 minutes or more of vigorous aerobic activity per week[6]. Participating in exercise at these volumes portends clear health benefits[7,8]. Even so, it has become increasingly recognized that exercise volumes falling significantly below these recommendations also provides substantial health benefits. For example, Lavie et al.[3] recently reviewed the risk of cardiovascular and all-cause mortality according to running behaviors (i.e., minutes, distance and frequency per week) divided into quintiles. Compared to non-runners, the greatest risk reduction was realized in the first quintile, which equated to running <51 minutes per week, less than 6 miles per week, and at frequency of 1-2 times per week. In over 3,000 individuals >65 years, Sundquist et al.[9] found those who reported exercising once a week had a 40% lower all-cause mortality risk compared to those who reported no weekly exercise. This volume of exercise is well below the current recommendations and yet elicits significant risk reduction.

  Improvements in CRF follows a similar incremental pattern with respect to reductions in CVD risk; each 1 MET improvement in CRF, particularly between the 5-10 peak MET level[10], equates to a 10-30% risk reduction for premature mortality[2]. In a large meta-analysis of healthy men and women, Kodama et al.[11] found all-cause mortality and CVD risk decreased 13% and 15%, respectively, per 1 MET increase in CRF. In a larger cohort of patients with CVD undergoing CR, Martin et al.[12] reported a 13% reduction in mortality per 1-MET increase in patients with a high baseline CRF level (i.e., >8 METs) and a 30% reduction in mortality per 1-MET increase in patients with a low baseline CRF level (i.e., <5 METs). There is a dearth of additional investigations demonstrating a similar trend. These consistent findings highlight that modest improvements in CRF, commonly not to a level that would allow for the attainment of a normal age/sex predicted level, can lead to significant health benefits. The strength by which CRF level predicts future health trajectory has prompted discussion of this measure being consider a vital sign[10,13].

  Time spent participating in a structured exercise program and CRF are often the exclusive measures used to gauge an individual's risk for CVD. There is data to suggest value in expanding measures to assess a more comprehensive "movement portfolio" when determining CVD risk and providing guidance to improving one's health trajectory through a broader array of activities that require physical exertion.

  Achieving 10,000 steps per day is now a commonly cited goal, although not considered in the context of a structured exercise program[14,15]. Those who take more steps per day clearly have better health outcomes[14-16] and the relationship between step count and health benefits follows a linear, continual scale. For example, Dwyer et al.[16] found each 1,000 daily step count increase resulted in a 6% reduction in all-cause mortality.

  The health detriments of prolonged sedentary time is also becoming increasingly clear[17]. This is a significant health concern given adults average 6-8 hours of sedentary time each day and increases with advancing age[18]. Pandey et al.[19] conducted a large meta-analysis (i.e. 700,000 subjects) and found a nonlinear significant increase in risk for poor health outcome when sedentary time exceeded 10 hours per day. Chau et al.[17] found a similar association; >10 hours of total sitting time equated to a 65% higher risk of all-cause mortality compared to subjects who sat <4 hours per day. A recent American Heart Association scientific advisory on "Sedentary Behavior and Cardiovascular Morbidity and Mortality" highlighted the importance of decreasing sedentary time and concluded by stating "sit less, move more"[18].

  Given the apparent importance of an expanded movement portfolio, perhaps clinicians should consider incorporating "movement as a vital sign" and ask the following questions: 1) How many steps do you take each day?; 2) How many hours do you spend sitting each day?; 3) Do you interrupt sitting time with movement and if so what type and how often?; 4) Do you participate in a regular exercise program and if so how many times per week, what intensity, how long is each session and what type of exercise do you perform?; and 5) If you have had an exercise test, what is your CRF? Embracing a "Movement as a Vital Sign" framework and asking these five questions potentially allows for an orchestrated dialogue, between the clinician and patient, on how to progressively increase movement patterns using a pragmatic, individualized approach, which may be viewed as substantially more achievable by the patient.

  In conclusion, moving more portends a clear health benefit with respect to reducing CVD risk across the prevention spectrum (i.e., primordial to secondary). Moreover, current evidence indicates there is a need to reconsider how we counsel individuals on becoming more physically active, allowing for a more pragmatic and achievable approach. As healthcare providers, we should all be prepared to "talk about moving more" with those we are charged with caring for during every encounter.
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    Abstract

    OBJECTIVE: To report the early results of the BYPASS project – the Brazilian registrY of adult Patient undergoing cArdiovaScular Surgery – a national, observational, prospective, and longitudinal follow-up registry, aiming to chart a profile of patients undergoing cardiovascular surgery in Brazil, assessing the data harvested from the initial 1,722 patients.

      METHODS: Data collection involved institutions throughout the whole country, comprising 17 centers in 4 regions: Southeast (8), Northeast (5), South (3), and Center-West (1). The study population consists of patients over 18 years of age, and the types of operations recorded were: coronary artery bypass graft (CABG), mitral valve, aortic valve (either conventional or transcatheter), surgical correction of atrial fibrillation, cardiac transplantation, mechanical circulatory support and congenital heart diseases in adults.

      RESULTS: 83.1% of patients came from the public health system (SUS), 9.6% from the supplemental (private insurance) healthcare systems; and 7.3% from private (out-of -pocket) clinic. Male patients comprised 66%, 30% were diabetics, 46% had dyslipidemia, 28% previously sustained a myocardial infarction, and 9.4% underwent prior cardiovascular surgery. Patients underwent coronary artery bypass surgery were 54.1% and 31.5% to valve surgery, either isolated or combined. The overall postoperative mortality up to the 7th postoperative day was 4%; for CABG was 2.6%, and for valve operations, 4.4%.

      CONCLUSION: This first report outlines the consecution of the Brazilian surgical cardiac database, intended to serve primarily as a tool for providing information for clinical improvement and patient safety and constitute a basis for production of research protocols.

    Keywords: Registries. Database. Cardiovascular Surgical Procedures. Cardiac Surgical Procedures.

  

   

   

  "A journey of a thousand miles begins with one step."

  Lao Tzu

   

  INTRODUCTION

  National Registries of Cardiovascular Surgery represents a valuable tool for assessing and understanding the characteristics of current medical practice. It also comprises a background for improvement in quality, enhance patient safety and determining healthcare changes.

  Prominent medical societies throughout the world have established Cardiovascular Surgery National Database, harvesting the benefits provided by the outstanding quality of the collected data[1,2].

  In 2010, the Sociedade Brasileira de Cirurgia Cardiovascular/ Brazilian Society of Cardiovascular Surgery (SBCCV) conceived the project of an adult cardiovascular surgery database, which reached full operation in August 2015. In partnership with the Instituto de Pesquisa do Hospital do Coração (IP-HCor), the project was termed BYPASS and the defined dataset encompassed a full range of information necessary for accomplishing the main goal. The project has been solely funded by SBCCV, no external financial source was accepted and is intended to be a continued enterprise[3,4].

  Therefore, the aim is to report the early results of the BYPASS project, assessing the data harvested from the initial 1,722 patients included.

   

  METHODS

  Design

  BYPASS – Brazilian registrY of adult Patient undergoing cArdiovaScular Surgery – is a national, observational, prospective, and longitudinal follow-up registry, aiming to chart a profile of patients undergoing cardiovascular surgery in Brazil.

  Setting Up

  BYPASS was set-up by SBCCV, and its scientific development and monitoring of data and centers was carried out by the IP-HCor, in a partnership between the two institutions.

  Population and Sites

  The participation of cardiovascular sites in the project was voluntary and involved institutions throughout the whole Brazilian territory, in order to obtain a picture of the practice in most regions and states of the federation (Table 1).
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  The participating centers were well distributed across the country and located in the regions: Southeast (8), Northeast (5), South (3), and Center-West (1). Currently, 17 centers are formally included and inserting data (Table 1)

  The study population consists of patients over 18 years of age, undergoing cardiovascular surgery. The types of operations recorded were: coronary artery bypass graft (CABG), mitral valve, aortic valve (either conventional or transcatheter), surgical correction of atrial fibrillation, cardiac transplantation, mechanical circulatory support (any type, from intra-aortic balloon pump to artificial heart) and congenital heart diseases in adults. The informed consent form was signed for every patient included in the study and the onset of data collection followed the National Clinical Research regulation standards, as well as the Document of the Americas and Good Clinical Practices (GCP) and was approved by the Ethics and Research Committee of the coordinating center and each participating institution.

  Variables

  The main variables considered in the dataset, besides demographics, were those related to a greater risk for the patients and for analysis of the primary early, mid-term and late outcomes, when applicable. Part of the set of variables can be seen in Table 2.
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  Outcomes

  The primary outcome of this analysis was cardiovascular mortality during hospitalization, total mortality, and cardiovascular events, such as acute myocardial infarction (AMI), major bleeding, and others.

  Data Collection and Management

  Data were collected at the participating centers directly by the surgeon or staffs trained for the administrative work. Quality control and data monitoring was performed by the IP-HCor team, which checked all the insertions into the system, reporting to the center, when necessary, according to the pre-established in the study design.

  Sample Size

  In this analysis we report interim analysis of 1,722 patients included until December 31, 2016.

  Statistical Analysis

  An exploratory analysis of the data was performed where the quantitative variables were described by mean ± standard deviation, and the qualitative ones were presented in form of absolute and relative frequency. Statistical analyses were performed with the Statistical Package R version 3.3.2.

   

  RESULTS

  A total of 2,331 patients were included in the study by 17 active centers distributed throughout the national territory in the period from August 2014 to December 2016. In this analysis, 1,722 patients were considered, taking into account only those who had the overall data completed until the ultimate follow-up. Regarding origin, 635 patients were from the Southeast region, 480 from the South region, 334 from the Central-West and 273 from the Northeast.

  Participating Centers – Features

  Table 1 depicts the BYPASS participating centers across the country and the related principal investigator. From the overall, 83.1% patients came from the public health system (SUS), 9.6% were from the supplemental (private insurance) healthcare systems, and 7.3% from private (out-of-pocket) clinic.

  Socio-demographic and Baseline Characteristics

  Table 2 shows the socio-demographic characteristics of the sample and among the 1,722 patients analyzed; the mean age was 59.9±12.7 years. Male patients comprised 66%, 30% were diabetics, 46% had dyslipidemia, 28% previously sustained a myocardial infarction, and 9.4% underwent prior cardiovascular surgery. The most prevalent cardiovascular risk factor was hypertension, reported by 73.6% of the patients included.

  Perioperative Data

  Of the 1,722 patients enrolled in this partial analysis, 54.1% underwent coronary artery bypass surgery and 31.5% valve surgery, either isolated or combined. The other procedures performed are listed in Table 3.
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  Clinical Outcomes

  In relation to complications, stroke was recorded in 1.4% and perioperative myocardial infarction in 0.3%, as can be seen in Table 4. The total intraoperative mortality was 0.3%, and the overall postoperative mortality up to the 7th postoperative day was 4%. The mortality for CABG was 2.6%, and for valve operations was 4.4%, with regard to the 7th postoperative day (Table 5). The overall 30-day mortality was 6.4%.
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  DISCUSSION

  This report of the Brazilian registrY of adult Patients undergoing cArdiovaScular Surgery (the BYPASS project) encompasses information on the first 1,722 patients undergoing adult cardiovascular surgery in the period from August 2014 to December 2016. The submissions are from 17 hospitals in 10 states across Brazil and the database includes analyses of patient characteristics, the type of surgery, and perioperative outcomes.

  With this early set of data, the BYPASS project is taking shape and accomplishing the aim of providing a picture of the Brazilian cardiovascular surgery scenario. Despite several previous attempts to establish a national database, a number of restraint circumstances prevented it to crystallize and become a reality.

  Following the successful example set by the STS Adult Cardiac Surgery Database, other national societies instituted similar ventures[5-8]. The STS National Database was established in 1989 and initially involved only 4% of the American hospitals undertaking heart surgery. It has grown steadily, and today there are 1,071 cardiac surgery practices taking part in the database, representing more than 90% of all adult cardiac surgery centers across the country[9]. Likewise, in the BYPASS project, the institutions participating represent 8% of the Brazilian centers performing adult cardiovascular surgery.

  Not surprisingly, CABG surgery makes up the majority of procedures performed across the country, with valve surgery coming next and comprising nearly one-third of all operations. However, this picture displays a current trend, with valve surgery on the rise whereas CABG figure is comparatively steadily abating.

  The BYPASS registry is a sort of observational study with the potential of supplying a wealth of information on the practice of cardiovascular surgery in Brazil, and then making possible comparisons and recognizing the differences and the similarities with other countries and continents. Previous reports have addressed the differences and biases in outcomes among Brazil and elsewhere, only hypothesizing about the findings attained[10].

  Additionally, from the data obtained, it is possible to rationalize and improve the contemporary optimum management of the patients, aiming to the quality enhancement and patient safety, besides refining the methods and the efficiency leads to reduction of costs and cost-effective procedures, supporting the constantly budget-depleted public and private health system.

  The gathered data should serve also to a background to define the best practices and assist in its execution, leading to the standardization of the procedures across the units performing cardiovascular surgery.

  The community must bear in mind that the BYPASS registry was established as an initiative and solely funded by the SBCCV, making it an independent and trusted source with no commercial link or financial conflict of interest.

  The inclusion of the centers undertaking cardiovascular surgery was voluntary; the list of them provided in Table 1, providing a powerful tool that will enable to generate further analyses of current practice, trends and outcomes in the specialty, bringing reliable information.

  A robust adult cardiac surgery database will help to improve quality, enhance research opportunities, and provide an up-todate overview of cardiac surgical activities across the country. The registry provides useful information for government and Health Policy developers, healthcare commissioners and regulators and professional societies.

  Two important consequences derive from the data analyses: first, the quality improvement, with performance metrics leading indicators and pointers to changes toward a desirable outcome; second, serving as an authoritative source for clinical research, allowing production and publication of scientific papers and thesis. From now onwards, submission of research protocols is open and very welcomed.

  Limitations of the database exist and are mainly related to the full data collection and completeness of the outcomes, with gaps remaining beyond hospital discharge and post procedural 30 days. An audit system is on the way to be implemented to check the accuracy of the gathered information. Additionally, a step forward in outcomes research will be the possible link with the SUS database, strengthening the power of data.

  The consecution of this project was made possible by the continuous and strenuous work of the surgeons, centers and personal involved, working voluntarily with willingness and diligence to collect and insert data. We would like to thank all contributors in their support to this very important project, still a work in progress.

  Next step involves a breakdown analysis, understanding sub-related data and the aspects of every condition individually studied.

  Funding of the project give rise to additional concern, yet to be solved, as it is costly and deals with the constraints of the currently available resources. Future development of this database will depend on the continued support of cardiovascular centers and individual surgeons, also aiming to aggregate further units to increase data quantity and quality.

  Therefore, this first report outlines the consecution of the Brazilian surgical cardiac database, intended to serve primarily as a tool for providing information for clinical improvement and patient safety and a basis for production of research protocols.
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    Abstract

    OBJECTIVE: Risk assessment for operative mortality is mandatory for all cardiac operations. For some operation types such as aortic valve repair, EuroSCORE II overestimates the mortality rate and a new scoring system (German AV score) has been developed for a more accurate assessment of operative risk. In this study, we aimed to validate German Aortic Valve Score in our clinic in patients undergoing isolated aortic valve replacement.

      METHODS: A total of 35 patients who underwent isolated open aortic valve replacement between 2010 and 2013 were included. Patients with concomitant procedures and transcatheter aortic valve implantation were excluded. Patients' data were collected and analyzed retrospectively. Patients' risk scores EuroSCORE II were calculated online according to criteria described by EuroSCORE taskforce, Aortic Valve Scores were also calculated.

      RESULTS: The mean age of patients was 61.14±13.25 years (range 29-80 years). The number of female patients was 14 (40%) and body mass index of 25 (71.43%) patients was in range of 22-35. Mean German Aortic Valve Score was 1.05±0.96 (min: 0 max: 4.98) and mean EuroSCORE was 2.30±2.60 (min: 0.62, max: 2.30). The Aortic Valve Score scale showed better discriminative capacity (AUC 0.647, 95% CI 0.439-0.854). The goodness of fit was x2HL[Aortic Valve Score]=16.63; P=0.436). EuroSCORE II scale had shown less discriminative capacity (AUC 0.397, 95% CI 0.2000.597). The goodness of fit was good for both scales. The goodness of fit was x2HL[EuroSCORE II]=30.10; P=0.610.

      CONCLUSION: In conclusion, German AV score applies to our population with high predictive accuracy and goodness of fit.

    Keywords: Aortic Valve. Risk Assessment. Adult. Risk Grade.

  

   

   

  INTRODUCTION

  The assessment of operative mortality risk is mandatory for all cardiac operations. Patients need to be informed preoperatively about the risk factors. Some risk scoring systems are used to compare and standardize the results of the operations. The European System for Cardiac Operation Risk Evaluation (EuroSCORE) is a risk model published in 1999[1]. For more than a decade, this risk model had been used widely and validated in innumerable papers demonstrating wonderful goodness of fit[2,3]. Current requirements necessitated an update to scoring systems which ended up developing EuroSCORE II which was published on May 2010[2]. EuroSCORE II also demonstrated a discriminative capacity similar to EuroSCORE (AUC EuroSCORE II=0.81 vs. AUC EuroSCORE=0.78), and good calibration (x2HL[EuroSCORE II]=15.48; P=0.0505)[4]. On the other hand, for specific operation types such as aortic valve repair, EuroSCORE II overestimates the mortality rate[5-7] which resulted in development of a new scoring system. Some of these new scoring systems emerged nation based such as Ambler, Guaragna and German Aortic Valve score (formerly named AKL-score)[8-10]. German Aortic Valve Score was described by Kötting et al.[10] in 2013 with a study in which 1147 isolated aortic valve surgery and transcatheter aortic valve implantation (TAVI) patients were enrolled. German aortic valve score has 15 risk factors (Table 1). Two of them (body mass index – BMI – and no sinus rhythm) are different from EuroSCORE II. EuroSCORE II differs in five parameters comparing to German Aortic Valve score (hand poor mobility, diabetes on insulin, Canadian Cardiovascular Society class 4 angina, weight of the intervention and thoracic aorta surgery) – Table 2.
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  In this study, we aimed to validate German Aortic Valve Score by comparing it with original the EuroSCORE II risk scoring system in patients with isolated open aortic valve replacement.

   

  METHODS

  Patients who underwent isolated open aortic valve replacement between May 2010 and June 2013 were included in the study. Those with concomitant procedures, isolated bioprosthesis replaced patients and TAVI were excluded. Patients' data were collected and analyzed retrospectively. Primary end point was observed in hospital mortality. Patients' risk scores EuroSCORE II were calculated online according to criteria described by EuroSCORE taskforce[11]. Aortic Valve Scores were calculated according to criteria described by Kötting et al.[10].

  Sensitivity and specificity was assessed by the use of receiver operating characteristic (ROC) curve and the calibration of German Aortic Valve Score was assessed by Hosmer-Lemeshow (HL) test[12]. Calibration was considered to be poor if the test was significant. The discrimination measures the capacity of a model (in this case German Aortic Valve Score and EuroSCORE II) to differentiate the individuals of a sample that suffer an event (in this case, death) and those that do not. The discriminative capacity of the analyzed event was estimated by mean of ROC curve[13]. For the analysis, the statistical package SPSS® 15.0 (SPSS, Inc., Chicago, IL, USA) for Windows® was used. A P-value <0.05 was considered significant.

   

  RESULTS

  We evaluated 35 isolated aortic valve replacement operations in adult patients for this study. The mean age of patients was 61.14±13.25 years (range 29-80 years). The number of female patients was 14 (40%). Patients' characteristics are shown in Tables 1 and 2.

  Mean German Aortic Valve Score was 1.05±0.96 (min: 0, max: 4.98) and mean EuroSCORE was 2.30±2.60 (min: 0.62, max: 2.30). The Aortic Valve Score scale showed better discriminative capacity (AUC 0.647, 95% CI 0.439-0.854) (Figure 1). The goodness of fit was x2HL[Aortic Valve Score]=16.63; P=0.436) (Table 3). EuroSCORE II scale had shown less discriminative capacity (AUC 0.397, 95% CI 0.200-0.597) (Figure 2). The goodness of fit was good for both scales. The goodness of fit was x2HL[EuroSCORE II]=30.10; P=0.610 (Table 4).
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  DISCUSSION

  Risk scoring systems are valuable for benchmarking of institution results, however, several risk scoring systems have been developed and used. EuroSCORE II is a new updated scoring system with better mortality score and goodness of fit. But some statistical questions have been raised recently[14,15]. Moreover, parallel to our opinion there are papers advocating that one scoring system for all patient groups, cardiac diseases and therapies can certainly be misleading[10,16-18]. EuroSCORE II was also based on a data set consisting mainly of coronary procedures. Therefore, we believe that there is a requirement for a new scoring system more adaptive for aortic valve procedures. There are also papers reporting the requirement of a new scoring system for aortic valve procedures[8,10,19-21]. Kotting et al.[10] described a new scoring system for aortic valve procedures based on German Registry.

  Former predictive models were developed for specific locations [Ambler, Quaragna Kotting, EuroSCORE and STS], but global need made EuroSCORE and STS popular and they were used widely. As Casalino et al.[22] reported in their study that German Aortic Valve Score best fits in German population, but in our opinion it may be applicable to our population as well. Our results showed a high quality of discrimination AUC 0.647 and Hosmer-Lemeshow method exhibited sufficient concordance in the predicted and observed mortality (x2HL[Aortic Valve Score]=16.63; P=0.436).

  Non-randomized and retrospectively design, single institution setting, multi-surgeon operations and small sample size were the major limitations of our study.

   

  CONCLUSION

  In conclusion, German Aortic Valve score applies to our population with high predictive accuracy and goodness of fit.

   

  ACKNOWLEDGEMENTS

  Special thanks to Necla Yildiz and Cemile Cevik for their enormous help during the writing process.

   

  REFERENCES

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

  2. Roques F, Michel P, Goldstone A, Nashef SA. The logistic EuroSCORE. Eur Heart J. 2003;24(9):881-2.

  3. Siregar S, Groenwold RH, de Heer F, Bots ML, van der Graaf Y, van Herwerden LA. Performance of the original EuroSCORE. Eur J Cardiothorac Surg. 2012;41(4):746-54.

  4. Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al. EuroSCORE II. Eur J Cardiothorac Surg. 2012;41(4): 734-44.

  5. Gummert JF, Funkat A, Osswald B, Beckmann A, Schiller W, Krian A, et al. EuroSCORE overestimates the risk of cardiac surgery: results from the national registry of the German Society of Thoracic and Cardiovascular Surgery. Clin Res Cardiol. 2009;98(6):363-9.

  6. Biancari F, Kangasniemi OP, Aliasim Mahar M, Rasinaho E, Satomaa A, Tiozzo V, et al. Changing risk of patients undergoing coronary artery bypass surgery. Interact Cardiovasc Thorac Surg. 2009;8(1):40-4.

  7. Nilsson J, Algotsson L, Höglund P, Lührs C, Brandt J. Comparison of 19 pre-operative risk stratiﬁcation models in open-heart surgery. Eur Heart J. 2006;27(7):867-74.

  8. Ambler G, Omar RZ, Royston P, Kinsman R, Keogh BE, Taylor KM. Generic, simple risk stratiﬁcation model for heart valve surgery. Circulation. 2005;112(2):224-31.

  9. Guaragna JC, Bodanese LC, Bueno FL, Goldani MA. Proposed preoperative risk score for patients candidate to cardiac valve surgery. Arq Bras Cardiol. 2010;94(4):541-8.

  10. Kötting J, Schillerb W, Beckmann A, Schäfer E, Döbler K, Hamm C, et al. German Aortic Valve Score: a new scoring system for prediction of mortality related to aortic valve procedures in adults. Eur J Cardiothorac Surg. 2013;43(5):971-7.

  11. EuroSCORE. Available at http://www.euroscore.org /Accessed March 21, 2014.

  12. Hosmer DW, Lemeshow S. A goodness-of-ﬁt test for the multiple logistic regression model. Commu in Stat. 1980;A10:1043-69.

  13. Royston P, Moons KG, Altman DG, Vergouwe Y. Prognosis and prognostic research: developing a prognostic model. BMJ. 2009;338:b604.

  14. Sergeant P, Meuris B, Pettinari M. EuroSCORE II, illum qui est gravitates magni observe. Eur J Cardiothorac Surg. 2012;41(4):729-31.

  15. Collins GS, Altman DG. Design flaws in EuroSCORE II. Eur J Cardiothorac Surg. 2013;43(4):871.

  16. Hannan EL, Wu C, Bennett EV, Carlson RE, Culliford AT, Gold JP, et al. Risk index for predicting in-hospital mortality for cardiac valve surgery. Ann Thorac Surg. 2007;83(3):921-9.

  17. Zheng Z, Li Y, Zhang S, Hu S, Chinese CABG Registry Study. The Chinese coronary artery bypass grafting registry study: how well does the EuroSCORE predict operative risk for Chinese population? Eur J Cardiothorac Surg. 2009;35(1):54-8.

  18. Howell NJ, Head SJ, Freemantle N, van der Meulen TA, Senanayake E, Menon A, et al. The new EuroSCORE II does not improve prediction of mortality in high-risk patients undergoing cardiac surgery: a collaborative analysis of two European centres. Eur J Cardiothorac Surg. 2013;44(6):1006-11.

  19. Florath I, Rosendahl UP, Mortasawi A, Bauer SF, Dalladaku F, Ennker IC, et al. Current determinants of operative mortality in 1400 patients requiring aortic valve replacement. Ann Thorac Surg. 2003;76(1):75-83.

  20. Jin R, Grunkemeier GL, Starr A, Providence Health System Cardiovascular Study Group. Validation and reﬁnement of mortality risk models for heart valve surgery. Ann Thorac Surg. 2005;80(2):471-9.

  21. Nowicki ER, Birkmeyer NJ, Weintraub RW, Leavitt BJ, Sanders JH, Dacey LJ, et al.; Northern New England Cardiovascular Disease Study Group and the Center for Evaluative Clinical Sciences, Dartmouth Medical School. Multivariable prediction of in-hospital mortality associated with aortic and mitral valve surgery in Northern New England. Ann Thorac Surg. 2004;77(6):1966-77.

  22. Casalino R, Tarasoutchi F, Spina G, Katz M, Bacelar A, Sampaio R, et al. EuroSCORE models in a cohort of patients with valvular heart disease and a high prevalence of rheumatic fever submitted to surgical procedures. PLoS One. 2015;10(2):e0118357.

   

   

  Correspondence Address:

  Mehmet Kalender

    Cardiovascular Surgery Department, Konya Education and Research Hospital

    Haci saban Mah. Meram Yeniyol cad. No. 92.

    Konya Eğitim ve Araştırma Hastanesi

    Meram-Konya, Turkey

    E-mail: ka97084@yahoo.com

  Article received on October 2nd, 2016.

    Article accepted on December 29th, 2016.

   

   

  This study was carried out at the Konya Education Research Hospital, Cardiovascular Surgery Department, Konya, Turkey.

  No financial support.

  No conflict of interest.

   

   

  Abbreviations, acronyms & symbols

  BMI = Body mass index

  EuroSCORE = European System for Cardiac Operation Risk Evaluation

  ROC = Receiver operating characteristic

  TAVI = Transcatheter aortic valve implantation

   

  Authors' roles & responsibilities

  MK Conception and study design; realization of operations; analysis and/or data interpretation; statistical analysis; manuscript redaction or critical review of its content; final manuscript approval

  ANB Conception and study design; realization of operations; analysis and/or data interpretation; statistical analysis; manuscript redaction or critical review of its content; final manuscript approval

  OGK Conception and study design; realization of operations; analysis and/or data interpretation; statistical analysis; manuscript redaction or critical review of its content; final manuscript approval

  KB Conception and study design; realization of operations; analysis and/or data interpretation; statistical analysis; manuscript redaction or critical review of its content; final manuscript approval

  NK Conception and study design; realization of operations; analysis and/or data interpretation; statistical analysis; manuscript redaction or critical review of its content; final manuscript approval





  DOI: 10.21470/1678-9741-2016-0010

  ORIGINAL ARTICLE

  
    Kocogulları CU, et al. - Hemoglobin A1c Levels and Acute Kidney Injury. Braz J Cardiovasc Surg 2017;32(2):83-9

  

  
    Hemoglobin A1c Levels Predicts Acute Kidney Injury after Coronary Artery Bypass Surgery in Non-Diabetic Patients

  

   

   

  Cevdet Ugur KocogullarıI; Atike Tekeli KuntII; Rezan AksoyIII; Cagrı DuzyolII; Hakan ParlarII; Huseyin SaskınII; Orhan FındıkII

  IMD. Siyami Ersek Training and Research Hospital, Istanbul, Turkey

    IIMD. Derince Training and Research Hospital, Kocaeli, Turkey

    IIIMD. Kartal Kosuyolu Training and Research Hospital, Istanbul, Turkey

   

   

  
    Abstract

    INTRODUCTION: Elevated hemoglobin A1c levels in patients with diabetes mellitus have been known as a risk factor for acute kidney injury after coronary artery bypass grafting. However, the relationship between hemoglobin A1c levels in non-diabetics and acute kidney injury is under debate. We aimed to investigate the association of preoperative hemoglobin A1c levels with acute kidney injury in non-diabetic patients undergoing isolated coronary artery bypass grafting.

      METHODS: 202 non-diabetic patients with normal renal function (serum creatinine <1.4 mg/dl) who underwent isolated coronary bypass were analyzed. Hemoglobin A1c level was measured at the baseline examination. Patients were separated into two groups according to preoperative Hemoglobin A1c level. Group 1 consisted of patients with preoperative HbA1c levels of < 5.6% and Group 2 consisted of patients with preoperative HbA1c levels of > 5.6%. Acute kidney injury diagnosis was made by comparing baseline and postoperative serum creatinine to determine the presence of predefined significant change based on the Kidney Disease Improving Global Outcomes (KDIGO) definition.

      RESULTS: Acute kidney injury occurred in 19 (10.5%) patients after surgery. The incidence of acute kidney injury was 3.6% in Group 1 and 16.7% in Group 2. Elevated baseline hemoglobin A1c level was found to be associated with acute kidney injury (P=0.0001). None of the patients became hemodialysis dependent. The cut off value for acute kidney injury in our group of patients was 5.75%.

      CONCLUSION: Our findings suggest that, in non-diabetics, elevated preoperative hemoglobin A1c level may be associated with acute kidney injury in patients undergoing coronary artery bypass grafting. Prospective randomized studies in larger groups are needed to confirm these results.

    Keywords: Coronary Artery Bypass. Kidney. Dialysis. Acute Kidney Injury. Mammary Arteries.

  

   

   

  INTRODUCTION

  Coronary artery bypass grafting (CABG) operations are performed safely and successfully in our country as well as in the rest of the world. Acute kidney injury (AKI), not rarely seen following cardiac surgery, is associated with morbidity, increased health costs, and mortality rates[1,2].

  The risk factors and pathophysiology of AKI following CABG were described in the literature and have been the subject of multiple studies[3,4].

  The incidence of AKI following cardiac surgery has been reported as being 5-30% and renal replacement therapy is required in 1-2% of these patients[5,6]. Hemoglobin A1c (HbA1c) is widely used as a marker of average blood glucose concentrations over the preceding 2 to 3 months and it has advantages over glucose tests[7]. Some evidence indicates that high HbA1c levels prior to surgery are strongly associated with the severity of adverse events after CABG[8].

  HbA1c levels were found to be related to cardiovascular and renal complications following open heart surgery[9]. Multiple factors have been implicated as contributors to postoperative AKI, including advanced age, female gender, presence of diabetes mellitus, chronic kidney disease, extended time between heart catheterization and surgery, aortic cross clamp time, duration of cardiopulmonary bypass (CPB), and blood transfusion following surgery[6].

  However, association of elevated HbA1clevels in non-diabetics with AKI after CABG surgery is under debate. The purpose of this study is to investigate the association of preoperative HbA1c levels in non-diabetics with AKI after isolated CABG.

   

  METHODS

  In this study, medical records of 315 open cardiac surgery patients operated in the same center by the same surgical team between June 2012 and July 2014 were investigated consecutively and retrospectively. Patients who underwent isolated CABG with CPB and who were non-diabetic with preoperative serum creatinine levels less than 1.4 mg/dl were included in the study. The number of patients that met that criteria was 202. For descriptive purposes, receiver operating characteristic (ROC) curve analysis was performed to identify the cut-off point with the highest sensitivity and specificity. Patients were grouped according to HbA1c status: < 5.6% (low HbA1c group; group 1) and >5.6% (high HbA1c group; group 2).

  AKI diagnosis was made by comparing baseline and postoperative serum creatinine to determine the presence of predefined significant change based on the Kidney Disease Improving Global Outcomes (KDIGO) definition (increase in serum creatinine by >0.3 mg/dl within 48 hours of surgery or increase in serum creatinine to >1.5 times baseline within 3 days of cardiac surgery)[10]. AKI diagnosis was based on the highest serum creatinine concentration measured during the first 3 days after surgery compared to the baseline serum creatinine concentration, defined as the last concentration measured before surgery. Urine output was not used to define AKI because it may be influenced by diuretics administered during anesthesia and CPB.

  Exclusion criteria included patients who had peripheral arterial disease, moderate to severe valvular heart disease, decompensated congestive heart failure, congenital cardiac disease, cerebrovascular event in the last 30 days, malignancy, endocrinological disorders (hypothyroidism, hyperthyroidism), low hemoglobin levels (<10 g/dl), acute infections, emergency operations; patients who had previous diagnosis of end-stage renal disease and who were on dialysis; patients who were reoperated due to hemodynamic instability or bleeding; patients who required intra-aortic balloon pump; patients who had acute myocardial infarction and percutaneous coronary intervention in the last 30 days prior to operation; and patients who were operated on beating heart or redo CABG. A total of 113 patients were excluded from study, as shown in Figure 1. Additionally, patients for whom data on serum creatinine levels or urine output were missing were also excluded.
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  Patients' demographic and clinical data were obtained by using the hospital's software system of records and archives to investigate patient files, epicrisis, operation notes, and laboratory results. Age, gender, smoking history, hypertension, hyperlipidemia, left ventricular ejection fraction (LVEF), preoperative and postoperative laboratory parameters (hemoglobin, fasting blood glucose, creatinine, urea, creatinine clearance), perioperative data, duration of CPB and aortic cross clamp, amount of blood products used, and intensive care unit (ICU) and hospital length of stay were recorded.

  Patients were followed in the ICU in the postoperative period, according to protocols of our institution. Electrocardiography, systemic mean arterial pressure, central venous pressure, arterial blood gases, chest tube drainage, and urine output were monitored. Preoperative and postoperative creatinine clearances and peak creatinine clearance were calculated according to the formulas reported in the literature[11,12].

  Operative Technique

  All of the patients were operated with median sternotomy under general anesthesia and CPB with aortic and venous cannulations following systemic heparin administration (300 IU/kg). Activated clotting time (ACT) was maintained at over 450 seconds during the operation. Standard CPB circuit and surgical management were used. Antegrade hypothermic and hyperkalemic blood cardioplegia was applied to all patients. Surgery was performed under moderate systemic hypothermia (28-30ºC). CPB flow was maintained at 2.2-2.5 l/min/m2, mean perfusion pressure was maintained between 50 and 80 mmHg, hematocrit level was maintained between 20 to 25% during CPB. For the coronary bypass operations, arterial grafts for left anterior descending artery (LAD) revascularization were preferably harvested from the left internal mammary artery (LIMA) whereas saphenous venous grafts were used for the other vessels. Distal anastomoses were done during aortic cross-clamp period and proximal anastomoses were done on beating heart onto the ascending aorta using a lateral clamp.

  Statistical Analysis

  Statistical analysis was performed using SPSS version 13.0 (SPSS Inc, Chicago, IL, USA). Normal distribution was evaluated by histogram or Kolmogorov-Smirnov test; homogeneity of distribution was evaluated by 'Levene's test for equality of variance'. Normally distributed data were demonstrated as mean ± standard deviation whereas non-normally distributed data were demonstrated as median (minimum-maximum). Difference between groups was evaluated by 'Student's t test' in normal and homogenous distribution and by 'Mann-Whitney U test' in non-normal distribution. Differences between groups were evaluated by parametric or non-parametric Pearson Chi-Square test or Fisher's Exact test with respect to the distribution. Forward stepwise multivariate logistic regression models were created to identify the independent predictors of postoperative AKI. Variables with a P value less than 0.10 in univariate analyses were included in the multivariate model. The sensitivity and specificity of the independent risk factors to predict postoperative AKI were determined by ROC curve analysis. P value less than 0.05 was accepted as significant. Chi-square test was performed for odds ratio. Continuous variables were described as means (standard deviation) or medians (interquartile range), as appropriate; categorical variables were described as percentage.

   

  RESULTS

  The demographic characteristics and clinical data of the patients were summarized in Table 1. There were no differences between the two groups in terms of demographic or clinical data.
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  Preoperative and postoperative blood analysis and haematological parameters of the patients were summarized in Table 2. First postoperative day creatinine levels (P=0.01), 3rd postoperative day creatinine levels (P=0.0001), and 7th postoperative day creatinine levels (P=0.0001) were significantly different between the groups.
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  Intraoperative and postoperative data of the patients are shown in Table 3. ICU length of stay (P=0.004) was significantly different between the groups.
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  Postoperative AKI occurred in 4 (3.6%) patients in group 1 and in 15 (16.7%) in group 2, showing a statistically significant difference between the groups (P=0.0002). Mortality in the early postoperative period occurred in 2 (1.8%) patients in group 1 and in 6 (6.7%) in group 2, and there was no statistically significant difference between the groups (P=0.14). Renal replacement therapy in the early postoperative period was required in 4 (3.6%) patients in group 1 and in 6 (6.7%) in group 2, showing no statistically significant difference between the groups (P=0.35).

  Sensitivity and specificity of preoperative HbA1c levels to predict AKI in non-diabetic patients after CABG was 79% and 59%, respectively. Positive predictive and negative predictive values were 17% and 96%, respectively. Preoperative HbA1c levels higher than 5.6% had an odds ratio of 5.41 for AKI.

  Results of univariate and multivariate regression analyses of preoperative risk factors that may influence the development of AKI after CABG in non-diabetic patients are shown in Table 4. In univariate regression analysis, preoperative creatinine (P=0.001), preoperative blood urea nitrogen (BUN) (P=0.0001), and preoperative HbA1c (P=0.0001) levels were found to be associated with postoperative AKI occurrence. In multivariate regression analysis, HbA1c (OR 11.17, 95% CI:2.21-56.33, P=0.003) was found to be independently associated with an increased risk for AKI.
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  ROC curve analysis of HbA1c level, which was found to be a risk factor for postoperative AKI occurrence in multivariate regression analysis, is depicted in Figure 2. Cut-off value for HbA1c level was determined as 5.75%, at which sensitivity, specificity of the test, and AUC (area under curve) were calculated as 73.7%, 65%, and 0.76 (95% CI=0.62-0.95, P=0.0001), respectively.
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  Study Limitations

  There are some limitations to our study. This study was carried out at a single center, with a limited number of patients, and it was designed as a retrospective study rather than a randomized trial.

   

  DISCUSSION

  AKI, not rarely seen following cardiac surgery, prolongs ICU and hospital length of stay and results in increased health costs and mortality rates[1,2].

  AKI following cardiac surgery is a multifactorial state. Risk factors are advanced age, presence of diabetes mellitus, hypertension, low preoperative glomerular filtration rate (GFR) (<60 ml/min/m2), left ventricular systolic dysfunction (LVEF<35%), preexisting kidney dysfunction, atherosclerosis of the ascending aorta, urgent or emergent surgery following myocardial infarction or percutaneous cardiac intervention, and administration of nephrotoxic agents[13,14]. Intraoperative factors also contribute to the development of AKI during cardiac surgery, such as renal hypoperfusion, nonpulsatile flow, and systemic inflammatory response syndrome due to CPB[15,16]. Demographic data and risk factors for AKI such as hypertension, low ejection fraction and EuroSCORE values were similar in both groups.

  Long term survival of patients operated for cardiac surgery is directly proportional to the severity of AKI, which is related to changes in serum creatinine levels[17]. Our results showed that patients with higher preoperative HbA1c levels had higher creatinine levels at 1st, 3rd and 7th postoperative days. Nevertheless, there was no difference in mortality. Instead, there was a significant difference when associated with prolonged ICU stay.

  AKI following CPB is an important cause of morbidity and mortality[18]. Postoperative AKI requiring renal replacement has an independent effect on morbidity and early mortality. It is reported that the overall mortality due to AKI is 40-80%[11]. In the recent literature, there are several studies regarding early diagnosis of AKI and prevention of the inflammation process that is an accepted cause of AKI[19,20]. In a study by Freeland et al.[6], blood transfusion was found as an independent risk factor for development of AKI following cardiac surgery. The same study also mentioned that longer aortic cross clamp and CPB times increased the incidence of AKI following cardiac surgery[6]. In a study by Khilji et al.[21], both CPB and total cross-clamp times have been known as potential risk factors for developing kidney injury. In contrast with the literature, we did not find any significant differences between patients with AKI and without AKI regarding CPB and aortic cross clamp times and usage of blood products.

  High mortality and morbidity rates following CABG operations have been reported in several studies in patients with type 2 diabetes mellitus (DM)[22]. In addition, some studies have shown that type 2 DM increases postoperative AKI after CABG[23]. HbA1c level is a parameter used to evaluate long term glycemic control in patients with DM[22]. The American Diabetes Association included HbA1c level in the criteria for diagnosing DM[24]. Normal HbA1c levels are accepted as 4-6%. Tekumit et al.[25] found that the borderline level of HbA1c was 6.1% for patients undergoing CABG. In their retrospective study, Hudson et al.[26] reported that preoperative HbA1c levels over 6% were associated with 30-days postoperative mortality and occurrence of AKI in patients without DM who underwent open cardiac surgery.

  In our study, patients were grouped according to HbA1c levels, with borderline level being described as 5.6%. Patients with levels higher than 5.6% had significantly higher incidence of AKI, according to KGIDO classification. Our results revealed lower levels of HbA1c than other studies as a risk factor for AKI[27,28].

  According to the KDIGO 2012 AKI Guideline, cardiac surgery with CPB is a 1B risk factor[28]. Despite the lack of consensus on AKI and HbA1c levels in patients with no known renal disease, HbA1c over 7% is defined as a Class 1A risk factor for patients with chronic renal disease[28]. The cut-off value for AKI in our group of patients was 5.75%.

  Azevedo et al.[29] observed that, in critical illness, there was a significant correlation between blood glucose levels and the incidence of AKI. Halkos et al.[30] found that HbA1c levels greater than 7% were associated with renal failure. Additionally, Gumus et al.[9] found that elevated levels of HbA1c were associated with increased renal complications. Likewise, in our study, a relationship was found between high preoperative creatinine, BUN, HbA1c levels and occurrence of postoperative AKI in our study. It was also observed that average HbA1c level in the preoperative period is a predictor of AKI in the early postoperative period following CABG.

   

  CONCLUSION

  AKI following cardiac surgery causes multiple postoperative complications and leads to prolonged hospitalization, increased costs, and eventually increased mortality rates. Our results suggest that elevated preoperative HbA1c level is associated with postoperative AKI and prolonged ICU stay in non-diabetic patients undergoing CABG. However, further prospective randomized studies are warranted to confirm these results.
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    Abstract

    OBJECTIVE: Myocardial protection is the most important in cardiac surgery. We compared our modified single-dose long-acting lignocaine-based blood cardioplegia with short-acting St Thomas 1 blood cardioplegia in patients undergoing single valve replacement.

      METHODS: A total of 110 patients who underwent single (aortic or mitral) valve replacement surgery were enrolled. Patients were divided in two groups based on the cardioplegia solution used. In group 1 (56 patients), long-acting lignocaine based-blood cardioplegia solution was administered as a single dose while in group 2 (54 patients), standard St Thomas IB (short-acting blood-based cardioplegia solution) was administered and repeated every 20 minutes. All the patients were compared for preoperative baseline parameters, intraoperative and all the postoperative parameters.

      RESULTS: We did not find any statistically significant difference in preoperative baseline parameters. Cardiopulmonary bypass time were 73.8±16.5 and 76.4±16.9 minutes (P=0.43) and cross clamp time were 58.9±10.3 and 66.3±11.2 minutes (P=0.23) in group 1 and group 2, respectively. Mean of maximum inotrope score was 6.3±2.52 and 6.1±2.13 (P=0.65) in group 1 and group 2, respectively. We also did not find any statistically significant difference in creatine-phosphokinase-MB (CPK-MB), Troponin-I levels, lactate level and cardiac functions postoperatively.

      CONCLUSION: This study proves the safety and efficacy of long-acting lignocaine-based single-dose blood cardioplegia compared to the standard short-acting multi-dose blood cardioplegia in patients requiring the single valve replacement. Further studies need to be undertaken to establish this non-inferiority in situations of complex cardiac procedures especially in compromised patients.

    Keywords: Cardiopulmonary Bypass. Cardioplegic Solutions. Lidocaine. Heart Valves/Surgery. Aortic Valve/Surgery. Mitral Valve/sSurgery.

  

   

   

  INTRODUCTION

  Myocardial protection in its largest definition includes all drugs and techniques used to maintain or to protect the cellular integrity of the myocardial cell against the devastating effect of oxygen deprivation. The main principles of myocardial protection are reduction of metabolic activity by hypothermia and therapeutic arrest of the electrical activity and contractile apparatus of the myocytes by administering cardioplegic solution (e.g., depolarization of the membrane potential by high potassium blood cardioplegia[1-3].

  Myocardial protection against global ischemia-reperfusion injury during open-heart surgery with cardiopulmonary bypass (CPB) and cardioplegic arrest remains a challenging problem. A recent survey of UK practice found that 56% of surgeons use cold blood cardioplegia, 14% use warm blood cardioplegia, 14% use crystalloid cardioplegia, 21% use retrograde infusion and 16% do not use any cardioplegia[4].

  Short-acting blood cardioplegia requires repetition at every 20 minutes with interruption of ongoing surgical procedure. Crystalloid cardioplegia is repeated at every 60 minutes but it causes significant hemodilution. Therefore, to come over these problems, we modified our blood cardioplegia which has advantage of both blood and crystalloid cardioplegia.

  We modified our routine standard blood cardioplegia with additives over period of time and we have been using this modified cardioplegia as a single-dose long-acting blood cardioplegia over many years. In this study, efficacy of modified long-acting lignocaine-based blood cardioplegia solution on myocardial protection was compared with the short-acting St Thomas I blood-based cardioplegia in patients undergoing single valve (mitral or aortic) replacement surgery.

   

  METHODS

  Study Population and Design

  We conducted a prospective randomized controlled study of 110 patients who underwent single (aortic or mitral) valve replacement surgery between June 2013 and August 2015 in Department of Cardiovascular and Thoracic Surgery at U.N. Mehta Institute of Cardiology and Research Center , Ahmedabad, India, after taking consent of all patients and ethical committee approval. Patients were divided in two groups based on the cardioplegia solution used. In group 1 (56 patients), long-acting lignocaine-based blood cardioplegia solution was administered as a single dose while in group 2 (54 patients), standard St Thomas I B (short-acting blood-based cardioplegia solution) was administered and repeated every 20 minutes. We excluded two patients from group 2 who required modified Bentall's procedure. In all patients, cardioplegia was delivered by antegrade method with topical surface cooling of heart. We included the patients undergoing single valve (mitral or aortic) replacement surgery with or without tricuspid valve repair. Patients with severe left ventricular dysfunction (ejection fraction < 35%), double valve replacement, valve repair (mitral/aortic), emergency surgery, New York Heart Association class IV, associated coronary artery disease, and redo surgery were excluded from the study. Apart from preoperative baseline parameters, patients were compared for intraoperative parameters like coronary sinus blood sample analysis at 20, 40, 60 minutes, aortic cross clamp time, CPB time, rhythm disturbances and need for pacing. Patients were also compared for postoperative parameters like serum creatinephosphokinase-MB (CPK-MB) and lactate at 6, 12, 24 and 48 hours, cardiac output at 24, 48 and 72 hours, arrhythmias, inotropic score, blood investigations on 1st, 3rd and 7th day, 2D echocardiography on 5th day, intensive care unit (ICU) stay, hospital stay and postoperative complications.

  Anesthetic and Surgical Protocol

  Anesthesia was induced with midazolam 0.1 mg/kg, fentanyl 5 µg/kg and vecuronium 0.1 mg/kg, glycopyrollate 40 µg/kg stat and maintained with sevofluorane, vecuronium, oxygen, and air and injection fentanyl during single valve replacement. Following induction, a Swan-Ganz thermistor-tipped catheter was inserted via internal jugular vein and remained in situ for 72 hours. All baseline values and hemodynamic data were recorded. Inotropes were prepared as per-protocol and postoperative inotropic score was calculated.

  All operations were performed through midline sternotomy using CPB with extracorporeal circulation using aorto-bicaval cannulation and moderate hypothermia. Retrograde coronary sinus cannulation was done in all patients. Antegrade aortic root (or coronary ostial cardioplegia during aortic valve replacement) was delivered. Coronary sinus blood samples were collected from one port of retrograde cannula. In case of single-dose blood cardioplegia group, samples were also collected at every 20 minutes after flushing with small amount of cardioplegia solution.

  Myocardial Protection

  Method of Preparation of Cardioplegia

  
    I. Single-dose long-acting blood cardioplegia: As mentioned in Table 1, constituents added in 200 ml Ringer lactate are 13 ml of sodium bicarbonate, 5 ml of potassium chloride, 16 ml of 20% mannitol, 4 ml of 50% magnesium sulphate, 7 ml of 2% lignocaine, 2 ml of dexamethasone, and then 800 ml blood added to it, thus making it a solution of 4:1 blood and crystalloid similar to St Thomas I B cardioplegia.
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    II. Short-acting St Thomas I B cardioplegia: As mentioned in Table 1, constituents are added in 200 ml normal saline and then 800 ml blood added to it, thus making it a solution of 4:1 blood and crystalloid.

    
      � Group 1 – Single-dose lignocaine-based blood cardioplegia solution: Cardioplegia was given in dose of 30 ml/kg over 5-8 minutes with pressure of 80-100 mmHg and temperature of 20o C as single-dose cardioplegia.

      � Group 2 – Short-acting St Thomas I B cardioplegia: Cardioplegia was given in dose of 30 ml/kg over 5-8 minutes with pressure of 80-100 mmHg and temperature of 20o C and repeated every 20 minutes.

    

  

  Arrhythmias

  Patients were compared for rhythm changes intraoperatively and postoperatively (up to 7th day). New-onset postoperative atrial fibrillation (AF) was defined (STS Adult Cardiac Surgery Database) as AF occurring during hospitalization after cardiac surgery in a patient with no history of AF or if AF lasts for more than 10 minutes that requires medical treatment. Other arrhythmias including ventricular tachycardia (lasting for more than 30 seconds), ventricular fibrillation, hemodynamically significant premature contractions (more than grade 3 – multiform, repetitive, R on T pattern according to Lown grading) and post-operative heart block were also noted.

  Cardiac Biomarkers

  CPK-MB enzymatic basal level was measured which was 20-25 U/l. It is measured by IFCC method/immunoinhibition performed on architect system (Abbott Laboratory). The upper normal reference limit (99th percentile) was less than 24 U/l. Blood CPK-MB of > 125 U/l (five times the basal value) was considered to be significant. Serum cardiac troponin-I concentration was measured by chemiluminescent microparticle immunoassay (CMIA) on architect system (Abbott Laboratory). The upper normal reference limit (99th percentile) was less than 0.03 ng/mL. Blood lactate of > 4 ng/dl was taken as significant value.

  Perioperative Myocardial Infarction

  Two of the following 3 criteria had to be fulfilled to diagnose a perioperative myocardial infarction: 1) CK-MB and/or troponin-T elevation above normal limits. 2) Appearance of a new postoperative Q wave on the electrocardiogram of more than 0.03 second. 3) A new hypokinetic or akinetic area in the left or right ventricle by 2D echocardiography.

  Statistical Analysis

  Statistical data were analyzed using SPSS version 22 software system. Continuous data were expressed as mean±SD. Univariate analysis of continuous data was performed using Chi-square test or through a Student's t-test. Level of significance was accepted at P<0.05.

   

  RESULTS

  All preoperative baseline parameters were comparable (Table 1). There was no significant difference in the frequency of mechanical ventilation time 6.83±2.33 and 6.34±2.10 (P=0.63) minutes, hospital stay 8.63±3.20 and 8.08±2.52 (P=0.72) days, myocardial infarction, inotropic support score 6.3±2.52 and 6.1±2.13 (P=0.65), and/or 30-day mortality between the two groups. In this study, mean aortic cross clamp time in single-dose blood cardioplegia Group 1 was 58.9±10.3 min vs. 66.3±11.2 min (P=0.23) for ST 1 B Group 2. Mean CPB time in single-dose blood cardioplegia group was 73.8±16.5 min vs. 76.4±16.9 min (P=0.43) in ST 1 B Group 2. The cross clamp time was slightly shorter in the single-dose blood cardioplegia group owing to the repetitions required in the ST 1 B Group 2 as shown in Table 2. We did not find any statistical significant difference in aortic cross clamp and CPB time and its effect on intraoperative and postoperative recovery of cardiac rhythm and function. In coronary sinus blood samples pH, pCO2, pO2, sodium, potassium, glucose, hematocrit, calcium, lactate levels in both groups were comparable. No statistically significant differences were found between the two groups. We also did not find any statistical significant difference in postoperative serum CPK-MB, troponin I and lactate at 6, 12, 24 and 48 hours, cardiac output study at 24, 48 and 72 hours. All parameters were comparable (Tables 3 and 4).
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  DISCUSSION

  Lignocaine is classified as a sodium channel blocker and is class 1B antiarrhythmic. Intraoperative and postoperative arrhythmias were relatively less frequent but not statistical significant in single-dose cardioplegia group as compared with ST 1 B group. Blood cardioplegia is associated with significant reduction in postoperative arrhythmias as compared to crystalloid cardioplegia. Both our cardioplegias were blood-based. Leicher et al.[5] in their study concluded that K+ induced increase coronary vascular resistance can be revented by lignocaine[6-8].

  There was no statistically significant difference for cross clamp and CPB times between the two groups. The shorter cross clamp times did not translate into any benefit in mortality or morbidity in terms of ventilation time, ICU stay or inotropic score.

  Serum CPK-MB peaked in first 6 hours and started decreasing after 12 hours. CPK-MB levels of more than five times the basal value was taken as marker for perioperative myocardial infarction. It reached baseline level on 3rd to 4th day postoperatively. CPK-MB level was slightly higher in ST 1 B group than single-dose blood cardioplegia group. However, there was no statistically significant difference between the two groups. Long-term follow-up studies by Costa et al.[9] and Klatte et al.[10] have shown that patients with peak CK-MB release of more than 5 times the upper limit of normal continue to have a relatively high risk of mortality even after the first 30 postoperative days. However, in this study it never increased to 5 times above basal values[11].

  The serum troponin I release in the post-operative period was maximum at 6 hours with gradual decline at 48 hours. The enzyme release was less in single-dose blood cardioplegia group as compared to the ST 1 B group, but it was not found to be statistically significant. In this study, shorter cross clamp time and less release of myocardial injury markers found in singledose blood cardioplegia group, but this did not translate into any clinical benefit, as there was no difference in both groups in terms of inotropic score, ventilation time or ICU stay. This can be attributed to exclusion of high-risk patients[11].

  Single-dose blood cardioplegia group had slightly lower levels of serum lactate as compared to ST 1 B group at all point of time. However, there was no statistically significant difference in serum lactate level in both groups. In this study, high levels were found 6 hours after surgery, which were normalized after 12 hours. Immediate higher levels were not related with any form of postoperative morbidity and mortality in our patients. There was no statistically significant difference between the two groups, providing evidence of equal efficacy of single-dose blood cardioplegia and multiple doses of ST 1 B. Lactate levels in this study corresponds to the accepted in value most of the other studies[12,13].

  Heart receives insult not only from inflammation caused by CPB, but also by repeated ischemia and reperfusions. The most potent anti-inflammatory substances are steroids. However, many studies demonstrated the role of steroids in reducing CPB related injury. Studies by Sellevold et al.[6] suggested that inclusion of steroid improved the recovery of physiological indices, reduced CK leakage, increased myocardial ATP, reduced myocardial edema and prevented ischemia induced myocardial damage[14]. In the present study, we did not find any beneficial effect of steroid inclusion in our cardioplegia.

  Myocardial edema also impairs myocardial function. Hyperosmotic mannitol scavenges free radicals and reduces myocardial cell swelling[15]. Magovern et al.[16] demonstrated in rabbit heart preparations the superiority of mannitol (as compared to the glucose containing hyperosmolar solution and isosmolar solution) in improving in postischaemic ventricular function and reducing myocardial edema formation. There was no any statistical significant difference in ventricular function, inotropic score, and arrhythmias between the two groups. Inclusion of mannitol in this cardioplegia did not translate any statistical significant difference in selected patients with good ventricular functions. However, these constituents may provide their beneficial effects in patients with decompensated hearts.

  We did not find any statistical significant difference in coronary sinus blood sample parameters.

  Inclusion of additives like lignocaine, mannitol, and steroid did not offer any obvious benefit in prevention of various postoperative arrhythmias in study groups. They would have given extra benefits in patients with poor ejection fraction and high-risk patients. There was no any statistically significant difference between the two groups. Therefore, it was presumed that single-dose blood cardioplegia being a blood-based cardioplegia would be superior to other long-acting crystalloid cardioplegias in terms of postoperative arrhythmias. However, this can only be proved in a randomized control study comparing single-dose blood cardioplegia with other long-acting crystalloid cardioplegia.

  Markers of myocardial function like cardiac index, left and right ventricle stroke work index at 12, 24 and 36 hours and 2D echocardiography was performed on 5th postoperative day were comparable between both groups. The postoperative indices of left and right ventricle functions in this study were comparable to the other studies done for patients with preserved myocardial function[17].

  Limitations

  This study was a prospective randomized controlled study between single-dose lignocaine based-blood cardioplegia and multidose short-acting blood-based cardioplegia. Single-dose blood cardioplegia has proved to be equally safe and effective as short-acting ST 1 B cardioplegia in low-risk patients, single valve pathology and surgery requiring shorter cross clamp time.

  
    1. This study included a relatively small sample size.

    2. This study did not compare single-dose blood cardioplegia with other long-acting crystalloid cardioplegias. Further studies are required to compare the single-dose blood cardioplegia with other long-acting crystalloid cardioplegia in patients with complex cardiac procedures, which might require longer aortic cross clamp time.

    3. Given the non-inferiority of single-dose blood cardioplegia now, further studies need to be undertaken to compare single-dose blood cardioplegia with St Thomas I bloodbased cardioplegia in high-risk and compromised patients. Until then, St Thomas I blood-based cardioplegia will continue to be gold standard cardioplegia.

  

   

  CONCLUSION

  This study proves the safety and efficacy of long-acting lignocaine-based single-dose blood cardioplegia compared to the standard short acting multidose blood cardioplegia in patients requiring the single valve replacement. Further studies need to be undertaken to establish this non-inferiority in situations of complex cardiac procedures especially in compromised patients.
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    Abstract

    INTRODUCTION: The mortality due to cardiogenic shock complicating acute myocardial infarction (AMI) is high even in patients with early revascularization. Infusion of low dose recombinant human brain natriuretic peptide (rhBNP) at the time of AMI is well tolerated and could improve cardiac function.

      OBJECTIVE: The objective of this study was to evaluate the hemodynamic effects of rhBNP in AMI patients revascularized by emergency percutaneous coronary intervention (PCI) who developed cardiogenic shock.

      METHODS: A total of 48 patients with acute ST segment elevation myocardial infarction (STEMI) complicated by cardiogenic shock and whose hemodynamic status was improved following emergency PCI were enrolled. Patients were randomly assigned to rhBNP (n=25) and control (n=23) groups. In addition to standard therapy, study group individuals received rhBNP by continuous infusion at 0.005 µg kg−1 min−1 for 72 hours.

      RESULTS: Baseline characteristics, medications, and peak of cardiac troponin I (cTnI) were similar between both groups. rhBNP treatment resulted in consistently improved pulmonary capillary wedge pressure (PCWP) compared to the control group. Respectively, 7 and 9 patients died in experimental and control groups. No drug-related serious adverse events occurred in either group.

      CONCLUSION: When added to standard care in stable patients with cardiogenic shock complicating anterior STEMI, low dose rhBNP improves PCWP and is well tolerated.

    Keywords: Myocardial Infarction. Shock, Cardiogenic. Natriuretic Peptide, Brain.

  

   

   

  INTRODUCTION

  Cardiogenic shock complicates 6-10% of all ST segment elevation myocardial infarction (STEMI) cases and remains a leading cause of death, with hospital mortality rates approaching 50%[1]. Emergency revascularization with percutaneous coronary intervention (PCI) or coronary artery bypass graft surgery (CABG) has been shown to improve long-term survival of these patients[2-4]. Despite this progress, cardiogenic shock continues to be associated with a high short-term mortality rate[5]. Vasopressors and inotropes are used to improve the hemodynamic status, but the information about comparative effective outcomes is limited; indeed, some of them could induce decreased survival rate that may be associated with the deleterious cellular effects of these drugs[6,7].

  B type natriuretic peptide (BNP), released due to altered chamber loading and myocyte stretch, has been detected in acute myocardial infarction (AMI)[8,9]. BNP can act via the natriuretic peptide receptor A/guanylyl cyclase/cyclic guanosine monophosphate (cGMP) signaling pathway, maintaining cardio-renal homeostasis through diuresis, natriuresis, vasodilation, and inhibition of aldosterone synthesis and renin secretion under physiological and pathological conditions[10]. Interestingly, exogenous BNP infusion may result in coronary vasodilatation with reduced myocardial oxygen consumption[11], enhanced myocardial relaxation[12], suppressed synthesis and release of aldosterone[13], induced vascular regeneration[14], delayed adrenergic activation and inhibited cardiac fibroblast collagen synthesis[15-17].

  rhBNP (Recombinant human brain natriuretic peptide) was approved by the U. S. Food and Drug Administration (FDA) for the management of acute decompensated heart failure in 2001. Recently, a small study showed that rhBNP, given soon after AMI, induces a trend towards favorable ventricular remodeling, but blood pressure was lower with rhBNP over the first 8-12 hours of infusion without clinically significant hypotension[18]. Low-dose rhBNP administration could avoid hypotension in patients with cardio-renal disease. Indeed, Brunner-La Rocca et al.[15] have reported that in humans withheart failure, low-dose rhBNP suppresses the adrenergic outflow without hypotension. Chen et al.[13] reported that 72 hours of infusion of low-dose rhBNP at the time of anterior AMI is well tolerated, and may suppress aldosterone and preserve ventricular function and structure in patients with anterior AMI.

  There are currently no reports on low-dose rhBNP administration in patients with cardiogenic shock complicating STEMI after successful early revascularization. We proposed a pilot study to evaluate the safety and efficacy of low dose rhBNP in the setting of STEMI complicated with cardiogenic shock. This study was designed to evaluate the hemodynamic, neuro-hormonal, and renal effects of rhBNP given as a 72-hour infusion to AMI patients revascularized by emergency PCI who developed cardiogenic shock, but were stable after appropriate medical intervention.

   

  METHODS

  Patients

  The study group included patients admitted to Shanghai 6th People's Hospital, China, with cardiogenic shock complicating a first anterior AMI from March 2009 to March 2013. Patients were eligible for the trial if they presented with: (1) anterior STEMI complicated by cardiogenic shock; (2) successful early revascularization performed with stable hemodynamic status [systolic blood pressure< 90 mmHg] in the 1st hour post-intervention. Anterior STEMI was diagnosed by the following criteria: prolonged chest pain >30 minutes; positive troponin I; ST-segment elevation 2 mv in two or more adjacent anterior precordial leads. A patient was considered to be in cardiogenic shock if: (1) systolic blood pressure was less than 90 mmHg for more than 30 minutes or catecholamine infusion was required to maintain a systolic pressure above 90 mmHg; (2) clinical signs of pulmonary congestion were present; or (3) there was evidence of impaired end organ perfusion. The diagnosis of impaired end organ perfusion required at least one of the following: altered mental status; cold, clammy skin and extremities; oliguria with urine output of less than 30 ml per hour; serum lactate level higher than 2.0 mmol per liter. All patients got successful revascularization (emergency PCI, TIMI grade 3 flow) and intra-aortic balloon pump (IABP) support within 24h of onset of chest pain, were enrolled, and sent to Coronary Care Unit for hemodynamic monitoring.

  Exclusion criteria were: SBP < 90 mmHg within first hour post-intervention although 12 mg/kg × min dopamine and 1:1 IABP supporting; pulmonary capillary wedge pressure (PCWP) < 18 mmHg; acute inferior, posterior and right ventricle myocardial infarction; previous history of myocardial infarction; previous eletrocardiograma (ECG) suggesting an old myocardial infarction; previous history of chronic heart failure or decreased left ventricular ejection fraction (LVEF); hypertrophic cardiomyopathy; hemodynamically significant mitral regurgitation; other hemodynamically significant valvular or congenital heart diseases; estimate glomerular filtration rate (eGFR) < 15 mL/min per 1.73 m2; previous known intolerance history to rhBNP.

  This was a randomized (sealed enveloped), open-label, parallel group study. Patients were assigned to rhBNP or control group at a 1:1 ratio. The primary endpoints were absolute changes in PCWP from baseline to 72 hours after randomization compared to the control group. Secondary endpoints included comparisons between rhBNP and control groups of the following hemodynamic and clinical effects: cardiac index, in hospital mortality, 72 hours urine output, and safety profile (renal function, hypotension). The trial protocol was approved by the ethics committee of Shanghai 6th People's Hospital. Documented informed consent was obtained from each patient or his/her guardian.

  Protocol

  Each patient was monitored hemodynamically using a pulmonary artery Swan-Ganz thermodilution catheter (bedside chest X-ray was done to check its position). Arterial blood pressure was measured with IABP. Baseline heart rate, blood pressure, right atrial pressure (RAP), PCWP and cardiac index (CI) were recorded three times within a 5 minutes period using the bedside patient monitor. Measurements were carried out by another research team member blinded to treatment allocation. Additional measurements were performed 15 min and then 3, 24, 48 and 72h after starting drug administration. Echocardiography was performed immediately after operation and read in random order with no patient identifiers.

  All the patients were given dopamine (3-12 mg/kg × min) after diagnosis of cardiogenic shock, at dosage adjusted to achieve a satisfactory blood pressure (SBP < 90 mmHg). Patients with stable blood pressure (SBP < 90 mmHg) within 1 hour post-intervention were enrolled and randomized. In the rhBNP group, rhBNP treatment was initiated after randomization for 72 hours with a continuous infusion of 0.005 mg kg-1min-1 without a loading dose. The infusion dosage was decreased to 0.003 mg kg-1min–1 if SBP < 85 mmHg more than 20 minutes despite dopamine titration. If symptomatic hypotension or systolic blood pressure < 75 mmHg occurred, rhBNP infusion was interrupted for 30-60 minutes and the dosage of dopamine increased. rhBNP treatment would restart at 0.003 mg kg-1min-1when the dose-limiting event had resolved. Infusion of rhBNP was discontinued for recurrent symptomatic hypotension; sustained hypotension despite rhBNP dosage decrease to 0.003 mg kg-1min-1or dopamine dosage increase to more than 12 mg kg–1min–1.

  In addition to standard medical treatment, dobutamine and norepinephrine were permitted for intractable hypotension and pump failure based on investigator's clinical judgment. Statin, aspirin and clopidogrel were given before emergency PCI. IIb/IIIa receptor antagonist (Tirofiban) was administered during the procedure and next 24 hours according to the physician's judgment. Enoxaparin was given from 6 to 72 hours after emergency PCI. Low dose of angiotensin converting enzyme inhibitors (ACEI) and angiotensin receptor blockers (ARB) as well as beta-blocker therapy were started 24h after randomization if patients tolerated. Blood for measurement of N-terminal brain natriuretic peptide (NT-proBNP), BNP, cGMP and creatinine levels was drawn before the initiation of IV rhBNP, then at 72 hours and 1 week after randomization.

  Statistical Analysis

  We postulated an expected change of PCWP as –3.8 mmHg from Vasodilation in the Management of Acute Congestive Heart Failure (VMAC) study[19]. We calculated that a sample size of 21 patients would be needed in each group for a statistical power of 80% at significance level of 0.05 (with a two-sided t-test).

  Data were statistically processed and analyzed using the Statistical Package for the Social Sciences (SPSS) 16.0 software package. Descriptive statistics were presented as mean±standard deviation for continuous data and as percentages for categorical data. Analyses of continuous data were performed by two-sample t-test and categorical data by Chi-Square test. One way analysis of variance (ANOVA) was used to evaluate the differences among groups after treatment. The changes in renal function from baseline to after drug administration were analyzed by paired t-test. P<0.05 was considered statistically significant.

   

  RESULTS

  A total of 65 patients were screened, of whom 17 were excluded because of hypotension (n=8), death before randomization (n=3), PCWP < 18 mmHg (n=3), eGFR < 15 mL/min per 1.73 m2 (n=2) or significant mitral valve regurgitation (n=1).

  Table 1 summarizes the baseline characteristics of patients, which were similar between both groups. Indeed, peak cTnI, time to PCI, PCWP, CI and LVEF were comparable between the two groups at baseline.
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  Table 2 shows the clinical management in the hospital. All the patients underwent successful PCI and IABP support. Rates of noninvasive positive pressure ventilation were similar for both of them. Standard medical therapy was used [statin, aspirin, clopidogrel, low-molecular-weight heparin (LMWH)] unless contraindicated. ACEI/ARB and beta-blockers were used if tolerated and titrated gradually. Medical treatments in both groups were similar; no significant differences were observed in average dopamine dosage as well as dobutamine and epinephrine use between both groups.
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  A total of 16 patients died in hospital. In the rhBNP group, 5 patients died within 72h of randomization [pump failure (n=4); multiple systemic organ failure – MSOF - (n=1)], and 1 patient died at each day 4 (cardiac rupture) and 10 (pump failure) after randomization. In the control group, 8 patients died within 72h after randomization [pump failure (n=5); MSOF (n=2); ventricular fibrillation (n=1) and 1 died at day 6 (pump failure). These findings indicated that there was no significant difference in in-hospital mortality between the two groups (28.0 vs. 39.1%; P=0.305). No re-infarctions or cerebrovascular accidents were observed in either group.

  Hemodynamic characteristics at 3 and 72h after randomization were analyzed in live patients (Table 3). After rhBNP infusion, PCWP and RAP were significantly decreased compared to the control group; cardiac index showed increasing trend in the rhBNP group, but the differences were not statistically significant. No statistically significant differences were obtained for heart rate, SBP and mean blood pressure between both groups. The dose of rhBNP was reduced to 0.003 mg kg–1min–1 in 3 patients because of asymptomatic hypotension. In 2 patients of the study group, rhBNP infusion was discontinued for symptomatic hypotension, which resolved with no clinical consequences after infusion was stopped. The 72h urine volume after randomization showed no statistically significant difference between these two groups (rhBNP group, 2293 ml/d; control group, 2053 ml/d; P=0.11).
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  As shown in Table 4, plasma BNP levels increased from baseline after rhBNP infusion, and decreased when the infusion was stopped. cGMP, a secondary messenger of BNP, increased in the rhBNP group compared to control patients. NT-proBNP and eGFR levels were not statistically different between the two groups. In addition, no statistically significant difference was observed in eGFR after rhBNP infusion (68.3±25.2 vs. 64.8±19.7 P=0.401).
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  DISCUSSION

  Animal and clinical studies have shown that BNP infusion limits infarct size, improves cardiac remodeling and protects cardiomyocytes[15,17,20-22]. Recently, a large multicenter clinical trial using atrial natriuretic peptide (ANP) at the time of myocardial reperfusion with AMI was reported that ANP (carparitide) could reduce infarct size, improve ejection fraction and decrease the rate of new-onset heart failure[23]. Meta-analysis suggested that ANP/BNP infusion might be effective in protecting left ventricular function in patients with AMI[24]. Thus natriuretic peptides (ANP and BNP) seem to be logical adjuncts to standard care for the treatment of AMI. Additionally, BNP has proven effects on acute decompensated heart failure, and should not decrease blood pressure at low dose[13,15]. Therefore, we hypothesized that BNP would be safe and effective for the treatment of STEMI patients with cardiogenic shock. In this study, 48 patients with cardiogenic shock complicating anterior STEMI, successful emergency PCI, and stable hemodynamic status post intervention were enrolled. The major findings of this study are: (1) in comparison with controls, administration of low-dose rhBNP for 72 hours is associated with PCWP reduction; (2) low dose rhBNP treatment is unlikely to be limited by hypotension in this clinical setting; (3) low dose rhBNP does not significantly affect the renal function. Patients with STEMI complicated by cardiogenic shock can benefit from the hemodynamic effects of rhBNP. On the other hand, the long-term benefits of remodeling inhibition and cardio-protection need to be confirmed by further studies. Mortality in this study was lower than what reported for the SHOCK trial[3]. In this work, patients who remained unstable after emergency PCI were excluded,which may explain the discrepancy.

  In the American College of Cardiology/American Heart Association and European Society of Cardiology guidelines for STEMI, emergency revascularization by PCI or CABG for the cardiogenic shock complicating AMI is given a class IB recommendation[25,26]. In our hospital, emergency PCI is the first choice for these patients. IABP was the most widely used form of mechanical hemodynamic support in this clinical setting at the time of the present trial. In the current U.S. and European guidelines, IABP in the treatment of cardiogenic shock is still given IIa and IIb recommendations, respectively, although recent clinical trials showed IABP use does not significantly reduce the 30-day mortality rate in these patients[25-28]. Mechanical left ventricular assist devices (LVADs) have been used in cardiogenic shock patients not responding to standard therapy, but evidence regarding their benefits is limited. In this study, all patients were submitted to emergency PCI and IABP support, and no LVADs were used. The Sepsis Occurrence in Acutely Ill Patients (SOAP) II study was published during the early phase of this trial, with a subgroup analysis showing that dopamine, as compared with norepinephrine, was associated with increased mortality rate at 28 days in patients with cardiogenic shock[29]. However, dopamine is still given a IIa recommendation for AMI patients with CS in the current European Society of Cardiology STEMI guideline[26]. Here, norepinephrine and dobutamine were permitted for intractable hypotension and pump failure. All study patients were treated by the same medical team, to limit biases.

  The effect of rhBNP on renal function is controversial. A meta-analysis showed that standard rhBNP dose (0.01 mg kg–1min–1) might be detrimental to renal function in patients with acute decompensated heart failure[30]; meanwhile, the multicenter randomized control trial Acute Study of Clinical Effectiveness of Nesiritide and Decompensated Heart Failure (ASCEND-HF) confirmed its renal safety[31]. Recently, a small study reported that low-dose rhBNP improves renal function in heart failure patients following AMI[32]. We demonstrated herein that renal function before and after treatment was similar between both groups.

  BNP is a biologically active hormone affecting diuresis and natriuresis. However, increased urine output with physiological and common pharmacological doses of rhBNP has been proven only in normal individuals. The ASCEND-HF trial[33] showed no evidence that nesiritide increases urine output in patients with acute decompensated heart failure. Here, we found no evidence that rhBNP increases urine output in the cardiogenic shock patients assessed.

  Some small scale clinical trials suggested rhBNP infusion might protect left ventricular function in patients with AMI, but there is no randomized clinical trial which with large sample on these patients[24]. Based on our results, further clinical trial could be planned on rhBNP treatment for AMI patients with or without cardiogenic shock.

   

  CONCLUSION

  When added to standard care in stable patients with cardiogenic shock complicating anterior STEMI, low dose of rhBNP improves PCWP and is well tolerated.

   

  LIMITATION

  This was a small open control randomized pilot study. There was no clinical data for PCWP changes after 72h infusion of low dose rhBNP, so we postulated an expected PCWP change of –3.8 mmHg as shown in the VMAC study, which was designed with 3 hours rhBNP infusion at 0.01 mg kg–1min–1 after randomization. Further adequately powered trials are needed to test the short and long-term benefits of rhBNP infusion in this clinical setting.
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    Abstract

    INTRODUCTION: Enhanced respiratory muscle strength in patients with heart failure positively alters the clinical trajectory of heart failure. In an experimental model, respiratory muscle training in rats with heart failure has been shown to improve cardiopulmonary function through mechanisms yet to be entirely elucidated.

      OBJECTIVE: The present report aimed to evaluate the respiratory muscle training effects in diaphragm citrate synthase activity and hemodynamic function in rats with heart failure.

      METHODS: Wistar rats were divided into four experimental groups: sedentary sham (Sed-Sham, n=8), trained sham (RMT-Sham, n=8), sedentary heart failure (Sed-HF, n=7) and trained heart failure (RMT-HF, n=7). The animals were submitted to a RMT protocol performed 30 minutes a day, 5 days/week, for 6 weeks.

      RESULTS: In rats with heart failure, respiratory muscle training decreased pulmonary congestion and right ventricular hypertrophy. Deleterious alterations in left ventricular pressures, as well as left ventricular contractility and relaxation, were assuaged by respiratory muscle training in heart failure rats. Citrate synthase activity, which was significantly reduced in heart failure rats, was preserved by respiratory muscle training. Additionally, a negative correlation was found between citrate synthase and left ventricular end diastolic pressure and positive correlation was found between citrate synthase and left ventricular systolic pressure.

      CONCLUSION: Respiratory muscle training produces beneficial adaptations in the diaphragmatic musculature, which is linked to improvements in left ventricular hemodynamics and blood pressure in heart failure rats. The RMT-induced improvements in cardiac architecture and the oxidative capacity of the diaphragm may improve the clinical trajectory of patients with heart failure.

    Keywords: Myocardial Infarction. Exercise. Citrate Synthase. Heart Failure. Breathing Exercises. Hemodynamics.

  

   

   

  INTRODUCTION

  Heart failure (HF) is related to reduced cardiac output as well as blood flow to the skeletal muscle, which impairs cell aerobic metabolism, particularly during physical exertion[1]. The inability of the heart to supply adequate amounts of blood to meet the metabolic needs of peripheral tissues[2], including the diaphragm muscle, is likely a key pathophysiological mechanism of HF.

  Previous studies using a HF model induced by myocardial infarction (MI) demonstrated reduced contractility, tension and structural abnormalities in the diaphragmatic musculature[3]. From a clinical perspective, patients with HF often present with inspiratory muscle weakness[4] and peripheral skeletal muscle dysfunction[5], which are important contributors to exercise intolerance and culminate in poor prognosis[4,5]. In addition, peripheral muscle abnormalities in HF, such as impaired skeletal muscle energy metabolism, mitochondrial dysfunction, fiber-type transition and atrophy, play an important role in exercise intolerance[1], which seems to be associated with the genesis of the pathophysiological mechanism. Alterations in muscle energy metabolism related to mitochondrial dysfunction has been assessed through measurement of citrate synthase (CS) activity, one of the first enzymes participating in the citric acid cycle and cellular oxidative metabolism, also reflecting mitochondrial content in muscle tissue[2,6].

  In the experimental model of HF, we previously demonstrated that respiratory muscle training (RMT) promoted improvements in cardiopulmonary function[7]; however, the potential effect of RMT on metabolic adaptations in the diaphragm is not fully understood. To this end, we conducted a RMT protocol in an experimental model of HF induced by MI in rats; hemodynamic function and CS activity were assessed. Our hypothesis was that the 6-week RMT protocol in rats could increase diaphragm oxidative metabolism, assessed by the CS activity measurement, leading to hemodynamic function improvement.

  Coronary artery bypass graft (CABG) surgery has demonstrated good potential in promoting benefits related to cardiovascular mortality[8]. Evidence has demonstrated that preoperative RMT reduced the incidence of postoperative pulmonary complications (PPCs) and duration of postoperative hospitalization in patients at high risk of developing a pulmonary complication undergoing CABG surgery. We believe that the present study could contribute to understand these potential mechanisms[9].

   

  METHODS

  Animals

  All of the procedures outlined in this study were approved by the Ethics Research Committee of the Universidade Federal de Ciências da Saúde de Porto Alegre (UFCSPA) (protocol 712/08). Thirty-six male Wistar rats (200 to 250 g; 90 days of age) obtained from the Animal Breeding Unit of the UFCSPA were housed under standard conditions (food and water ad libitum, 12:12-h light-dark cycle; 22ºC).

  Experimental Procedures

  Myocardial Infarction Surgery

  The animals were anesthetized with xylazine (12 mg/kg i.p.) and ketamine (90 mg/kg i.p.), intubated and artiﬁcially ventilated. For MI, ligation of the left coronary artery was performed, as well as sham operations as previously described[7,10,11]. After the surgery, the rats received a single injection of monofenew (0.05 ml/100 g) and gentamicin (0.05 ml/100 g).

  Subsequently to MI or sham surgery, rats were followed for 4 weeks (time for HF development)[7,10] and were allocated into four experimental groups: sedentary sham rats (Sed-Sham; n=8), trained sham rats (RMT-Sham; n=8), sedentary HF rats (Sed-HF; n=7), or trained HF rats (RMT-HF; n=7).

  RMT Protocol

  Rats assigned to the RMT groups were submitted to a 5-day adaptation protocol, as previously described. The RMT protocol began in the 5th week post-MI or sham surgery. It comprised 30 min/day, 5 days/week, for 6 weeks. The progress of the protocol was achieved by a progressive increase in load resistance, by reducing the internal diameter of the hole through which the animal breathed. During the first week of the training, the orifice at the inspiratory port was set at an internal diameter of 0.8 mm and was progressively decreased, reaching after 2 weeks of training a final internal diameter of 0.3 mm (maximal resistance), as previously described[7,12]. Bisschop et al.[12] demonstrated that, in this protocol, the inspiratory load imposed to animals trained was equivalent to a resistance of 0.7 cmH2O/ml/s at flow rate of 5 ml/s (with an internal diameter of 0.8 mm) and a resistance of 18.4 cmH2O/ml/s at a flow rate of 5 ml/s (with an internal diameter of 0.3 mm).

  Cardiac Hemodynamic Evaluation

  After the RMT (RMT groups) or control (sedentary groups) period, the rats were placed general anesthesia as previously described and the arterial catheter (PE-50, 0.5 mm ID, Biocorp) was inserted into the right carotid artery. A strain-gauge pressure transducer (P23 Db, Gould Statham, USA) was used for direct hemodynamic measurements. Signals were passed through a preamplifier (Hewlett-Packard 8805, Puerto Rico) and were delivered to a microcomputer equipped with an analog-to-digital converter board (CODAS, 1 kHz, Dataq Instruments, USA). The arterial pressure was recorded first during a 5-min period. Then, the catheter was positioned inside the left ventricle (LV), and the pulse wave was monitored using the typical graphic registration of ventricular pressure and recorded for 5 min. These data were used to determine mean arterial pressure (MAP), heart rate (HR), left ventricular systolic pressure (LVSP), left ventricular maximum change in pressure over time (+dP/dtmax), left ventricular minimum change in pressure over time (-dP/dtmax), and left ventricular end-diastolic pressure (LVEDP)[7,11].

  MI and HF Characterization

  All animals were sacrificed by anesthetic overdose (thiopental 80 mg/kg i.p.), and the heart, lungs, liver, and diaphragm were removed and weighed. The right ventricle (RV) and LV were dissected and weighed. LV was placed in 10% formaldehyde for a minimum of 3 days before being cut into two equal transverse sections. These sections were embedded in parafﬁn for subsequent analysis of the infarct size. The percentage of the infarcted area was determined as described previously[7,10]. The heart weight-to-body weight ratio (HW/BW), LV/BW, and RV/BW values were determined. Lungs and liver were dehydrated (80°C) for 48 h and then weighed again to evaluate the water percentage[7].

  Diaphragm Collection and Measurement of CS Activity

  A laparotomy and thoracotomy were performed to allow the complete excision of the diaphragm. The right and left costal diaphragm muscle were weighed and immediately snap-frozen in liquid nitrogen, and stored at –80°C for subsequent analysis.

  CS activity, an index of oxidative capacity, was determined in diaphragm muscle by measuring with 5,5-dithiobis-(2-nitrobenzoic acid; DTNB), as described by Alp et al.[13]. The absorption was read spectrophotometrically at 412 nm, and the results are expressed as nmol/min/mg protein.

  Statistical Analysis

  The mean values and the standard deviation (± SD) were calculated for all the analyzed data. The Kolmogorov-Smirnov normality test was performed. A two-way ANOVA compared the effects between groups (HF or Sham) and intervention (RMT or Sed), followed by the Tukey post hoc test. Pearson's correlation analysis was performed to test associations. A P<0.05 was considered statistically signiﬁcant. The GraphPad Prism 6 program (GraphPad Software, CA, USA) was used for the data analysis.

   

  RESULTS

  Mortality, Morphological Characteristics, Pulmonary and Hepatic Congestion

  Overall mortality during and after MI was 33%, with no deaths in the sham groups. The initial body weights and final body weights were similar among the four groups in both the pre- and post-training period. Additionally, there were no differences in the infarcted area between the HF groups.

  The Sed-HF group presented pulmonary congestion when compared with sham groups; however, RMT groups have less pulmonary congestion (P<0.0001 for training effect). There was no difference in hepatic congestion among groups. The HW/BW and RV/BW were higher in the Sed-HF group compared with sham groups. RMT-HF group showed decrease RV hypertrophy (P<0.0001 for training effect); although no difference was observed in the LV hypertrophy with RMT (all of these data are summarized in Table 1).
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  Hemodynamic Alterations with RMT

  The Sed-HF group had higher LVEDP; however, the LVSP, +dP/dtmax and −dP/dtmax were lower, characterizing the HF state in this post-MI model. RMT in HF rats reduced the LVEDP (P<0.001 for group, P<0.05 for training, and P<0.001 for interaction effects, Figure 1A) and increased LVSP (P<0.0001 for group, and P<0.05 for training effects, Figure 1B). +dP/dtmax was similar between the RMT-HF group and sham groups.
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  Whereas MAP and systolic arterial pressure (SAP) were lower in the Sed-HF group, characteristics of HF, RMT prevented blood pressure drops in the HF group (P<0.05 for training, and P<0.05 for interaction effects; P<0.01 for group, and P<0.01 for interaction effects, respectively). There were no differences in heart rate between the groups.

  CS Activity

  CS activity, a marker of mitochondrial content tissue, was lower in Sed-HF rats (Figure 2). RMT increased CS activity in the diaphragm in rats with HF (Figure 2).
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  To test the effects of RMT on the association between oxidative capacity and hemodynamic function, we tested the correlation between CS activity and hemodynamic variables. Interestingly, CS alterations in the diaphragm due to HF and RMT demonstrated a significant correlation with hemodynamic function in rats. A negative correlation was found between CS and LVEDP (r=-0.60, P=0.01) (Figure 3A) and a positive correlation was found between CS and LVSP (r=0.46, P=0.05) (Figure 3B).
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  DISCUSSION

  In the present study, it was demonstrated that: 1) RMT in rats with HF improved LV hemodynamics, as demonstrated by LV pressures, contractility and relaxation, as well as decreased RV hypertrophy and lung congestion; 2) CS activity was decreased in the diaphragm of the HF rats, and enhanced by RMT; and 3) Correlations were found between CS activity and hemodynamic function parameters, as demonstrated by a negative correlation between CS and LVEDP and a positive correlation between CS and LVSP.

  Our results highlight the particular link between hemodynamic dysfunction and the oxidative impairment of diaphragm muscle. An increase in LVEDP and decrease in LVSP were associated with CS activity reduction. Such a link may directly contribute to the establishment and progression of lung congestion and RV overload in response to HF. On the other hand, RMT clearly promotes the overall improvement of cardiac hemodynamics, peripheral muscle oxidative metabolism and mitochondrial function, here reflected by CS activity. This supports the notion that RMT is a viable strategy to positively alter RV and lung alterations as consequence of HF progression.

  From a clinical perspective, RMT was shown to improve many outcomes related to the progression and complexity of HF[14], which include dyspnea, peripheral muscle sympathetic nervous activity, oxygen uptake efficiency, circulatory power, recovery oxygen kinetics, indices of cardiac performance, peak oxygen consumption (VO2) and quality of life[14]. Furthermore, RMT decrease PPC of postoperative atelectasis, pneumonia, duration of hospital stay[15], and improves functional capacity submaximal and inspiratory muscle strength[16] in patients undergoing cardiac surgery. However, the effect of RMT on metabolic adaptations in the diaphragm is not fully understood.

  Experimentally, our group has previously demonstrated RMT in HF rats improved cardiovascular parameters, sympathetic and parasympathetic modulation, baroreflex gain and respiratory mechanics[7]. However, we did not assess the effects of RMT on oxidative capacity in the diaphragm in rats with HF, which could explain some potential physiologic muscular mechanisms.

  Few studies that directly assessed intrinsic skeletal muscle oxidative capacity in HF models reported a decrease in both oxidative and glycolytic muscles[17]. Specifically, CS activity was decreased in the experimental model[17] and clinical studies with HF[18]. Respiratory muscle strength in patients with HF have been found to be significantly correlated to peak VO2 and is an independent predictor of survival[4]. In rats with HF after induction of MI, the diaphragm has reduced strength and function[3], however, the cellular processes leading to muscle dysfunction remain poorly understood.

  In normal rats, Bisschop et al.[12] verified that RMT leads to hypertrophy in IIa and IIb fiber types in the diaphragm. In our study, we observed no difference in hemodynamic function, morphological characteristics and CS activity after RMT in sham group, which can be partially explained by the fact that sham rats do not present peripheral muscles alterations, such as in the diaphragm, due to preserved cardiac and hemodynamic function. In addition, the intensity of RMT used in this study was likely insufficient to produce improvements in sham rats. Further studies should therefore be conducted to test different RMT protocols and intensities in healthy rats.

  Lower cardiac output, reduction of muscle blood flow, and consequently impairment O2 transport to skeletal muscle promotes disorders at the cellular level in HF[1,2], including the diaphragm muscle. In this context, alterations in energy metabolism play a substantial role in the functional defects such as decreased cardiac contractility, and decreased contraction and resistance to fatigue of the skeletal muscle. These alterations are encountered in cardiac muscle as well as in skeletal muscles and the diaphragm, and thus led to the proposal of a metabolic myopathy in HF[19].

  In canine and rat HF models, marked reductions in the complexes of the respiratory chain have been described in both cardiac and skeletal muscles[20,21], which may sustain the abnormalities of cardiopulmonary function and its interactions and blood flow redistribution. Muscle oxidative capacities have been assessed by measuring respiration of mitochondria in permeabilized fibers with no limitation of substrates, ADP or oxygen[22]. The main mitochondrial pathways were investigated by measuring activity of key enzymes: CS, an enzyme of the Krebs cycle, COX, the complex IV of the respiratory chain, and mi-CK, an intermembrane space enzyme involved in energy transfer between mitochondria and cytosol in oxidative muscles[19]. Garnier et al.[19] describe a significant mitochondrial dysfunction and altered biochemical markers in HF rats, with CS significantly reduced in the LV and soleus showing a lower sensitivity of muscle to HF. Mitochondrial marker enzyme activities in fresh muscle homogenate were measured in skeletal muscle in dogs with HF[6] and CS was significantly decreased, suggesting a lower mitochondrial content[6].

  To better explore the relationship between beneficial changes of diaphragm oxidative and hemodynamic function due to RMT in HF, further investigations of the respiratory muscle performance, as well as other key metabolic and mitochondrial enzymes and complexes, not performed in our study, are needed. Histological evaluation of the adaptations in the lungs or diaphragm can also elucidate morphological alterations in response to RMT in HF rats.

  In the present study, we found that CS activity of the diaphragm in HF rats lower by 61% compared with the Sed-Sham group. After a 6-week RMT protocol, HF rats has a 142% increase in CS activity. Furthermore, we observed a significant correlation between CS activity and hemodynamic function, as demonstrated by a negative correlation between CS and LVEDP (r=–0.60, P=0.01) and positive correlation between CS and LVSP (r=0.46, P=0.05).

  Additionally, to our knowledge, this study was the first to observe a beneficial change in oxidative metabolism after RMT in HF rats. These diaphragmatic muscle changes observed here with RMT were consistent with those elicited by endurance training of the limb muscles in normal subjects. These potential adaptations caused by RMT on the diaphragm in HF rats could be explained by some physiological consequences including: 1) an increase in the maximum speed of contraction[23]; (2) an attenuation of microvascular oxygen delivery-to-utilization mismatch; and, consequently, 3) a decrease in fatigability[24].

  Clinical Implications

  CABG is recommended in patients with HF and left ventricular systolic dysfunction and promotes benefits on cardiovascular mortality[8]. The 10-years follow-up of the STICH (Surgical Treatment for Ischemic Heart Failure) trial demonstrated a reduction in all-cause mortality in patients with HF who received CABG associated to medical therapy compared with medical therapy alone[8]. However, PPCs following CABG surgery, such as respiratory weakness, can influence on morbidity, mortality, and length of hospital stay[15].

  It has been postulated that RMT increases inspiratory muscle strength and endurance in patients with HF, which translates into marked improvement in exercise tolerance and quality of life[14]. Moreover, preoperative[16] and postoperative[15] RMT improves functional capacity submaximal, inspiratory muscle strength and decreases PPCs in patients undergoing cardiac surgery[15,16].

  Hulzebos et al.[9] demonstrated that preoperative RMT in patients undergoing CABG surgery, which include patients with HF secondary to ischemic cardiomyopathy (left ventricular ejection fraction < 40%), reduced the incidence of PPCs (by 50% compared with patients receiving usual care), and, consequently, reduced the duration of postoperative hospitalization.

  Diffuse parenchymal processes, and cardiogenic and noncardiogenic pulmonary edema are among the causes of acute respiratory failure after cardiac surgery[25]. Pulmonary edema is related with reduced pulmonary and functional capacity; however, the reduction of pulmonary edema decreases CPPs, including in patients undergoing CABG surgery. In this context, experimentally, our group has previously demonstrated that RMT decreased pulmonary edema and, consequently, improves respiratory mechanics in HF rats[7]. In this study, rats with HF presented less pulmonary congestion (P<0.0001) for training effect. We believe that these results could contribute to a better understanding of these potential mechanisms in the improvement of pulmonary and functional capacity with decreased pulmonary edema.

   

  CONCLUSION

  RMT produces beneficial adaptations on the diaphragm muscle, which is linked to improvements in LV hemodynamics and blood pressure in HF. Additionally, diaphragm oxidative improvements translate into the prevention of RV hypertrophy and lung congestion, possibly blunting the severe progression of HF post-MI in rats.
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    Abstract

    INTRODUCTION: The biggest challenge faced in minimally invasive pediatric cardiac surgery is cannulation for cardiopulmonary bypass. Our technique and experience of cervical cannulation in infants and small children for repair of congenital cardiac defects is reported in this study.

      METHODS: From January 2013 to June 2015, 37 children (22 males) with mean age of 17.97±8.63 months and weight of 8.06±1.59 kg were operated on for congenital cardiac defects through right lateral thoracotomy. The most common diagnosis was ventricular septal defect (18 patients). In all patients, right common carotid artery, right internal jugular vein and inferior vena cava were cannulated for institution of cardiopulmonary bypass and aorta was cross clamped through right 2nd intercostal space.

      RESULTS: There were no deaths or any major complications related to cervical cannulation. Common carotid artery cannulation provided adequate arterial inflow while internal jugular vein with inferior vena cava provided adequate venous return in all patients. No patient required conversion to sternotomy or developed vascular, neurological or wound related complications. Three patients had residual lesions (small leak across ventricular septal defect patch-2, Grade II left atrio-ventricular valve regurgitation-1) and one patient had mild left ventricular dysfunction. At discharge, both common carotid artery and internal jugular vein were patent on color Doppler ultrasonography in all patients. In a mean follow-up period of 11.4±2.85 months, all patients were doing well. No patient had any wound related, neurological or vascular complication. No patient had residual leak across ventricular septal defect patch.

      CONCLUSION: Cervical cannulation of common carotid artery and internal jugular vein is a safe, reliable, efficient and quick method for institution of cardiopulmonary bypass in minimally invasive pediatric cardiac surgery.

    Keywords: Carotid Artery, Common. Jugular Veins. Cardiopulmonary Bypass. Heart Defects, Congenital.

  

   

   

  INTRODUCTION

  In the last three decades, there has been significant advancement in minimally invasive cardiac surgery in adults[1]. In pediatric patients, restricted exposure and complications associated with peripheral vascular cannulation has limited the use of minimally invasive techniques predominantly in larger children and for simple congenital cardiac defects. Whenever performed in infants and smaller children, total central cannulation is the preferred technique[2,3]. However, this makes the operative field cluttered and reduces the space for instrument maneuverability.

  Over the years, innominate artery and common carotid artery (CCA) cannulation for arterial inflow has been proved as safe technique for commencement of cardiopulmonary bypass (CPB) in pediatric and adult patients, respectively for complex aortic surgeries without complications[4-6]. Similarly, direct cannulation of CCA and internal jugular vein (IJV) has been safely used for institution of extracorporeal membrane oxygenator (ECMO) in neonates and infants with minimal risk of long-term vascular complications and stroke. Studies have failed to find any definitive association between CCA ligation and risk of stroke[7,8].

  CCA cannulation was performed at our institute in 5 pediatric patients operated for re-do cardiac surgery (unpublished data). CCA cannulation was performed either because patients sustained cardiac injury (three patients) or heart was adherent to sternum on preoperative computed tomography of chest (two patients). In all five patients, femoral and iliac vessels were found unsuitable for cannulation either because of adhesions from previous cannulation or small size of vessels. All five patients had an uneventful recovery without neurological or vascular complication and both CCA and IJV were patent on postoperative Doppler ultrasonography. Using the similar technique of cervical cannulation, infants and small children were operated on with congenital cardiac lesions through a limited right lateral thoracotomy. CPB was instituted by cannulation of CCA, IJV and inferior vena cava (IVC). The aim of this study was to evaluate our technique's clinical usefulness and efficiency in terms of postoperative complications especially neurologic outcomes.

   

  METHODS

  From January 2013 to June 2015, 37 pediatric patients (22 males) with mean age of 17.9±8.63 months and mean weight of 8.06±1.59 kg were operated on for congenital cardiac lesions by lateral thoracotomy using cervical cannulation for CPB. Demographic profile of the patients is shown in Table 1. Forty-three percent of them were infants and 83% weighed <10 kg. The study was approved by the Ethics Committee of our institute. Parents or guardians of the patients were informed in detail about the procedure and written consent was obtained. All patients were operated on by the same surgeon.
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  In all the patients, preoperative cardiac diagnosis was determined by trans-thoracic echocardiography (TTE). Other investigation, like contrast enhanced computed tomography (CECT) and angiography of heart and cardiac catheterization, were performed, if indicated.

  Anaesthetic Management

  Central venous catheterization was performed intraoperatively through right femoral vein and arterial access was obtained through right radial artery catheterization. Trans-esophageal echocardiography (TEE) was performed to confirm the diagnosis, de-airing and adequacy for surgical procedure. After induction, bilateral regional cerebral oxygen saturation (rSO2) was measured using near-infrared spectroscopy (NIRS) (INVOS 5100B, Somanetics, Inc., Troy, MI) and right sided rSO2 was maintained at >90%[9].

  Postoperative Management

  All the patients were transferred to intensive care unit (ICU), intubated and were managed as per ICU protocol. Repeat TTE was performed in all the patients before extubation to rule out ventricular dysfunction and pericardial collection and at the time of discharge to assess the ventricular function and rule out any residual lesion. Color Doppler ultrasonography of neck vessels was performed in all the patients in order to assess the patency of CCA and IJV.

  Follow-Up

  All the patients were followed up with physical examination in the first week, first month and then in the third month or as required after surgery to assess them clinically for symptoms, wound healing and any restriction of shoulder motility. TTE was performed in all the patients to assess the status of any residual defect and ventricular function.

  Operative Technique

  Position and thoracotomy

  Patient lay supine with ring under the head and head turned to the left. Right side of the body was elevated by 30° with a bolster under the right shoulder and right arm was flexed at shoulder and elbow joint to expose the second intercostal space. The patient was draped to expose the base of neck, axilla and chest up to left nipple. A 3-5 cm vertical incision was placed in mid-axillary line in third or fourth intercostal space and after dividing the muscles, pleural space entered. Intercostal space was chosen depending upon the midpoint of the right atrium (RA) on preoperative chest x-ray (Figure 1).
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  Neck Cannulation

  A transverse cervical incision 1.5-2 cm in length was made one finger's breadth above the clavicle over the lower part of sternocleidomastoid muscle where two heads of the muscle divide. Subcutaneous tissue and platysma divided and sternocleidomastoid muscle exposed. Mastoid retractor applied and dissection performed between two heads of the muscle. Both, CCA and IJV were isolated in carotid sheath, looped and mobilized along length. Care was taken while mobilizing IJV to avoid induction of spasm, which would make subsequent introduction of venous cannula difficult. Whenever found, a small branch on the medial aspect of IJV was ligated and divided. Rest of the mobilization of both the vessels was safe as they don't have any other branch in the neck. Both the vessels were looped and the patient was heparinized with 400 U/kg. Three minutes later, 5 mm polytetrafluoroethylene (PTFE) graft was anastomosed to CCA artery after clamping (Figure 2) and synthetic cyanoacrylate glue (OMNEX Surgical Sealant, Ethicon Inc, Johnson and Johnson, Somerville, NJ, USA) was applied on the anastomosis to prevent oozing of the blood the needle holes. Aortic cannula was inserted into the graft and tied with silk thread. CCA clamps were removed, arterial cannula de-aired and connected to arterial line. IJV was clamped cranially and opened transversely. Straight venous cannula was inserted and advanced into RA, snugged and connected to venous line. IJV was kept snared cranially during the procedure. Both, arterial and venous cannulas were selected as per body surface area (BSA). In patients with BSA <0.5 m2, 12Fr DLP femoral arterial cannulae and 12Fr Biomedicus One Piece Femoral Venous Arterial Cannulae (Medtronic Inc. Minneapolis, MN, USA) were used for CCA and IJV cannulation respectively; while in patients with BSA 0.5-0.69 m2, similar cannula of 14Fr size were used. For IVC cannulation, DLP single stage venous cannulae with right angle metal tip (Medtronic Inc. Minneapolis, MN, USA) used was one size larger than IJV cannula.
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  Conduct of Cardiopulmonary Bypass

  After achieving the adequate activated clotting time (ACT), CPB was initiated and attention was turned to thoracotomy. Mechanical ventilation was disconnected and pericardiotomy was performed parallel and 2-3 cm anterior to phrenic nerve to expose the ascending aorta cranially and IVC caudally and pericardial stays were inserted. Carbon dioxide was continuously insufflated into the operative field throughout the procedure to displace intra-cardiac air. IVC was dissected, looped and cannulated with angled venous cannula that was advanced into the pericardial cavity through a stab incision in subxiphoid area. IVC was snugged and snugger was left in the pleural cavity to keep it out of the operative field. Mild hypothermia (30-32°C) was established. Assisted venous drainage was used, if required, with a median vacuum pressure of 30 mmHg (range, 20–40 mmHg). RA appendage was retracted towards IVC and dissection was performed with scissors between aorta and right pulmonary artery to mobilize the aorta. De Bakey atraumatic coarctation clamp was passed through a stab incision in right second intercostal space in mid-axillary line and aorta was cross clamped at the level of right pulmonary artery. Del Nido cardioplegia was delivered into the aortic root using 16G needle puncture. When cardioplegia delivery was finished, cardioplegia puncture site was enlarged with sharp scissors and a 5-0 plegted polypropylene (prolene) suture was placed around the puncture site and left loose. IJV cannula was pulled back into superior vena cava (SVC). SVC was snugged and snugger was left into the pleural cavity as for IVC snugger. RA was opened and a vent was inserted into the left atrium through patent foramen ovale or atrial septal defect (ASD). When defect was absent, it was created and vent was inserted.

  Surgical Repair

  Repair was performed depending upon the cardiac lesion similar to midline sternotomy approach except in patients with ventricular septal defect (VSD). For repair of VSD, anterior leaflet of the tricuspid valve was detached from annulus to expose the borders of VSD.

  In our series, three patients with ostium secundum atrial septal defect (OS-ASD) had associated left superior vena cava (LSVC). In one patient, we were able to loop and snug the LSVC by retracting the aorta and pulmonary artery; it was snugged to prevent the flooding of operative field. In other two patients, straight venous cannula was inserted in the LSVC through coronary sinus and connected to cardiotomy sucker for drainage.

  When intra-cardiac repair was finished, RA was repaired and SVC and IVC snuggers were removed. After RA closure, carbon dioxide insufflation was stopped. Ventricular pacing wire was placed. De-airing was performed by gently compressing the heart against the spine with rear end of De Bakey forceps and the lungs were ventilated manually. Aortic root was vented by allowing bleeding from the cardioplegia puncture site into the pericardial cavity. Under low flows, aortic cross clamp was removed and IJV cannula was advanced into RA. Time was allowed for the heart to recover the sinus rhythm with good contractility of the ventricles. After re-warming of the patient, IVC cannula was removed and IVC repaired. After confirming the adequate de-airing on TEE, cardioplegia puncture site was repaired. Finally, CPB was terminated in usual fashion.

  When the procedure was finished, IJV cannula was removed and IJV was repaired with interrupted 6-0 prolene sutures. Heparin was reversed with protamine sulfate using dose of 1.0 mg/100 U of heparin. The PTFE graft was severed near the anastomosis with CCA and was oversewn to prevent any residual stump. CCA pulsation was confirmed. After hemostasis, both heads of sternocleidomastoid muscle were approximated. Platysma and subcutaneous tissues were sutured. A pericardial drain inserted through subxiphoid incision and another right pleural drain through axillary incision. Pericardium was loosely approximated. Ribs were loosely approximated with absorbable suture. Subcutaneous tissue and skin were repaired with absorbable sutures.

  Statistical Analysis

  Results are expressed as mean ± standard deviation (SD). All data analysis was performed using SPSS for windows, version 20.0 (SPSS Inc., Chicago, IL, USA).

   

  RESULTS

  Thoracotomy was performed in the third intercostal space in 31 patients and in the fourth intercostal space in 6 patients. The lenght of axillary skin incision varied between 3 and 6 cm and of cervical incision between 1.5 and 2 cm. Two patients required enlargement of thoracotomy incision to improve the exposure of VSD.

  Intraoperative and postoperative data is shown in Table 2. CCA cannulation provided adequate arterial flow in all patients. Similarly, IJV and IVC cannulation provided adequate venous return except in five patients who required assisted venous drainage. No patient required a switch to sternotomy for arterial or venous return. Furthermore, no intraoperative complications related to the cannulation site, exposure or bleeding was noted. All the patients, except three, regained spontaneous sinus rhythm following removal of aortic cross clamp. Three patients regained ventricular fibrillatory rhythm initially; two spontaneously reverted to sinus rhythm once the heart was completely emptied while one patient required cardioversion.
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  Mean postoperative drain output was 13.37±16.01 ml and no patient required re-exploration for bleeding. Postoperatively, all patients regained consciousness without neurological complication. Mean duration of mechanical ventilation was 7.45±1.7 hours. All patients remained in sinus rhythm and postoperative TTE revealed satisfactory repair without residual defect or ventricular dysfunction. Two patients had 1 mm and 2 mm residual defect across VSD patch, respectively. One patient with ostium primum ASD had grade II left atrioventricular valve regurgitation. Another patient with VSD had mild left ventricular dysfunction. Two patients developed stridor after extubation and were managed conservatively. No patient developed any temporary or permanent, focal or generalized neurological deficit during the hospital stay. Color Doppler ultrasonography of neck vessels confirmed patency of both CCA and IJV in all the patients (Figure 3). There was no operative or hospital mortality. Mean hospital stay was 3.56±0.55 days (3-6 days). All patients were discharged from the hospital in good clinical condition without any cervical or thoracic wound complication.
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  Cases where Difficulty was Encountered During Procedure

  Three patients who had associated LSVC, difficulty was experienced in accessing the LSVC to cannulate and snug.

  Follow-Up

  Follow-up was 100% complete and mean duration of follow-up period was 11.4±2.85 months. During follow-up, all patients were asymptomatic without any evidence of vascular complication or neurologic impairment. All patients had healing of both cervical and thoracotomy wound without keloid formation or shoulder movement deficit. Follow-up TTE confirmed normal left ventricular function in all the patients. In one patient with grade II left atrioventricular valve regurgitation, regurgitation reduced to grade I. None of the patients had tricuspid regurgitation. No residual leak was observed in any of the two patients with leak across VSD patch at the time of discharge.

   

  DISCUSSION

  Direct CCA cannulation has gained popularity for total body circulation as well as antegrade cerebral perfusion during deep hypothermia in adult patients operated on for complex aortic and re-do cardiac surgeries. This technique has proved its efficacy and neurological safety[4-6]. In neonates, selective unilateral CCA cannulation is performed by advancing the arterial cannula from ascending aorta or innominate artery to CCA and used for ascending aorta and arch repair during deep hypothermia for antegrade cerebral perfusion[6]. Studies have found the technique to be safe without increased risk of neurological complications. As per literatute, direct cannulation of CCA, however, has not been used in pediatric cardiac surgery.

  CCA is easily accessible at the base of neck and like innominate artery or aorta, it is sturdy and not easily damaged[4]. In our previous experience of 5 patients, CCA was found to be of sufficient size even in small children to supply the total cardiac output. The flow in CCA is distributed to whole body without causing ipsilateral brain hyperperfusion. This is confirmed by the results of our study. We observed adequate radial artery pressures during CPB and absence of any neurological, myocardial or abdominal organ dysfunction in postoperative period in all patients. The possible explanation may lie in an experimental study by Zéicourt et al.[10]. Authors using a realistic hypoplastic neonatal aorta template as the base geometry for effect of cannulation technique on flow distribution, found that flow distribution to the different vascular beds in neonates was dictated by the downstream vascular resistances rather than the cannulation strategy. The similar mechanism may be responsible for flow distribution in infants, children and adults as other studies in adults have also failed to find any sign of hyperperfusion with this technique[5,6].

  Similarly, IJV is sufficiently large and easily accessible for venous return during CPB. Due to same reasons, cervical cannulation of CCA and IJV are preferred route for establishment of pediatric ECMO. However, in contrast to ECMO, our technique does not require ligation of either CCA or IJV; thus prevents the risk of stroke and cerebral and facial edema[7].

  An important concern during CCA cannulation is the risk of neurological injury. Therefore, NIRS was used to detect any decrease in cerebral oxygen saturation from the time of anastomosing the graft to CCA and during CPB. In our study, no patient had >15% fall in NIRS from baseline during CPB. This was probably because the cerebral flow was maintained through both the carotid arteries even during aortic cross clamping as blood supply to whole brain including posterior circulation is maintained by rich network of anastomoses interconnecting the cervical, vertebral, occipital, and carotid arteries designated as 'suboccipital carrefour or knot'[11]. Absence of postoperative neurological complications in any patient confirms our assumption.

  Cervical cannulation for institution of CPB has several advantages over central cannulation. First, it completely avoids the need to gain control of the aorta for arterial cannulation, an important limitation of lateral thoracotomy[12]. As aorta is away from thoracotomy incision, there is poor control of depth of arterial cannula insertion. This increases the risk of vascular accidents as well as neurological complications. Second, cervical cannulation along with aortic cross clamp insertion through a separate stab incision moves the entire hardware away from the operative field. This improves the working space and freedom of instrument maneuverability. Other authors have also emphasized the importance of peripheral cannulation to prevent cluttering in the operative field. However, femoral cannulation is better suited for older children, while cervical cannulation can be performed even in neonates and infants[12-14].

  Third, straight multi-hole cannula inserted into IJV is easily advanced into RA and leads to almost complete emptying of the heart. Therefore, mechanical ventilation can be discontinued as soon as CPB is commenced. This improves the exposure of pericardium and heart and ease the insertion and removal of IVC cannula. The IVC cannula can be removed early after removal of aortic cross clamp without compromising the venous drainage. Fourth, this technique of CPB avoids additional groin incisions and potential peripheral vascular complications. Fifth, cannulation of graft rather than direct cannulation of CCA almost nullifies the risk of intimal injury and narrowing of CCA. De-airing can be adequately performed by enlarging the cardioplegia puncture site and TEE guidance. All of our patients readily regained consciousness without neurological complications. This further confirms the adequacy of de-airing of the heart.

  An important concern with CCA cannulation is the potential risk of cerebral hyperperfusion during CPB. Transcranial Doppler (TCD) rather than NIRS is better modality to detect the hyperperfusion[5]. However, we did not perform the TCD in our study due to non-availability. Our strategy to prevent hyperperfusion was to reduce the arterial pressure during CPB while monitoring the NIRS because cerebral blood flow is predominantly determined by arterial pressure rather than the CPB flow. In our study, no patient developed symptoms of cerebral hyperperfusion, although, we did not specifically investigated this. However, even if brain hyperperfusion is detected on TCD, it can easily be corrected by looping the CCA cranial to graft anastomoses and applying the clip to partially snug the artery to adjust the TCD velocity.

  We choose lateral thoracotomy as it is cosmetically and functionally superior[15]. However, there are certain shortcoming of this approach e.g. difficulty in cannulation of aorta, IVC and limited exposure of the right ventricle free wall and left sided structures of the heart as the heart falls farther away to the left as it gets empty. Cervical cannulation and single dose del-Nido cardioplegia[16] overcome the difficulties associated with cannulation. We, however, believe this incision is suitable only for repair of simple congenital cardiac defects that can be accomplished through RA. In our experience, apical, mid-muscular, doubly committed and outlet VSDs are the contraindications for this approach. We also consider the presence of LSVC as a relative contraindication as it makes the operative procedure cumbersome and the operative field cluttered. We have not operated any patients of tetralogy of Fallot through this approach, however, we consider it a challenge.

  Cervical cannulation for CPB can be used with any minimally invasive approach and even in pediatric patients operated for re-do or aortic arch surgeries as in our initial experience. In our experience, this technique adds 15-20 minutes to operative time, however, lots of struggle associated with central cannulation and exposure can be avoided. Further studies with technique may pave the path for this approach as an alternative safe technique for establishment of CPB in pediatric patients.

  Limitations

  Limitations of our study include its retrospective nature and small sample size. However, it does contribute to establish cervical cannulation as an alternative technique for CPB in minimally invasive and complex aortic pediatric cardiac surgeries.

   

  CONCLUSION

  Cervical cannulation using side-graft on CCA for arterial inflow and IJV cannulation for venous return is a reliable and safe method for installation of CPB in minimally invasive pediatric cardiac surgery. This technique is safe, efficient, and quick in its execution and compared to minimally invasive technique, this technique avoids the handling of the aorta and the SVC. Complications directly associated with cervical cannulation are uncommon.
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    Abstract

    INTRODUCTION: Left atrial ganglionated plexi ablation is an adjuvant technique used to increase the success rate of surgical ablation of atrial fibrillation. Ganglionated plexi ablation requires previous detection. We aimed to assess determinants of successful ganglionated plexi detection and to correlate range of ganglionated plexi ablation with risk of early atrial fibrillation recurrence.

      METHODS: The study involved 34 consecutive patients referred for surgical coronary revascularization with concomitant atrial fibrillation ablation. Ganglionated plexi detection was done by inducing vagal reflexes in the area of the pulmonary veins and left atrial fat pads.

      RESULTS: Detection of GP was successful in 85% of the patients. There was no difference in preoperative characteristics nor in atrial fibrillation type between patients in whom ganglionated plexi detection was successful and others. The number of detected ganglionated plexi correlated significantly only with preoperative resting heart rate. Significant negative correlation was found in patients with preoperative heart rate>75 beat/min in terms of total number of detected ganglionated plexi (P=0.04). Average number of detected ganglionated plexi was significantly higher in patients with in-hospital atrial fibrillation recurrence requiring electrical cardioversion (3.8±3) in comparison to rest of the study population (2±1.3; P=0.02). In patients in whom 4 or more ganglionated plexi were detected, significantly increased risk of in-hospital atrial fibrillation recurrence was observed (OR 15; 95% CI 1.5-164; P=0.003).

      CONCLUSION: Left atrial ganglionated plexi detection was unsuccessful in a considerable percentage of patients. Preoperative heart rate significantly influenced positive ganglionated plexi detection and number of ablated ganglia. Higher number of detected ganglionated plexi was related with early recurrence of atrial fibrillation.

    Keywords: Ganglia, Autonomic. Atrial Fibrillation. Ablation Techniques.

  

   

   

  INTRODUCTION

  Surgical ablation of atrial fibrillation (AF) is recommended in patients (Class IIA) undergoing cardiac surgery[1]. Adjunct ablation of cardiac autonomic ganglionated plexi (GP) may additionally reduce AF recurrence. However, there is no clear data on its effectiveness, though this technique was introduced a decade ago[2]. The only GP ablation surgical technique introduced to cardiac surgery is based on previous epicardial detection by inducing vagal reflex with rapid stimulation. The stimulation of GP results in rapid acetylcholine secretion and subsequently elicited vagal reflex (transient bradycardia, conduction block)[3]. Therefore, only detected GP are ablated in that technique.

  Anatomical studies showed that most GP are located within the epicardial fat pads covering the entire antrum of the pulmonary veins (PVs) and the interatrial groove. There is no data showing absence of GP in certain individuals[4]. The success rate of detection and the number of detected GP vary in the studies published thus far, and even more limited data is available on the predictors of successful GP detection during surgical ablation of AF[5,6]. The primary aim of this study was to analyze the preoperative factors corresponding to successful GP detection and the number of detected GP in patients undergoing AF ablation concomitantly to surgical coronary revascularization. The secondary aim was to search for a correlation between GP detection and early recurrence of AF.

   

  METHODS

  Study Population

  The study involved 34 consecutive patients with persistent and long-standing persistent AF and coronary artery disease referred for surgical revascularization with concomitant left atrial ablation and left atrial appendage epicardial occlusion. No inclusion or exclusion criteria were introduced for this study since all patients with AF referred to surgical revascularization are qualified for off-pump coronary artery bypass grafting with concomitant left atrial ablation and left atrial appendage occlusion in our center. All patients had a high stroke risk according to the CHA2DS2-VASc score (mean score of 3.8±1.6) as well as an increased risk of bleeding on oral anticoagulants, with an average HAS-BLED score of 3.1±1.3 (Table 1). The study protocol was approved by the Institutional Ethics Committee and all patients signed informed consent before surgery.
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  Surgical Procedure

  In all patients, the heart was exposed with a standard median sternotomy. The transverse and oblique pericardial sinuses were dissected for full visualization of the PVs' ostia and to allow for the placement of the bipolar radiofrequency ablation device. Bilateral epicardial mapping of the PVs, left atrial antrum, left atrial appendage, and the free wall of the right atrium was done using the MAPS® probe (Medtronic Inc., MN, USA) (Figure 1). Then, the first attempt at GP detection was accomplished with rapid stimulation (800 beats/min) to induce vagal reflex in the area of the PVs and left atrial fat pads. The sequence in which rapid stimulation was applied is presented in Figure 1. The pacing output started at 5 V. If detection was unsuccessful, pacing output was increased to 7 V and, finally, to 10 V. Vagal reflex (signifying GP detection) was defined as a minimum 25% reduction in heart rate or the occurrence of an atrio-ventricular conduction block. All planned mapping areas were checked in every patient. Detected GP were epicardially ablated using the same probe to apply radiofrequency energy (25 W). The ablated area was then checked with rapid stimulation for persistent vagal reflex occurrence. The PV isolation procedure was performed using a radiofrequency bipolar device (Cardioblate®, Medtronic Inc., MN, USA). Each ablation sequence consisted of four applications to each pair of PVs, followed by probe repositioning and another four applications (Figure 2). After each ablation sequence, mapping of PVs was carried out to check for an entrance block. This ablation sequence was repeated until no signal was detected over the PVs. Then, the Marshall fold was dissected. Patients who remained in AF were then electrically converted to sinus rhythm. The presence of an exit conduction block was assessed by PVs stimulation with a 10 V output, at a rate of 120 per minute. Next, arterial and venous grafts were harvested and the patients were heparinized with 300 units of unfractionated heparin (UFH) per kilogram. Off-pump coronary artery bypass grafting was performed. The left atrial appendage was epicardially occluded using either the AtriClip® (Atricure, Dayton, OH, USA) or the Tiger Paw System II® (Maquet). Completeness of left atrial appendage (LAA) occlusion was ascertained through transoesophageal echocardiography. Finally, protamine was given and the chest was closed in a standard fashion.
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  An amiodarone infusion was started upon admission to the intensive care unit (daily dose of 600 mg IV), continued for 48 hours, and then given as an oral dose of 200 mg once daily until hospital discharge. Starting on the 1st postoperative day, all patients received bisoprolol at a daily dose of 5 mg or 7.5 mg, depending on postoperative heart rate. Electric cardioversion was performed in patients with AF recurrence, if the arrhythmia was not self-terminating within 24 hours of onset, despite a potassium level of > 4.5 mmol/l. All patients were discharged on oral amiodarone (200 mg daily for 3 months).

  Early effectiveness of this ablation procedure was assessed using the composite end-point, which consisted of a need for electrical cardioversion due to in-hospital AF recurrence, the presence of AF at hospital discharge, and after 3 months. At 3 months follow up, 24-hours Holter electrocardiography study was done. AF recurrence was determined if AF episode longer than 30 seconds was recorded.

  Statistical Analysis

  Statistical analysis was performed using the Statistica 12TM program (StatSoftTM, Inc. 2012). The Shapiro-Wilk W test was used in testing for normality. If the W statistic was significant, then the hypothesis that the respective distribution is normal was rejected. Normally distributed continuous variables are expressed as mean ± standard deviation (SD). Nonparametric and parametric data correlations were evaluated with either the Spearman rank-test or the Pearson test. Comparisons of groups were performed using the Student's t-test for normally distributed continuous variables, and the Mann-Whitney test for non-normally distributed continuous variables. Differences were considered significant at P<0.05. Logistic regression analysis was performed to identify the risk factors associated with arrhythmia recurrence. The results are expressed as odds ratio (OR), with a 95% confidence interval (95% CI).

   

  RESULTS

  Successful GP Detection

  Detection of GP was successful in 85% of the patients (29 patients). In 15% of the study population (5 patients), no signs of vagal reflex were observed during epicardial stimulation. The average number of detected GP was 2.7± 2.4. Significantly more GP were detected on the right side (60 in total, mean 1.7±1.5) than on the left side (31 in total, mean 0.9 ±1.2; P=0.01). There was no significant difference in the preoperative characteristics nor in the type of AF between patients in whom GP detection was successful versus those in whom it was unsuccessful (Table 2). GP were detected in 66% (n=19) of the patients with persistent AF and in all patients (n=10) with long-standing persistent AF (P=0.1). Detection was successful in 94% (n=18) of the patients in preoperative AF and in 75% (n=16) of the patients in sinus rhythm before surgery (P=0.1). In terms of diabetes, GP were detected in 78% of the diabetic patients versus 94% in the non-diabetic group (P=0.2). The occurrence of diabetes correlated, albeit insignificantly, with unsuccessful GP detection (r=-0.2251; P=0.2).
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  Preoperative HR significantly influenced GP detection. Average preoperative HR was 66.8 (range: 49-88 beats/min.). All patients were on beta-blocker up to the day of the surgery. Two types of beta-blockers were used preoperatively: bisoprolol (5mg per day) and metoprolol (50 mg per day). Type and dose of beta-blocker was not changed at admission to the hospital. Type or dose of beta-blocker used preoperatively did not correspond with preoperative HR. According to anamnesis, all patients were on maximal dosage tolerated by them in terms of atrial blood pressure. Moreover, there was no statistically significant difference in preoperative HR between patients in sinus rhythm (63.9±16 beat/min.) and patients in AF (69.5±18 beat/min.; P=0.1). We found that preoperative HR exceeding 75 beats/min. increased the risk of negative GP detection in all tested areas (OR 7.3; 95% CI 2-25). In addition, preoperative HR of less than 70 beats/min. increased the probability of positive GP detection (OR 7; 95% CI 1.5-32). Similarly, in patients with preoperative HR of less than 60 beats/min., increased probability of positive GP detection was found (OR 5; 95% CI 1.6-15).

  Number of GP Detected

  In patients with positive GP detection, a correlation between the number of GP detected and preoperative data was sought (Table 3). The number of GP detected correlated significantly only with preoperative resting HR, showing an inverse relationship (Figure 2). The cut-off value of preoperative HR for a significant difference between number of GP detected was found at 75 beats/min. Preoperative HR < 75 beats/min. correlated significantly with the total number of GP detected (r=-0.3516; P=0.04) and the number of right-sided GP detected (r=-0.4403; P=0.01), but not with the number of left-sided GP detected (r=0.1716; P=0.3). The average number of total, left and right GP detected was significantly lower in patients with preoperative HR > 75 beats/min., both in the entire study population and after exclusion of patients with negative GP detection (Tables 4 and 5).
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  In patients with positive GP detection, there was no significant difference in average number of GP detected between the following groups: patients with persistent versus long-standing persistent AF (respectively: 2.7±1.3 vs. 4.1±3.4; P=0.1); diabetic versus non-diabetic patients (respectively: 3.7±2.8 vs. 2.7±1.5; P=0.2); patients with versus without previous myocardial infarction (respectively: 3±2.1 vs. 3.7±2.5; P=0.6); and patients with versus without arterial hypertension (respectively: 2.5±1.9 vs. 3.3±2.3; P=0.5).

  GP Detection and Arrhythmia Recurrence

  There was one (2.9%) in-hospital death due to pneumonia and respiratory disorder. Study end-point was completed in 33 patients. In-hospital AF recurrence was observed in 14 (41%) patients and, in all of them, at least one electrical cardioversion was performed. At hospital discharge and 3 months after surgery, AF was recorded in 8 (24%) patients. None of the patients required pacemaker implantation. Combined study end-point (in-hospital AF recurrence requiring electrical cardioversion, AF at hospital discharge and after 3 months) occurred in 16 (48%) patients.

  The number of GP detected correlated significantly with in-hospital AF recurrence requiring electrical cardioversion (r=0.3673; P=0.03) and with the number of electrical cardioversions performed (r=0.3844; P=0.02). In-hospital AF recurrence and the number of electrical cardioversions performed correlated significantly with the number of rightsided GP detected (r=0.3609; P=0.03 and r=0.3650; P=0.03, respectively), but not with the number of left-sided GP detected (r=0.2992; p=0.09 and r=0.3253; P=0.06, respectively). Average number of GP detected was significantly higher in patients with in-hospital AF recurrence requiring electrical cardioversion (3.8±3) in comparison to the group with stable sinus rhythm during in-hospital stay (2±1.3; P=0.02). In the group with inhospital AF recurrence, mean number of right-sided GP detected was significantly higher compared to the rest of the population (2.4±1.7 vs. 1.3±1, respectively; P=0.02). Average number of left-sided GP detected did not differ between patients with inhospital AF recurrence (1.3±1.5) and patients with stable sinus rhythm (0.6±0.8; P=0.08). In patients in whom 4 or more GP were detected, significantly increased risk of in-hospital AF recurrence was observed (OR 15; 95% CI 1.5-164; P=0.003).

   

  DISCUSSION

  AF may be triggered and perpetuated by the autonomic nervous system (ANS) through the facilitation of premature atrial depolarization, shortening of the effective refractory period and an increased refractoriness heterogeneity of the atrial myocardium and the PVs[4,7]. Numerous studies have indicated that AF triggers and drivers (rotors, multiple wavelets) located in the PVs and posterior left atrial wall are generated by the ANS[8,9]. GP are formed from epicardial extensions of mediastinal nerves entering the heart. The highest density of cardiac GP is found in the fat pads surrounding the PV's entrance to the left atrium[10]. Those regions are the targets for GP detection and ablation during both surgical and transcatheter procedures.

  Surgical GP ablation is a technique which is being applied as an adjunct strategy to the standard atrial fibrillation ablation procedure (MAZE III or PV isolation). Surgical GP ablation has been added to surgery due to promising data from transcatheter ablation studies[11,12]. Standard surgical GP ablation is based on GP detection. Vagal reflex is induced with high frequency (800 bpm) low voltage epicardial stimulation (5-10 V) of certain areas around the PVs ostia and the left atrial antrum. Epicardial mapping usually consists of applying current to 9 to 12 areas on each side. High frequency stimulation over GP results in rapid acetylcholine secretion. This signal is transmitted through atrial autonomic pathways to the sinus and atrio-ventricular nodes, resulting in transient bradycardia or an atrio-ventricular conduction block (via the vagal reflex). The epicardial ablation probe is then focally applied over the heart segment whose stimulation elicited such activity.

  Several authors have reported different numbers of GP detected in different heart segments using this technique. Mehall et al.[6] detected 0 to 10 active GP. In their cohort, a mean of 5 GP on the right side and 2.7 GP on the left side were ablated. The most common location of GP was found to be over the right superior PV and the left superior PV - in the area of the Marshall fold[6]. Kondo et al.[5] reported an average number of 2.2 GP detected on the right and 0.4 on the left side. In this study population, GP detection was unsuccessful in 19% of the patients, and the most common location of detected GP was the area at the right inferior PV and between the right PVs.

  It has been shown that the number and the location of detected left atrial GP is not fully consistent with the underlying anatomy[13]. Therefore, the GP detected during surgical procedures have been called "active ganglia". However, there is no proof that the undetectable ganglia are not physiologically active in those patients. Moreover, none of the anatomical studies have shown the absence of GP in areas where their detection was not successful during surgical procedures. Those findings may reveal a shortcoming of the detection technique. Thus far, there are no studies revealing the factors leading to positive GP detection during cardiac surgical procedures. In our study, the number of detected GP depended only on preoperative resting heart rate. A lower heart rate might be due to higher parasympathetic activity and thus increase the chance of a positive vagal reflex in those patients. Other factors (including age and type of AF) did not play a significant role in the success of GP detection.

  The study showed significant correlation between the number of GP detected and early recurrence of AF after surgical ablation. Furthermore, we found that a higher number of GP detected was related to a higher risk of AF recurrence. Additionally, patients with a higher number of detected GP presented lower preoperative resting HR. These findings may support the thesis that, in patients with positive detection of GP, the density of ANS structures and concentration of neurotransmitter in left atrial fat pads (acetylcholine) is high. This may explain the easier induction of vagal reflex in that subgroup. However, undetected ganglia may secrete neurotransmitters postoperatively, lowering the threshold of early postoperative AF. It has been shown that postoperative AF after cardiac surgical procedures is related to ANS activity[14]. Eventually, lower preoperative HR may be a marker of parasympathetic predominance in this study population.

  There is no general consensus on the long-term efficacy of GP ablation during surgical AF ablation procedures[15]. It is recommended as an additional strategy that might reduce early and mid-term AF recurrence[2]. However, the efficacy of surgical GP ablation may be underestimated due to the flaws of the detection technique. Our finding that the efficacy of GP detection was related only to preoperative HR may provide support for the shortcomings of the detection technique. For this reason, any attempt at evaluating the success of surgical GP ablation in decreasing AF recurrence is limited by imperfect GP detection. Thus, we suppose that incomplete epicardial denervation of the left atrium based on inadequate GP detection may limit the potential effectiveness of surgical autonomic modulation.

  The findings of this study have resulted in a modification of the surgical technique used. We decided to perform total epicardial ablation of the left atrial fat pads regardless of the results of GP detection. The effectiveness of this approach is being evaluated in a prospective study.

   

  CONCLUSION

  The number of detected GP correlates significantly with a lower preoperative heart rate. The success of GP detection and the number of GP detected remains unrelated to all other preoperative factors in patients undergoing surgical ablation of AF. Higher number of detected GP is associated with increased risk of early recurrence of AF after surgical ablation. The current GP detection technique based on vagal reflex induction resulted in the omission of fifteen percent of the study patients from left atrial autonomic denervation.
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    Abstract

    The endothelium plays an important role in maintaining vascular homeostasis and regulating blood vessel function. Endothelial function is considered an independent predictor for risk of future cardiovascular events in cardiovascular and noncardiovascular patients, as well as a predictor for postoperative complications in cardiovascular surgery patients. Brachial artery flow-mediated dilation by high-resolution ultrasound is widely used to evaluate endothelium-dependent vasodilation, which is mainly mediated by nitric oxide release. Physical exercise exerts beneficial effects on endothelial function and can be used in both primary and secondary prevention of cardiac and peripheral artery diseases, even in the postoperative period of cardiovascular surgery.
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  INTRODUCTION

  The Role of the Endothelium in Regulating Vascular Health

  The endothelium is the first line of defense of endorgans against external aggression and plays an important role in maintaining vascular homeostasis[1]. Endothelial cells control vascular function by responding to various hormones, neurotransmitters and vasoactive factors which affect vasomotion, thrombosis, platelet aggregation and inflammation[2]. The endothelium mediates the vasomotor tone of the circulation in response to various chemical (acetylcholine, ACh) or physical (shear stress) stimuli[3], by synthesizing and releasing different vasodilator and vasoconstrictor mediators. There are endothelium-derived relaxing factors (EDRF), including nitric oxide (NO), prostaglandin I2 (PGI2), and endotheliumderived hyperpolarizing factor (EDHF), but also endotheliumderived contracting factors (EDCF), including endothelin-1 (ET-1) representing the most potent molecule.

  Mechanisms of Vasodilator Function

  NO has been shown to play an important role in the maintenance of basal vasodilator tone of the blood vessels and plays a key role in vasodilation[4]. It also prevents platelet adhesion and aggregation, as well as leukocyte adhesion and migration into the arterial wall and inhibits smooth muscle cell proliferation and intimal migration, oxidation of LDL cholesterol, apoptosis of smooth muscle cells, all key events in the development of atherosclerosis[2].

  Mechanism of Flow-Mediated Vasodilation

  Flow-mediated dilation (FMD) is a physiologically important stimulus regulating vascular tone and homeostasis of the peripheral circulation. This important endothelial mechanism of vasodilation occurs in virtually every vascular bed. In large arteries, FMD may be critical for preventing atherosclerosis through release NO. In humans, a reduction in FMD is prognostic of cardiovascular disease (CVD). Animal studies have reported that the contribution of NO to FMD is reduced as oxidative stress increases in the presence of risk factors for CVD[5]. In humans, in vivo and in vitro studies have demonstrated that relaxant factor(s), other than NO, compensate to maintain FMD when NO availability is reduced[6]. Altered endotheliumdependent FMD is a hallmark of the development of CVD and is an initiating event in the development of atherosclerotic heart disease[7]. During coronary artery disease (CAD), arterioles exhibit altered endothelium-dependent vasodilation[8]. In humans, Phillips et al.[6] have shown that hydrogen peroxide (H2O2) replaces NO as the mediator of endothelium-dependent flow-induced dilation in resistance arteries of visceral fat in the presence of CAD. An increase in oxidative stress appears to be a major mechanism underlying the development of vascular endothelial dysfunction. The dominant mechanism responsible for endothelial dysfunction is the decrease in bioavailable NO, as well as the increase in reactive oxygen species (ROS) production. The generation of ROS in the endothelium includes anions (O2), hydroxyl radicals (OH.) and hydrogen peroxide (H2O2). ROS modulate vascular tone by several mechanisms; directly act as EDCF or indirectly potentiate EDCF mediated responses by reducing the bioavailability of NO. ROS might interact with NO and reduce its bioavailability via different pathways: direct NO inactivation by superoxide with peroxynitrite (ONOO–) formation; reduction in NO synthase expression and activity due to changes in their substrate or cofactors, and also endothelial NOS uncoupling[9].

  Methods in Evaluating Peripheral Vascular Function Rationale for Measuring Peripheral Arterial Function

  The endothelium occupies a unique position in that it is able to secrete a variety of vasoactive molecules and is also exposed to direct vascular injury. It is thus an important mediator of atherosclerosis formation and is widely perceived to be a metric of vascular risk. Previous studies have demonstrated a correlation between measures of coronary vasodilator function and FMD[10]. Early studies established that attenuated vascular responses occur prior to the development of atherosclerosis in response to a milieu of risk factors, thus making measurements attractive as a screening tool for cardiovascular (CV) risk[7]. Endothelial function is dynamic and can be attenuated rapidly in response to acute oxidative stress (cigarette smoking, high fat load). In addition, interventions that are associated with a decrease in vascular risk will improve vasodilation within a period of months allowing one to determine the impact of novel interventions in a timely fashion[11].

  Non-invasive Conduit Vessel Endothelial Function

  Brachial artery FMD

  Celermajer et al.[12] showed the first report of the measurement of peripheral artery FMD in 1992. Not only were they able to describe a new method, but also demonstrated that children with familial hypercholesterolemia had impaired function at an early age. Since then thousands of studies have been reported using this methodology. The guidelines for measuring brachial artery FMD are summarized previously[3]. Briefly, a high resolution (> 10 MHz) linear array ultrasound probe is used to longitudinally image the brachial (or radial) artery at rest. A thin blood pressure (BP) cuff is inflated to suprasystolic pressure for 5 minutes on either the forearm or on the upper arm. After the cuff is released, the artery dilates in response to shear stress mediated NO release and maximum dilation typically occurs between 45 and 120 seconds[13]. After a 5 minutes recovery period, sublingual nitroglycerine may be given to assess endothelium-independent dilation. The FMD response has been shown to be mediated mainly by NO, thus it reflects endothelium-dependent vasodilation[14]. Two large cohort studies, the Cardiovascular Health Study (CHS)[15] and the Multi-ethnic Study of Atherosclerosis[16], demonstrated that FMD was an independent predictor of CV outcomes. FMD remains the standard tool for research studies designed understand the effects of novel risk factors or treatments on peripheral artery conduit vessel function. Main recommendations for brachial artery flow-mediated dilation measurement are in Table 1.
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  Microvascular Function

  Regional blood flow is in large part controlled by tone in the smaller resistance vessels. Dysfunction of these vessels can lead to ischemia, particularly in the coronary circulation, as is the case in no-reflow or in chest pain syndromes and minimal CAD, syndrome X or microvascular angina.

  Venous Occlusion Plethysmography

  Prior to the introduction of the FMD technique, several groups reported on the assessment of changes in forearm blood flow in response to the infusion of intra-arterial vasoactive medications[17]. Plethysmography has been a technique to measure blood flow for more than 100 years and is based on the premise of measuring tissue (mainly muscle) blood flow reflected as a change in tissue volume. The standard approach is to use a calibrated mercury-in-silastic strain gauge placed around the forearm[18]. A BP cuff is used to isolate the hand and a proximal cuff is inflated to 40 mmHg to prevent venous outflow. Arterial inflow then results in expansion of the forearm with automated calibrated systems allowing the calculation of forearm blood flow in mL/min/100 mL tissue. Measurements are generally taken at rest and then after serial direct intra-brachial infusions of escalating doses of endothelium-dependent and independent agonists; Ach (or methacholine) and sodium nitroprusside have been most commonly used. The contralateral arm is used as a control in most laboratories. This provides important information about mechanisms responsible for attenuated responses seen with CV risk factors. Most CV risk factors have attenuated microvascular endothelial function[19]. Enzymatic inhibitors or receptor antagonists such as NO synthase inhibitors or adrenergic blockers can also be utilized.

  Reactive Hyperemia

  Assessment of FMD typically involves the induction of a shear stress stimulus in the conduit brachial artery following ischemia induced by occlusion of the forearm vessels for 5 minutes. This shear stress is generated by dilation of the microvasculature, thereby producing increased velocity and flow (reactive hyperemia) in the conduit vessel. This can be measured by Doppler ultrasound after the release of the BP cuff and expressed as either peak velocity, the velocity time integral (VTI), forearm blood flow or systolic/diastolic ratio. Huang et al.[20] demonstrated that hyperemic velocity was related to adverse events in subjects with peripheral vascular disease undergoing vascular surgery.

  Arterial Biopsy and Isolated Resistance Vessel Function

  Microvascular dysfunction is an important contributor to increased cardiometabolic risk. For example, impaired microvascular function can contribute to reduced insulin sensitivity, increased total peripheral resistance, and altered nutrient disposal[21]. In this context, studies of the isolated, resistance arteries defined by their internal diameter (50-200 µm) can be made by dissecting arterioles from tissue biopsies. These biopsies of the microcirculation have been made in the subcutaneous fat and muscle[22]. In addition, this technique to isolate arterioles from subcutaneous and visceral fat[23], coronary arterioles discarded during surgery[8]. These preparations can involve the wire myograph[24] or the isolated perfused arterial preparation with measurements using a video micrometer or an automated edge detector.

   

  ARTERIAL FUNCTION AND CARDIOVASCULAR DISEASE MA-NAGEMENT

  Although recent studies have played important roles in the diagnosis and prognosis of endothelial assessment in individuals with CAD, there are several measures which are able to evaluate the endothelial function (EF; see above)[3]. In this context, Chan et al.[25], in 2003 evaluated EF by FMD and endotheliumindependent dilations with 0.3 mg sublingually of nitroglycerin (NTG), in 152 CAD subjects. The results demonstrated that FMD and the FMD/NTG ratio were lower in subjects with cardiac events. This result supports the concept that both structural and functional properties of the vasculature are key co-determinants of CVD outcomes. In addition, the authors concluded that the assessment of EF is a predictor of future events, furthermore, the preserved carotid artery structure can mitigate the risk of future events related platelet formation, and the endothelial dysfunction reflects the propensity for atherosclerosis development in response to previous, longstanding exposure to risk factors.

  In a recent study, Sugamata et al.[26] assessed the EF in 923 CAD subjects, and were prospectively followed up for <8.5 years or until a coronary event – cardiac death, non-fatal myocardial infarction (MI) or unstable angina pectoris (uAP) requiring unplanned coronary revascularization. During the follow-up period, 116 events occurred (29 cardiac deaths, 46 non-fatal MIs and 41 cases uAPs). The results showed that FMD was independent predictor of secondary coronary events in patients with CAD. These findings indicate that FMD may contribute to be useful for risk stratification in patients with CAD.

  In another study of patients with established CAD, Simova & Denchev[27] showed similar results when evaluated in 198 subjects admitted to a hospital with angina and multiple risk factors divided into five groups according to the degree of CAD development. All patients had FMD and intima-media thickness (IMT) measured, 105 (53.03%) performed a treadmill test, and 146 (73.7%) underwent coronary arteriography (CAG). The results demonstrated that the patients with significant (> 50%) coronary artery stenosis had lower FMD and higher IMT values compared to patients without significant CAD. They concluded that endothelial evaluation presented important acceptance prognostic in CAD patients.

  Furthermore, Kuvin et al.[28], in 2001 evaluated endotheliumdependent vasomotion (EDV) with FMD as a predictor of the presence or absence of CAD as defined by exercise myocardial perfusion imaging (ExMPI) in 94 CAD subjects. The results demonstrated that subjects with CAD (n=23) had a lower FMD (6.3±0.7%) than those without CAD (10.5±0.6%). It was concluded that endothelial evaluation is highly sensitive for coronary disease.

  Nevertheless, studies demonstrating the FMD technique in other CV diseases may indicate the diagnosis and prognosis role of this technique. Thereby, Wang et al.[29] in 2009 in a follow-up, assessed the EF by FMD in 101 patients with acute MI and ST-segment elevation. The authors concluded that endothelial dysfunction significantly increased the risk of vascular events against to abnormal EF as a sensitive indicator of early development of atherosclerosis. In the same line of evidence, in 2010 Kaźmierski et al.[30] evaluated 75 men under 45 years of age, who were awaiting for elective coronary angiography in the hospital. The subjects were divided into two groups: study group (n=55) with obstructive coronary lesions and the control group (n=20) without lesions. The authors demonstrated a significant reduction of FMD for the study group when compared to control group (3.92±1.1 vs. 6.51±1.1). In this context, this finding demonstrated the relationship between the FMD and CV risk factors, estimating which risk factors have significant influence on EF. Additionally, these same authors investigated whether the assessment of EF by FMD can be useful for assessing the risk of CV disease in peri-menopausal women. The study involved 65 women with chest pain divided into a study group (coronary lesions, n=32) and a control group (without lesions, n=33). Atherosclerotic risk factors, early atherosclerotic remodeling by IMT and endothelial dysfunction measured by FMD were analyzed in all subjects. The results showed that IMT was significantly higher in the study group compared with controls (0.059±0.01 vs. 0.049 ±0.01 mm), moreover the FMD was significantly lower in the study group compared with controls (6.53±0.98 vs. 7.89 ±0.85). However, these results can be influenced by the presence of hypercholesterolemia and all components of the metabolic syndrome as well as by pharmacotherapy of these risk factors. The authors concluded that FMD can be an important diagnostic tool to assess CV risk[31].

  Therefore, in this context, in a meta-analysis by Inaba et al.[32], FMD is closely related to the future of CV events, but further studies are needed to confirm the effectiveness of the use of FMD in CV disease management. In this sense, a study by Patti et al.[33], evaluated the recurrence of stenosis in 136 patients with single-vessel CAD undergoing percutaneous coronary intervention (PCI) with stenting and at least 6 months of follow-up. All patients underwent FMD 30 days after PCI; and nitroglycerin-FMD were investigated before and after administration of sublingual NTG. The results showed that clinical in-stent restenosis was demonstrated in 20 (15%) patients, whereas 116 (85%) patients remained free of signs or symptoms of recurrent ischemia. Also, FMD was significantly impaired in patients with restenosis versus those without restenosis. The authors concluded that early evaluation of endothelial assessment may represent an important tool for predicting CV risk futures.

  On the other hand, Frick et al.[34] in 2005, assessed the prognostic value of FMD in a follow-up of 398 patients admitted to hospital with chest pain. Patients were divided into two groups according to the FMD median (7.6%), and after a mean follow-up of 39±12 months, CV events were documented. The results of the study demonstrated no difference in the number of CV events between groups. The authors concluded that IMT predicted late (up to 4 years) CV events, while the FMD technique is an important prognostic tool for CV event predictor.

  Muiesan et al.[35] evaluated 172 hypertension patients with the objective to evaluate the incidence of CV events during follow-up an evaluation of EF in the brachial artery. The results demonstrated that the CV events occurred in fewer patients with preserved FMD than in those with impaired FMD 23 (27%) vs. 9 (10.5%), with an incidence of 1.4 and 3.1 CV events per 100 patient-years. They concluded that uncomplicated hypertensive patients, followed up for an average period of 8 years, endothelial dysfunction, might identify patients at higher risk of CV events.

  Considering others CV diseases, Meyer et al.[36] assessed 75 CHF patients with a left ventricular ejection fraction (LVEF) < 30%, which aimed to evaluate the predictive potency of impaired endothelium dependent in this population. The results showed that FMD significantly differed between event-free survivors or death in 75 CHF patients with LVEF < 30%, FMD values were significantly impaired in CHF patients who reached the combined endpoint as compared with CHF survivors (5.4±5.1% vs. 11.2±7.4%). These finding may be the result of the impact of reduced EF in CHF. Therefore, reduced FMD may be an important tool for the composite physiological and prognostic assessment of patients with CHF.

   

  IMPACT OF EXERCISE PRESCRIPTION ON ARTERIAL FUNCTION

  Physical exercise exerts beneficial effects on the human vascular system. Its acute and chronic impact has been targeted by many investigators over time[9,37]. The mechanism by which exercise results in improvement of arterial health is complex and is not fully understood. However, the effects of exercise on arterial function may be in part related to improvements in the endothelium function and health status.

  Evidence suggests that exercise induces an up-regulation of endothelial NO synthase (eNOS) gene expression and vascular endothelial growth factor (VEGF)-induced angiogenesis; it also leads to a decrease in NO inactivation with augmented availability of antioxidants, such as superoxide dismutase (SOD) and glutathione peroxidase (GPx), and to an attenuation of nicotinamide adenine dinucleotide/nicotinamide adenine dinucleotide phosphate (NADH/NADPH) oxidase activity, leading to an increase in NO bioavailability[9,37,38].

  The shear stress effect on eNOS expression after exercise training was experimentally observed in animal models and in human studies[39]. Hambrecht et al.[40] observed that a 4 weeks regular exercise training induced a 2-fold increase in eNOS mRNA expression and vascular protein content in stable CAD patients, suggesting that endothelial function improved possibly due to augmented eNOS phosphorylation. Maiorana et al.[41], assessed conduit vessel endothelial function in diabetic patients using FMD of the brachial artery and demonstrated that 8 weeks of circuit training did not affect vascular function in healthy men. However, Clarkson et al.[42] observed that FMD was enhanced following a 10 weeks program of daily aerobic and anaerobic exercise training in healthy young men. Other evidence from CAD patients showed that ET increases coronary blood flow through direct actions on the vasculature that improve endothelial function, enhancing coronary vasodilation[43] and that even short-term ET could begin to reverse endothelial dysfunction in these patients, even though a longer duration is needed to restore endothelial function[44].

  Siasos et al.[45] investigated the effects of continuous moderate and high intensity interval aerobic exercise on endothelial function and arterial stiffness in healthy subjects and demonstrated that both have favorable effects, suggesting a cardioprotective effect of both intensities of exercise. However, in another study, Franklin et al.[46] showed that acute physical stress induced by resistance exercise reduces FMD in sedentary obese women, suggesting that this response to acute physical exertion may be an important marker for CV risk prediction in this population.

  A wealth of studies has been published whose results support the beneficial effects of exercise training on arterial function. Evidence from subjects with endothelial dysfunction confirms that exercise training improves vasodilator function of resistance or conduit arteries[44]. However, findings from investigations on healthy asymptomatic subjects with presumably normal endothelial function are less consistent[47]. The acute effects of exercise on endothelium have been studied, but the number of studies is scarce and results are controversial. Another important aspect to be considered is that different exercise modalities are associated with different patterns of blood flow and arterial shear stress which may somehow impact on responses and adaptation of arterial function[9]. Besides, physiological adaptation may depend on exercise intensity, duration and frequency. Therefore, future studies to investigate the optimum exercise prescription in terms of modes, intensities and volume are needed. Table 2 summarizes the main exercise training programs studies assessing change in FMD CAD patients.
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  EXERCISE, ARTERIAL FUNCTION AND CARDIAC REHABILITATION

  Exercise-based cardiac rehabilitation (CR) is widely recognized as a non-pharmacological adjunct able to reduce all-cause and cardiac mortality and the incidence of acute cardiac events, to modify risk factors associated with CVD and to mitigate CV disease progression[37]. Exercise training positive effects on CV risk exposure are partially due to its direct effects on the vessel wall[48]. Exercise induces increases in blood flow and shear stress, which are recognized as important physiological stimuli for arterial function improvement[37].

  Long-term vasculature adaptations determined by physical exercise result in an improvement of systemic arterial vascular function not just in healthy individuals, but also in patients affected by CVD. Arterial health can be compromised in various pathological conditions affecting the cardiovascular system and in the presence of CVD risk factors. Evidence shows that exercise is beneficial for patients suffering from a variety of chronic diseases, including hypertension (HTN), coronary heart disease (CHD), heart failure (HF) (reviewed above), obesity and insulin resistance[9].

  Higashi et al.[38] investigated FMD in HTN subjects and showed that moderate intensity aerobic exercise significantly improved endothelial health in this population. Collier et al.[49] showed that arterial function was improved in HTN patients following 4 weeks of either aerobic or resistance training. Most of the studies that investigated ET effects on endothelial function reported correlations with improved insulin sensitivity and other insulin mediated metabolic functions[9]. Hambrecht et al.[44] studied the cardioprotective effects of ET in CAD patients and showed that 4 weeks of ET on a cycle ergometer improved endotheliumdependent vasodilation both in epicardial coronary vessels and in resistance vessels.

  Collectively, evidence suggests that arterial function is amenable to improvement in subjects at known or increased cardiovascular disease risk who undertake physical exercise training. In the sections that follow, we will present existing evidence related to how exercise training can be applied for primary and secondary CVD prevention.

  a. Primary Prevention

  Evidence suggests that lifestyle modification via regular exercise has significant preventive effects against CVD by reducing multiple risk factors; on the other hand, physical inactivity is largely associated with CVD development. One of the factors that contribute to the genesis of CVD[37].

  Impaired endothelium-dependent vasodilation appears to be the earliest event of atherosclerosis and is therefore considered the focus of strategies for CVD prevention. Moreover, endothelial dysfunction has been extensively associated with most of the established CV risk factors (e.g. dyslipidaemia, hypertension, smoking, and diabetes mellitus). Experimental findings demonstrate that exercise training is able to prevent and improve endothelial dysfunction. Furthermore, management of CV risk factors also tends to improve or restore endothelial function[9,50].

  Jacomini et al.[51] studied the influence of the training status on blood pressure in older women and showed that better performance in a Fitness Battery Test and higher maximal oxygen uptake were related to lower levels of oxidative stress and protein damage. Moreover, the authors observed that a better training status is related to a higher concentration of nitrite and nitrate, a decrease of which was shown to be correlated with increasing numbers of CV risk factors and endothelial dysfunction.

  Regular aerobic exercise was also associated with improvements in conduit artery and microvessel FMD, following an acute strenuous physical exertion in overweight and obese individuals. Since acute stress to the vascular endothelium is linked to higher incidence of CVD, physical exercise practice appears to be fundamental to protect against vascular dysfunction[50].

  The acute effects of continuous moderate intensity aerobic exercise (CAE) and high intensity interval aerobic exercise (HIAE) on endothelial function and arterial stiffness were investigated by Siasos et al.[45] in healthy individuals. Participants performed an isocaloric protocol on a cycle ergometer and presented significantly improved FMD after both protocols. The authors suggested a cardioprotective effect of exercise on the progression of atherosclerosis.

  b. Secondary Prevention

  It is clearly recognized that physical inactivity is related to increased risk for morbidity and mortality and contributes to health care costs, particularly in patients with CVD[52]. Therefore, Schmidt et al.[53] have recently focused on evaluating the mechanisms responsible for the systemic effects of physical exercise on secondary CV prevention.

  The potential beneficial effects of exercise are multifaceted. In the context of vascular function, physical exercise induces upregulation of eNOS expression and activity, which has been associated to consequent endothelium-dependent vasodilatation[54]. This phenomenon is linked to consequent peripheral neovascularization including arterial function and angiogenesis. In addition, the vascular system is expanded in size and number of microvessels in patients with CAD[55].

  Attention has focused on noninvasive tools to measure of arterial function in CAD patients. Based on the ability of the endothelium to acutely dilate in response to an increase in blood flow, the FMD has been constituted as an important index of endothelial function predictive of future CV events in chronic arterial disease[56]. In addition, impaired endothelial function has been shown to limit exercise performance in CAD patients[57], even as a lower level of habitual PAL is associated with impaired FMD in these patients[58]. FMD also have demonstrated to be a reproducible measurement for short- and medium-term assessment of pharmacological and nonpharmacological interventions, such as exercise training. However, different modalities of physical training program, training intensity duration, as well as volume of exercise training, can influence on endothelial function responses in coronary disease patients.

  For instance, Kin et al.[59] applied a protocol based on six-week and three times a week of aerobic exercise training program in a group of patients who were hospitalized due to acute coronary syndrome. The intensity of exercise training program consisted of 40%-85% of the heart rate reserve and the total duration were 30 minutes, intercalating rest periods with exercise on a cycle and treadmill. They observed a significant improvement of FMD change after 6 weeks, however, a none significant difference was observed when compared to controls. However, 12 weeks of both aerobic interval training and continuous exercise training on cycle could significantly improve aerobic capacity (as expressed by VO2 peak), markers of endothelial integrity and FMD percentage in a large population of CAD patients[60].

  On the other hand, Currie et al.[61] contrasted 12 week of low-volume high-intensity interval exercise training versus higher volume, moderate intensity endurance exercise. Both training program significantly increased relative FMD post training in a similar way, with no differences between groups. These results taken together show that longer protocols (12 weeks) seem to demonstrate better responses, and that, in addition, continuous or interval training may be both important training strategies to improve endothelial function in patients with CAD. In addition, Walsh et al.[62] tested the effects of resistance associated to aerobic exercise training program was applied during 8 weeks, three times a week. The authors observed that combined exercise training improved FMD percentage, but not the responsiveness of endothelium-independent vasodilation, measured by administration of glyceryl trinitrate.

  Although there is already a certain body of knowledge about the potential beneficial effects of physical exercise on endothelial function in patients with CAD, there is still a need for future studies to evaluate long-term effects of physical training in these patients. In addition, there is still no evidence for the effects of high versus low continuous intensity training, as well as the effects of resistance training and strength training in these patients. Thus, new studies in order to evaluate these existing gaps still become necessary in future studies.

  c. Peripheral Arterial Disease

  Peripheral arterial disease (PAD) affects eight million men and women in the USA, however, in Brazil, data related to the prevalence of PAD and its risk factors are scarce and restricted to specific populations. Endothelial function is impaired in individuals with PAD compared to individuals without PAD[63]. On the other hand, higher levels of physical activity during daily life are associated significantly and independently with better brachial artery FMD among individuals with PAD.

  In this context, Januszek et al.[64] showed that 12 weeks of supervised, intermittent treadmill walking until induce claudication, three times a week, prolonged the asymptomatic walking distance and improved brachial artery FMD in 43% after program. Another study that tested the hypothesis of potential effects of endothelial function in PAD patients that underwent to a supervised treadmill training program of 12 weeks found that brachial artery FMD values increased by 45% after program and the patients with better walking abilities at baseline derived greater clinical and metabolic benefits[65]. However, a recent meta-analysis study observed that exercise training, compared with medical care, significantly improved cardiorespiratory fitness, pain-free and total flat-ground walking distances, as well as graded treadmill performance in PAD, but not ankle-brachial index and FMD in PAD patients[66].

  In conclusion, to date, the effects of resistance and strength training on FMD in PAD patients. New studies with the objective of testing the potential effects of resistance exercise protocols can be conducted in the future.

   

  ARTERIAL FUNCTION, REHABILITATION AND STROKE

  Considering that endothelial dysfunction plays a role in the development and progression of atherosclerosis, ischemic stroke is also strongly associated with endothelial dysfunction. In fact, patients with acute ischemic stroke have impaired FMD in comparison with control subjects, FMD is negatively related to stroke severity, and impaired FMD is also associated with poor outcome in these patients[67]. In addition, FMD < 4.5% was an independent predictor of a new-onset vascular event after stroke, with lower event-free survival rates within 48 months after a first ischemic stroke[68].

  It is well established that physical activity, as a modifiable risk factor, has beneficial effects on cardiovascular health[37]. Improvement on endothelial function and neovascularization related to regular exercise training contribute to these results, therefore, it is reasonable to predict the importance of exercise on prevention of cerebrovascular disease[53]. The Cardiovascular Health Study found that greater levels of physical activity were associated to lower incidence of stroke in a population of 4207 US men and women with age > 65 years followed for 10 years[69]. The Women's Health Study also demonstrated that leisure time physical activity was associated to lower stroke risk in healthy women > 45 years followed for 11.9 years, in average[70].

  There are few studies related to endothelial function after rehabilitation in stroke patients. Billinger et al.[71] applied 8 weeks of aerobic exercise three times per week in 9 subacute stroke patients. They evaluated brachial artery FMD in both arms (stroke-affected and non-affected limbs) at baseline, postintervention and 1 month follow-up. The authors found lower FMD in the affected arm at baseline and at post-intervention measurements, with improvement on vascular health after treatment with sustained improvement on follow-up. Takatori et al.[72] performed a randomized controlled study investigating the effects of intensive rehabilitation for 12 weeks, twice a week, on physical and arterial function of chronic stroke survivors patients. The authors found a significant improvement on arterial function (cardio-ankle vascular index and ankle-brachial pressure index) after the rehabilitation period on experimental group in comparison with control group, despite of no changes on physical function.

   

  ARTERIAL FUNCTION AND CARDIOVASCULAR SURGERY

  The diagnostic value of microvascular and conduit artery endothelial dysfunction has increasingly been investigated in the cardiovascular population[73]. Flow-mediated dilation, quantified by noninvasive methods such as brachial artery reactivity testing (BART), is impaired in patients with CAD[73], providing improved sensitivity and negative predictive value for the diagnosis of CAD. Cardiovascular risk factors predispose to perioperative morbidity and mortality, with evidence that patients with microvascular dysfunction undergoing cardiovascular interventions are at increased risk for postoperative complications[73].

  In this context, Patti et al.[33] included in a prospective study 136 patients with single-vessel CAD undergoing percutaneous coronary intervention (PCI) with stenting and at least 6 months of follow-up. The authors verified whether early measurement of brachial artery FMD after coronary stenting could predict occurrence of in-stent restenosis. All patients underwent ultrasound detection of brachial artery reactivity 30 days after PCI. FMD was significantly impaired in patients with restenosis versus those without restenosis (percent diameter variation 4.6 ± 5.8% versus 9.5 ± 6.6%, P=0.002); moreover, 4% of patients with FMD > 7% (median value) developed in-stent restenosis versus 28% of those with FMD < 7% (P=0.0001). The results this study indicating that impaired FMD independently predicts occurrence of instent restenosis in patients undergoing PCI and may represent a useful screening tool to stratify patients according to future risk of restenosis.

  Cardiopulmonary bypass (CPB) exerts several deleterious effects in patients undergoing myocardial revascularization, including inflammatory pathways. Most of these can be related to an endothelial insult leading to endothelial dysfunction. Sangalli et al.[74] using FMD of the brachial artery assessed 29 patients undergoing elective myocardial revascularization. Ten patients receiving continuous-flow CPB, 10 receiving pulsatileflow CPB, and 9 scheduled for beating-heart revascularization were studied. Patients were studied at baseline (after induction of general anesthesia), after CPB upon intensive care unit (ICU) admission after surgery, and on the first postoperative day before discharge from the ICU (on average, 24 hours after CPB discontinuation). The continuous-flow CPB group demonstrated a significant reduction in FMD after CPB (12.8±9.7% vs. 1.6±1.5%, P<0.01), which lasted up to the first postoperative day (5.9%±4.1%). On the other hand, FMD did not change in the pulsatile-flow group (12.5±10.5%, 11.0±7.2%, and 16.6±11.7%, respectively). FMD also was unaffected in the beating-heart group, thus suggesting a direct effect of CPB itself on endothelial function. In conclusion, in these patients, continuous-flow CPB markedly impaired endothelial function, although this was not the case with pulsatile-flow CPB group.

  Gokce et al.[75] preoperatively examined brachial artery vasodilation using ultrasound in 187 patients undergoing a vascular operation, including carotid endarterectomy (47 patients), femoral-popliteal or other peripheral bypass (100 patients), aortic aneurysm repair (24 patients), and limb amputation (16 patients). Patients were prospectively followed for 30 days after surgery. Forty-five patients had a postoperative event, including cardiac death (3), myocardial infarction (12), unstable angina/ischemic ventricular fibrillation (2), stroke (3), or elevated troponin I, reflecting myocardial necrosis (25). Preoperative endothelium dependent FMD was significantly lower in patients with an event (4.9±3.1%) than in those without an event (7.3±5%; P=0.001), whereas endothelium-independent vasodilation to nitroglycerin was similar in both groups. In a Cox proportional-hazards model, the independent predictors of events were age (P=0.001), renal insufficiency (P=0.03), non-carotid surgery (P=0.05), and lower brachial artery FMD (P=0.007). In this study, impaired brachial artery endothelial function was independently predicts postoperative cardiac events, which supports a role for endothelial dysfunction in the pathogenesis of cardiovascular disease.

  The primary endpoint of this study, Schier et al.[76] investigated whether preoperative BART-derived variables would predict postoperative complications, not restricted to cardiovascular events but inclusive of all postoperative complications that commonly occur after major thoracic surgery. The authors investigated 63 patients using BART-derived variables, including FMD, in preoperative risk stratification for major thoracic surgery. Patients in the low FMD group experienced more postoperative complications when compared high FMD: 54% versus 30% had one or more adverse postoperative event, and 11% versus 0 had three or more adverse postoperative events (P<0.001), respectively. The authors concluded that preoperative microvascular dysfunction can be identified in patients at increased risk for postoperative complications.

   

  CONCLUSION

  The understanding of the vascular regulation of blood flow and perfusion in the peripheral circulation has grown dramatically in the past 3 decades. The endothelium plays a crucial role in regulating blood vessel function and is an important prognostic indicator of arterial function and cardiovascular risk. Alterations in arterial function are critical in the pathogenesis of cardiovascular disease including the risk factors that lead up to overt CAD and CV surgery. In addition, rehabilitation strategies in the context of primary and secondary prevention for CV disease (hypertension, obesity, stroke, MI) and following surgery have important positive impacts on nitric oxide and hence conduit artery endothelial function. Future focus should remain on the optimal mode and intensity of such rehabilitation strategies for the benefit of endothelial function and lowering CV risk and disease.
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    Abstract

    We present a patient with unstable angina candidate for coronary artery bypass grafting. Saphenous vein graft was used in obtuse marginal and left internal mammary artery to left anterior descending artery properly. After surgery, the patient experienced flaccid paralysis of lower limb and impaired sensation of touch and warmth of knee and below. A computed tomography angiogram of lower limbs and thoracolumbar magnetic resonance imaging showed no abnormality. Based on the symptom, clinical diagnosis of anterior spinal artery syndrome was considered. The artery of Adamkiewicz is an important supplier to the anterior spinal artery. Internal thoracic mammary artery, used in coronary artery bypass grafting, is suspected as a collateral supplier of the artery of Adamkiewicz and has been accused for cause of spinal infarction.

    Keywords: Anterior Spinal Artery Syndrome. Coronary Artery Bypass. Paraplegia. Postoperative Complications.

  

   

   

  INTRODUCTION

  Neurological complications after coronary artery bypass grafting (CABG) are usually severe[1]. Paraplegia is a very rare complication of CABG. Post cardiac surgery paraplegia is due to spinal cord ischemia or infarction[2].

  A case of paraplegia after CABG is reported, a clinical diagnosis of anterior spinal artery syndrome.

   

  CASE REPORT

  The patient was a 61-year-old heavy smoker man, admitted to Moheb hospital with unstable angina. He had history of type 2 diabetes mellitus, chronic obstructive pulmonary disease and hypertension. The patient had been administrating antihypertensive agents, bronchodilators and insulin for diabetes.

  Laboratory findings were just remarkable for mild normochromic normocytic anemia. A coronary angiogram showed a significant three-vessel disease and major stenosis of left main artery. In addition, a color-Doppler sonography of the carotid arteries displayed echogenic plaque causing moderate stenosis of both carotids. Patient was considered for emergent CABG.

  After general anesthesia, cardiopulmonary bypass (CPB) was performed. Manual examination of aorta revealed no atherosclerotic plaque. Surgery consisted of saphenous vein graft in obtuse marginal and left internal mammary artery to left anterior descending artery. Right coronary artery was not eligible for graft. The clamp time of aorta was 30 minutes and the patient was weaned easily from the CPB with no need of inotropic drugs. He was transferred to intensive care unit and extubated a few hours later.

  On post-operative day one, patient was too drowsy to examine but obvious movement of his lower limbs was seen. In the morning of second postoperative day, a full assessment revealed flaccid paralysis and lack of patellar reflex of both lower limbs (muscle strength grade zero) and impaired sensation of touch and warmth of knee and below. However, proprioceptive sensation and vibration were intact. Cranial nerve function and mental status were normal. No upper limb weakness was detected and pulses were palpable and symmetric at the peripheries. To exclude vascular pathology, a color-Doppler sonography of lower limbs was performed and showed a normal blood flow of arteries and veins. A computed tomography (CT) angiogram of lower limbs and thoracoabdominal region revealed multiple atherosclerotic plaques, but no embolism. In addition, magnetic resonance imaging (MRI) of thoracic spine depicted no abnormality. A clinical diagnosis anterior spinal artery syndrome was carried out, and the patient was discharged one week later, scheduled for rehabilitation. One year after the follow-up period, no improvement of motor function was observed. The patient got bed sore ensuing immobility and developed infectious diabetic foot due to poor controlled hyperglycemia. Finally, died of sepsis complications and multiorgan failure.

   

  DISCUSSION

  Paraplegia following heart and aorta interventions and surgery is an uncommon complication. However, the rate of spinal cord damage is reported to be 5-10% after dissecting aneurysm and 5-80% in non-stenotic disease of the descending aorta[3]. Paraplegia after CABG is a very rare condition and just a small number of reports are available[1,4-7]. Spinal cord ischemia or infarction seems the most probable causes[2]. The reason of ischemia and infarction is still speculative. Risk factors of spinal cord infarction include perioperative or intraoperative hypotension, use of an intra-aortic balloon pump (IABP), manipulation of the aorta, and medulla collateral circulation blockage and spinal cord lesions (such as intervertebral disk herniation and iatrogenic injuries during regional anesthetic blockage)[1]. We used general anesthesia for operation and aorta was manipulated just for manual examination of grafting areas. In addition, patient experienced no episode of hypotension and no need for IABP. Our patient had no major risk factor for spinal infarction, but with regard history of long-term diabetes and hypertension, he was predisposed to peripheral artery diseases. Nevertheless, embolism of main branch of spinal cord arteries and lower limbs arteries were excluded by a normal CT angiogram of lower limbs and thoracoabdominal region. However, the thoracolumbar MRI was normal, but observation of infarction of watershed area of spinal cord is usually difficult and often high resolution MRI is required. In this study, patient's feature had most consistency to anterior spinal artery syndrome and normal MRI just rule out other possibilities. The anterior spinal artery and two small posterior arteries derived from vertebral artery and make up the three longitudinal vessels[8]. The anterior spinal artery supplies the frontal two thirds of the spinal cord[2]. The artery of Adamkiewicz is a medullary feeder artery, which fortifies blood supply of three longitudinal vessels and is an important supplier to the anterior spinal artery and the lumbar region of the spinal cord[2]. Adamkiewicz supplies the T9 to L2 spinal levels. Internal thoracic mammary artery, used in CABG, is considered as a collateral supplier of the artery of Adamkiewicz and has been accused for cause of spinal infarction in some papers[1,2,9]. Studies established few ways to reduce risk of postoperative paraplegia, including perioperative cerebrospinal fluid drainage[10], local hypothermia[11] and steroids[12], but still there is no unanimity regarding the best method to decreased incidence of postoperative paraplegia.

  In the present study, we made the hypothesis that internal mammary artery which is grafted to left main coronary artery supplies the artery of Adamkiewicz as a collateral circulation of spinal cord.
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    Abstract

    Cardiac hydatid cyst is an uncommon but potentially fatal disease. In cystic Echinococcus humans are an accidental host. Liver and lungs are the most frequently involved organs. Herein a unique case of intramyocardial hydatid cyst of left ventricle along with pulmonary hydatid cyst in a 38-year-old lady is reported. Surgical removal of the cardiac hydatid cyst was done with the aid of cardiopulmonary bypass followed by removal of pulmonary hydatid cyst.
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  INTRODUCTION

  Hydatid cyst is a human parasitic disease caused by larval stage of Echinococcus granulosus. It is endemic in countries where farm animals are raised[1]. Cardiac hydatidosis has been reported infrequently even in countries where hydatid disease is endemic: 0.5-2% in comparison with liver (65%) and lungs (25%)[2,3]. The diagnosis is difficult because of long latency between infection and manifestation of disease. Hence we report a case of a young lady with intramyocardial and pulmonary hydatid cyst, which was surgically removed.

   

  CASE REPORT

  A 38-year-old lady was admitted to our hospital with hemoptysis followed by chest pain, breathlessness and lowgrade fever. There was history of rearing pet animals. On clinical evaluation, no abnormal findings were detected. Her hematological and biochemical parameters were within normal limits except ELISA test for Echinococcus granulosus, which was positive.

  Electrocardiogram (ECG) showed T-wave inversion in V2, V3, V4, and V6. The chest radiography showed well defined lesion in the right lower zone of the lung with air fluid level, and normal cardiac silhouette (Figure 1). Ultrasonography of the abdomen was normal. Two-dimensional echocardiography showing a lesion measuring 2 × 1.8 cm cystic mass was noted at the apex (intramyocardial). Chest high resolution computed tomography showed a cystic lesion with air fluid level measuring 5.7×4.5×5 cm in the subpleural region of the right lower lobe of the lung. Cardiac magnetic resonance imaging confirmed an intramyocardial hydatid cyst at the apex of the left ventricle.
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  Median sternotomy was done for removal of both cardiac and lung hydatid cyst. Cystectomy was performed under aortobicaval cardiopulmonary bypass with arrested heart. Cystic lesion of size 2x 2 cm was found to be encapsulated by a well-formed myocardium at the apex of left ventricle. The entire pericardial cavity was covered with mops soaked in hypertonic saline. The cystic cavity was sterilized with 5% cetrimide and fluid was aspirated. The cyst cavity was then opened and the daughter cyst was removed in Toto (Figure 2). The edge of the cyst was excised and the cavity was closed with 5-0 polypropylene plegeted continuous sutures over Teflon felt. The pulmonary hydatid cyst was removed via right posterolateral thoracotomy with adequate precaution using scolicidal agents around and by giving positive pressure ventilation (Figure 2). Histopathological study was consistent with hydatid cyst. The patient had an uneventful postoperative course and was discharged on Tab Albendazole 400 mg twice a day for six months. The patient was asymptomatic in the eight-month follow-up period after surgery.
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  DISCUSSION

  Hydatidosis is a parasitic infection caused by Echinococcus granulosus. The life cycle of this tapeworm involves dogs and other canids as definitive hosts, and domestic and wild ungulates, usually sheep, as intermediate hosts. Human beings are only incidental intermediate hosts. The infection, often acquired in childhood during play with infected dogs, is most common in sheep-raising areas of the world[1]. Hydatid cyst of the heart is an uncommon lesion. The most frequent locations of hydatid cysts in humans are the liver 65% and lungs 25%, with only 0.5–2% of cases located in the heart[2,3]. The common location of cardiac hydatid cysts are the left ventricle (55-60%), right ventricle (15%), interventricular septum (9%), left atrium (8%), right atrium (4%) and interatrial septum (2%)[2-4].

  After infection, the embryo usually reaches the myocardium via the coronary circulation from the left side of the heart. The cyst is then formed within a period of one to five years[4]. Clinical presentation of cardiac hydatid cyst is variable; the usual manifestations reported are dyspnea, chest pain and palpitations[4]. The most dangerous and potentially lethal complication of cysts is their intracardiac or intrapericardial rupture, which may result in anaphylactic shock, embolization, or cardiac tamponade, acute pericarditis, and chronic constrictive pericarditis[4]. Cysts growing toward the epicardium can compress the small coronaries, presenting with features of coronary artery disease. Involvement of interventricular septum may lead to conduction defects.

  Pulmonary hydatid disease affects the right lung in around 60% of cases, 30% exhibit multiple pulmonary cysts, 20% bilateral cysts and 60% are located in lower lobes[5]. Pulmonary cysts typically increase in diameter at 1-5 cm/yr. Most lung cysts are incidentally diagnosed on chest radiographs. Occasionally, patients present with cough, hemoptysis, or chest pain[5]. Complication of pulmonary hydatid cysts are mainly due to the release of antigenic material and secondary immunological reactions that develop cyst rupture.

  The diagnosis is difficult because of long latency between infection and manifestation of disease. The chest radiograph may reveal cardiomegaly, and meniscus sign for pulmonary hydatid[6]. ECG may show T-wave inversion, premature ventricular beats. Hematological profile may reveal eosinophilia of varying degree. Serological tests are positive in only about 50% of patients and thus limited diagnostic accuracy[2]. Echocardiography remains the most reliable diagnostic measure for cardiac hydatid cyst[4]. Computed tomography and magnetic resonance imaging are other valuable diagnostic tools.

  The recommended treatment is enucleation, pericystectomy or cystectomy with cappitonage of the cyst under cardiopulmonary bypass via median sternotomy with topical scolicidal agents in the surrounding operative field[2-4]. The operative management for concomitant pulmonary hydatid cyst can be done in the same setting or different setting. In our case, it was done in the same setting via separate right posterolateral thoracotomy.

  During surgery, it is important to minimize spillage of the cystic contents in order to prevent intraoperative dissemination and eventual recurrence. This may be accomplished by delivery of intact cyst or by cystic fluid aspiration with use of scolicidal agent and preoperative therapy with Albendazole. As a rule, the heart should not be manipulated before application of cross clamp and cardiopulmonary bypass. Prior to enucleation, a hydatid cyst is usually sterilized by instillation of scolicidal agents such as 2% formalin, 0.5% silver nitrate solution, 20% hypertonic saline solution, 1% iodine solution or 5% cetrimide solution. We used 5% cetrimide for instillation and soaked mops around the cyst cavity[2-4]. Though cardiac hydatid cysts be very uncommon, the possibility of this disease should be kept in mind especially in endemic areas. In order to prevent fatal cardiac complications, cardiac hydatid cyst should be removed even in asymptomatic patients.
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Table 1. Recommendations for brachial artery flow-mediated dilation measurement.

Patient instructions
Fasting for at least 6 hours
No vasoactive medications for > 12 hours.
No caffeine, cigarettes or nicatine for > 12 hours
No physical exercise for > 6 hours
Pre-menopausal women studied on day 1-7 of menstrual cycle

Pre data acquisition
Restin supine position for at least 20 minutes (quiet and temperature-controlled roor)
Blood pressure cuff positioned on forearm or upper arm
Brachial artery anatomical landmarks identification for serial studies
Linear array Doppler ultrasound machine > 7.5 MHz

Data acquisition
Ultrasound probe is positioned above the antecubital fossa in the longitudinal plane
Optimize image qualty with clear identification of lumen interface
Insonation angle < 60
Baseline recording of diameter and velocity for 1 minute pre cuffinflation
Cuffinflation for 5 minutes at > 50 mmHg above systolic pressure
Record post-cuffrelease diameter and hyperemia for 3 minutes

Adapted from Anderson & Phillips™.
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Table 2. Summary of exercise training studies assessing change in FMD in coronary arterial disease patients.

Study Cohort Study design Exercise training Outcome(s)
Van Craenenbroeck SwbleCap | 200 CADrandomized into | 12wk of AIT vs ACT on a bicycle, | Both training changed
etalea © 2 groups 3 times a week FMD3% and peak VO,

Patientswho | 32 nonrandormly divided peak VO, and FNID (%
Kim et a1 received PCldue | into control (n=16)or CR | & WKOf SOmInute ACT. 3times | ©y L) only for
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0 ACS (n=16) group CRagroup
22 CAD patients 12-wk of ACT (30-50 min of
o et ol e chD randomized into HIT cycling at 58%WR s HIT (10 | Both training changed

(=11 orACT(n=11) | 1-minintervals at 89% separated | FMD% and peakVO:
based on pretraining FMD | by 1-min intervals at 10% WR)

FMD (1.84%) and
exercise capacity 2
METS) only in ACT

64 randomized into
Luketal®® StableCAD | control (32) and exercise 8wk of ACT program
training program

group

20 CAD patients 8wk of combined aerobic (70% FMS.?;:SGQT‘KEM

Walsh et al i SeieCAD omiodin Sguges WA bl LSS
(trained vs. controls) (55-65% MR) mediated dilation onf

in trained group

ACT=aerobic continuous training; ACS=acute coronary syndrome; AlT=aerobic interval training; CAD=coronary arterial discase;
CR=cardiac rehabilitation; GTN=glyceryl trnitrate; HIT=high-intensity training; MET=metabolic equivalent; MHR=maximal heart rate;
MR=maximal repetition: PCl=percutaneous coronary intervention; VOz=oxygen uptake; WR=work rate.
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Table 5. Comparison of the average number of GP detected in relation to preoperative heart rate in patients with successtul GP

detection.

Number of GP detected Group with HR <75 (n=22) | Group with HR > 70 (n=7) Pvalue
Total GP detected 37424 17409 004
Left-side GP detected 18514 07:07 04
Right-side GP detected 25414 08:07 001

G

anglionated plexi. Hi

Heart rate
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Table 2. Patients characteristics and procedural aspects.
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Table 1. Patients characteristics. German Aortic Valve Score.

n % Mortality
<66 20 5714 5
6670 5 1429 0
Age group (years) 7 Z = ;
76-80 3 8571 0
. Male 21 60 5
Female 14 40 [
235 25 7143 4
BMI <2 286 2
>35 571 0
Heart failure: NYHA IV NEAY, = GAK u
NYHA=IV [ 285 0
Myocardial infarction < 3 weeks 0 0 0
Critical preoperative status 0 0 0
Pulmonary hypertension 13 3714 3
Nosinus rhythm 4 143 [
<30 [ 2857 0
LVEF (%) 3050 10 2857 [
>50 24 6857 5
Endocarditis [ 285 0
Reoperation [ 285 0
Peripheral arterial disease 0 0 0
Chronic abstructive pulmonary disease 5 1429 [
Chronic renal insufficiency 2 5714 [
Emergency 2 5714 0
Observed mortality 6 17.14 6

BMI = body mass index; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association
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Table 2. Patients' characteristics. Euro5CORE Il

n % Mortality
Patient related factors
Age (years) 61.14£1325 6
Female 14 40 1
Peripheral arteriopathy 0 0 0
Chronic abstructive pulmonary disease 5 143 [
Diabetes on insulin 3 86 0
Poor mobility 0 0 0
Renal impairment
Dialysis 2 571 [
cc<s50 5 1428 0
85<CC>50 2 5714 2
CCo85 8 2285 2
Cardiac related factors
Active endocarditis [ 29
Recent AMI 0 0
NYHA class
] 3 884 4
" 3 87
v [ 29 0
ccs4 0 0
LVEF (%)
>50 2 6857 5
3150 10 2857 [
2130 [ 285 )
<0 0 0 0
Pulmonary artery pressure
31-55 mmHg 3 87 )
>55 mmHg [ 29 1
Procedure
Critical Condition 0 ) )
Re-operation 1 29 1
Thoracic aorta 0 0 0
Emergency
Urgent 0 )
Emergent 57 )
Salvage 0 0
Weight of procedure
Single non-CABG 35 100 6

AMI = acute myocardial infarction; CABG = coronary artery bypass grafting; CCS
ventricular ejection fraction: NYHA = New York Heart Association

Canadian Cardiovascular Society; LVEF = left
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Table 3. Contingency table for Hosmer—Lemeshow test (German Aortic Valve Score).

Observed mortality =0 Observed mortality = Total
Observed Expected Observed Expected Observed
1 4 3967 0 33 4
2 4 3778 0 222 4
3 4 4423 1 577 5
4 4 4916 2 1084 6
5 5 3939 0 1061 5
6 4 4514 2 1486 6
7 4 3462 1 1538 5
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Table 1. Demographic and clinical properties of the patients.

HbA1c <5.6 HbA1c25.6
Characts Palue
Group 1(n=112) Group 2 (n=90)

‘Age, years Median (min-max) 6303682 60 (33.82) 047
Male (%) 83 (786%) 74 (82.2%) 052"
Female (%) 24214%) 16(17.8%) 052"
Hypertension (%) 73(65.2%) 51(56.7%) 022"
Hyperlipideria (%) 50 4456%) 45 (50.0%) 045*
Smoking (%) 51455% 33 36.7%) 020"
Ejection fraction Median (min-max) 58(25-70) 58 (30-70) 042+
EuroSCORE Median (min-max) 206 106 019+

*Pearson Chi-Square test or Fisher's Exact test; *Mann-Whitney U test
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Table 2. Preoperative and early postoperative blood results and haematological parameters of patient.

Preoperaive and ealy postoperative bood results | o1 pnta) s e, b
and haematological parameters
Median (min-max) Median (min-max)

Preoperative haemoglobin (mg/dl) 136(104-1655) 13.8(105-16.0) 039
Preoperative creatinine (mg/dl) 0.90 (060-1.38) 0.90 (0.60-1.30) 032
Preoperative BUN (mg/dl) 160 (8.0-350) 170 (9.0-55.0) 010%™
Preoperative creatinine clearance (ml/min) 109 (31-180) 111 (63-186) 096
Preoperative fasting blood glucose (mg/d)) 94 (62-135) 95 (69-136) 074"
Postoperative first day hemoglobin (mg/dl) 9.1(75-120) 90(74-126) 0.13*
Postoperative first day creatinine (mg/L) 0.85 (0.50-2.00) 1.00 (0.56-2.60) 001*
Postoperative third day creatinine (mg/dl) 079 (040-1.70) 087 (0.50-3.90) 0001*
Postoperative seventh day creatinine (mg/dl) 0.80 (0.50-1.80) 088 (0.50-2.80) 0001*

BUN = blood urea nitrogen. *Pearson Chi-Square test or Fisher's Exact test; **Mann Whitney U test
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Table 4. Contingency table for Hosmer-Lemeshow test (Euro5CORE ll).

Observed mortality =0 Observed mortality Total
Observed Expected Observed Expected Observed
1 4 3972 o 0028 4
2 4 3763 o 0237 4
3 4 3633 o 0367 4
4 4 3443 o 0557 4
5 1 3258 3 0742 4
6 3 3145 1 0855 4
7 3 3003 1 0997 4
8 4 3458 1 1542 5
9 2 1326 0 0674 2
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‘who had coronary artery bypass graft ]
operation

Fig. 1 - Consort diagram figure of patient selection.

113 (excluded) patients have excluded criteria

- Periphera arterial disease (v=10)

- Moderate o severevaula heat disease (n=23)

- Decompensated congestive heart faure (n=3)

- Congenital cardic disease (+=1)

- Cerebrovascuar event i th last 30 days (1=4)

- Malignancy (n=3)

- Endoctinologicdisorders (hypothyroidism, hyperthyroidism) (n=6)

- Low haemoglobin evels (510 ¢/d) (+=9)

- Patints withacute infectons (n=7)

- Emergency operations (n=11)

- Previously iagnosed with endstage renl disease who were on dalyss (1=3)

- Patients who were eoperated due to haemodyramic nstabilty o bleeding (v=14)

- Patients who requited ntrazorti balloon purp, patents who had an acute myocardal
infarcion (n-6)

- Percutaneous coronary intervention i th last 30 days prior o operation (n=12)

- Patients who were operated on beating heart or edo CABG (n=1)
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Table 1. Cardioplegia composition.

Components Group 1 Group2
Base solution 200 mi Ringer lactate 200 ml normal saline
Sodium 140 142
Potassium 13mEq 16 mEg
Sodium bicarbonate 24mEq 24mEq
Magnesium 24mEq 16 mEg
Calcium 1 mmol/! 1.7 mmol/l
Osmolality 320 mOsmvI 310 mOsmv/!
Steroid Dexamethasone 16 mg -

Lignocaine/procaine

130 mg 2% lignocaine

1364 mg 19% procaine

20% mannitol

16 ml mannitol

Blood

800 ml of cold blood

800 ml of cold blood

Final composition

4 part blood:1 part cardioplegia

4 part blood:1 part cardioplegia
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Dear colleagues,
The 44 SBCCV Congress will present current issues in several activities.

To start with the impact that the moment of the specialty deserves, we programmed 3
opening lectures by 3 first-line experts in Heart Surgery worldwide.

The understanding of the pathophysiology of mitral regurgitation, the conduct recognized
as a standard in revascularization and the role of surgery in the treatment of ischemic
heart disease, are 3 issues of interest to surgeons today.

The titles and presenters are listed below.
We hope you enjoy.

Renato A. K. Kalil
Scientific Director

E
The hemodynamics of mitral regurgitation and its response
to repair or replacement

Speaker: Hartzell Schaff, Mayo Clinic (USA)

N From saphenous vein graft to fully arterial and mini-invasive:
- whatis the standard treatment today?

= Speaker: John D. Puskas, Mount Sinai (USA)

Recent evidence of myocardial revascularization
results in heart failure

Speaker: Eric Velasquez, Duke University (USA)
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Table 3. Intraoperative and postoperative data of the patients.

i HbA1c<5.6 HbAIc=5.6

Characteristics Group 1 (ne112) Group 3 (n00) Pvalue
Aortic cross clamp time (minutes) -
Nedion oo 60(12-102) 575(1697) 094
CPB time (minutes) -
Frivtalrtoin 95 (30-138) 935(37-138) 075
Use of blood products 48 (429%) 44 (48.9%) 039
Use ofinotropic support 20(179%) 14(156%) 066"
Amount of drainage (ml) -
Niedion i ang 350(150-1100) 350 (150-1200) 051
Intubation time (hours) -
il 5G9 5312 074
Intensive care unit stay (hours) 200746 2150867 0004+

Median (min-max)

CPB = cardiopulmonary bypass, * Pearson Chi-Square test or Fisher's Exact test, ** Mann-Whitney U test
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Table 4. Univariate and multivariate regression analysis of preoperative risk factors for acute kidney injury.

Acute Kidney Injury
Adjusted
Variables Unadjusted OR (95% CI) P P
OR (95%CI)
Male gender 066 (0.22-196) 046 - -
Age 104(099-109) 016 - -
Ejection fraction 104(098-111) 018 - -
Hypertension 141(051387) o0s1 - -
Hyperlipidaemia 128(050330) [ - -
Smoking 062(023-171) 036 - -
Preoperative fasting blood glucose 098 (095-101) 018 - -
Preoperative creatinine 4936 (469-51963) 0001 621 (027-14464) 026
Preoperative hemoglobin 083 (060-1.14) 024 - -
Preoperative BUN 115(1.08-123) 00001 107 (098-1.17) on
Preoperative creatinine clearance 099 (097-101) 022 - -
Preoperative HbAc 2904 (649-13003) 00001 1117(221-5633) 0003

BUN = blood urea nitrogen; HbA,

lycosylated Hemoglobin (Hemoglobin A
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Table 2. Patient characteristics.

Characteristics Group 1 Group 2 Pvalue
Age (years) 37:12 32:14 041
Females (%) 28 (50%) 36(65%) 062
EuroSCORE 2 2514134 2294136 042
Preoperative serum creatinine (mg/dl) 102403 112:04 019
Creatinine 48 hour postoperative (mg/d)) 093:028 090:012 048
Preoperative ejection fraction (%) 560452 556+49 063
Aortic cross clamp time (min) 5894103 6634112 023
Cardiopulmonary bypass time (min) 7384165 764+169 043
Mechanical ventiation time (hrs) 683+233 6342210 063
ICU stay (days) 6394217 676:264 074
Hospital stay (days) 863:320 8084252 072
Maximurn inotropic score 634252 6:+213 065
Postoperative new onset AF 5(89% 7(129%) 012

Myocardial infrction

AF — atrial fibrillation: ICU

ntensive care unit
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Table 3. Cardiac biomarkers.

CPK-MB (U/l) Group 1 Group 2 Pvalue
6 hours 6292276 60.1+227 019
12 hours 5061274 61011226 024
1day 527+203 5531213 021
2day 416107 464191 075

Serum troponin | (ng/ml)

6 hours 1062+2.89 11084201 089
12 hours 708234 732:2.10 078
1day 463+109 492+120 123
2day 2461042 2862056 120
Serum lactate (ng/dl)
6 hours 60:14 63512 006
12 hours 408£11 44512 046
1day 23:13 26515 077
2 day 17403 19405 062
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Table 4. Cardiac output parameters.

Cardiac output parameters Group 1 Group2 Pvalue
Cardiac index (l/min/m?)
12 hours 333106 338:05 066
24 hours 332:07 327106 067
36 hours 344105 345105 087
Left ventricle stroke work index (ml/m?)
12 hours 565485 545186 023
24 hours 531291 544198 015
36 hours 561487 5514100 098
Right ventricle stroke work index (ml/m?)
12 hours 425114 42412 095
24 hours 43411 42410 047
36 hours 434109 42108 052
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Table 3. Changes of hemodynamic parameters (compare to baseline).

Hemodynamic parameters hBNP (n=20) Control (n=15) Pvalue
HR (bpm) baseline 9674113 9914158 0601
HR (bpm) 72h -140+88 111199 0370
SBP (mmHg) baseline 10584116 1027494 0399
SBP (mmtg) 72h 194118 420+121 0346
MBP (mmHg) baseline 781460 788+56 0732
MBP (mmHg) 72h 0947.1 405481 0591
RAP (mmHg) baseline 150417 146216 0482
RAP (mmHg) 3h 22106 15511 0015
RAP (mmHg) 72h 49+16 34108 0002
PCWP (mmHg) baseline 261438 253+41 0541
PCWP (mmHg) 3h 55426 21434 0002
PCWP (mmHg) 72h 93436 53431 0002
Cl (Umin x m?) baseline 1701 1701 0760
QI (Umin x m?) 3h 401201 00201 0122
€I (Umin x m?) 72h 40401 +03+02 0079

Data are presented as mean value  SD.
(1= cardiac index; HR = heart rate; MBP = medium blood pressure; POWP = pulmonary capillary wedge pressure; RAP = right atrium
pressure; SBP = systolic blood pressure
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Table 4. Changes of biomarkers and renal function.

Biomarkers thBNP (n=19) Control (n=14) Pvalue
NT-proBNP (pg/ml) baseline 6007.5+3032.7 53151456571 0642
NT-proBNP (pg/ml) 72h after randomization 38200:3446.1 46052450631 0599
NT-proBNP (pg/mi) 1 week after randomization 20514421228 36406432561 0467
BNP (pg/ml) baseline 1186247381 11131410894 0820
BNP (pg/ml) 72h after randomization 1603446726 9254410002 0035
BNP (pg/ml) 1 week after randomization 6000:4640 670047112 0767
CGMP (pmol/m) baseline 50:10 48413 0587
CGMP (pmol/m) 72h after randomization 62413 41408 <0001
€GFR (ml/minx1.73 m?) baseline 6834252 8141344 0216
€GFR (ml/minx1.73 m?) 72h after randomization 6234233 6814281 0521
€GFR (ml/minx1.73 m?) 1 week after randomization 6484196 6041245 0558

Data are presented as mean value + SD (from patients alive on day 7).
BNP = brain natriuretic peptide; cGMP = cyclic guanosine monophosphate; eGFR = estimate glomerular filtration rate; NT-proBNP
N-terminal brain natriuretic peptide






OPS/images/a11img01.png
Table 1. Baseline characteristics of the patients.

Characteristics hBNP (n=25) Control (n=23)
Age -years 649+126 641+108
Male sex - no. %) 18(72) 1774)
Body mass index 235428 242427
vascular risk factors - no. (%)
Smoking 14 (56%) 12 (529%)
Hypertension 12 (48%) 15 (65%)
Diabetes mellitus 9 36%) 760%)
Time to PCI (h) 127450 131251
Infarct-related artery - no. (%)
Left main 4(16%) 407%)
Left anterior descending 21 (84%) 18 78%)
Left circurflex _ 1¢4%)
Multivessel disease - no. (%) 20:09 158:08
Peak cTnl (mg/l) 997551 939:467
Ejection fraction (%) 38680 396:72
€GFR (ml/min - 1.73m?) 6541286 672336
Cardiac index (L/min - m?) 17102 17:02
PCWP (mmHg) 272441 270442

Data are presented as mean value + SD.

Body-mass index is the weight in kilograms divided by the square of the height in meters.

eGFR = estimate glomerular filtration rate; PCI = percutaneous coronary intervention; PCWP = pulmonary capillary wedge pressure;
thBNP = recombinant human brain natriuretic peptide
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Table 2. Clinical management in hospital

Management hBNP (n=25) Control (n=23)
Emergency PCI - no. (%) 25(100) 23(100)
Stenting 25(100) 23(100)
Emergency CABG - no. (%) _ _
Intra-aortic balloon pump - no. (%) 25(100) 23100
Left ventricular assist device - no. (%) — _
Noninvasive positive pressure ventilation - no. 36) 12¢48) 12(52)
Medication in hospital
thBNP administration - hours 604 _
Dopamine- average dosage (mg/kgxmin)
Mean value + SD 75452 87455
Dobutamine - no. (%) 208 303
Norepineprine - no. (%) 302 20
Diuretic - no. (%) 22(88) 2101
Beta-blocker - no. %) 20(80) 16(70)
ACE inhibitor - no. (%) 1@ 12(2)
ARB -no. (%) 302) 407
Statins - no. %) 22(88) 2100
Clopidogrel -no. (%) 25(100) 230100
Aspirine -no. (%) ) 2087
b/l receptor antagonist - no. (%) 1040) 11¢8)
LMWH - no. (%) 25(100) 20%)

ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker; CABG = coronary.-artery bypass grafting: LMWH = low-
molecular-weight heparin: PCl = percutaneous coronary intervention
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ig. 2 - Values are means  SD. Two-way ANOVA and Tukey post
hoc test. Sedentary sham rats (Sed-Sham; n=6);respiratory muscle
training sham rats (RMT-Sham; n=6); sedentary heart failure rats
(Sed-HF; n=4) espiratory muscle raining heart failure rats (RMT-HE;
n=4).

CS=citrate synthase. *P<0.05 compared with Sed-Sham; 1P<0.05
compared with Sed-HF.
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ig. 3 - Correlations between citrate synthase and hemodynarmic function parameters in sham rats and HF rats.
A=CS,citrate synthase; LVEDP, LV end.diastolic pressure. r=—0.60, P<0.01
B=CS; LVSP LV systolic pressure. r=0.46, P<0.05.
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Table 1. Morphological characteristics, infarct area and lung and hepatic congestion of sham-operated groups and rats with left
ventriculr dysfunction.

Initial body | Finalbody | Infarcted | Hw/BW, | LvBw, | Rvgw, | Pulmonary | Hepatic
Groups o 2 congestion, | congestion,
weight,g | weight,g | area, % mg/g mg/g mg/g % %
Sed-Sham 217412 323432 . 267+0.25t 217+03 043+0.16 60.73+1.15 72171074
RMT-Sham 21148 302430 . 246+097* 1.97+077 049+0.14 6798+4.75 72854099
Sed-HF 22047 314420 4310+-4 346104 258402 105+022§ | 7673+139§ | 72834123
RMT-HF 218413 314430 451249 3344054 2524043 0724022 6823+468 7164+1.93

Values are means  SD. Groups were compared by the two-way ANOVA and Tukey post ho tests. Sedentary sham rats (Sed-Sham;

1=8); respiratory muscle training sham rats (RMT-Sham; n=8); sedentary heart failure rats (SedHF; n=7); respiratory muscle training
heart failure rats (RMT-HF; n=7). HW/BW-=heart weight-to-body weight ratio; LV/BW-=left ventricle-to- body weight ratio; RV/
BW=right ventricle-to-body weight ratio, *P<0.05 compared with Sed-HF and RMT-HF. tP<0.05 compared with RMT-HF. **P<0.01
compared with Sed-Sham. §P<0.01 compared with Sed-Sham, RMT-Sham and RMT-HE.
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1 - Values are means  SD. Two-way ANOVA and Tukey post hoc test. Sedentary sham rats (Sed Sham; n=8);respiratory muscle training
sham rats (RMT-Sham; n=8); sedentary heart failure rats (SedH; n=7); espiratory muscle training heart failure rats (RMT-HF; n=7).
\=LVEDR, LV end-diastolic pressure. +P<0.0001 compared with Sed-Sham, and RMT-Sham; **P<0.001 compared with Sed-HE, Sed-Sham, and

RMT-Sham.
VSP LV systolic pressure. **P<0.001 compared with Sed-Sham, and RMT-Sham.
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Table 1. Demographic data of patients.

7
Variables
Mean + 5D
Sex (Male) 22 (60%)
Age (Month) 17.9:863 (836)
Weight (ka) 806+159(52-13)
Cardiac Anomaly and Surgical Procedure
VSD | Patch Closure 18
Patch Closure 4
0S-ASD
Direct Closure 7
SV-ASD | Pericardial Patch Repair 4
OP-ASD | Pericardial Patch Closure+ Atrioventricular Valve Repai 4

trial septal defect. OF

“sinus venous: VSD
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Fig.1 - Technique of cenvical cannulation of common carotid
artey and intemal jugular vein, inferior vena cava cannulation
and gortic cross clamping using De Bakey coarctation clamp. 1)
Lateral thoracotomy incision, 2) Intemal jugular vein cannulation,
3) Common carotid artery cannulation, 4) Polytetrafiuoroethylene
graft, 5) De Bakey coarctation clamp, 6) Cervical skin incision, 7)
Inferior vena cava cannula.
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Table 1. Patient characteristics.

Parameter Mean or number of pts. SD or percentage
Age (years) 691 +7
Persistent AF 24 71%
Persistent long-lasting AF 10 2%
LA diameter (mm) 46 45
AF duration (months) 45 +60
EuroSCORE Il %) 23 +19
Syntax Score 251 +7
LVEF (%) 50

NYHA class 2

Arterial hypertension 30

History of MI 16

Diabetes 18

Vascular disease n

TE event 7

AF = atrial fbrillation; LA = left atrium; LVEF = left ventricular ejection fraction; MI = myocardial infarction; NYHA

Association: SD = Standard deviation: TE

thromboembolic event
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Fig. 1 - Sequence for applying rapid stimulation to detect GP
WC=inferior vena cava; LA=left atrium; LAA=left atrial appendage; LIPV=let inferior pulmonary vein; LSPV-=left superior pulmonary vei;
ML=Marshall ligament: RA=right atrium; RIPV=right inferior pulmonary vein: RS!
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Table 2. Intraoperative and postoperative data including

echocardiography and complications.

Variables

N=37
Mean £ 5D

Cross clamp time (min)

6445 + 29.99 (range)

Bypass time (min)

9964 + 3054 (range)

Assisted venous drainage

5

Inotropic score

424315

Mechanical ventilation time (hr)

745+ 170 (range)

Drainage output () 1337 + 1601 (range)
ICU stay (day) 113+034
Hospital stay (day) 3564055
Follow-up (month) 1142285
Complications

Mild MR (Grade I 1

Mild TR 2
Residual VSD 2

LV dysfunction 1
Wound infection 0
Vascular complications 0
Neurological complications 0

ICU = intensive care unit; LV’
requrgitation: TR-
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Table 3. Correlation between the number of GP detected and
preoperative variables.

Parameter Correlation factor | Pvalue
Duration of AF (months) 00219 09
LA diameter (mm) -00142 09
Arterial hypertension 00359 08
EuroSCORE Il (%) 00261 08
Diabetes 00681 07
LVEF (%) 00661 07
Age (years) 01025 05
History of MI 0174 05
NYHA class -02150 02
Syntax score -02937 009
Heart rate (beats/minute) -03500 004

AF = atialfibrillation; LA = left atriurm; LVEF = left ventricular
ejection fraction; M| = myocardial infarction; NYHA = New York
Heart Ascociation
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Table 4. Comparison of the average number of GP detected in relation to preoperative heart rate in the entire study population.

Number of GP detected Group with HR <75 (n=25) | Group with HR > 75 (n=9) Pvalue
Total GP detected 32526 131 004
Left-side GP detected 1207 06207 03
Right-side GP detected 22:07 07207 0001

Gl

anglionated plexi. Hi

Heart rate
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Fig. 2 - Corelation between the number of GP detected and
preoperative heart rate.
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Table 2. Preoperative comparison of patients in whom GP detection was successful versus those in whom it was unsuccesstul.

parameter Unsu((essf:L Gsr detection Pralue
Age (years) 6466 01
Duration of AF (months) 282423 05
LA diameter (mm) 46145 4486 06
EuroSCORE Il %) 2452 1721 05
LVEF (56) 515411 44513 02
Syntax score 2547 2816 02
NYHA class 2:07 22108 05
History of MI 45% (13) 60% G) 05
Arterial hypertension 86% (25) 100% (5) 04
Diabetes 48% (14) 80% (4) 02
Heart rate (beats/minute) 664411 682413 08

AF = atrial ibrillation; GP = Ganglionated plexi; LA = left arium; LVEF = left ventricular ejection fraction; M = myocardial infarction;
NYHA = New York Heart Ascociation





