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  BJCVS HIGHLIGHT

  The right anterolateral thoracotomy approach was routinely used for atrial septal, mitral valve and tricuspid valve surgeries in the 1970's and 1980's. Currently, it is considered "as a wellaccepted technique"[1], despite the almost universal acceptance of conventional sternotomy. The freely MEDLINE search (Figure 1) illustrates the "rebirth" of right thoracotomy and is evident that several groups have been reported their experiences with this surgical approach. The right anterolateral thoracotomy approach has advantages compared to the standard median sternotomy: 1) The surgical scar is invisible under the breast; 2) The exposition of intracardiac structures is excellent; 3) The intraoperative complication rate is almost zero, and; 4) Phrenic nerve damage, which is primarily attributed to right anterolateral thoracotomy, is uncommon. Also, in addition to the operative details above, blood transfusion and chest drainage, intubation time, intensive care unit (ICU) and hospital stay, are not associated with increased postoperative complications.

  
    

    [image: Fig. 1.  Five-year distribution of publications over thirty years (1977-2017), based on a free MEDLINE database search ("Right thoracotomy and cardiac surgery"). ]

  

  Finally, recent publications have to emphasize the right anterolateral thoracotomy as an attractive alternative to repeat sternotomy for patients undergoing redo mitral and tricuspid valve repair. The anterior thoracotomy has seen a resurgence with the recent trends towards minimally invasive cardiac surgical techniques. We agree with this alternative, and our preference includes mitral valve exposition by right atriotomy, followed by an atrial septostomy.

   

  ARTICLES IN THIS ISSUE

  This issue of BJCVS presents a blind peer-reviewed selection of 14 articles that will surely please your readers. The articles are about: coronary artery disease (4 papers); heart valve disease (2 papers), congenital heart disease (1 paper); aortic aneurysms (2 papers); cardiac electrical stimulation (1 paper); selected case report (1 paper); and perioperative subjects (3 papers).

  The present edition has an essential historical background. For the first time, the number of international contributions (9 articles/64.3%) exceeded the number of Brazilian articles (5 articles/35.7%). Most publications come from Eastern countries (Turkey and China). We hope that this trend will continue to mean an internationalization, a more significant number of citations and, consequently, a greater impact factor. Alongside this trend, Brazilian surgeons and researchers need to engage in publications based on quantity/quality binomial.

  
  Domingo M. Braile

    1Editor-in-Chief - BJCVS Faculdade de Medicina de São José do Rio Preto (FAMERP), São José do Rio Preto, SP, Brazil and Universidade de Campinas (UNICAMP), Campinas, SP, Brazil. 

  Paulo Roberto B. Evora 

    2Editor-in-Chief Interim - BJCVS Faculdade de Medicina de Ribeirão Preto da Universidade de São Paulo (FMRP-USP), Ribeirão Preto, SP, Brazil
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  The 16th Congress of the Latin Society of Cardiology and Pediatric Cardiovascular Surgery (Sociedad Latina de Cardiología y Cirugía Cardiovascular Pediátrica - SLCCCP) led a 5-day joint meeting held in Brazil, from October 24 to 28, 2017, enrolling 56 international guests from 14 countries, and 67 colleagues from 15 Brazilian states.

  The event celebrated the 15th Annual Pediatric Cardiology International Meeting of Ribeirão Preto, in a university hub located 330 km Northeast of São Paulo. It was attended by 116 people from nine countries and granted promotional spaces for several non-governmental foundations dedicated to support children with heart disease in Brazil.

  The three-day SLCCCP Congress was preceded by the 5th International Pediatric Cardiology Research Symposium that provided a unique forum for original basic and clinical studies presentations by junior and senior investigators from international and Brazilian centers. Among the eight junior presentations, one on lower extremity lymphatic vessel dynamics in patients with total cavo-pulmonary connection, presented by a medical student from Denmark, was selected as the best paper and the author received an award during the Congress. The international senior speakers came from Aarhus, Denmark; Bonn, Germany; Buenos Aires, Argentina and Boston, USA, whereas three colleagues from São Paulo completed the program.

  On the morning of the last day, the International Symposium on Extracorporeal Circulation in Pediatric Cardiovascular Surgery, co-organized by Dr. Luiz Fernando Caneo, from InCor São Paulo, wrapped up scientific activities. It covered recent advances in cerebral neuroprotection, anesthesia in cardiac surgery, safety protocols for extracorporeal circulation, and operating room teamwork. In addition to three national experts, Perfusion Clinical Coordinator at Boston Children's Hospital, Greg Matte, and Prof. Rodolfo Neirotti were the leading invited international speakers.

  The Congress' comprehensive scientific program included round tables on transposition of the great arteries (TGA), Ross and Ross-Konno operations, tetralogy of Fallot, Ebstein's malformation, congenital heart disease (GUCH), congenitally corrected transposition of the great arteries (CCTGA), Fontan-Kreutzer operation, mechanical circulatory support, and interventional cardiology. The inclusion of international and Brazilian speakers as well as two commentators from different countries in each round table was seminal to encourage discussion and enhance the audience interest.

  In addition, conferences, mini-conferences, special sessions, and oral and poster presentations provided a diversity of captivating topics. Among them, the evidence-based demonstration that pediatric cardiac surgery humanitarian programs contribute to the human development index in emerging countries merits mention, an update of the World Society of Cardiovascular Pediatric Surgery Database, a potpourri cardiac specimens demonstration, evaluation of heart transplantation experiences in Argentina and Brazil, advances in imaging technology, respiratory syncytial virus prophylaxis, stem cell therapy, operability limits in patients with congenital heart disease and pulmonary hypertension and intraoperative myocardial protection in the neonate. Other themes worth mentioning were an innovative investigation of the postoperative univentricular heart circulation lymphatic physiopathology, with infrared fluorescence, results with a patient cohort submitted to lymphatic decompression surgery, "How to do it" surgical videos, an update on percutaneous arrhythmia ablation, and the pros and cons of performing adult and pediatric cardiac surgery under the same roof.

  The Society paid a much-deserved tribute to Guillermo Kreutzer, for his contribution to the treatment of the univentricular heart, and invited Miguel Barbero-Marcial to present his lifelong accomplishments and reflections on the specialty.

  In the Society's Assembly many colleagues recognized the high standards of the scientific program, the Congress venue and the meeting organization. Furthermore, we were honored with the presidency of the SLCCCP during the 2017-2019 biennium, until the next meeting in Buenos Aires.

  After a special word of appreciation to the local nonprofit Sinhá Junqueira Foundation that backed most of the meeting's budget, and before the farewell words by the president, took place a Posthumous Homage delivered by Edmar Atik, from Brazil, to Pedro Antonio Sánchez, a cardiologist from Spain and one of the ancestors of the SLCCCP.

  The success of the meeting sends a valuable and persuasive message to the officials in charge of the Brazil's public health system. Considering that the vast majority of pediatric cardiology and pediatric cardiovascular surgery centers were established in state capitals, mostly of them located in the coastal area, the up and coming centers, like ours, that more recently start practicing in the country's interior, must be properly recognized and better nourished. Indeed, these new units deliver high complexity care for the local and regional population, and increase the capacity of the Brazilian national health system to assist patients from remote regions of the country.

  Ribeirão Preto, with the second largest affiliated tertiary hospital of the University of São Paulo, is one such example. Its pediatric cardiology group members have obtained postgraduate training in leading institutions abroad and are highly committed to improving clinical results and academic achievements. All considered it is wise and timely to start granting our centers and other similar centers the attention and longed for the funding they need to expand and stand out.

  Perseverance and experience accumulated over 14 years of putting together an annual international meeting, a strong and official financial back up from a local private institution, contributions from the University Hospital Foundation for Assistance and Research (Fundação de Apoio ao Ensino, Pesquisa e Assistência do Hospital das Clínicas da Faculdade de Medicina de Ribeirão Preto da Universidade de São Paulo - FAEPA), medical industry and private organizations, as well as the seminal encouragement of the SLCCCP past presidents were our strongholds.

  Behind the scenes, in an era of resource scarcity, we must praise the spirit of friendship and cohesion from all the prominent international colleagues who promptly accepted to come to Brazil without any financial help from the Congress, the same holding true for the Brazilian colleagues. The cooperation and suggestions of Prof. Rodolfo Neirotti, a native Spanish-speaking international leader of the specialty, and the Danish group headed by Prof. Vibeke Hjortdal, the support of the Department of Congenital Heart Disease and Pediatric Cardiology of the Sociedade Brasileira de Cardiologia, and the Department of Pediatric Cardiovascular Surgery of the Sociedade Brasileira de Cirurgia Cardiovascular were also primordial.

  An in all, we must acknowledge the SLCCCP's widespread recognition by other important peer organizations and by its many Latin languages speaking teams, most of them suffering the tribulations of being part of the underdeveloped world. By avoiding favoritism and inequality, it became a cherished bastion to the advancement of knowledge and highly praised and beloved by its fellow members whose generosity, truly unselfish behavior, exemplary solidarity and an ever-increasing friendship allowed us to put together such a great event.

  The author wishes to thank Prof. Rodolfo Neirotti for revising the manuscript and for his thoughtful comments.
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    ABSTRACT

    OBJECTIVE: The aim of the present study was to evaluate the ability of ischemic postconditioning, atorvastatin and both associated to prevent or minimize reperfusion injury in the lung of rats subjected to ischemia and reperfusion by abdominal aortic clamping.

    METHODS: We used 41 Wistar norvegic rats, which were distributed into 5 groups: ischemia and reperfusion (I/R), ischemic postcondictioning (IPC), postconditioning + atorvastatin (IPC+A), atorvastatin (A) and SHAM. It was performed a medium laparotomy, dissection and isolation of the infra-renal abdominal aorta; except for the SHAM group, all the others were submitted to the aortic clamping for 70 minutes (ischemia) and posterior clamp removal (reperfusion, 70 minutes). In the IPC and IPC+A groups, postconditioning was performed between the ischemia and reperfusion phases by four cycles of reperfusion and ischemia lasting 30 seconds each. In the IPC+A and A groups, preceding the surgical procedure, administration of 3.4 mg/day of atorvastatin was performed for seven days by gavage. After the surgical procedure, the right caudal lobe was removed from the lung for histological study, using tissue injury score ranging from grade 1 (normal tissue) to grade 4 (intense lesion).

    RESULTS: The mean lung injury was 3.6 in the I/R group, 1.6 in the IPC group, 1.2 in the IPC+A group, 1.2 in the A group, and 1 in the SHAM group (P<0.01).

    CONCLUSION: Ischemic postconditioning and atorvastatin were able to minimize lung reperfusion injury, alone or in combination.

    Keywords: Ischemia; Reperfusion Injury; Ischemic Postconditioning; Hydroxymethylglutaryl-CoA Reductase Inhibitors; Lung.

  

   

   

  INTRODUCTION

  Reperfusion is a fundamental step in the treatment of ischemia. However, clinical and experimental evidence shows that the main events leading to cell and tissue dysfunction are related to reperfusion[1].

  The ischemia and reperfusion (IR) injury constitutes a pathophysiological event common to several diseases of daily clinical practice. The lung can be the target of the IR lesion directly, as in pulmonary edema after transplantation or in the resolution of thromboembolism, or be reached at a distance, as in cases of shock or reperfusion injury in the intestine or lower limbs, as occurs in the aortic clamping, used in aneurysm surgeries[2].

  It was believed that the lung was more resistant to ischemic lesions than other organs. Two factors contributed to this: the presence of bronchial circulation in addition to the pulmonary circulation and the fact that interruption of pulmonary blood flow is not accompanied by hypoxia since alveolar ventilation is maintained. The lung can be considered the only organ that can suffer ischemia without hypoxia[3].

  However, evidence has emerged in recent years that the lung may not be completely immune to reperfusion injury, despite maintained gas exchange, since reactive oxygen species (ROS) act systemically. In surgeries with temporary aortic occlusion, pulmonary edema is a frequent complication, with a multifactorial etiology, including reperfusion injury. Already during ischemia, there is an increase in pulmonary arterial pressure, a factor that may favor the formation of edema in the lungs. This increased resistance in the pulmonary circulation results in part from a greater blood flow due to its redistribution to the territory above the occlusion and from the increase in left ventricular end-diastolic volume, whose emptying is impaired by the increase that the occlusion of the aorta imposes on post-loading[4].

  IR is associated with the production of another inflammatory mediator, tumor necrosis factor (TNF). Lesion of the intestinal mucosa by IR allows the release of endotoxin into the portal circulation, inducing the production of TNF by liver macrophages. Increased TNF in the systemic circulation is capable of leading to inflammatory lung injury, characterized by accumulation of neutrophils. This sequence of events was demonstrated by Caty et al.[5] in an IR model by temporary occlusion of the superior mesenteric artery in rats. After reperfusion, endotoxin levels in portal venous blood and TNF were increased in the systemic circulation. In parallel, there was accumulation of neutrophils in the lungs and increased pulmonary capillary permeability.

  Some techniques for protection against reperfusion injury have already been tried and tested, and among them, ischemic postconditioning (IPC), which consists of one or more short cycles of reperfusion, followed by one or more short cycles of ischemia, immediately after the ischemic phase and before permanent reperfusion occurs. Although IPC has already shown a protective effect in many organs submitted to IR as well as in distance protection[6], its efficacy in the prevention of remote lung injury is still very early[7].

  Much has been studied about the pathophysiology of reperfusion injury and some mechanisms have already been well evidenced, such as the role of free radicals, vascular endothelial dysfunction, and neutrophil-mediated injury[1]. Recently, there has been an increase in interest in statins, drugs known for their antidislipidemic effect, this time due to its pleiotropic effect, which is characterized by anti-inflammatory properties, immunomodulating, antithrombogenic actions and improvement of endothelial function[8]. Recent experimental studies[9] have shown promising results with the use of statins demonstrating their role in the protection against IR injury, a fact that led us to inquire about their benefits facing reperfusion injury.

  The aim of the present study was to evaluate the effect of IPC and atorvastatin, alone and in combination, in the prevention of reperfusion injury in the lungs of rats subjected to IR by aortic clamping.

   

  METHODS

  The study was approved by the Committee of Ethics in Animal Experimentation of the Universidade Anhanguera-Uniderp. A total of 41 Wistar norvergic male rats weighing 250 g to 300 g were collected from the Hospital Veterinário da Universidade Anhanguera-Uniderp. The animals were kept in cages at ambient temperature of approximately 23°C with 12h light cycles and received water and food ad libitum.

  The animals were distributed in the following groups:

 
    • Ischemia and Reperfusion group (I/R): nine rats were submitted to ischemia for 70 minutes by aortic clamping, followed by reperfusion of 70 minutes;

    • Ischemic Postconditioning group (IPC): nine rats were submitted to the ischemia procedure for 70 minutes by aortic clamping and reperfusion for 70 minutes. Between ischemia and reperfusion, four cycles of reperfusion (30 seconds each) were performed, interspersed by four cycles of ischemia (30 seconds each);

    • Ischemic Postconditioning + Atorvastatin group (IPC+A): nine rats received 3.4 mg/day of atorvastatin, one dose per day through the gavage method, for seven days and then were submitted to the ischemia procedure for 70 minutes by aortic clamping and reperfusion for 70 minutes. Between ischemia and reperfusion, four cycles of reperfusion (30 seconds each) were performed, interspersed by four cycles of ischemia (30 seconds each);

    • Atorvastatin group (A): nine rats received 3.4 mg/day of atorvastatin, one dose per day through the gavage method, for seven days, and then were subjected to the ischemia procedure for 70 minutes by aortic clamping and reperfusion for 70 minutes;

    • SHAM group: five rats submitted to laparotomy, dissection and isolation of infra-renal aorta.

  

  The animals were anesthetized by intraperitoneal injection of a 2:1 solution of ketamine hydrochloride (Cetamin®), 50 mg/mL, and xylasine hydrochloride (Xilazin®), 20 mg/mL, respectively, at a dose of 0.1 mL/100 g.

  After anesthesia, the rats were submitted to a median longitudinal laparotomy of approximately four centimeters, exteriorization of the small intestine, identification and dissection of infra-renal abdominal aorta artery.

  In all groups except SHAM, the abdominal aorta was occluded by atraumatic vascular clamp that remained for 70 minutes (ischemia phase). After clamp placement, the small intestine was repositioned into the abdominal cavity and the surgical wound was closed with continuous suture of the skin with 4-0 monofilament nylon. After the ischemia phase, the abdominal wall was reopened by removal of the suture and in the I/R and A groups, the vascular clamp was removed, initiating the reperfusion phase, lasting 70 minutes. In the IPC and IPC+A groups, preceding the reperfusion phase, the IPC was performed by four cycles of reperfusion (removal of the atraumatic vascular clamping of the abdominal aorta) with duration of 30 seconds each, interspersed by four cycles of ischemia (occlusion of the abdominal aorta artery by atraumatic vascular clamp), also with duration of 30 seconds each.

  In all groups after the beginning of the reperfusion phase, the abdomen was closed again by continuous suturing of the skin with 4-0 monofilament nylon thread until the end of the experiment.

  In the SHAM group, only a median longitudinal laparotomy of approximately four centimeters was performed, with exteriorization of the small intestine, identification and dissection of the infra-renal abdominal aorta artery, remaining anesthetized for 140 minutes.

  After the reperfusion phase, all animals were submitted to median thoracotomy and resection of the right caudal lung lobe, and these specimens were washed with saline solution and placed in 10% formaldehyde solution for histological analysis.

  Euthanasia was performed by intraperitoneal administration of a lethal dose of ketamine + xylazine hydrochloride (0.4 mL/100 g).

  The slides were prepared with the harvested material, which was stained with hematoxylin-eosin and analyzed by optical microscopy by a single observer, without prior knowledge of it on the group belonging to each rat.

  Pulmonary segments were classified according to the degree of tissue injury as stated by Greca et al.[10].

 
    • Grade 1 (normal): normal parenchyma under optical microscopy;

    • Grade 2 (mild): focal edema in few alveolar septa, mild congestion, neutrophils in alveolar septa, less than 50 per large increase field;

    • Grade 3 (moderate): moderate edema in alveolar septa or mild edema in several septa, moderate congestion, neutrophils in alveolar septa between 50 and 100 per large increase field;

    • Grade 4 (intense): severe edema in alveolar septa or mild edema in several septa, moderate congestion, neutrophils in alveolar septa, more than 100 per field.

  

  Measurements were expressed as mean and standard deviation in the variables whose distribution was normal, and in the median and interquartile range when normality was not observed. For the verification of normality, the Shapiro-Wilk test was used. For the intergroup comparison, Kruskal-Wallis test with Dunn's post hoc test was used. Significance level was considered P<0.05.

   

  RESULTS

  The averages of degrees of tissue injury were 3.6 in the I/R group, 1.6 in the IPC group, 1.2 in the IPC+A and A groups, and 1 in the SHAM group (Table 1 and Figure 1).

  
    

    [image: Fig. 1]
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  DISCUSSION

  Ischemia followed by reperfusion may induce apoptosis and an inflammatory response that affects tissue repair, especially in the lung. As a result, many evaluated the impact of IPC in subsequent apoptotic and inflammatory responses. In experimental IR models in rats with 30 minutes of ischemia and three hours of reperfusion there was a significant decrease in tissue necrosis with IPC. There is also a decrease in ROS generation and protection of mitochondrial integrity, suggesting that the protective effect of IPC may be the result of a reduction in the inflammatory response. However, few studies have directly assessed the impact of IPC on inflammation. IPC may limit the expression of P-selectin, which is required for neutrophil bearing and recruitment. In addition, it may reduce the accumulation of neutrophils in the affected region, decrease to ischemic vascular endothelial adhesion, and attenuate the endothelial dysfunction of the involved vessel, events that normally occur in IR[11].

  The main histological findings observed in the different groups can be observed in Figures 2 to 6.

  
    

    [image: Fig. 2. Photomicrographs of histological changes of the pulmonary parenchyma of the I/R group considering the classification of Greca et al.[10]. Major changes are observed predominantly, grade 4: haemorrhage (h); blood vessel congestion (bvc); cell necrosis (black arrow); neutrophils (white arrow); alveolar wall (red arrow); focal edema (fe); fibrosis (f ). HE, 10x and 40x.]

  

  
    

    [image: Fig. 3. Photomicrographs of the pulmonary parenchyma of the IPC group according to Greca et al.[10]. It is observed: bronchus; blood vessel (BV); focal edema (fe); neutrophil (arrow); alveolus (A). HE, 10x and 40x.]

  

  
    

    [image: Fig. 4. Photomicrographs of the pulmonary parenchyma of the IPC+A group according to Greca et al.[10]. Bronchiolus (bc); blood vessel (bv); inflammation (arrow). HE, 10x and 40x.]

  

  
    

    [image: Fig. 5. Photomicrographs of the pulmonary parenchyma of group A according to the classification of Greca et al.[10]. Focal edema (fe); alveolus (A). HE, 10x and 40x.]

  

  
    

    [image: Fig. 6. Photomicrographs of the pulmonary parenchyma of the SHAM group according to Greca et al.[10]. Focal edema (fe); alveolus (A). HE, 10x and 40x.]

  

  In the present study, we observed pulmonary protection with IPC, demonstrating the efficacy of the method against this IR model, which can be justified by the fact that ROS, regardless of where they are produced, when reperfusion occurs throughout the body causing the remote reperfusion injury, so much so that in the I/R group a marked lesion in the lungs was observed. By acting as a moderator of ROS production, IPC causes less local and distant injury[4,7].

  The study of the remote reperfusion injury in the lungs is a relatively new subject, therefore, without publications that allow us to compare further with the present results. Dorsa et al.[7] also performed ischemia by aortic clamping and evaluated the protective effect of IPC, confirming the results presented here that this method may decrease the degree of lung injury. Another study that obtained similar results was that of Garbaisz et al.[12], in which the authors also applied infrarenal aortic clamping as a method of ischemia and obtained pulmonary protection with IPC, although using times superior to those presented here for both ischemia (3h) and for reperfusion (4h). This shows that, for Wistar rats, 70 minutes of IR are sufficient to produce pulmonary lesions, and no further prolonged experiments are needed as the used by those authors.

  Szijártó et al.[13] also demonstrated IPC protection when IPC was performed on the lower limbs of rats, with three hours of ischemia and four hours of reperfusion. Santos et al.[6] also performed mesenteric IR in rats, but used 30 minutes of ischemia and 60 minutes of reperfusion, causing intestinal lesions but not pulmonary lesions, thus demonstrating that these animals did not present significant damage to the lungs with these reduced periods of intestinal IR.

  As mentioned, there are few publications aimed at evaluating remote lung damage against IR, especially using IPC as a protection method. Existing publications point to a promising role in this method, similar to other IR situations in which IPC provides tissue protection[14]. Despite this, there are few studies that have used IPC in clinical practice, which reinforces the importance of finding a pharmacological method that presents the same or greater efficacy, increasing interest in safe drugs such as statins and that at least their pleiotropic effect could be useful in such situations.

  In the present study, pulmonary protection was obtained with the use of atorvastatin, in the same intensity as with IPC. As there are no studies with the same design used here, i.e. aortic clamping and atorvastatin use, the comparison with the literature is also impaired. Moreover, since the use of statins for the prevention of reperfusion injury is relatively new, the best route of administration and ideal dose are items to be better clarified in future research. Administration by gavage was chosen here with the intention of simulating what is practiced in humans, that is, the absorption by the gastrointestinal tract, aiming its clinical applicability.

  Statins have been successfully tested for this purpose in several situations. Wu et al.[15] performed renal IR in rats and demonstrated that atorvastatin decreased tissue injury in the control group. The same results were obtained by Cusumano et al.[16] in renal IR of rats using atorvastatin.

  Statins also protect other tissues in the presence of IR, such as heart[17-19], nervous system[20] and liver[21]. In the lung, the efficiency of statins was also demonstrated, as published by Matsuo et al.[22], however, with a method different from the one used here, since these authors performed IR directly in the pulmonary hilum, thus not being a study of remote protection. In addition, these authors used rosuvastatin as a protective medicine and not atorvastatin as in the present research.

  The mechanism of protection of statins to IR situations is due to its pleiotropic effect. By inhibiting a conversion of HMG-CoA to L-mevalonate, statins prevent a synthesis of isoprenoids, which are precursors of cholesterol biosynthesis, which serve as important lipid ligands for post-translational modification of intracellular proteins such as small GTPases, Rho, Rac and Ras. This protein isoprenylation allows a suitable subcellular localization and an intracellular circuit of proteins, which control various cellular functions, and an inhibition and pathways are important components of the pleiotropic effects of statins. The Rho pathway is related to oxidative stress, atherosclerosis and elevated blood pressure, signaling the pathway between the two crucial mechanisms, such as cytoskeletal remodeling and the ROS synthesis[16].

  In the development of this project, we did not know that the therapeutic methods applied would present the results shown here, so that an association group (IPC+A) was created aiming at enhancing tissue protection. However, there was no advantage in the association, since, in isolation, these therapeutic methods obtained mean tissue lesion statistically similar to the SHAM group, i.e., it would not be possible to have a lower lesion than was already achieved. Thus, it can be verified that atorvastatin has the capacity to protect the lungs in situations of reperfusion at a distance, at the same intensity as IPC, and it is possible to invest in research that confirms the best method of using these therapies to apply them in the clinical practice.

   

  CONCLUSION

  IPC and atorvastatin were able to minimize lung reperfusion injury, alone or in combination.
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    ABSTRACT

    OBJECTIVE: The aim of this retrospective study was to compare early postoperative outcomes after aortic valve replacement (AVR) with sutureless bioprostheses and conventional stented bioprostheses implanted through median sternotomy.

    METHODS: From January 2011 to December 2016, 763 patients underwent aortic valve replacement with bioprostheses; of these, 139 received a Perceval S sutureless valve (Group A) and 624 received a Perimount Magna Ease valve (Group B). These groups were further divided into A1 (isolated Perceval AVR), A2 (Perceval AVR with coronary artery bypass grafting [CABG]), B1 (isolated conventional stented bioprosthesis), and B2 (conventional stented bioprosthesis + CABG).

    RESULTS: Patients in Group A were older (mean 74 years vs. 71 years; P<0.0001), predominantly women (53% vs. 32%; P<0.0001), had a higher logistic EuroSCORE (3.26 vs. 2.43; P<0.001), more preoperative atrial fibrillation (20% vs. 13%; P=0.03), and had a lower reopening rate for bleeding (2.1% vs. 6.7%; P=0.04). Compared to Group B1, Group A1 had shorter cross-clamp (mean 40 min vs. 57 min; P≤0.0001) and bypass times (mean 63 min vs. mean 80 min; P=0.02), and they bled less postoperatively (mean 295 ml vs. mean 393 ml; P=0.002). The mean gradient across Perceval valve was 12.5 mmHg while its effective orifice area was 1.5 cm2.

    CONCLUSION: In our retrospective study of 763 patients, sutureless valve group patients are older, mostly women, more symptomatic preoperatively, and have higher logistic EuroSCORE. They have shorter cross-clamp and bypass times, less postoperative bleeding, and reduced incidence of reopening. Further studies are needed to evaluate the clinical benefits in short, mid, and long-terms.

    Keywords: Aortic Valve/Surgery; Heart Valve Prosthesis/Utilization; Heart Valve Prosthesis Implantation.

  

   

   

  INTRODUCTION

  Aortic valve replacement (AVR) is the treatment of choice for aortic valve stenosis when it is a symptomatic severe aortic stenosis (≤1 cm2/m2) or an asymptomatic with left ventricular dysfunction or combined with other cardiac surgery procedure[1]. Surgical AVR still represents the gold standard treatment in patients with severe aortic valve stenosis[2]. Owing to the increasing age of the patient population in Western world, there has been an increase in the prevalence of patients with valvular heart disease eligible for AVR[3]. A majority of these geriatric patients are females of small stature with corresponding small aortic roots. It has been suggested that patient prosthesis mismatch (PPM) may be associated with less regression of left ventricular hypertrophy and lower survival[4]. Given the increasing number of comorbidities and increasing age of patients, a tendency has emerged to use biological valve implants thus avoiding the need for long-term anticoagulation therapy. Although the concept of transcatheter aortic valve implantation (TAVI) appears attractive, the calcified aortic valve is not removed during this procedure. Therefore paravalvular leakage remains an important issue with this technique[5]. Other important concerns are access site-related problems and device malpositioning.

  The recent introduction of sutureless bioprostheses may offer an additional tool in the therapeutic armamentarium as these valves do not need to be sutured into place, resulting in shorter cross-clamp and cardiopulmonary bypass (CPB) times which may be beneficial in older patients with comorbid conditions. Moreover, due to the absence of a sewing ring, these valves exhibit favourable hemodynamic properties. Excellent outcomes have been demonstrated with sutureless AVR in minimally invasive surgical setting[6].

  This study provides a comparison between the sutureless Perceval valve and the conventional stented sutured biological valve in an attempt to better define the role of sutureless AVR in the treatment of critical aortic valve stenosis.

   

  METHODS

  This is a retrospective, observational cohort study of consecutive patients with aortic valve disease who underwent AVR with sutureless and conventional bioprostheses between January 2011 and December 2016. During this period, 763 patients underwent AVR with bioprostheses. Of these, 139 received a Perceval sutureless valve (Sorin, Saluggia, Italy) (Group A) and 624 received a Carpentier-Edwards Perimount Magna Ease aortic valve (Edwards Lifesciences, Irvine, CA, USA) (Group B). Group A was further divided into isolated Perceval valve (A1) and Perceval valve combined with coronary artery bypass grafting (CABG) (A2). Similarly, Group B was further divided into isolated Perimount magna ease (B1) and Perimount magna ease with CABG (B2). All patients were operated upon by one of six different surgeons at our institution. Preoperative characteristics and postoperative data of all these patients were studied retrospectively and Group A was compared with Group B.

  If the patients had indications for AVR and wished to have a biological valve, they were given a Perceval valve, provided they had no contraindications. Although the age range of our patients for Perceval valve is 47-86 years old, very few young patients (<60 years old) had Perceval valve, as it is evident from mean and median age. Most of the young patients had a combination of bicuspid and early degenerative aortic valve stenosis. We totally respected our patient's wishes, if they preferred to have tissue valve, we provided them with Perceval valve, as long as they fulfilled the criterion.

  For Perceval valve cases, congenital pure bicuspid aortic valves (Sievers type 0) with abnormal sinotubular junction (annulus ratio or aortic annulus greater than 27 mm or lesser than 19 mm) were excluded. Patients with ascending aortic aneurysm or dissection, emergency intervention, acute endocarditis, redo cases and other combined cases (beside AVR+CABG) were also excluded from both groups.

  Statistical Analysis

  The data used in this analysis were extracted from National Adult Cardiac Surgery Audit (NASCA) database. This audit is managed by National Institute for Cardiovascular Outcomes Research (NICOR), with clinical direction and strategy provided by the Society for Cardiothoracic Surgeons (SCTS) and the Project Board. Analysis was performed using MS Excel. Numerical values were compared using an independent t-test, with a two-tailed distribution assuming unequal variances. Categorical variables were compared using Chi-squared χ2 analysis.

  Surgical Technique

  After a full median sternotomy, standard CPB was established by cannulation of the ascending aorta and the right atrium. The heart was vented through the right superior pulmonary vein or the main pulmonary artery. Antegrade cold blood cardioplegia was used for myocardial protection. Continuous carbon dioxide insufflation was used routinely after sternotomy until closure of the aortotomy. In combined cases, distal end coronary anastomoses were performed before opening the aorta, and proximal end was performed after the cross-clamp is taken off, with the side biter on.

  Perceval Valve

  The ascending aorta was incised transversally 1.5 cm above the sinotubular junction in order to leave a free edge for closure of the aortotomy after implantation of the device. The aortic valve was removed, and the annulus was decalcified in the usual fashion. The aortic orifice was measured with valve manufacturer's sizers.

  Three 4/0 polypropylene guiding sutures were passed through the nadir of the aortic annulus. An appropriately sized prosthesis was collapsed on a side table and placed into the delivery system.

  The three guiding sutures were passed through the three guides arising from the annular ring of the prosthesis, which was consequently seated on the fully debrided annulus. Once the delivery system was in position, the valve was deployed by turning the release screw and leaving the valve in place. The delivery system and guiding sutures were then removed. The field was rinsed with warm saline, and the prosthesis was dilated at four atmospheres for 30 seconds.

  Perimount Magna Valve

  A transverse aortotomy was made 2 cm above the right coronary artery. Semicontinuous 2/0 Prolene sutures or interrupted non-pledgeted Ethibond sutures were used to stitch the aortic valve to the annulus. After closure of the aortotomy, transesophageal echocardiography was performed to assess the correct implantation of the prosthesis and the presence of any paravalvular leak.

   

  RESULTS

  Preoperative patient characteristics are outlined in Tables 1 and 2.
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  There was no difference between Groups A and B in history of preoperative renal impairment or pulmonary disease. Group A had more female patients (A=53% vs. B=32%; P<0.0001) and patients with hypertension (76% vs. 67%; P=0.03) and neurological dysfunction (18% vs. 11%; P=0.03). Also, Group A had more patients with angina (90% vs. 49%; P=0.001), dyspnoea (91% vs. 80%; P=0.002), and preoperative atrial fibrillation (AF) (20% vs. 13%; P=0.03). In Group A, patients were older (range: 47-86 years old, mean 74 vs. range 34-91, mean 71; P=0.0001) and had a higher logistic EuroSCORE (3.26 vs. 2.43; P=0.001).

  Intraoperative and early postoperative variables are summarized in Tables 3 and 4. Cross-clamp (range 21-114 min, mean 40 min vs. range 24-164 min, mean 57 min; P<0.0001) and bypass times (range 25-172 min, mean 63 min vs. range 19-285 min, mean 80 min; P=0.002) were shorter in the isolated Perceval valve group (Group A1) compared to the isolated conventional valve group (Group B1). When A2 (Perceval valve + CABG) was compared with B2 (conventional valve + CABG), A2 had a shorter cross-clamp time (range 28-127 min, mean 68 min vs. range 40-177, mean 78 min; P=0.02), but no significant difference was found in bypass time (range 38-403 min, mean 107 min vs. range 60-280 min, mean 112 min; P=0.51).
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  The mean gradient across Perceval valve was found to be higher for the smaller valves and lower for the larger valves. It ranges from 6-18 mmHg and its mean value was 12.5 mmHg. Similarly, its effective orifice area (EOA) varies according to the valve sizes, but its mean value was 1.5 cm2.

  The incidence of complications over the early postoperative course is depicted in Table 5. In this study, we used first 12 hours drainage, as traditionally first 12 hours drainage is recorded in NASCA database and it is easy to retrieve. Most of the time it is the total drainage, but not always.
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  Isolated Perceval group (Group A1) had less bleeding in first 12 hours compared to the isolated conventional valve group (Group B1) (range 50-2000 ml, mean 295 ml vs. range 100-2725 ml, mean 393 ml; P=0.002), but there was no significant difference when A2 (Perceval valve + CABG) was compared with B2 (conventional valve + CABG) (range 50-1200 ml, mean 457 ml vs. range 100-2825 ml, mean 485 ml; = 0.58). There were more patients reoperated for bleeding or tamponade in Group B than in Group A (2.1% vs. 6.7%; P=0.04). There was no significant difference in postoperative neurological dysfunction, renal impairment, AF, permanent pacemaker requirement, or mortality.

   

  DISCUSSION

  New scientific and technologic achievements have allowed a continuous decrease in mortality and morbidity for AVR, in spite of the more complex and elderly patients being referred for surgery. The primary goal of AVR is to alleviate the pressure overload on the left ventricle and to allow regression as well as remodelling of the left ventricular mass. A smaller-sized prosthetic valve may result in so-called PPM.

  Therefore, different options have been proposed for patients with small aortic root presenting for AVR, i.e.: stentless valves, aortic root enlargement, and even complete aortic root replacement. However, all these options are technically more complex and take a longer operating time. Hence, they have not been popular with surgeons.

  Magovern et al.[7] introduced the concept of sutureless aortic valve in the 1960s with a ball-cage-type mechanical valve for sutureless implantation. It had its own disadvantages, i.e.: high incidence of paravalvular leaks, bulky size and it was not suitable for small annuli[8]. There was a high incidence of thromboembolism (42%) and reoperation (16%). This valve continued to be used however until 1980.

  The introduction of sutureless bioprostheses in the last decade offered a unique therapeutic opportunity given the possibility to potentially yield the advantages of a traditional surgical valve replacement (as the native valve can be fully excised) and a transcatheter approach (as it can be rapidly implanted). Moreover, aortic cross-clamp and total cardiopulmonary times are also reduced.

  Therefore, the aim of the current study was to analyse and compare the early clinical outcomes of conventional AVR with a sutureless valve prosthesis.

  Shrestha et al.[9] highlighted the advantages of sutureless valves for geriatric patients with small aortic roots. They showed that Perceval sutureless valve implants are associated with shorter cross-clamp and CPB times compared to conventional biological valves, even though most of these patients were operated on via minimally invasive access.

  Moreover, due to the absence of a sewing ring, these valves have favourable EOA and haemodynamics for any given size. This may potentially result in better haemodynamics even without root enlargement in small annular sizes.

  Gilmanov et al.[10] reviewed 515 patients undergoing primary AVR through a right anterior mini-thoracotomy (269 conventional vs. 246 sutureless prostheses). They showed that the use of Perceval sutureless valve had shorter cross-clamp, bypass, and mechanical ventilation times. Pollari et al.[11] studied 566 patients who underwent AVR with bioprostheses. Of these, 166 received a sutureless valve and 400 received a stented valve. Aortic cross-clamp and CPB times were significantly shorter in the sutureless group. Patients from the sutureless group required blood transfusion less frequently and had shorter intensive care unit (ICU) stay, hospital stay, and intubation time.

  A shorter procedural time in the sutureless group is associated with better clinical outcomes and reduced hospital costs. Dalén et al.[12] compared 182 patients who underwent a ministernotomy with a sutureless bioprosthesis and 383 patients who had full sternotomy with a stented bioprosthesis. They concluded that sutureless bioprostheses were associated with shorter aortic cross-clamp and CPB times and less blood transfusion.

  In our study, the Perceval valve group had lower incidence of total drainage and re-exploration rate. We think it happens because of a short bypass time. We have clearly shown that Perceval valve patients have shorter cross-clamp and bypass times and lower incidence of postoperative bleeding, but longer ICU stay (not statistically significant). We think that if these patients had had a traditional Perimount Magna Ease valve, they might have had a potentially longer ICU stay. It is only an assumption, but we need to do a randomised control trial to prove it.

  Additionally, in our study, patients with isolated AVR with Perceval valve spent 3.4 days (mean) and 1 day (median) in ICU. Gilmanov et al.[10] observed the same ICU stay as 1 day (median). In other studies, ICU stay was not very different, i.e.: Shrestha et al.[9] (1.8±1.8 days), Pollari et al.[11] (2±1.2 days), and Dalén et al.[12] (2.4±2.4 days).

  Our results correlated well with those from Shrestha et al.[9] and Gilmanov et al.[10], although they operated on small aortic root and through right mini-thoracotomy, respectively. Pollari et al.[11] also had shorter cross-clamp and bypass times like us, but contrary to our study, their ICU stay was shorter in the Perceval group. Our results also matched those from Dalén et al.[12], but they showed less blood transfusion, which we did not.

  Our cumulative cross-clamp (CCC) and cumulative bypass (CBP) times for isolated AVR with Perceval valve match quite well with those from previous studies. Our mean CCC & CBP times are 40 and 63 minutes, respectively. The same times for Shrestha et al.[9] were 30.1±9.0/58.7±20.9 minutes, although most of these patients were operated on via minimally invasive access. Pollari et al.[11] reported CCC & CBP times of 35±12 and 71±11 minutes, respectively, but they also included some redo cases. CCC & CBP times for Dalen et al.[12] were 40±15 and 69±20 minutes, respectively, although they performed their surgeries via ministernotomy. Gilmanov et al.[10] implanted Perceval valve through right mini-thoracotomy and their median CCC & CBP times were 56 and 90 minutes, respectively. All these studies, including ours, showed shorter CCC & CBP times compared to conventional biological valve and this difference was statistically significant. Prolonged aortic cross-clamp time significantly correlates with major postoperative morbidity and mortality in both low- and high-risk cardiac surgery patients. This effect increases with prolonged cross-clamp time[13]. Al-Sarraf et al.[13] have shown that by using cross-clamp time as a continuous variable, an incremental increase of 1 min interval in cross-clamp time was associated with a 2% increase in mortality in both low- and high-risk groups. In addition, high-risk patient populations such as those with diabetes or depressed left ventricular ejection fraction (LVEF) were found to benefit the most from a reduction in aortic cross-clamp time[14].

  Our mean pressure gradients (MPG) and EOA were comparable with the values reported in literature for Perceval valves. Folliguet et al.[15] (10.4±4.3 mmHg), Santarpino et al.[16] (13.4±2.8 mmHg), Flameng et al.[17] (11 range 5-28 mmHg), D'Onofrio et al.[18] (10.95±3.72 mmHg), and the Cavalier Trial[19] (10.24 mmHg) reported pre-discharge MPG, while Shrestha et al.[9] discussed 12-month follow-up data (10±5 mmHg). Our EOA was also compatible with the Cavalier study results[19] (1.46 cm2).

  In our study, the Perceval group includes older patients, more women, and more comorbidities, as evident by a higher logistic EuroSCORE. Although their postoperative drainage is lower, because of more comorbidities and for being sicker, they spent more time in ICU, but this difference was not statistically significant. Moreover, higher logistic EuroSCORE was not reflected in a higher mortality, as the difference was not statistically significant. Maybe the factor of a higher comorbidity was buffered by a shorter cross-clamp time.

  Limitations

  This study carries all the limitations that a retrospective analysis design implies. Patients in the sutureless group were operated upon more recently than the majority of those receiving conventional valves. Propensity matching is not performed which could have provided more accurate comparison.

   

  CONCLUSION

  Despite the limits of its retrospective design, this study represents the largest single-center comparison between Perceval sutureless valve and conventional bioprostheses for AVR. We observed that in our study of 763 patients, sutureless valve group patients are older, mostly women, more symptomatic, and have higher logistic EuroSCORE. Despite this, those operated on with the Perceval valve showed shorter cross-clamp and bypass times, less postoperative bleeding, and a reduced incidence of reopening. Further studies are needed to evaluate the clinical benefits in short, mid and long-terms.
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    ABSTRACT

    OBJECTIVE: The aim of this study was to investigate the impact of perioperative administration of N-acetylcysteine, selenium and vitamin C on the incidence and outcomes of acute kidney injury after off-pump coronary bypass graft surgery.

    METHODS: 291 patients requiring elective off-pump coronary bypass graft surgery were randomized to receive either N-acetylcysteine, vitamin C and selenium 600 mg, 1500 mg, 0.5 mg, and nothing orally twice a day, respectively, from the day before to 2 days after surgery. They were assessed for the development of acute kidney injury using Acute Kidney Injury Network criteria, time of onset, its severity and duration, duration of mechanical ventilation, intensive care unit and hospital length of stay, and in-hospital mortality.

    RESULTS: 272 patients completed the study. The total incidence of acute kidney injury was 22.1% (n=60) with 14 (20.9%), 15 (22.1%), 21 (31.8%), and 10 (14.1%) patients in the vitamin C, NAC, selenium, and control groups, respectively (P=0.096). We did not register significant differences in the incidence, the time of occurrence, the severity and the duration of acute kidney injury, as well as the duration of mechanical ventilation, the intensive care unit and hospital length of stay, and the in-hospital mortality among the four groups.

    CONCLUSION: We found that perioperative administration of N-acetylcysteine, vitamin C and selenium were not effective in preventing acute kidney injury and associated morbidity and mortality after off-pump coronary bypass graft surgery.

    Keywords: Acetylcysteine; Selenium; Ascorbic Acid; Acute Kidney Injury; Coronary Artery Bypass, Off-pump.

  

   

   

  INTRODUCTION

  Acute kidney injury (AKI) is frequently seen after cardiac surgery with dramatically increased mortality and morbidity. Cardiac surgery is the second most common cause of AKI in intensive care units (ICU)[1]. The incidence has been reported 0.3% to 29.7%, depending on the definition and the population under study[2,3], with 1.2-3% requiring renal replacement therapy (RRT) that further increases mortality[4-6].

  A number of measures have been proposed to prevent the development of AKI, including maintenance of intravascular volume and adequate perfusion, and avoidance of nephrotoxic drugs[7].

  Several drugs, including calcium channel blockers[8-10], and statins[11,12] have been used to prevent AKI after cardiac surgery, but with controversial results.

  Prevention of oxidative stress by antioxidants can help prevent kidney damage[13]. The beneficial role of antioxidants in prevention of AKI in different scenarios has been demonstrated in animal models[14-17] and human models[18]. However, its effectiveness in preventing AKI following cardiac surgery has not been established[19-21].

  The purpose of this clinical trial was to investigate the role of N-acetylcysteine (NAC), vitamin C, and selenium in prevention of AKI following off-pump coronary artery bypass graft surgery (CABG). The primary outcome was to explore the incidence of AKI. Secondary outcomes included comparing AKI severity, time of occurrence and duration of AKI, need for RRT, duration of mechanical ventilation, ICU and hospital length of stay (LOS), and related in-hospital mortality among the four groups.

   

  METHODS

  After obtaining approval from the university's Committee of Ethics and written informed consent, 291 adult patients with New York Heart Association (NYHA) class of I-III undergoing elective off-pump CABG at a teaching hospital were recruited for this clinical trial. Exclusion criteria were change from off-pump to on-pump surgery, known drug allergy, history of chronic obstructive pulmonary disease (COPD), anemia, congestive heart failure (CHF), active sepsis, preoperative ejection fraction lower than 40%, preoperative creatinine above 1.3 mg/dL, use of any nephrotoxic drugs within the last week, coronary angiography within the last 2 days, intraoperative transfusion of more than 2 units of red blood cells (RBC), perioperative use of intra-aortic balloon counterpulsation (IABP), perioperative requirement for high-dose vasopressors (defined as the use of two or more drugs to maintain adequate mean arterial pressure and perfusion, i.e. epinephrine or norepinephrine above 0.5 µg/kg/min, dobutamine or dopamine more than 20 µg/kg/min), and any intraoperative life-threatening events such as fatal arrhythmias, excessive bleeding, or desaturation.

  Using a computer-based randomization method, patients received either selenium (n=72), vitamin C (n=73), NAC (n=73), or nothing (n=73). Patients in the selenium, vitamin C, and NAC groups received 0.5 mg, 1500 mg, and 600 mg tablets, respectively, twice a day, from 24 hours before the operation until two postoperative days.

  Patients underwent standard intravenous anesthesia and were transferred to ICU for post-cardiac surgery for further monitoring and recovery, where they were under a standard monitoring and meticulous observation of a single intensive and critical care residents and fellows per shift to maintain adequate cerebral, cardiovascular, pulmonary, and renal function. A protocolized goal-directed fluid therapy with normal saline solution was conducted to achieve a mean arterial pressure (MAP) greater than 70 mmHg, lactate less than 2 mmol/L, central venous oxygen saturation (ScVO2) greater than 70%, and urine output greater than 1 mL/kg/hour. RBCs were transfused if hemoglobin level (Hb) was less than 8 g/dL, or Hb less than 10 mmHg in case of lactate > 4 mmol/L, ScVO2 < 70%, or requiring vasopressors or inotropes to keep MAP > 70 mmHg.

  A protocolized intravenous paracetamol and fentanyl were used to control postoperative pain. Patients were under mechanical ventilation after entering ICU with synchronized intermittent mandatory ventilation (SIMV) and pressure support (PS) mode and weaned and extubated according to a standard weaning protocol.

  Complete blood count (CBC), blood sugar (BS), sodium (Na), potassium (K), magnesium (Mg), urea, creatinine (Cr), albumin, calcium (Ca) and phosphorus were measured preoperatively. Arterial blood gases, BS, Na, K, Ca, lactate, ScVO2, and CBC were measured postoperatively in the first 24 hours as needed. BS, urea, Cr, Na, K and CBC were measured daily after the operation. Urine output was measured per hour during ICU stay.

  AKI was diagnosed and scored based on Acute Kidney Injury Network (AKIN), defined as a serum Cr increase of 0.3 mg/dL or ≥ 1.5 times baseline within 48 hours (Table 1) (www.akinet.org).
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  The estimated glomerular filtration rate (eGFR) was calculated with the Cockroft-Gault equation assuming kidney function in steady-state[22]. Duration (recovery) of AKI was defined as return of creatinine or glomerular filtration rate to baseline. Patients underwent RRT in case of refractory acid-base and electrolyte disorders, signs of hypervolemia or loss of consciousness attributable to hyperuremia.

  Patients were discharged from ICU if they were conscious, hemodynamically stable with acceptable oxygenation and ventilation (PaO2/FiO2 > 200, PaCO2=35-50 mmHg), no life-threatening arrhythmias, no active bleeding, electrolyte disorders, delirium, severe anemia (Hb < 8 g/dL), and after removal of the pericardial drain.

  The study was registered at Iran Registry of Clinical Trials under number IRCT2015021621098N1.

  Statistical Analysis

  The sample size was calculated based on the study of Adabag et al.[23] as 64 cases in each group. The sample size was increased to 292 to compensate a missing of 10%-15%.

  Statistical analysis was performed using SPSS® version 16 (IBM SPSS, Chicago, IL, USA). Means and standard deviation were used for normal distribution variables and median and interquartile range for otherwise. Frequencies and percentages were used for categorical variables. The ANOVA test was used to compare variables among groups. Chi-square test or Fisher's exact test was used for categorical variables. Statistical significance was considered as P<0.05.

   

  RESULTS

  Two hundred and seventy-two patients completed the study with a mean age of 59.35±9.88 (ranging from 29 to 83) years. Of these, there were 180 males and 92 females. Two patients in the vitamin C and NAC groups were excluded for excessive bleeding and receiving more than 2 units of RBCs. One patient in the selenium group received NAC for respiratory problems. Five patients were excluded due to changing off-pump to on-pump technique intraoperatively. Eight patients received IABP intraoperatively because of hemodynamic compromise. Finally, three patients underwent on-pump CABG and received IABP simultaneously (Figure 1).
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  Patients were similar in relation to demographic data, comorbidities, European System for Cardiac Operative Risk Evaluation (EuroSCORE) II, cardiovascular status, baseline creatinine and eGFR (Table 2). There were no significant differences among the patients regarding the duration of surgery (4.05±0.79, 4.35±0.84, 4.17±0.82, 4.21±0.95 hours; P=0.225), number of grafts (3.29±0.51, 3.19±0.71, 3.25±0.76, and 3.08±0.69; P=0.314), units of RBC transfusion (0.68±0.66, 0.84±0.58, 0.78±0.71, and 0.58±0.71; P=0.114) and administered colloids (161.54±307.55, 224.26±296.55, 208.96±277.28, and 169.01±315.59; P=0.555) in the selenium, NAC, vitamin C, and control groups, respectively.
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  Based on AKIN criteria, AKI was seen in 60 (22.1%) patients with no significant difference in incidence, severity, duration, and day of occurrence of AKI among the four groups (Table 3).

  
    

    [image: Table 3. Frequency and characteristics of AKI based on AKIN criteria.]

  

  The mean overall duration of mechanical ventilation was 12.53±81.62 hours, with median of 5 hours. Ventilation times were 7.33±6.02, 10.68±27.15, 5.90±3.13, and 25.36±157.5 hours in the vitamin C, NAC, selenium and control groups, respectively (P=0.429). The mean overall ICU LOS was 2.66±3.87 days with a median of 2 days. The ICU LOS in the vitamin C, NAC, selenium and control groups was 2.36±0.86, 2.57±1.50, 2.30±0.78, and 3.20±7.36 days, respectively (P=0.207).

  The overall mean hospital LOS was 6.45±4.17 days with a median of 6 days. Mean hospital LOS were 6.06±1.32, 6.57±2.70, 6.11±1.43, and 7.01±7.50 days in the vitamin C, NAC, selenium and control groups, respectively (P=0.970).

  In-hospital mortality occurred in 4 (1.47%) patients, including 2 (3%), 1 (1.5%), 1 (1.5%), and zero cases in the vitamin C, NAC, selenium and control groups, respectively (P=0.548).

   

  DISCUSSION

  Our study revealed that perioperative use of vitamin C, NAC, or selenium did not affect the occurrence of AKI and associated mortality and morbidity after off-pump CABG.

  The protective effect of selenium for AKI has been proposed for its antioxidant effects[19]. Shanu et al.[20] proposed that selenium could have therapeutic effects in AKI after rhabdomyolysis in the animal model. However, their findings were inconclusive. We did not find any protective effects in our study. As far as we know, there is no studies exploring the efficacy of selenium in prevention of AKI following cardiac surgery in humans.

  Although we used NAC in off-pump low-risk patients, our results are consistent with other reports that suggested NAC was not effective in reducing AKI in high-risk patients undergoing on-pump[23-25] and off- pump CABG[26]. In contrast, a meta-analysis investigating the impact of NAC, vitamin C and polyunsaturated fatty acids (PUFA) on prevention of AKI after cardiac surgery revealed that only NAC was effective[27]. Furthermore, in a recent study, Savluk et al.[28] reported that the prophylactic use of intravenous NAC had a protective effect on renal function in patients undergoing CABG using cardiopulmonary bypass (CPB) with pre-existing moderate renal failure. Use of CPB and pre-existing renal insufficiency might explain this difference and NAC may be effective in especial group of patients undergoing cardiac surgery.

  The administration of vitamin C in the prevention of contrast-induced nephropathy (CIN) after coronary angiography has been associated with different results[29,30]. We could not show any benefit of vitamin C in reducing the incidence of AKI. Nephrotoxicity in CIN versus hypoperfusion in CABG as proposed mechanisms for the development of AKI can explain the difference.

  None of our patients required RRT during hospitalization. This can be attributed to the inclusion of low-risk patients, low-risk surgery, and low severity of AKI in our patients.

  Our study had a few limitations as well. First, we used oral forms of the drugs with different bioavailability from parenteral forms because of high cost and resource limitations in our institution. Second, our patients were at low risk for AKI and underwent CABG without CPB. Therefore, our results cannot be extrapolated to high-risk patients or those undergoing on-pump CABG. Third, we did not use urine output for diagnosis of AKI that might lose some cases according to the existing definitions. Forth, we did not measure hemoglobin A1C to differentiate poor from well-controlled diabetes in both diabetics and non-diabetics that can affect the development of AKI as reported by Kocogulları et al.[31], suggesting an association between preoperative level of Hb A1C and development of AKI in non-diabetics.

  In conclusion, we found that perioperative administration of NAC, vitamin C or selenium could not reduce the incidence of AKI and its associated mortality and morbidity in patients undergoing off-pump CABG.
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    ABSTRACT

    OBJECTIVE: The aim of this study was to evaluate early clinical outcomes and echocardiographic measurements of the left ventricle in patients who underwent left ventricular aneurysm repair using two different techniques associated to myocardial revascularization.

    METHODS: Eighty-nine patients (74 males, 15 females; mean age 58±8.4 years; range: 41 to 80 years) underwent post-infarction left ventricular aneurysm repair and myocardial revascularization performed between 1996 and 2016. Ventricular reconstruction was performed using endoventricular circular patch plasty (Dor procedure) (n=48; group A) or linear repair technique (n=41; group B).

    RESULTS: Multi-vessel disease in 55 (61.7%) and isolated left anterior descending (LAD) disease in 34 (38.2%) patients were identified. Five (5.6%) patients underwent aneurysmectomy alone, while the remaining 84 (94.3%) patients had aneurysmectomy with bypass. The mean number of grafts per patient was 2.1±1.2 with the Dor procedure and 2.9±1.3 with the linear repair technique. In-hospital mortality occurred in 4.1% and 7.3% in group A and group B, respectively (P>0.05).

    CONCLUSION: The results of our study demonstrate that post-infarction left ventricular aneurysm repair can be performed with both techniques with acceptable surgical risk and with satisfactory hemodynamic improvement.

    Keywords: Heart Ventricles/Surgery; Heart Aneurysm; Myocardial Revascularization; Coronary Artery Bypass; Cardiac Surgical Procedures/Methods.

  

   

   

  INTRODUCTION

  Other than very rare etiological causes, such as cardiomyopathy, trauma and syphilis, ventricle aneurysms occur following ischemic heart diseases, particularly transmural myocardial infarction. While they can occur immediately after acute myocardial infarction, they can also arise weeks or months later and are frequently seen in the anteroapical, apical and septal regions. Aneurysms occur in 3.5 to 38% of the cases due to insufficient replacement of necrotic myocardial tissue after acute transmural myocardial infarction with scar tissue in about six weeks[1-4]. Aneurysm disrupts the normal ellipsoid geometrical structure of the left ventricle (LV), leading to a dilated spherical ventricle with limited contractility and filling capacity[5-7]. The clinical presentation is usually congestive heart failure, angina pectoris, treatment-resistant ventricular arrhythmias, and arterial embolization[8]. The addition of coronary revascularization to the surgical treatment of the LV aneurysms improves the surgical outcome in these patients[9,10].

  The main goal of surgery in the LV aneurysms is to remove the scar tissue to maintain the normal filling volume and the geometric configuration of the ventricle, to prevent excessive filling in the diastole, and to remove the contractile paradox movement of the ventricle wall along the systole, thereby, fixing the function of the LV[11,12].

  The aim of this study was to compare surgical techniques in patients who underwent ventricular aneurysm repair and/or myocardial revascularization, and to evaluate early and late stage clinical outcomes of surgery with echocardiographic findings of the LV.

   

  METHODS

  An approval was obtained from the local Ethics Committee for this study. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.

  Surgical outcomes, pre- and postoperative clinical data and clinical outcomes at one year after the procedure, and echocardiography results of 89 patients who underwent post-infarction LV aneurysm repair and myocardial revascularization were retrospectively analyzed based on the inpatient clinical follow-up results. Patients underwent surgical techniques other than Dor procedure and linear repair were excluded. All patients were evaluated in terms of age, sex, angina intensity, functional capacity, LV ejection fraction (LVEF), number of coronary lesions, aneurysm location, aneurysm repair technique, comorbidities and morbidity and mortality rates. The outcomes of the applied ventricular aneurysm repair technique were statistically analyzed.

  Coronary artery stenosis and anatomy were evaluated using coronary angiography and a coronary luminal stenosis ≥ 50% was considered significant, and bypass was performed. Left ventricular reconstruction was performed with endoventricular circular patch plasty (EVCPP) (Dor procedure) or linear repair technique. Pre- and postoperative 1-, 2-, 6-, and 12-month clinical outcomes of the patients (mean: 12.9±3.8 months), echocardiographic LVEF measurements, end-systolic and end-diastolic volumes and diameters were recorded. Based on the surgical technique used, Dor procedure patients were assigned to group A (n = 48), while those who underwent linear repair were assigned to group B (n = 41).

  Angina intensity was based on the Canadian Cardiovascular Society (CCS) classification and functional capacity was based on the New York Heart Association (NYHA) classification.

  All patients were operated under general anesthesia (fentanyl, midazolam, sodium thiopental, sevoflurane, lidocaine hydrochloride). In all patients, after induction of anesthesia, a triple-lumen venous catheter was placed into the internal jugular vein and electrocardiography (ECG) was performed; the patient was monitored for systemic and central venous pressure. Routine median sternotomy was performed in all patients. The left internal mammary artery (LIMA), the radial artery or saphenous vein graft were used. In patients who did not required an additional surgical procedure (i.e., valve replacement), aortocaval cannulation was performed. Cardiopulmonary bypass was performed, and cross-clamp was placed. To protect the myocardium, systemic and additional hypothermia was established with cold crystalloid potassium cardioplegia. Reperfusions were performed with cold blood cardioplegia every 20 min. Before opening the aortic clamp, reperfusion was performed with low potassium warm blood cardioplegia. The patient's body temperature was maintained between 28 and 32º C. Distal anastomoses of coronary lesions other than LIMA to left anterior descending (LAD) artery anastomoses were completed.

  The decision on which technique to use in the repair was based on the size of the aneurysm during surgery and on the extent of the scar tissue. In the case of smaller lesions without a marked aneurysmal sac, linear repair was preferred, whereas endoaneurysmorrhaphy was performed in case of larger lesions with a marked neck and fibrotic sac.

  In patients who underwent surgery with the Dor technique, a vertical incision was made in the anterior wall towards 2 to 3 cm lateral from the LAD artery to reach the aneurysmal sac. Once the aneurysm was opened and the aneurysm wall and, if present, the thrombus was removed, and a Dacron patch fitting to the alive and scar tissue margins was prepared. After the diastolic volume was measured with a balloon, the ventricular diastolic cavity was measured and the patch was implanted to the fibrous tissue at the border using 3/0 propylene continuous suture (Figure 1). The ventriculotomy margins on the ventricular wall were closed using two Teflon felts 1 to 2 cm wide and 6 to 7 cm long and with 2/0 propylene to retrace all layers. In patients who underwent surgery with linear repair technique, the aneurysmal sac was opened and the LAD artery was preserved and, then the thrombus was removed, if present. While paying attention not to reduce the ventricular cavity, the aneurysmal wall was resected to preserve the scar tissue (Figure 2). The aneurysmal tissue was closed with 2/0 Ethicon U stitches reinforced by two long Teflon patches. Mannequin balloon was used for measurement of the left ventricular volume in both groups. The balloon was inserted into the left ventricular cavity and the left ventricular balloon was inflated with normal saline as 40 cc/m2.
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  Based on the hemodynamics of each patient, medical treatment was prescribed. An intra-aortic balloon pump (IABP) was inserted in the patients with borderline ventricular functions. Once the patients woke up after about 3 to 6 hours, they were extubated on postoperative day 1 and were transferred to the ward on day 2. All patients routinely received acetylsalicylic acid 300 mg and warfarin 5 mg. Dose adjustment was made to maintain the International Normalized Ratio (INR) value between 2 and 2.5. The patients discharged on days 7 to 10 were scheduled for outpatient follow-up visits on day 10, at 1, 2, 6 and 12 months.

  Statistical Analysis

  Statistical analysis was performed using SPSS version 20.0 software (IBM Corp., Armonk, NY, USA). Descriptive data were expressed as arithmetic mean and standard deviation. The independent Student's t-test was used to compare the variables between groups. The echocardiographic results were compared using the paired samples t-test. The Wilcoxon paired comparison test was used to compare the pre- and postoperative angina intensity and functional capacity. A P value of < 0.05 was considered statistically significant.

   

  RESULTS

  Of the patients in group A, eight (16.7%) were female and 40 (83.3%) male, while in group B, seven (17.1%) were female and 34 (83%) male. The mean age of patients in group A was 59.6±7.3 years, while the mean age of patients in group B was 58.9±7.3 years.

  Demographic and baseline clinical characteristics of the patients are shown in Table 1.
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  The mean preoperative LVEF value was 38±6% (range: 27 to 54%). The mean LV end-diastolic diameter (LVEDD) and volume were 61.9±6.7 mm and 142.0±2.1 mL/m2, respectively. The mean LV end-systolic diameter (LVESD) and volume were 49.5±5.8 mm and 109.1±2.1 mL/m2, respectively. The mean preoperative CCS was 3.0±0.8, while the mean NYHA was 2.5±0.6. Total occlusion of LAD artery was observed in 61 (68%) patients. Based on the echocardiographic findings, 22 (25%) patients presented thrombus in the LV aneurysmal sac.

  Aneurysm localization was apical in 70 (79%), apicoanterolateral in 13 (15%), anterolateral in three (3%), and posterobasal in two (2%) patients. Five (6%) patients had coronary lesion that did not require surgery. In addition, 39 (44%) patients presented a singular vascular lesion, while 45 (50%) had multiple vascular lesions.

  The mean preoperative European System for Cardiac Operative Risk Evaluation (EuroSCORE) score was 5.6±2.4 (range: 1 to 16). The mean preoperative EuroSCORE was 5.2±4.0 in group A and 4.5±3.1 in group B. The primary indication for surgery was angina in 51 (57%) patients (CCS Class III-IV) and dyspnea in 44 (49%) (NYHA Functional Class III-IV). While the complaints of the patients in group A at the time of admission were NYHA (Class I-II) in 24 (50%) patients and NYHA (Class III-IV) in 24 (50%), these were NYHA (Class I-II) in 21 (50%) patients and NYHA (Class III-IV) in 20 (49%) in group B. Nine (19%) patients in group A and two (5%) in group B were in CCS Class I-II. However, 39 (81%) patients in group A and 39 (95%) in group B were in CCS Class III-IV.

  Preoperative echocardiography revealed that 20 (42%) patients in group A and 11 (27%) in group B presented an ejection fraction < 35%. The mean values were 37.1±6.4% in group A and 40.3±6.4% in group B. The mean LVEDD was 62.7±7.0 mm in group A and 61.6±6.4 mm in group B, whereas mean LVESD was 49.6±6.2 mm in group A and 49.4±5.5 in group B. In addition, mean LVESV and left ventricular end-diastolic volume (LVEDV) in group A was 143±20.9 mL/m2 and 108.6±20.9 in group A, while in group B, these values were 140.8±21.9 and 109.7±22.9, respectively. Based on the echocardiographic findings of patients in group A, LV function was akinetic in 67% of the patients (n=32) and dyskinetic in 33% (n=16). In group B, these values were 51% (n=21) and 49% (n=20), respectively. The number of grafts per patient was 2.1±1.2 in group A and 2.9±1.3 in group B. Additionally, in group B, wrapping of the ascending aorta was performed in one patient, and mitral valve replacement was performed in another. In group A, mitral valve replacement was performed in two patients, septoplasty in one patient, atrial septal defect primary repair in one patient, and the Bentall procedure in two patients. The mean cross-clamp time was 74.8±29.1 min in group A and 62.8±19.6 min in group B. In addition, cross-clamping took more than 80 min in 18 (38%) patients in group A and seven (17%) in group B. The mean total bypass duration in group A was 118.9±48.1 min and 84.9±16.2 in group B. Total bypass took more than 120 min in 19 (40%) patients in group A and two (95%) in group B (Tables 2 and 3).
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  The echocardiographic and clinical postoperative and one-year follow-up results of the patients were as follows: echocardiographic studies showed significant postoperative improvement in LV functions in both groups (P<0.05). The mean LVEF values were 41.0±4.6% in group A and 43.8±6.7% in group B (Table 4). In particular, LV systolic functions improved more in the patients who underwent Dor procedure. In the Dor procedure and linear repair groups, the mean preoperative NYHA classification were 2.5±0.6 and 2.5±0.5, respectively, and it increased to 1.8±0.7 and 1.9±0.5, respectively (P<0.001). The preoperative CCS classification were 3.12±0.84 and 3.21±0.85 respectively, and became 1.1±0.3 and 1.3±0.4 in the follow-up (P<0.001). In our clinical follow-ups, there was a significant improvement in angina symptoms and there were no differences between the groups (P>0.05). However, it was found that EVCPP more significantly improved patients' functional capacity (P<0.001). The mean postoperative LVEDD was 62.7±7.0 mm in group A and 61.6±6.4 in group B (P<0.001). The mean postoperative LVESD was 49.6±6.2 in group A and 49.4±5.5 in group B (P<0.001). The mean postoperative LVESV and LVEDV values were 86.6±21 and 50.0±9.8 mL/m2 in patients who underwent Dor procedure and 86.3±14.1 and 56.4±8.7 in the linear repair group, respectively (P<0.001).
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  Postoperative medical treatment that was administered to our patients was similar to the preoperative treatment protocol. Accordingly, in the Dor procedure group and linear repair group, the rate of beta-blocker use was 80% (n=38) and 83% (n=34), respectively, the rate of Ca-channel blocker use was 31% (n=15) and 49% (n=20), respectively, the rate of angiotensin converting enzyme (ACE) use was 56% (n=27) and 44% (n=18), respectively, the rate of digitalis use was 21% (n=10) and 17% (n=7), respectively, and the rate of diuretic use was 41% (n=20) and 34% (n=14), respectively.

  In the outpatient clinic follow-up of the patients, particularly in the Dor procedure group, it was found that digitalis and diuretic use decreased over time. Early in-hospital mortality was seen in one (2%) patient in group A and two (4%) in group B, due to low cardiac output. The mean preoperative LVEF was lower than 30% in the latter cases and, despite intense inotropic and IABP support in the postoperative period, both died due to LV failure on days 2 and 4 after surgery. During follow-up, one patient from each group died in the late stage. These patients were elderly and had multiple comorbidities. The total mortality rate was 5.6% (n=5). After surgery, six (12.5%) patients in group A and two (5%) in group B required IABP and inotropic support due to low cardiac output in the intensive care unit. Twelve (25%) patients in group A and 16 (39%) in group B developed postoperative arrhythmia. In case of use of IABP and postoperative arrhythmia were statistically significant (P=0.011, P=0.008, respectively). Five (10%) patients in group A and three (7%) in group B underwent revision due to hemorrhage. In the early postoperative period, 22 (46%) patients in group A and 15 (37%) in group B received inotropic support (dopamine). There was no statistically significant difference in the in-hospital mortality, inotropic support and revision surgery, and LV aneurysm repair techniques applied (P>0.05) (Table 5).
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  Furthermore, two patients who had postoperative atrial fibrillation (one had chronic paroxysmal atrial fibrillation, and one had mitral valve replacement due to mitral insufficiency) were not eligible for intraoperative rhythm correction. Atrial fibrillation usually developed within the first week of surgery. These patients were referred for consultation to the cardiology department, and amiodarone infusion followed by oral treatment was initiated. Cardioversion was performed in two patients to restore normal sinus rhythm. Except one patient who underwent mitral valve replacement with linear repair, all patients were in sinus rhythm during follow-up, and amiodarone treatment was gradually discontinued. Hemodialysis was also performed in two (5%) patients due to acute kidney failure with borderline baseline creatinine values in the linear repair group. These patients did not require dialysis during follow-up. The mean length of stay in the intensive care unit was 2.7±1.7 (range: 1 to 13) days. In group A, 43 (90%) patients stayed for 1 to 3 days, while 10% stayed for 4 to 5 days. In group B, 39 (95%) patients stayed for 1 to 3 days, while two (5%) stayed for more than four days. In particular, advanced age and the presence of chronic obstructive pulmonary disease increased the length of stay in the intensive care unit. The patients in both groups were discharged after 7 or 10 days after the INR dose was adjusted.

   

  DISCUSSION

  Left ventricular aneurysm formation is the most common mechanical complication of acute myocardial infarction[13]. These aneurysms involve all layers of the ventricular wall, have well-defined borders without ability of contraction, contain fibrotic and calcific tissues, are broad-based, contain 50% thrombus, and can be rarely ruptured[4]. The aneurysm can affect the neighboring normal myocardium and cause irregularities in papillary muscles, thereby causing mitral insufficiency. A mural thrombus is often found in the aneurysmal sac, however, the frequency of clinically detected systemic embolisms is low (2-5%)[4,6]. If aneurysmal tissue forms refractory, recurring, and life-threatening arrhythmias in cooperation with the reentry currents at its junction with the normal myocardium, surgical resection guided by electrophysiological mapping should be preferred[10,14]. In patients with symptomatic coronary artery disease, complete revascularization should be performed to allow the recovery of the neighboring myocardium after restoration of ventricular geometry[9,15].

  Clinical outcomes of LV aneurysms vary depending on the amount of myocardium affected, degree of ventricular distension, and accompanying coronary artery disease[16]. While 5-year survival rate with medical treatment is 8-12% in LV aneurysms, this rate can be increased from 75 to 90% with surgical treatment[17].

  Linear repair and Dor techniques, which are the two most frequently used techniques, have advantages and disadvantages. It is reported that EVCPP technique (Dor procedure) can be applied with low mortality (10%) in cases with akinetic myocardial scar, significantly improves LV function, restores the shape and function of the LV, and thus the outcomes of early and extended follow-up are satisfactory[4,10]. In the study by Shapira et al.[18] in Dor procedure and linear repair technique, it was reported that although both had similar effects on the LV geometry, the Dor procedure caused a higher increase in the LVEF, improved long-term clinical recovery and improved functional capacity.

  In the present study, we evaluated the early clinical results and echocardiographic measurements of the LV in patients who underwent LV aneurysm repair using two different techniques along with myocardial revascularization. Both groups were similar in terms of clinical characteristics, risk factors, indications for operation and additional procedures.

  In the study by Chen et al.[19], patient groups whose LV aneurysm repair was performed using two different techniques were analyzed. There was a significant improvement in the LVEF value in both groups. In the linear repair group, LVEF increased from 26.3±9% to 28.3±7.5%, and in the Dor technique group, the mean LVEF increased from 26.5±7.2% to 32.1±7.7%. Zheng et al.[20] also reported that the mean postoperative EF value increased more in patients who underwent Dor procedure than patients who underwent linear repair. They suggested that this was because Dor procedure preserved the conical shape of the LV and caused a positive remodeling. In the study by Becit et al.[7], the mean preoperative LVEF values in the Dor and linear repair groups were 0.30±0.06% and 0.31±0.07%, respectively, while during follow-up there was a significant improvement to 0.44±0.04% and 0.41±0.04%, respectively. In our patients, this value increased from 37.1±6.4% to 41.0±4.6% in the Dor group (group A), and from 0.3±6.4% to 43.8±6.7% in the linear repair group (group B). Echocardiographic studies also showed significant postoperative improvement in LV functions in both groups. In particular, systolic functions of the LV improved more in patients who underwent Dor procedure (P<0.05).

  The surgical indications for LV aneurysms are angina pectoris, ventricular arrhythmias, dyspnea, and presence of systemic embolism[4,15]. In our study, the primary indication for operation was angina (CCS Class >II) in 88% of the patients, and dyspnea (NYHA functional Class ≥III) in 12% of the patients. Demirkilic et al.[17] reported that the mean functional capacity in the preoperative period was 2.2. In another study, Ismailoglu et al.[15] reported that the mean postoperative NYHA regressed from 2.19±0.75 to 1.23±0.63, and the CCS value regressed from 3.05±1.05 to 1.07±0.27. In the study by Tavakoli et al.[6], the NYHA value decreased from 2.9±1.0 to 1.9±0.4 in the Dor group, whereas it decreased from 2.9±0.8 to 1.7±0.6 in the linear repair group. Similarly, in our patients, the mean preoperative NYHA value was 2.5±0.6 and regressed to 1.8±0.7 in group A and to 1.9±0.5 in group B (P<0.05). In addition, the CCS value of 3.0±0.8 regressed to 1.1±0.3 in group A and to 1.3±0.4 in group B (P<0.05). In all patients, a marked improvement in the postoperative functional capacity and anginal symptoms was detected. However, in the final visit, the NYHA functional capacity was improved in patients who underwent Dor procedure (P<0.05). Kesler et al.[21] evaluated these two techniques in terms of the echocardiographic LV dimension and volume measurements and reported that there were no statistical differences between the outcomes of patch and linear aneurysm repair. In the study by Tavakoli et al.[6], both LVEDV and LVESV decreased at a similar rate following surgery. In our study, the mean LVEDD decreased from 56.2±7.2 mm to 51±6.2 in group A and from 51.4±6.3 mm to 48.3±5.4 mm in group B, and LVESD decreased from 41.4±6.4 mm to 37.7±5.9 mm in group A and from 38.5±5.5 mm to 34.9±5.4 mm in group B. LVEDV regressed from 143±20.9 mL/m2 to 86.6±21 mL/m2 in group A, from 133.8±21.9 mL/m2 to 78.3±14 mL/m2 in group B, while the end systolic volume regressed from 100.4±21 mL/m2 to 58±1 mL/m2 in group A, from 92.7±22.9 mL/m2 to 53.4±8 mL/m2 in group B, and no significant difference was detected between the two groups.

  Coronary artery bypass grafting (CABG) is also an important component of the LV aneurysm surgery, with a revascularization rate of 68 to 100% in the literature[4,22]. Although myocardial revascularization is controversial, many authors agree on the requirement of simultaneous CABG. With the operation in which aneurysmectomy and CABG are performed simultaneously, mortality decreased significantly and long-term survival increased. In the study by Mukaddirov et al.[23], 35% of patients underwent CABG and the mean bypass number was reported as 1.3 grafts in each patient. In the study by Tavakoli et al.[6], CABG was performed in addition to aneurysm repair in 84 patients (29 patients - 85% - in the Dor group and 55 patients - 90% - in the linear repair group). Erdil et al.[9] also reported that the multiple vascular coronary artery disease rate accompanying LV aneurysm was high at 75%. In our study, there were 57 (64%) patients with multiple vascular lesions. We performed CABG in 94% of our patients with a mean graft number of 2.5±1.7. We suggest that complete coronary revascularization with aneurysm surgery can positively affect the long-term surgical outcomes and patients' quality of life. Furthermore, in the early postoperative period, only three (3.3%) patients were lost and only two (2.2%) died at one year of follow-up, and the absence of anginal pain in 93% supports our hypothesis. Zheng et al.[20] also showed that the IABP insertion rate was 5.5% (n=8) in the Dor group and 4.8% (n=17) in the linear repair group, indicating no significant difference between the groups. In our patients, the IABP insertion rate was 12.5% (n=6) in group A and 5% (n=2) in group B.

  Furthermore, independent determinant factors in the long-term survival were defined as LV function, age, unstable angina, and previous history of cardiac surgery by Carrel et al.[24]. Survival rates vary depending on parameters such as sex, presence of diabetes, type and severity of symptoms, location of the aneurysm, extent of coronary artery disease, and complete or incomplete revascularization. It has been known that advanced age, history of ventricular arrhythmia, triple vascular disease, weak LV formation and linear repair of the aneurysm decrease long-term survival rates[10,15]. In the study by Silveira Filho et al.[25], the modified Dor procedure showed consistent LVEF improvements after long-term follow-up. Survival was comparable for all ventricular types and for the modified Dor and ventricular exclusion procedures. The EuroSCORE index is a useful index for the late survival assessment of ventricular restoration techniques. In our study, in the final visit, NYHA functional capacity was improved in patients who underwent Dor procedure (P<0.05).

   

  CONCLUSION

  In conclusion, the results of our study show that LV aneurysm repair can be performed with low mortality and morbidity rates as an isolated CABG, yielding significant improvement in hemodynamic functions compared to medical treatment. In addition, post-infarction LV aneurysms can be repaired using both techniques with acceptable surgical risk and satisfactory early and late stage outcomes, particularly in LV systolic functions and functional capacity of the patient. These results also indicate that if LV restoration is performed particularly with complete coronary revascularization, regional afterload would reduce and ejection performance of the non-infarcted myocardium and cardiac functions would be improved with a significant recovery of the functional capacity.
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    ABSTRACT

    INTRODUCTION: Hypothermic circulatory arrest is widely used for correction of acute type A aortic dissection pathology. We present our experience of 45 consecutive patients operated in our unit with bilateral antegrade cerebral perfusion and moderate hypothermic circulatory arrest.

    METHODS: Between January 2011 and April 2015, 45 consecutive patients were admitted for acute type A aortic dissection and operated emergently under moderate hypothermic circulatory arrest and bilateral antegrade cerebral perfusion. 

    RESULTS: Mean age was 58±11.4 years old. Median circulatory arrest time was 41.5 (30-54) minutes while the 30-day mortality and postoperative permanent neurological deficits rates were 6.7% and 13.3%, respectively. Unadjusted analysis revealed that the factors associated with 30-day mortality were: preoperative hemodynamic instability (OR: 14.8, 95% CI: 2.41, 90.6, P=0.004); and postoperative requirement for open sternum management (OR: 5.0, 95% CI: 1.041, 24.02, P=0.044) while preoperative hemodynamic instability (OR: 8.8, 95% CI: 1.41, 54.9, P=0.02) and postoperative sepsis or multiple organ dysfunction (OR: 13.6, 95% CI: 2.1, 89.9, P=0.007) were correlated with neurological dysfunction. By multivariable logistic regression analysis, postoperative sepsis and multiple organ dysfunction independently predicted (OR: 15.9, 95% CI: 1.05, 96.4, P=0.045) the incidence of severe postoperative neurological complication. During median follow-up of 6 (2-12) months, the survival rate was 86.7%.

    CONCLUSION: Bilateral antegrade cerebral perfusion and direct carotid perfusion for cardiopulmonary bypass, in the surgical treatment for correction of acute aortic dissection type A, is a valuable technique with low 30-day mortality rate. However, postoperative severe neurological dysfunctions remain an issue that warrants further research.

    Keywords: Cerebrovascular Circulation; Hypothermia, Induced/Methods; Perfusion/Methods; Aneurysm, Dissecting/Surgery; Aortic Aneurysm/Surgery.

  

   

   

  INTRODUCTION

  Hypothermic circulatory arrest (CA) is widely used for correction of acute type A aortic dissection (AAD). In an attempt to establish a bloodless surgical field and ameliorate brain protection, which is more vulnerable in this case, a variety of techniques for cardiopulmonary bypass (CPB) and cerebral perfusion during CA have been suggested over the years[1-3].

  We present our experience of 45 consecutive patients who underwent AAD correction with moderate hypothermic CA and bilateral antegrade cerebral perfusion (MHCA/BACP) via the common carotid arteries.

   

  METHODS

  Study Population

  Between January 2011 and April 2015, 45 consecutive patients underwent an emergency operation for type A AAD (with or without aortic root and valve involvement) with MHCA/BACP. The preoperative diagnosis was established with computed tomography (CT) of thoracic and abdominal aorta, including aortic arch branches. All preoperative, perioperative and postoperative data were recorded.

  Two patients were operated with preoperative minor neurological dysfunction [transient ischemic attack (TIA)].

  This study was carried out according to the principles outlined in the Declaration of Helsinki. It is a retrospective analysis approved by the hospital's institutional ethics committee (546/30-04-2015) and all patients gave their informed consent prior to the operation.

  Surgical Technique

  All patients underwent an emergency surgical correction of AAD within 24 hours of admission. The briefly applied surgical technique consisted of standard median sternotomy and CPB via: 1) right or left carotid artery (connecting through a 10-mm synthetic graft)/bicaval cannulation in 42 patients and 2) femoral artery/bicaval cannulation in 3 patients. Gradual cooling of the body (1°C/5 min) and alpha-stat (pH management) was utilized. Myocardial arrest and protection was achieved with retrograde delivery of histidine-tryptophan-ketoglutarate (HTK) crystalloid solution (Custodiol®).

  Once CPB was instituted, the aortic cross-clamp was applied, the cooling initiated and, with the heart stopped, correction of the proximal ascending aorta ± aortic root was undertaken, including any other required correction.

  When bladder temperature reached ≈ 23°C, the head was packed in ice and the circulation, except for the carotids, was interrupted. CPB and antegrade cerebral perfusion (ACP) were achieved using synthetic graft (10 mm) in the right or left common carotid artery (CCA) and selective cannulation of the contralateral CCA. Where CBP was established with femoral artery/bicaval cannulation. ACP was performed with selective cannulation of both CCA. The ACP blood flow was 10 mL/kg/min (perfusion pressure around 50-70 mmHg, blood temperature ≈20°C). The distal anastomosis in the proximal or middle aortic arch was performed. After heart de-airing and gradual rewarming, the patients were weaned from CPB.

  Degree of Postoperative Neurological Complications

  Major postoperative neurological dysfunctions were evaluated by a neurologist and serial brain CT. In addition, neurological dysfunctions were divided in the four sub-groups: 1) no neurological dysfunction; 2) temporary neurological dysfunctions (TND): TIA, delirium and disorientation (<24 hours after extubation); 3) permanent neurological dysfunctions (PND): hemiplegia or paraplegia (>48 hours) that persisted after discharge at home; and 4) heavy neurological deficits (diffuse and irreversible brain damage or coma). Patients discharged were followed-up in regular intervals in outpatients' clinic with echocardiography and, if required, chest and brain CT scan.

  Statistical Analysis

  Continuous variables are presented as means ± SD and categorical variables are expressed as percentages. Not normally distributed continuous variables are presented as medians (interquartile range). Univariate binary logistic regression analysis was performed to identify factors associated with postoperative mortality and/or neurological complications within 30 days from surgery. For 30-day mortality, the hospital length of stay and the presence of postoperative neurological complications were not evaluated as potential predictors to avoid selection bias (all subjects who died experienced postoperative neurological complications and presented less time of hospitalization). For postoperative neurological complications, where adequate number of events was yielded (n=9), significant univariate predictors were further incorporated into the final multivariable logistic regression model. To address the small sample size of our study, we implemented exact logistic regression and resampling techniques. Exact logistic regression produces more accurate inference in small samples because it does not depend on asymptotic results and conditional maximum probability estimates were sequentially calculated for each predictor in multivariable logistic models by temporarily conditioning out the other independent variables. Bootstrapping with 1000 replications was conducted to replicate bias-corrected confidence intervals of the significant determinants of the outcomes on interest in univariate and multivariable regression models. However, due to the limited number of observations, the reported effect sizes for certain variables are still characterized by wide confidence intervals.

  Statistical analysis was conducted using STATA package, version 11.1 (StataCorp, College Station, Texas, USA). We deemed statistical significance at P<0.05.

   

  RESULTS

  The cohort consisted of 34 male and 11 female patients. Mean age was 58±11.4 years. In 7 patients, haemodynamic instability and in 2 patients minor neurological deficits were noted preoperatively. Preoperative data and baseline demographic characteristics are shown in Table 1.
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  CPB was instituted with: right or left carotid (connecting through a synthetic 10-mm graft)/bicaval cannulation in 42 patients and femoral artery/bicaval cannulation in 3 patients. Combined procedures were performed in 12 patients. Median circulatory arrest time was 41.5 (30-54) min and median minimum bladder temperature during circulatory arrest was 22.3 (20.8-24) °C. Other perioperative details are presented in Table 2.
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  Major and minor postoperative complications and follow-up data such as postoperative atrial fibrillation (AF), postoperative open sternum, intensive care unit (ICU) stay, all postoperative neurological complications, 30-day mortality and other complications are listed in Table 3. During median follow-up of 6 (2-12) months the survival was 86.7% (39/45).
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  Unadjusted analysis of factors associated with 30-day mortality showed: preoperative hemodynamic instability (OR: 14.8, 95% CI: 2.41, 90.6, P=0.004) and postoperative open sternum (OR: 5.0, 95% CI: 1.041, 24.0, P=0.044) (Table 4).
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  Furthermore, unadjusted analysis revealed that severe neurological dysfunction correlated with: preoperative hemodynamic instability (OR: 8.8, 95% CI: 1.41, 54.9, P=0.02) and postoperative sepsis or multiple organ dysfunction (OR: 13.6, 95% CI: 2.1, 89.9, P=0.007) while bladder temperature during circulatory arrest (˚C) (OR: 1.33, 95% CI: 0.980, 1.860, P=0.058) was marginally associated with this outcome (Table 5). Finally, by multivariate logistic regression analysis, postoperative sepsis/multiple organ dysfunction was associated (OR: 15.9, 95% CI: 1.05, 96.4, P=0.045) with the incidence of severe postoperative neurological complications (Table 6) independently of other significant univariate predictors (i.e. bladder temperature during circulatory arrest and presence of preoperative hemodynamic instability).
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  DISCUSSION

  Publications of series on operations in the ascending aorta and hemiarch continue to discuss advantages and disadvantages amongst different techniques particularly in AAD pathology[1-7]. However, there is unanimity in that the most significant concern during this type of operations is the protection of the central nervous system (CNS) during the interval of hypothermic CA. The main issues that need to be addressed in these complex procedures are route of CPB establishment (site of arterial cannulation), core temperature management during operation and type of cerebral perfusion during CA with or without aortic arch repair.

  Arterial Cannulation Sites

  The optimal arterial cannulation site during proximal aortic arch surgery has been widely discussed over the years. Direct cannulation of the ascending aorta in patients who have an aortic aneurysm is an accepted technique and supported by many authors[8]. On the other hand, in cases with acute and chronic aortic dissection, the approach of arterial cannulation is controversial. Many techniques have been suggested in these cases: ascending aortic cannulation, right axillary or subclavian artery, right or left carotid artery, right or left common femoral artery and even transapical aortic cannulation[9-14]. These studies have demonstrated a relatively similar 30-day mortality regardless of the cannulation technique, while the incidence of stroke varied widely between 3.8 and 21%. In 2010, Tiwari et al.[15], after analysis of several studies, concluded that ascending aortic cannulation has promising results with a lower mortality rate, but a higher stroke rate in type A aortic dissections. In our study, the incidence of PND and 30-day mortality was 13.3% and 6.7%, respectively. Although the numbers of patients in our study are too small to draw safe conclusions, the survival rate seems to be very good, with good survival in the medium term. Neurological complications, however, according to the above remain an issue.

  Temperature Management during Hypothermic Circulatory Arrest

  The goals of hypothermia during thoracic aortic surgery are reduction of brain metabolism and attenuation of CNS damage during CA. In 1975, Griepp et al.[16] described four patients with successful outcome who underwent aortic arch replacement with prosthetic graft under deep hypothermic circulatory arrest (DHCA) with lowest esophageal temperature at 14°C and lowest rectal temperature at 18°C. Decreased mortality and neurological complications were achieved with cerebral perfusion during CA. Deep hypothermic circulatory arrest with retrograde cerebral perfusion (DHCA/RCP) (18°C) allowed longer CA times and improved brain protection[17]. In 1991, Bachet et al.[18] published the technique with MHCA/ACP during transverse aortic arch repair (core temperature 25-28°C and brain perfused with blood cooled at 6-12°C). This method created a favorable circumstance to perform more complex operations in the aortic arch, with simultaneous improvement of neurological and overall outcomes.

  In 2011, the analysis of 1558 patients (GERAADA study) by Krüger et al.[19] noted that relative increase in mortality was observed in patients with hypothermic CA (<15°C) alone, even more so when CA arrest time exceeded 30 min. Estrera et al.[20] used hypothermic CA (nasopharyngeal temperature 15-20°C) with or without retrograde cerebral perfusion (RCP) and stroke rate and 30-day mortality were 2.3% and 10.4%, respectively. On the other hand, Urbanski et al.[21] analyzed 347 patients who underwent non-emergent arch surgery under MHCA with rectal temperature (28-34°C) utilizing ACP. Their 30-day mortality and overall postoperative neurological dysfunction were 0.9% and 3.2%, respectively. Perreas et al.[22], in a retrospective analysis of 208 patients operated on with DHCA/RCP (temperature range 11-24°C), concluded that the core temperature within the specific range was not a risk factor for 30-day mortality and severe neurological events. In another recent study, Zierer et al.[4] noted that increase of the core temperature (28-30°C) during CA with implementation ACP allowed more time (CA>90 min), more complex corrections of ascending aorta and aortic arch pathology with low incidence of postoperative complications (new postoperative neurological deficits were 7%). Leshnower et al.[23] analyzed 500 patients who underwent a hemiarch replacement under mild (28.6°C) vs. moderate (24.3°C) hypothermic CA with unilateral ACP with operative mortality of 4.2% vs. 4.8% (P=0.80) and no differences in TND between the two groups. However, the incidence of PND was reduced in mild vs. moderate hypothermia (2.5% vs.7.2%) (P=0.01).

  Type of the cerebral protection and perfusion: DHCA alone, DHCA/RCP, deep hypothermic CA with unilateral or bilateral cerebral perfusion (DHCA/UACP or BACP), or moderate hypothermic CA with unilateral or bilateral cerebral perfusion (MHCA/UACP or BACP)?

  In hemiarch with or without total aortic arch replacement, with or without stent grafting, the question remains: which method of brain protection is most effective and safe during these complex operations, particularly in patients with AAD?

  Usui et al.[1] analyzed 2792 patients and found no differences between the ACP and RCP groups in 30-day mortality (3.4% vs. 2.4%) and stroke rate (5% vs. 3%), but in the subgroup with RCP higher incidence of transient neurological dysfunction (5.8%) was observed. Misfeld et al.[2] divided 636 patients who underwent aortic arch surgery in four groups: UACP, bilateral ACP (BACP), DHCA/RCP and DHCA only. The study showed that early mortality and five-year survival were not different between the surgical groups, but stroke rate was different in patients who did not receive ACP (P=0.035). Urbanski et al.[21] presented results of non-emergent aortic arch surgery using mild to moderate hypothermic CA (31.5±1.6°C) with ACP (blood temperature 28°C) in 347 patients. The results show that 30-day mortality was 0.9%, and PND and TND observed in 0.9% and 2.3%, respectively. On the other hand, Estrera et al.[20] reported the study with 1107 patients who operated under DHCA/RCP in 82% of cases, and the results were 30-day mortality and stroke rate occurred 10.4% and 2.8%, respectively. After comparative analysis of 1558 patients with AAD, Krüger et al.[19] concluded that 30-day mortality was higher in the DHCA group (19.4%) than in the BACP (15.9%) and UACP (13.9%) groups (P<0.05). The same study noted that PND were: DHCA-14.9%, BACP-14.1% and UACP-12.6%. The most recent results from the Japanese AAD database (2016) repair with ACP vs. RCP did not show significant differences regarding mortality and postoperative neurological dysfunctions rates (11.2% vs. 9.7%)[3]. Nowadays, many studies discuss the incidence of stroke and mortality rate after AAD repair with hemiarch versus hemiarch plus total arch replacement (with or without antegrade stent grafting)[3,24-26]. After analysis, the results show that the rates of mortality and stroke are similar between the two groups. However, it is possibly relevant regarding false lumen thrombosis rate and reduction of late reoperation rate in aortic arch and descending aorta. In 2015, Di Bartolomeo et al.[26], in a review of AAD type A repair with frozen elephant trunk technique, noted that mortality and postoperative stroke range were 0-27.7% and 0-12%, respectively. In addition, in the same study, the authors revealed that the spinal cord injury rate ranged from 0 to 13.8%. It is evident that postoperative neurological complications range in the literature from 0 to 39.7%.

   

  CONCLUSION

  In aortic arch surgery for AAD, the total CA can be avoided by maintaining cerebral perfusion. Thus, continuous cerebral perfusion via UACP or BACP resulted in a reduction of postoperative mortality. However, the postoperative severe neurological complications remain at high frequency, requiring further refinement of this technique. Reduction of these major postoperative complications should be explored in multicenter studies.

  Limitations

  This is clearly a retrospective analysis with a small cohort, albeit with consecutive patients from a single unit. Two patients with preoperative TIA were included in our study with possible impact on severe postoperative neurological complications. Furthermore, most patients with AAD were operated emergently without accurate preoperative neurological assessment and without preoperative brain CT. On the other hand, more extensive follow-up is required to demonstrate potential improvements in the long-term outcomes.
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    ABSTRACT

    OBJECTIVE: The aim of the present study was to assess the oral health status and treatment needs of cardiovascular surgery patients. Second, the awareness of cardiovascular surgery patients regarding the association between oral health and heart disease was considered.

    METHODS: Assessment of oral health status, oral hygiene practices and treatment needs of 106 hospitalized patients in preparation for cardiovascular surgery. Patients were interviewed using a structured questionnaire designed for this study and oral examination was carried out by a dentist.

    RESULTS: The oral hygiene practices of the study cohort were not up to the standard. Patients' awareness of infective endocarditis was poor. Approximately 68% patients experienced dental caries as decayed teeth or missing teeth due to caries and filled teeth. The mean plaque index in the study group was 1.25. In this study cohort, the mean probing depth of periodontal pockets was 5.7±1.3, whereas the mean number of teeth with periodontal pockets > 6 mm was 0.5±0.9. A total of 84 (74.2%) of the patients required dental treatment.

    CONCLUSION: The principal finding in this study was that patients with heart disease had poor oral health. This study also highlights the importance of better interaction among all healthcare professionals to integrate oral health as part of comprehensive inpatient healthcare.

    Keywords: Oral Health; Cardiovascular Surgical Procedures; Oral Hygiene.

  

   

   

  INTRODUCTION

  Cardiovascular diseases (CVDs) are the most important cause of mortality in India. The age-standardized Global Burden of Disease study estimates that 24.8% of all deaths in India is attributed to CVD[1]. Coronary heart disease (CHD) and stroke are responsible for > 80% of CVD deaths[2].

  Cardiovascular surgery (CVS) encompasses several surgical procedures like myocardial revascularization, valve repair or replacement, aortic diseases, correction of congenital heart disease, cardiac pacemaker implantation and heart transplant.

  In 1909, Horder stressed that "oral sepsis" was the prime reason for the genesis of infective endocarditis (IE)[3]. The introduction of bacteria from oral foci of infection into the bloodstream can lead to a transient bacteremia, enabling the adhesion of microorganisms to previously compromised cardiac tissues. CHD is considered an inflammatory disorder[4]. Dental infections, particularly periodontal, have been associated with atherosclerosis[5-8]. Infection disturbs the coagulation mechanisms and activates pathologic processes in the coronary arteries. There may be damage to the endothelium and initiation of a fibro-proliferative process in the artery, leading to atherosclerosis[9].

  Several studies have shown a positive association between dental health and heart disease, but little is known about the oral health status in CVS patients. In addition, the behavioural aspects and attitudes regarding the oral health of these patients and their treatment needs remains a scarcely explored subject. The aim of the present study was to assess the oral health status and treatment needs of CVS patients. Second, the awareness of CVS patients regarding the association between oral health and heart disease was considered.

   

  METHODS

  This is a cross-sectional, observational study in which patients admitted for elective cardiac surgery at a public hospital were included. The study protocol was approved by the institutional ethics committee, PGIMER Dr. RML Hospital, New Delhi. Informed written consent was taken by patients.

  A total of 123 patients diagnosed with cardiovascular disease and hospitalized in preparation for CVS were approached to participate in the study, of which 106 patients volunteered to participate. Exclusion criteria included patients who needed emergency cardiac surgery or those whose heart disease was so severe that the clinical oral examination could not be safely done. The study sample ranged from 12-73 years age and male:female was 3:1.2. The CVD distribution of the study population is presented in Table 1.
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  The study participant's demographical data, CVD diagnosed and any other systemic illnesses were recorded. They were interviewed using a structured questionnaire designed for this study, which included aspects as patient knowledge about IE, oral symptoms experienced by the patient, satisfaction with oral health quality and dental aesthetics, and if they carried an oral hygiene kit with them in the hospital. Questions also included the history of past dental treatment, their oral hygiene practices and other behavioural habits. Patients were referred to the dental department of PGIMER Dr. RML Hospital, New Delhi, where the dentist evaluated them. The recommendations of the World Health Organization (WHO) were followed in the clinical assessment. The oral examination included scores for caries (Decayed, Missing and Filled Teeth - DMFT index), oral hygiene (plaque index) and periodontal status using a standard probe. Data were tabulated, and statistical analysis was done.

   

  RESULTS

  In this study, composed of 76 males and 30 females posted for cardiac surgery, the self-perceived quality of oral health was excellent in 10 (9.4%), good in 41 (38.6%), fair in 38 (35.8%) and bad in 17 (16%). Approximately 45% (48 patients) reported the presence of at least one oral symptom such as dental pain, decay, tooth sensitivity, etc. Although 35 (33%) patients were aware of an association between oral health and heart disease, none of them were aware of IE. A total of 87 patients reported that they took their oral hygiene kits to the hospital. Approximately 60% patients reported having had a previous dental visit whereas only 18.6% of them had undergone oral prophylaxis.

  Oral Health Behaviour and Practices

  Approximately two-thirds of the patients did not brush their teeth daily, and only 10.4% brushed twice a day. Twenty-three percent of patients reported using cleaning aids other than toothpaste, such as tooth powder, charcoal, burnt tobacco, etc. Cleaning the interdental spaces using a floss or toothpick was uncommon, although the use of toothpick was reported more often than floss. Table 2 shows the main results of oral hygiene practices and behaviour of CVS patients.
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  Caries Experience - DMFT

  Approximately 68% of the patients experienced dental caries as decayed teeth or missing teeth due to caries and filled teeth. Approximately 41 (38.6%) of the study subjects had one or more decayed teeth, 56 (53%) had missing teeth due to caries and 18 (16.9%) had a filling. The mean DMFT score was 1.28 (SD=9.15) with predominance from missing and decayed components. Table 3 shows the details of DMFT score among the study population.
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  Plaque Index

  The plaque index (PI) assesses the accumulation of plaque to the naked eye, without using plaque disclosing agents. The score ranges from 0 (no plaque) to 3 (a lot of plaque in teeth and gingival margin). Each tooth was examined at four points and the highest score was determined[10]. The mean PI in the study group was 1.25. Table 4 shows the distribution of PI scores in the study population.
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  Periodontal Status

  A standard mm-graded probe was used to assess the pocket depth. The pocket > 6 mm was defined as deep periodontal pocket. In this study cohort, the mean probing depth of periodontal pockets was 5.7±1.3, whereas the mean number of teeth with periodontal pockets > 6 mm was 0.5±0.9.

  Dental Treatment Needs

  Study participants were assessed for the need of dental treatment. Approximately only 21% of the patients did not require dental treatment. Table 5 describes the specific treatment needs of the population studied.
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  DISCUSSION

  The present observational study evaluated the oral health status of preoperative patients admitted to the department of cardiothoracic vascular surgery. The WHO's Global Oral Health Program emphasized the significance of escalating efforts to increase awareness of oral health worldwide as a major component of general health and quality of life[11]. Among hospitalized patients, it is generally observed that oral healthcare is often ignored due to the burden of other health -related duties and the priority of medical care.

  The self-perception of the oral health quality of the majority of patients did not coincide with the dental treatment needs of the studied population, since only 23 (21.7%) patients did not show need of dental treatment. Similar results have been reported by Amaral et al.[12]. This emphasises the lack of awareness of dental problems among study participants. It could be possible that patients would not pay attention to their oral problems due to the life-threatening nature of their cardiac condition.

  Knowledge of the study participants regarding the existence of association between oral health and heart disease was fair, but none of the participants were aware of the risk of complications. Similar findings have been reported by several authors in children[13,14]. This presents a challenge especially among those who have poor oral health. There is an urgent need to educate patients with heart disease regarding the two-way relationship between oral health and systemic health.

  In our study, it was surprising to note that the number of patients who never brushed was significantly high. The percentage of patients who brushed regularly once a day (32.1%) was lower than the findings of other studies[13,15]. Teeth must be examined and cleaned professionally by a dentist in patients with cardiac disease. The oral hygiene practices of these patients, such as the use of charcoal, tobacco and salt as a cleaning aid, could explain the high prevalence of edentulism in this study cohort.

  The present study shows that a significant part of the studied population had experienced caries as evident by the DMFT score. A direct comparison of the DMFT score of the patients investigated in this study with other studies is limited, since different age groups were included. A study by Rai et al.[16] reported experience of dental caries in 70.3% of hospitalized patients. Higher DMFT scores have been reported elsewhere in cardiac patients[13,17]. The higher number of patients showing fair to poor rating in PI signifies a poor oral hygiene prevalence among these patients. Meurman et al.[18] have reported that, on average, 0.4 surfaces of a tooth are covered by plaque. Lower median PI (0.75) has been reported in acute coronary syndrome[17].

  Limitations

  This study has some limitations that must be considered while interpreting the results: is a single-centre study and therefore the sample size may not be representative of all the hospitalized patients. We recommend a multicentre study to eliminate this bias.

   

  CONCLUSION

  The principal finding in this study was that patients with heart disease had poor oral health. Therefore, the value of targeted oral health education protocols must be emphasized. There is a need for intensive efforts in the dental profession to highlight the need for regular dental care for patients at risk for heart disease. The key to oral diseases prevention is consistent daily home care to maintain good oral hygiene in combination with regular dental care by the dentist. This study also highlights the importance of better interaction among all healthcare professionals to integrate oral health as part of comprehensive inpatient healthcare.
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    ABSTRACT

    INTRODUCTION: Preoperative renal insufficiency is an independent predictor of mortality after coronary artery bypass graft (CABG) surgery. However, there are few reports aimed to evaluate the impact of mild preoperative renal insufficiency on long-term follow-up outcomes after isolated CABG surgery. This study investigates the effect of mild preoperative renal insufficiency on long-term follow-up outcomes of patients after CABG.

    METHODS: Five hundred eighty-four patients' data that underwent CABG between 1 January 2009 and 1 December 2016 were retrospectively analyzed. They were divided into two groups: normal group [Estimated glomerular filtration rate (eGFR) ≥ 90 ml/min/1.73 m2, n=304] and mild group (eGFR ranges from 60 to 89 ml/min/1.73 m2, n=280). Clinical material and long follow-up outcomes were compared inthe two groups.

    RESULTS: Two groups had similar baseline and intraoperative data except eGFR. Six (0.01%) patients died in hospital, 15 in normal group and 28 in mild group during the long-term follow-up, which had statistical significance (P<0.05). Univariate factor analysis displayed that the two groups had similar in-hospital outcomes. Kaplan-Meier curves showed a better long-term survival in patients with normal preoperative renal function compared to mild preoperative renal insufficiency (x 2=4.255, P=0.039). Cox proportional model presented the hazard ratio of long-term mortality in patients with mild preoperative renal insufficiency compared to normal preoperative renal function was 1.79 (95% CI 1.17-2.88, P=0.027).

    CONCLUSIONS: Patients with mild preoperative renal insufficiency had a higher mortality rate than normal patients in long-term survival, whereas no evidence of worse in-hospital mortality rate was found. Patients with mild preoperative renal insufficiency showed a higher mortality rate than other studies.

    Keywords: Coronary Artery Bypass; Renal Insufficiency; Glomerular Filtration Rate; Treatment Outcome; Survival Analysis.

  

   

   

  INTRODUCTION

  Chronic kidney disease (CKD) has been identified as an independent predictor of short- and long-term outcomes after coronary artery bypass graft surgery (CABG)[1-4]. Previous studies have paid more attention to moderate and severe preoperative renal insufficiency[1,5]. Whereas few studies[3] aimed to evaluate the impact on mild preoperative renal insufficiency (RI) on outcomes after isolated CABG surgery. Thus, this study aims to evaluate the effect of mild preoperative RI on long-term follow-up outcomes of patients underwent CABG.

  Nowadays, glomerular filtration rate (GFR) has been recognized as one of the best indicator of renal function[4]. It is more objective and accurate and has been changed even serum creatinine is normal. In addition, GFR will not affect by many other factors as serum creatinine. In this study, GFR was used as an index of preoperative renal function to evaluate its influences on in-hospital and long-term outcomes. This study was approved by Clinical Trial Ethics Committee of Tianjin First Central Hospital (Certificate No: E2015011L).

   

  METHODS

  Patient Selection

  Retrospective analysis of 584 patients underwent CABG between 1 January 2009 and 1 December 2016, in the first central hospital of Tianjin, was performed. There were 363 males, with a mean age of 74.17±9.29 years old. Enrollment criteria included the following items: 1. Patient age >65 years old; 2. Normal preoperative renal function and mild preoperative RI (GFR >60 ml/min/1.73 m2); 3. Undergoing first isolated CABG surgery. Three hundred and four patients in normal preoperative renal function and 280 patients in mild preoperative RI were selected by these criteria. Baseline and procedural characteristics were shown in Table 1. In comparison to people in normal preoperative renal function group, patients with mild preoperative RI had lower baseline eGFR.
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  Baseline clinical data included age, sex, obesity, smoking, New York Heart Association (NYHA) class, previous myocardial infarction (MI), percutaneous coronary intervention (PCI), diabetes mellitus (DM), hypertension, hyperlipemia, chronic obstructive pulmonary disease (COPD), stroke, prior cerebrovascular accident, abnormal motion of the segmental cardiac wall, eGFR, anatomical severity of coronary artery disease (CAD) and European System for Cardiac Operative Risk Evaluation (EuroSCORE). Operative data included operation time, cross-clamp time, perfusion time, number of distal anastomosis, saphenous vein graft (SVG) and composite graft. Bivariate analyses were performed to examine differences in baseline characteristics between the two groups.

  The serum creatinine was measured before surgery and the GFR was calculated by using Cockcroft- Gault formula[6]. Normal renal function was defined as eGFR of 90 ml/min/1.73 m2 or more and mild RI was defined as eGFR of 60 to 89 ml/min/1.73 m2.

  The end points studied overall death. Follow-up information was obtained by visit or telephone calls and was agreed by all patients before discharge with informed consent. The mean follow-up time was 72.93±21.25 months.

  Clinical outcomes: Surgical mortality was defined as death occurring in hospitalization. Resternotomy for bleeding was defined as reoperation to control bleeding within 36 hours following initial surgery. Postoperative MI was defined by the appearance of new Q waves in two or more contiguous leads on the electrocardiogram (ECG). Atrial/ventricular arrhythmia after off-pump coronary artery bypass (OPCAB) surgery: any episode of atrial/ventricular fibrillation that was registered by the monitoring system on a rhythm strip or the 12-lead ECG. Postoperative respiratory failure (duration of mechanical ventilation more than 72 hours or re-intubation following surgery). Postoperative pneumonia: a positive result in a sputum culture requiring anti-infective treatment, or chest X-ray diagnosis of pneumonia following cardiac surgery. Stroke: new permanent neurological event. Deep sternal wound infection: bone related; any drainage of purulent material from the sternotomy wound and instability of the sternum. Acute kidney injury (AKI) was defined and classified according to the criteria proposed by the Acute Kidney Injury Network. Chronic renal failure (CRF): patients whose GFR declines to 15-20 ml/minute with severe symptoms related to uraemia that can be relieved only by renal replacement therapy. Graft patency was assessed by graft angiography or coronary artery computed tomography (CT) scan, each graft was viewed in at least two orthogonal planes and graded A (excellent), B (fair) or O (occluded) by separate assessment of proximal and distal anastomoses and bypass trunks, graded A and B was designated as patency.

  Statistical Analysis

  Continuous data were expressed as a mean ± standard deviation (SD), normally and non-normally distributed continuous variables were compared using a Student t -test and Mann-Whitney U test, respectively. The Kaplan-Meier method was used for determining the overall survival, while the log-rank test was applied for statistical comparison. Univariate Cox regression analysis was used to analysis potential independent predictors. All significant predictors were then entered into a multivariable Cox regression analysis, with entry and retention set at a significance level of P<0.05. Hazard ratios (HRs) were reported with 95% confidence intervals (CIs). All statistical analyses were carried out by SPSS 19.0.

   

  RESULTS

  All patients' preoperative characteristics are shown in Table 1. Mean estimated glomerular filtration rate (eGFR) was 102.39±10.58 ml/min/1.73 m2 in the normal group and 75.14±6.76 ml/min/1.73 m2 in mild group, which has statistical significance (P<0.0001). Patients' characteristics except for eGFR have no statistically difference between the two groups.

  Intraoperative Outcomes

  Intraoperative data are shown in Table 2. All the operations were operated by the same surgeon. There is no statistical difference between the two groups, including operation time, number of distal anastomosis, perfusion time, cross-clamp time, the SVG use and composite grafting.
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  Postoperative Outcomes

  All patients were followed up. The mean follow-up time was 72.93±21.25 months. Postoperative outcomes and long-term outcomes are shown in Table 3. Three patients died in normal group due to low output syndrome (Table 4). Three patients died in the mild group, among them, one patient died of malignant arrhythmia and two due to low output syndrome. No significant differences were found between the two groups regarding the number of hospital deaths and postoperative complications.
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  Forty three patients died during long-term follow-up, with a long-term survival rate of 92.64%. Patients with mild preoperative RI had a higher long-term mortality in comparison to normal preoperative renal function (10% vs. 4.93%, P<0.05). Cardiac deaths (major adverse cardiac event - MACE) occurred in five patients in the normal group and 23 patients in mild group which has a significant difference (P<0.05). Four deaths in the mild group were caused by heart failure, and 12 were caused by MI. No significant difference in surgical mortality was found between the two groups (0.99% vs. 1.07%, P>0.05).

  During the longer follow-up, Kaplan-Meier curves (Figure 1) displayed a better long-term survival in patients with normal preoperative renal function than mild preoperative RI (χ2=4.255, P=0.039). Cox regression revealed that GFR was a significant variable related to the long-term survival. After the Cox proportional model was used, the HR of long-term mortality in patients with mild preoperative RI was 1.78 (95%CI 1.18-2.87, P=0.026; Table 5).
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  DISCUSSION

  Previous studies have considered RI as an individually risk factor associated with long-term mortality after CABG. Zhang' et al.[1] study showed that RI patients with a normal serum creatinine level adverse clinical outcomes after revascularization especially Chinese older females. Holzmann et al.[5] found that severe renal dysfunction will lead to an increased risk of cardiac events of women in Sweden. However, if mild RI will influence the survival after CABG, up to now, there is still little data report about this risk factor on patients after CABG. In our single-centre cohort study of 584 patients that underwent isolated CABG, there were significantly higher 5-year mortality rates of patients that had mild preoperative RI compared with patients without preoperative RI.

  Serum creatinine has been used as an indicator for evaluating of renal function for a long time[7]. Nowadays, GFR calculated from the Cockcroft and Gault study equation is considered as the best overall measure to categorize the preoperative renal dysfunction. At the same time, the EuroSCORE including patients' age and creatinine as variables is widely used for risk evaluation in cardiac surgery[8]. Hence, a multivariate model using the EuroSCORE could reduce the ability to detect the effect of eGFR and might underestimate the long-term risk.

  Our retrospective study shows patients with mild preoperative RI reduced the long-term survival compared with normal renal function after CABG surgery. Univariate factor analysis reveals that these patients compared with normal preoperative renal function had lower long-term survival (95.9% vs. 91.6%, P<0.05), and Kaplan-Meier curves shows a lower postoperative long-term survival in older patients compared with normal preoperative RI (Log-Rank χ2= 4.255, P=0.039). Cox regression reveals that preoperative renal function (mild insufficiency vs. normal) is related to the long-term survival which has a statistical significant and the HR of long-term mortality in patients with mild preoperative RI was 1.72 (95% CI 1.06-2.83, P=0.032). In our study, all patients' age is greater than 65 years old. However, the age, as a HR for long-term mortality, shows no difference with other studies[7,9-12].

  Howell et al.[7] performed a large-scale study containing 7621 patients undergoing heart operation and analysed in-hospital mortality and late survival outcome. They concluded that mild preoperative renal dysfunction is an important independent predictor of in-hospital and late mortality in adult patients undergoing cardiac surgery. Jyrala et al.[9] conducted a study of about 885 patients with or without mild preoperative renal dysfunction undergoing on-pump cardiac surgery, with respect to short- and long-term outcomes. They found a mild increase in serum creatinine was a marker for patients with increased cardiac risk factors and the risk of poor outcomes. Ji et al.[10] showed that mild preoperative RI has impact on in-hospital and long-term outcomes after off-pump CABG.

  Garg et al.[12] report had proved that off-pump or on-pump CABG surgery had no significant difference in the loss of kidney function within 1 year. Why mild preoperative RI decreased long-term mortality after CABG surgery is still being investigated. Recently, Günday et al.[12] reported that patients with mild preoperative RI have a significantly lower mean coronary flow reserve after CABG surgery compared with normal preoperative renal function (2.09±0.08 vs. 2.37±0.06, P<0.05). Then they concluded that mild RI can produce adverse effects due to deterioration of the microvascular bed.

  In the present study, the long-term mortality is higher than other series[7,9,10,12]. Although our operation was assisted by cardiopulmonary bypass (CPB), the ROOBY trial[13] that compared off-pump versus on-pump CABG, did not show a benefit of OPCAB for postoperative renal function. In addition, several studies showed that the OPCABG will not influence the long-time survival comparing with CABG in patients such as thin vessels, intramyocardial way, or severe atherosclerosis[14-16]. Thus, the most probable reason is that the mean age of patients in our study is higher than other studies and patients' multiple organs function is lower than the patients in other studies during CABG.

  Limitation

  This study has several limitations. Firstly, this study was a retrospective observational study with a single central which may influence the generalizability. A final determination would need a prospective, multi-centre study with larger sample size. Secondly, the Cockcroft-Gault formula in this report is not the gold standard for determining GFR although it has been seemed as an acceptable estimate of GFR and preoperative eGFR may fluctuate particularly in patients with unstable hemodynamics. Thirdly, although reports have proved that CPB will not influence kidney function in a short time, more negative impacts on the postoperative renal function for a long time is not confirmed and no data were available on medications taken after discharge because of postoperative treatment from different hospitals. Finally, the mean years old in this study is older than other reports while patients older than 75 years old in this study are still a small part of all patients.

   

  CONCLUSION

  Older patients with mild preoperative RI had a higher mortality rate than normal patients in long-term survival, whereas no evidence of worse in-hospital mortality rate was found. Older patients with mild preoperative RI showed a higher mortality rate than other studies.
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    ABSTRACT

    OBJECTIVE: Primary cardiac tumors are rare lesions with different histological type. We reviewed our 17 years of experience in the surgical treatment and clinical results of primary non-myxoma cardiac tumors.

    METHODS: Between July 2000 and February 2017, 21 patients with primary cardiac tumor were surgically treated in our institution. The tumors were categorized as benign non-myxomas and malignants. Data including the demographic characteristics, details of the tumor histology and grading, cardiac medical and surgical history, surgical procedure of the patients were obtained from the hospital database.

    RESULTS: Eleven patients were diagnosed with benign non-myxoma tumor (male/female:7/4), ranging in age from 10 days to 74 years (mean age 30.9±26.5 years). Papillary ﬁbroelastoma was the most frequent type (63.6%). There were two early deaths in benign group (all were rhabdomyoma), and mortality rate was 18%. The mean follow-up period was 69.3±58.7 months (range, 3 to 178 months). All survivals in benign group were free of tumor-related symptoms and tumor relapses. Ten patients were diagnosed with malignant tumor (sarcoma/lymphoma:8/2, male/female:3/7), ranging in age from 14 years to 73 years (mean age 44.7±18.9 years). Total resection could be done in only three (30%) patients. The mean follow-up period was 18.7±24.8 months (range, 0-78 months). Six patients died in the first 10 months.

    CONCLUSION: Complete resection of the cardiac tumors, whenever possible, is the main goal of surgery. Surgical resection of benign cardiac tumors is safe, usually curative and provides excellent long-term prognosis. On the contrary, malignant cardiac tumors still remain highly lethal.

    Keywords: Heart Neoplasm; Cardiovascular Surgical Procedures; Treatment Outcome.

  

   

   

  INTRODUCTION

  Cardiac tumors can be categorized as primary or secondary, depending on the origins of the tumors. Metastatic malignant heart tumors are nearly 50 times more common than primary cardiac tumors[1]. The presence of primary cardiac tumors is rare with an overall incidence rate of < 0.33%. Approximately 75% of the primary cardiac tumors are benign; the most common histopathological type is myxoma in 50% of the cases, followed by papillary fibroelastomas, fibromas, lipomas, rhabdomyomas, hemangiomas and teratomas[2]. Cardiac sarcoma represents the primary malignant tumors of the heart. Lymphoma can also affect the heart, primarily[3]. The symptoms of the tumors are non specific and can mimic many other cardiac diseases.

  In this study, we reviewed our 17 years of experience in the surgical treatment and clinical results of primary non-myxoma cardiac tumors.

   

  METHODS

  Between July 2000 and February 2017, 21 patients with primary cardiac tumors were surgically treated in our institution and 11 of these were diagnosed with primary benign cardiac tumors. Patients with tumors metastatic to the heart and those in whom a primary cardiac origin was not clear were excluded from the study. Data including the demographic characteristics, details of the tumor histology and grading, cardiac medical and surgical history, surgical procedure of the patients were obtained from the hospital database. Preoperative diagnosis was established using transthoracic echocardiogram (TTE). Coronary angiography and computed tomography were performed in eight (38%) and three (14%) patients, respectively. Annual TTEs were performed during follow-up to evaluate the left ventricular function, presence of intracardiac masses, filling status and valve function after tumor resection. Patients were interviewed over the phone to assess late functional status. Statistical analyses were performed using the statistical software SPSS 15.0 for Windows (SPSS Inc, Chicago, IL, USA). Pearson chi-square test was used for comparisons between the pediatric and adult patients. Survival was estimated using the Kaplan-Meier product limit method and curves were compared using a log-rank test. A P-value <0.05 was considered statistically significant.

  For reporting purposes, the tumors were grouped into two categories: benign non-myxomas and malignant.

  The study protocol was approved by the Kartal Koşuyolu Research and Training Hospital Ethics Committee. Written informed consents were obtained from each patient or parents, in case of pediatric patients. The study was conducted in accordance with the principles of the Declaration of Helsinki. The authors had full access to all of the data in this study and take full responsibility for the integrity of the data. All authors have read and agreed with the manuscript.

   

  RESULTS

  Benign non-myxoma tumors represent 52% of the total patient cohort, seven (64%) patients were male and four (36%) were female, ranging in age from 10 days to 74 years (mean age 30.9±26.5 years). Seven patients had papillary ﬁbroelastomas and other pathology as delineated in Table 1. There was a female predominance (female/male:7/3) in patients with malignant tumors and they were ranging in age from 14 years to 73 years (mean age 44.7±18.9 years). Two patients had primary cardiac lymphomas and rest had different kinds of sarcomas (Table 1).
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  The symptoms, surgical procedures and follow-up periods of all patients in both groups are summarized in Tables 2 and 3. Dyspnea and palpitation were the most frequent symptoms. Although some patients with papillary fibroelastoma were asymptomatic in benign group, there were various grades of symptoms in all of the malignant types.
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  There were five pediatric patients in the entire group and four of these patients had benign tumors (Table 4). As seen on Table 4, although malignant primary cardiac tumors appeared almost exclusively in adults in our patients, no statistically significant difference between the pediatric and adult patients could be observed (P=0.157). The details of tumor types in pediatric patients are shown in Tables 2 and 3.
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  Three patients suffered from mitral valve regurgitation, one patient had severe anterior descending artery stenosis, right ventricular outﬂow tract obstruction occurred in one patient, and patent foramen ovale was present in one patient. Two patients had previous extracardiac malignancy: gastric lymphoma and fibrosarcoma in abdomen (patient 1 in malignant, patient 4 in benign group, respectively).

  Resection of the cardiac tumors was performed through a median sternotomy with cardiopulmonary bypass in all patients except three: patient 9 in benign, and patients 5 and 9 in malignant group. In all three patients palliative resection was performed as much as possible and chemotherapy was administered after surgery. Ascending aortic arterial and bicaval venous cannulation was the standard technique with moderate systemic hypothermia (30°-32°C). In patients with aortic papillary fibroelastoma two-stage venous cannulation was done and in one patient with fibrosarcoma total circulatory arrest was required for the resection of the tumor invading pulmonary artery branches. Both pediatric patients with rhabdomyoma underwent emergency surgery because of the right ventricular outflow tract obstruction (patient 8) and congestive heart failure with severe cyanosis (patient 9). The latter patient had hypoplasia of the left lung and only palliative resection could be done without the use of cardiopulmonary bypass. In one patient in malignant group with unclassified sarcoma diagnosis (patient 8), emergent surgery was required due to the presence of pulmonary edema. With the rest of the patients, operations were undertaken on an urgent basis (within one week). In benign group, entire tumor mass could be resected completely except for one (91%) patient, but in malignant group total resection could be done in only three (30%) patients. Associated procedures: three mitral valve annuloplasties, two tricuspid valve annuloplasties (De Vega and bicuspidization technique), two coronary artery bypass grafts (due to the complete resection of angiosarcoma that has spread around the right coronary artery route in patient 6), two aortic valve repairs and one patent foramen ovale repair.

  Mean cardiopulmonary bypass time was 73.4±55.1 min and mean myocardial ischemic time was 35.2±11 min in benign group. Those times were 107.6±55 min and 74.3±44.6 min in malignant group, respectively. Mean duration of hospital stay was 6.5±1.5 days and mean mechanical ventilation time was 5.7±2.8 h in benign group and these times were 10.2±4.9 days and 11±6.2 h. in malignant group, respectively.

  Arrhythmia was observed in two patients in malignant group (patient 4 and 8) after surgery. One patient suffered from pneumonia in postoperative period (patient 2 in malignant group). Postoperative bleeding occurred in three patients. Drainage was successfully managed medically in the patient with T-cell lymphoma, but the other two were needed re-exploration (patient 2 in benign, patient 7 in malignant group). Extracorporeal membrane oxygenation and high-dose inotropic support was required in the postoperative period due to low-cardiac output after the resection of a large, right ventricular and pulmonary arterial fibrosarcoma in one patient (patient 7).

  Two of the deceased patients had benign tumors (all were rhabdomyoma) and eight had malignant tumors with postoperative mortality rates of 18% and 80%, respectively.

  All survivals in benign group were free of tumor-related symptoms and tumor relapses or any progression. No patient in this group required reoperation for tumor related or any other cardiac problem. The mean follow-up period was 69.3±58.7 months (range, 3 to 178 months). Two patients with sarcoma had evidence of metastatic disease after surgery (patient 4- lung, patient 7- liver). One patient required reoperation in the 30th and 39th months during the follow-up period (Table 3). The patient with T-cell lymphoma had complete remission after the chemotherapy. He is now 20 years old with no evidence of lymphoma in any screening modalities. The other survived patient with angiosarcoma has no tumor-related clinical manifestation. She is receiving chemotheraphy with anthracycline and ifosfamide. The mean follow-up period for the entire group was 18.7±24.8 months (range, 0-78 months). Six patients died in the first 10 months. The cumulative survival rates are shown in Figure 1 and this finding was statistically significant (P=0.017 by log-rank test). In pediatric patients, there were two early deaths, one patient were diagnosed with rhabdomyoma and the other three patients are still alive without any complaints associated with the tumors. In Figure 2, the cumulative survival rates between the pediatric and adult patients are shown and no statistically significant difference was observed (P=0.717 by log-rank test).
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  DISCUSSION

  Despite the widespread use of echocardiography, primary cardiac tumors remain an uncommon occurrence. Myxomas are conﬁrmed to be the most frequent cardiac tumors and once they are excluded, the other types of cardiac tumors are extremely rare. After surgical resection, the main difference between benign and malignant tumors is the survival rates[2,4]. In our series, surgical resection of primary benign cardiac tumors has good short and long term results; conversely the prognosis of malignant types is poor.

  Rhabdomyomas are the most frequent primary cardiac tumor in infants and children and are usually discovered in patients less than one year of age[5]. These tumors are benign myocardial hamartomas which usually display no significant symptoms and tends to regress spontaneously. Thus, most patients without any hemodynamic abnormalities or intractable arrhythmias do not require routine surgery. Moreover, total resection of the tumor may not be always possible due to the pathologic characteristic of rhabdomyomas: they are intramural masses and most commonly multiple in number with intracavitary extensions[6]. In our patients, both had severe hemodynamic instability and total resection could be performed in only one patient, but both died after surgery in the early period. Although the number of patients in the different studies is not sufficient, mortality rates vary between 3-21%[5,7].

  Papillary fibroelastomas are the most frequent cardiac valvular tumor. Although there are many hypotheses, the etiology is still unclear[8]. They are usually solitary, less than 1.5 cm in diameter, and diagnosed in older patients. As with our patients, sometimes they can be encountered in children and young adults[7,9]. There is no gender predominance. Most papillary fibroelastomas are asymptomatic and found incidentally, however, affected patients may present with thromboembolic events such as transient ischemic attacks or stroke, chest pain or sudden death secondary to the obstruction of coronary arteries and peripheral embolism[8,10]. These tumor related embolic events and death are associated with mobility of the tumor not with its size[11]. The surgical resection is curative and long-term prognosis after surgery is excellent[2,11].

  Cardiac fibromas typically occur in childhood period. These tumors are solitary and usually arise from left ventricle as in our case. They may invade the ventricle muscles and the conduction system, therefore they can cause the congestive heart failure and refractory ventricular arrhythmias. Surgery is usually indicated because spontaneous regression has never been observed and surgical outcome is successful in most of the patients whether total or partial resection has been done with freedom from recurrence[12].

  Hemangiomas and lymphangiomas are major vascular cardiac tumors. Angiomatosis is quite a rare vascular tumor and is usually observed during childhood. Primary left ventricular angiomatosis was first described in our patient[13]. They may cause ventricular tachycardia and presyncopal attacks. The tumor was capsulated, yellowish and rubbery in our case. During the follow-up period, no recurrence or relapse or any other hemodynamic concerns were encountered.

  Approximately 10% of cardiac tumors which are surgically resected are primary sarcomas. Sarcomas are malignant mesenchymal tumors. Angiosarcomas are the most common type of primary cardiac sarcomas[14]. Although they can involve all of the cardiac chambers, angiosarcomas tend to arise from the right atrium, the other types of sarcomas more commonly affect the left side of the heart. Patients can present with similar symptoms as the other cardiovascular diseases: dyspnea (the most frequent symptom), palpitation, chest pain, congestive heart failure, pericardial effusion or cardiac tamponade. Today, after the diagnosis of cardiac sarcoma to be established, patients undergo a thorough review by a multidisciplinary cardiac tumor team, including medical and radiation oncologists, cardiologists, radiologists and cardiac surgeons. Multiple imaging modalities including echocardiography, computed tomography, cardiac magnetic resonance imaging, total body positron emission tomography, coronary angiography are utilized to assess the cardiac structures, tumor resectability and intra- or extrathoracic metastases and to plan the treatment[15,16]. Treatment consists of neoadjuvant chemotherapy, radical surgery and adjuvant chemo- and radiation therapy. Primary cardiac sarcomas possess the highly aggressive local growth and metastatic spreads are common. The prognosis for patients with cardiac sarcomas remains very poor. Survival rates are primarily related with tumor histology, complete or incomplete resection and distant organ metastasis at presentation[14,17]. Some authors classified the cardiac sarcoma by their anatomic location rather than by histopathologic type: right heart sarcomas, left heart sarcomas, pulmonary artery sarcomas[15,16,18]. Right heart sarcomas tend to be bulky, infiltrative and metastasize early and neoadjuvant chemotherapy can reduce the tumor size thus increase the possibility of success a total resection; in contrast, left heart sarcomas typically presenting with locally advanced tumor and cardiac autotransplantation technique may enable the optimal exposure for complete resection and cardiac reconstruction in complex left sided tumors[18,19]. Pulmonary artery sarcoma tends to be angiosarcoma and present with symptoms related to pulmonary artery obstruction associated with intraluminal growth and spread. This classification influence the prognosis and treatment strategy rather than by histological type[15,16,20]. Furthermore, neoadjuvant and/or adjuvant chemotherapies have been reported to achieve prolonged survival rates in certain cases[15,16,20].

  Primary cardiac lymphoma is an extremely rare subset of non-Hodgkin's lymphoma, involving only the heart and/or the pericardium. The majority of cardiac lymphomas are B-cell neoplasms[21]. T-cell lymphoma was found in only 5% of all primary cardiac lymphoma types in a large literature review[22]. These tumors generally involve the right heart and the right atrium is the cardiac chamber most affected by primary cardiac lymphoma[3]. Lymphoma may appear isolated in the mitral valve[23]. In our cases, one of them arose from the right atrium and ventricle, and the other originated from the superior vena cava. The latter has spread to the aorta and pulmonary artery. Dyspnea is the most common presenting symptom in the primary cardiac sarcomas. The most common treatment modality is chemotherapy and the surgical resection is required almost 30% of patients[22]. The prognosis of primary cardiac lymphomas is better than the cardiac sarcomas in treated patients and surgery accompanied by chemotherapy has good outcomes[24,25]. Immunodeficiency, extracardiac disease, left ventricular involvement, and the absence of arrhythmias have adverse effect on prognosis[22].

  Limitation

  The findings of a retrospective study of patients that underwent surgical resection of primary non-myxoma cardiac tumors were presented. The major limitation of this study was its small sample size in both benign and malignant groups because of the rarity of these tumors. Moreover, we could only perform palliative surgery in most of the patients in the malignant group and so the prognostic significance between complete and incomplete resection was not evaluated in the follow-up period. Over the years, many different surgeons have participated in these operations in our department. Although these tumors are rare; after the diagnosis, especially in patients with cardiac sarcomas, the realization of these operation performing of these operations by experienced surgeons in a multidisciplinary approach may improve patient outcomes.

   

  CONCLUSION

  Primary cardiac tumors have many different histopathological types in benign and malignant groups. Complete resection of the tumor, whenever possible, is the main goal of surgery. Surgical resection of benign cardiac tumors is safe, usually curative and provides excellent long-term prognosis. On the contrary, malignant cardiac tumors still remain highly lethal. Adjuvant therapy may increase survival rates in primary cardiac lymphoma.
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    ABSTRACT

    INTRODUCTION: The incidence of postoperative thrombocytopenia after aortic valve replacement (AVR) with the Perceval S Sutureless bioprosthesis remains unclear. The aim of this study was to report thrombocytopenia associated with the use of sutureless AVR.

    METHODS: The data was collected retrospectively for patients who had isolated AVR with sutureless Perceval S valve (Group A: 72 patients) and was compared with patients who underwent isolated sutured AVR with Perimount Magna Ease Bioprosthesis (Group B: 101 patients) in our institution between June 2014 and January 2017.

    RESULTS: Cardiopulmonary bypass and cross-clamp time were significantly shorter in group A. Maximum drop in platelet count was 58% mean (day 2.3) in group A versus 44% mean (day 1.7) in group B (P=0.0001). Absolute platelet count on postoperative day 1-6 in group A was significantly less than in group B (P≤0.05). Platelet count recovered to preoperative value in 44% patients in group B versus only in 26% patients in group A at discharge (P=0.018). Moderate thrombocytopenia occurs more often in group A (41% vs. 26%) (P=0.008) while severe thrombocytopenia (<50 x 109) was observed in 6% in group A but never in group B. Platelets (P=0.007) and packed red blood cells (P=0.009) transfusion was significantly higher in the group A.

    CONCLUSION: The implantation of sutureless Perceval aortic valves was associated with a significant drop in platelet count postoperatively with slow recovery and higher platelets and packed red blood cells transfusion requirements. A prospective randomised trial is needed to confirm our findings.

    Keywords: Aortic Valve/Surgery; Thrombocytopenia; Bioprosthesis/ Adverse Effects; Heart Valve Prosthesis Implantation/Adverse Effects.

  

   

   

  INTRODUCTION

  Surgical aortic valve replacement (AVR) still represents the gold standard in patients with severe aortic valve stenosis[1]. Owing to increasing age of the patient population in the Western world, there has been an increase in the prevalence of patients with valvular heart disease eligible for AVR[2]. Given the increasing number of co-morbidities and the increasing age of patients, a tendency has emerged to use biological valve implants thus avoiding the need for long-term anticoagulation therapy. Although the concept of transcatheter aortic valve implantation (TAVI) appears attractive, the calcified aortic valve is not removed during this procedure. Therefore, paravalvular leakage remains an important issue with this technique[3]. Other important concerns are access site-related problems and device malpositioning.

  The recent introduction of sutureless bioprostheses may offer an additional tool in the therapeutic armamentarium as these valves do not need to be sutured into place resulting in shorter cross-clamp and cardiopulmonary bypass (CPB) durations which may be beneficial in older patients with co-morbid conditions. Moreover, due to the absence of a sewing ring, these valves exhibit favourable hemodynamic properties. Excellent outcomes have been demonstrated with sutureless AVR in minimally invasive surgical setting[4].

  We noticed that sutureless valves are associated with greater drops in postoperative platelet counts compared to sutured valves. Albacker[5] reported this phenomenon with sutureless AVR and the aim of this study was to investigate this observation and try to find an explanation for its occurrence.

   

  METHODS

  Patients

  It is a retrospective, observational study. All the patients who underwent isolated sutureless Perceval AVR between June 2014 and November 2016 were compared with patients who had isolated AVR with Carpentier-Edwards Perimount Magna Ease valve between June 2015 and January 2017. Any non-isolated AVR cases i.e.: coronary artery bypass grafting, mitral and tricuspid valve surgery, myomectomy, ascending aorta surgery were excluded. Moreover, all the redo, emergency and infective endocarditis patients were excluded.

  All the sutureless AVRs were performed by the six different surgeons in our institution during that period. Data was collected on all the patients who underwent sutured AVR by the same surgeons during the same time period (101 patients) as a control group.

  A total of 72 patients received isolated Perceval bioprosthesis and 101 patients had Perimount Magna Ease valve. The Percevel S valve sizes were small, medium, large and extra-large. For statistical purposes they were taken as equivalent to 19-21, 23, 25 and 27 mm Perimount Magna Ease sizes, respectively.

  Severe thrombocytopenia was defined as a platelet count <50x109/Lit during the postoperative period. The platelet count was determined preoperatively, day of surgery and every day until day 5 in the postoperative period. In-hospital mortality was defined as any death occurring within first 30 days after surgery. Aspirin and clopidogrel was discontinued 7 days before surgery and warfarin was stopped 5 days before operation.

  Surgical Approach

  A complete median sternotomy was performed and extracorporeal circulation (ECC) with moderate hypothermia (34°C) was employed in every patient. Antegrade cold blood cardioplegia was administered after application of cross clamp. The choice of prosthesis implanted was made by the surgeon. Perioperative transesophageal echocardiogram was performed routinely to confirm correct position of the valve, exclude any paravalvular leak and evaluate valve hemodynamics.

  The Perimount Magna Ease valve was rinsed with normal saline for 3 minutes before implantation while Perceval valve does not require any rinsing before implantation. Perimount Magna Ease valves were intra implanted with interrupted or semi continuous 2/0 prolene sutures.

  The Perceval valve is a surgical bioprosthetic heart valve consists of glutaraldehyde-fixed bovine pericardium treated with homocysteic acid in order to remove the free aldehyde residues and prevent the calcification process. It is fixed in a metal cage made up of an alloy of nickel and titanium, known as nitinol.

  Three 4/0 polypropylene guiding sutures were passed at the nadir of the aortic annulus. An appropriately sized prosthesis was collapsed in a side table and placed into the manufacturer's holder. The three guiding sutures were passed through the three green holes arising from the annular ring of the prosthesis, which was consequently seated on the debrided annulus. Once the delivery system is in position, the stent is deployed by turning the release screw and leaving the valve in place. The delivery system and the guiding sutures are removed. The field was rinsed with warm saline, and the prosthesis was dilated at four atmospheres for 30 seconds.

  On first postoperative day, patients were started on aspirin 150 mg orally and low molecular weight heparin subcutaneously for deep vein thrombosis prophylaxis.

  Statistical Analysis

  All data has been extracted from the Dendrite PATS CS2010F SCTS v4.1.2 database. Date of data extract was 25.07.17 to cover the period from 01.06.2014 to 31.01.17. Analysis was performed using MS Excel. Numerical values were compared using an independent t-Test, with a two-tailed distribution assuming unequal variances. Categorical variables were compared using Chi Square χ2 analysis.

   

  RESULTS

  The preoperative characteristics of patients are depicted in Tables 1 and 2. There was no difference between Group A and B regarding history of preoperative renal impairment or pulmonary disease. Group A has more female patients (A=52% vs. B=31%; P≤0.004), patients with hypertension (79% vs. 60%; P=0.01), neurological dysfunction (17% vs. 7%; P=0.05) and angina (54% vs. 37%; P=0.03). In group A, patients were older (range: 54-84, mean 74 vs. 47-86, mean 70 vs. range 34-91, mean 71; P=0.001) and with higher logistic EuroSCORE (3.07 vs. 1.87; P=0.001).

  
    

    [image: Table 1. Preoperative summary.]

  

  
    

    [image: Table 2. Preoperative summary (continued).]

  

  Greater number of L and XL size valves was implanted in Perceval valve group, and of 23 and 25 mm prosthesis in Perimount Magna Ease group (Table 3).
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  When Perceval valve sizes S, M, L and XL were compared with their counterpart Perimount Magna Ease valve sizes, there was more significant thrombocytopenia in Perceval group (Table 4). Haematology data is depicted in Tables 5, 6 and 7. Among the Perceval valve group, 5 (6%) patients had severe thrombocytopenia. Their peak reduction was on day 3 with 58% of their preoperative platelet value. While in Perimount Magna group none of them had severe thrombocytopenia. Their peak reduction was on day 2 with 44% of preoperative value which is significantly less then Perceval valve group. Perceval valve group required more blood (1.5 vs. 0.7 units) (P=0.009) and platelet (0.3 vs. 0.1 platelets pools; P=0.007) transfusion. No significant difference in absolute platelet count between two groups on preoperative and operation days was observed. Platelet count was significantly reduced in Perceval group from day 1-6 and 20% patients came back to preoperative level at discharge. Forty-four percent of Perimount patients came back to preoperative value at the time of discharge. Forty-one percent of Perimount group had moderate thrombocytopenia while this value was 26% in Perceval valve group.
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  Intraoperative and early postoperative variables are summarized in Tables 8 and 9. Cross clamp (range 23-76 min, mean 39 min vs. 24-133 min, mean 54 min; P=0.001)) and bypass time (range 25-119 min, mean 59 min vs. range 19-175 min, mean 71 min; P=0.001) were shorter in isolated Perceval valve group (Group A1) compared to isolated conventional valve group (Group B1).
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  Perceval valve patients spent more time in ICU compared to Perimount Magna patients (3.2 days vs. 1.9 days; P=0.005). No significant difference in postoperative neurological dysfunction, renal impairment, atrial fibrillation, permanent pacemaker requirement or mortality could be observed.

   

  DISCUSSION

  Our retrospective study showed that there is a relationship between Perceval S valve implantation and severe thrombocytopenia. Severe thrombocytopenia in our study was not associated with higher mortality and morbidity, and none of these deaths was related to severe thrombocytopenia.

  Sánchez et al.[6] compared the incidence of thrombocytopenia after AVR with Perceval S Sutureless Bioprosthesis (n=27) and Mitroflow prostheses (n=50). The incidence of severe thrombocytopenia was significantly higher (P=0.046) in Perceval S patients than in Mitroflow patients. The platelet count recovered in all patients with severe thrombocytopenia.

  The biological structure of the Perceval S valve and Freedom Solo stentless bioprosthesis are very similar[6].

  Hilker et al.[7] compared the postoperative courses of platelet counts in patients having had AVR with stentless prostheses (Sorin Biomedica Freedom Solo [SOLO]) or stented prostheses (Carpentier Edwards Perimount [PM]). A higher occurrence of platelet levels below 100 Gpt/l between the second and the fifth postoperative day (POD) was found in the SOLO-group (71.9%) compared with the other biological substitute PM (36.6%).

  Miceli et al.[8] evaluated the postoperative evolution of platelet count and function after AVR in 116 patients undergoing isolated stentless biological AVR with Freedom Solo and compared with 206 patients who received stented biological valves. Freedom Solo implantation was associated with a higher incidence of thrombocytopenia compared with the control group (24.1% vs. 4.4%, P<0.0001).

  Piccardo et al.[9] also studied the incidence and clinical impact of thrombocytopenia in patients receiving AVR with Freedom Solo bioprosthesis and Carpentier-Edwards Perimount pericardial prosthesis. They reported that severe thrombocytopenia occurred in 25% and 3% of patients with Freedom Solo and Perimount bioprostheses, respectively (P<0.0001).

  Yerebakan et al.[10] compared platelet counts within 2 weeks after implantation of either a stentless (Sorin Freedom Solo) or a stented (Sorin Mitroflow) bovine pericardial bioprosthesis. In the Mitroflow group, the mean platelet count moderately dropped to a minimum of 60% of the initial value on 3rd POD and fully recovered on 8th POD. In the Freedom Solo group, platelet loss was significantly more severe (minimum relative value 25% on 4th POD) with no recovery during follow-up. However, there were no other complications reported in association with thrombocytopenia related to the use of these Freedom Solo valves and the phenomenon was transient and resolved without clinical consequences or hemodynamic dysfunction[9,10].

  Platelet count decrease has also been reported after percutaneous coronary intervention[11]. Gallet et al.[12] studied the effect of transcatheter (via femoral artery) aortic valve implantation (TAVI) on platelet count. They observed that platelet count systematically decreased after TAVI, with an average decrease of 34±15%, and a decrease in platelet count reported to be associated with in-hospital major adverse cardiovascular events and strongly influenced patient outcome. In the setting of TAVI procedures platelet activation can be caused by endothelial damage caused by prosthesis implantation, fibrinogen binding on metallic armatures, and shear stress modifications due to prosthesis implantation[13].

  Van Straten et al.[14] compared thrombocytopenia after AVR with mechanical and biological valves. They concluded that patients undergoing AVR with the Carpentier-Edwards Perimount bioprosthesis or a Medtronic Freestyle stentless bioprosthesis had a lower minimum platelet count within the first five POD, compared to patients receiving ATS and St. Jude Medical mechanical prostheses.

  In our study, the drop-in platelet count started to occur during the 3rd POD with very slow recovery toward the 7th to 10th POD. The lowest drop in platelet count was down to 22% of the preoperative baseline level and occurred in patients implanted with the Perceval valve. As shown in other studies, there were no other clinical consequences associated with thrombocytopenia that was transient but resulted in more transfusion requirements.

  The bovine pericardium leaflets of both Perceval S valve and Mitroflow bioprosthesis are fixed in a process using gluteraldehyde. The Mitroflow prosthesis is stored in a solution of gluteraldehyde and needs rinsing before it is used. On the other side, the Perceval S prosthesis and Freedom Solo prosthesis are detoxified with homocysteic acid to eliminate any residual aldehyde and then stored in an aldehyde free solution; so, it does not require rinsing prior to use. Homocysteic acid can have a damaging effect on vessel endothelial cells and can precipitate platelet aggregation resulting in both thrombocytopenia and thrombotic complications[15]. These valves are carefully washed after detoxification with a homocysteic acid-free solution and then stored in jars filled with a homocysteic acid-free storage solution. Consequently, the residual amount of homocysteic acid, which could be transferred to the patient during the valve implantation, is negligible and the resulting concentration in blood is extremely low, so cannot be blamed for the postoperative thrombocytopenia. Moreover, the same solution is used for other bioprosthesis[16], without causing higher incidence of thrombocytopenia.

  Mechanical stress and hemodynamic turbulence have also been proposed as a cause of thrombocytopenia after Freedom Solo prosthesis[10].

  Small valve sizes have been described as causing some turbulence across the valve resulting in platelet activation or destruction, and consequently postoperative thrombocytopenia[7,9,14]. However, sutureless valves are well known for their superior hemodynamic performance and this hypothesis is quite unlikely.

  Non-specific activation of platelets leading to diffuse consumption and thrombocytopenia after AVR with both mechanical and bioprosthetic aortic valves was suggested by Leguyader et al.[17]. Platelet activation could also result from valve manipulation or the presence of the metal stent.

  The Perceval S valve has metal structure that serves as an anchoring system to the aortic valve, which could be the cause of turbulent flow, platelet rupture and mechanical structure. The metal stent may play a role in platelet activation and the possibility of paravalvular leaks may also trigger platelet activation and consumption. Moreover, the metal stents of these valves could interfere with the quality of images and could conceal or underestimate the degree of some paravalvular leaks[5].

  Long CPB duration has been suggested by other studies to be associated with postoperative thrombocytopenia[14]. In our study the CPB durations were shorter in the sutureless group than the sutured one so it cannot be responsible for post-operative thrombocytopenia.

  Severe thrombocytopenia is a common complication in patients who undergo cardiac surgery with ECC. It occurs as result of structural changes and activation of platelets, hemodilution, platelet aggregation and bleeding[18].

  Limitations

  The main limitation of our study is due to its observational, non-randomized and retrospective characteristics. Heparin induced thrombocytopenia was not investigated as a possible cause of thrombocytopenia, as it appears after the 5th postoperative day[18].

   

  CONCLUSION

  It seems to be an association between sutureless Perceval valve and severe thrombocytopenia, although it does not affect patient's mortality and morbidity. These patients had also higher rate of blood and platelets transfusion. A prospective randomised trial is needed to confirm our findings.
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    ABSTRACT

    OBJECTIVE: The aim of this study is to characterize the presence of exercise oscillatory ventilation (EOV) and to relate it with other cardiopulmonary exercise test (CET) responses and clinical variables.

    METHODS: Forty-six male patients (age: 53.1±13.6 years old; left ventricular ejection fraction [LVEF]: 30±8%) with heart failure were recruited to perform a maximal CET and to correlate the CET responses with clinical variables. The EOV was obtained according to Leite et al. criteria and VE/VCO2 > 34 and peak VO2 < 14 ml/kg/min were used to assess patients' severity.

    RESULTS: The EOV was observed in 16 of 24 patients who performed the CET, as well as VE/VCO2 > 34 and peak VO2 < 14 ml/kg/min in 14 and 10 patients, respectively. There was no difference in clinical and CET variables of the patients who presented EOV in CET when compared to non-EOV patients. Also, there was no difference in CET and clinical variables when comparing patients who presented EOV and had a VE/VCO2 slope > 34 to patients who just had one of these responses either.

    CONCLUSION: The present study showed that there was an incidence of patients with EOV and lower peak VO2 and higher VE/VCO2 slope values, but they showed no difference on other prognostic variables. As well, there was no influence of the presence of EOV on other parameters of CET in this population, suggesting that this variable may be an independent marker of worst prognosis in HF patients.

    Keywords: Heart Failure; Exercise Test; Respiratory Mechanics; Physical Exertion.

  

   

  
   

  INTRODUCTION

  Cardiovascular ischemic events are the leading cause of chronic heart failure (CHF), which is a syndrome that is generally characterized by the classic left ventricular systolic impairment with consequent muscular peripheral dysfunction[1] caused by not only the low cardiac output, but also by medications, oxidative stress, and chronic hypoxemia, among others[2]. An important outcome of this peripheral muscular dysfunction is the reduced functional capacity, negatively affecting the patients' autonomy and consequently their quality of life[2].

  Many parameters are known as independent markers of severity and predictors of morbidity and mortality in this group of patients. The maximal inspiratory pressure has been shown as an independent variable to quantify the survival rate of these patients[3] because it may reflect the inspiratory muscle weakness, usually witnessed in them. Furthermore, the handgrip strength has also been reported as an isolated parameter of CHF severity[4]. In this context, we may highlight the significance of the cardiopulmonary exercise test (CET). It is a useful tool that induce physiological responses in exercise conditions that might not appear at rest conditions.

  From the parameters obtained in the CET, many of them have been described as negatively influenced by CHF progression. It is quite well known that patients with CHF present low functional status and exercise capacity, with reduced peak oxygen consumption (VO2)[5,6]. Another powerful CET variable that may reflect the severity of these patients and, more specifically, the pulmonary congestion is the ventilation production (VE)/ carbon dioxide production (VCO2) slope, which shows the ventilatory inefficiency, mainly in those who have values > 34, strongly characterizing pulmonary congestion[7,8]. Also, the presence of oscillatory ventilation in rest or during exercise is being considered as an important variable with prognostic value of CET[9,10]. Besides this importance, there is still no standardization for obtaining and interpreting exercise oscillatory ventilation (EOV)[11].

  Therefore, the aim of the present study is to characterize the presence of EOV and to relate it with other clinical variables in patients with CHF.

   

  METHODS

  Study Design

  This is an observational and transversal study with convenience sample.

  Patients

  Forty-six men with CHF were recruited by clinical assessment. Inclusion criteria were previous history of stable symptomatic CHF due to left ventricular systolic dysfunction, documented for at least six months (left ventricular ejection fraction [LVEF]: < 45%), New York Heart Association (NYHA) class between II-III, and clinical stability for at least three months. Patients were excluded from study if they had clinical and/or functional evidence of obstructive pulmonary disease (forced expiratory volume in 1 second [FEV1]/forced vital capacity [FVC] < 70% in pulmonary test)[12], exercise-induced asthma, unstable angina or significant cardiac arrhythmias, and myocardial infarction within the previous six months; also, none of the subjects were tobacco users, alcohol dependents, or users of addicting drugs. No patient had been submitted to cardiovascular rehabilitation. All subjects presented the same clinical management, optimized medications, and were clinically stable. The eligible participants signed a written informed consent and the study protocol was approved by the Ethics Committee of Institution (protocol 238/06 and protocol 970.098).

  Experimental Procedure

  The research was performed in an air-conditioned laboratory, with temperature between 22ºC and 24ºC, and relative humidity between 50 and 60%, always in the same period of the day (between 8 am and 12 pm). In the day before the test, patients were warned to avoid the intake of stimulating drinks, not to perform physical activity, and to have light meals and at least 8 hours of sleep. First, the volunteers were familiarized with the experimental set and involved researchers. Before the test begun, the patients were examined to verify if the recommendations were followed. Then, the systolic and diastolic arterial blood pressure and the peripheral oxygen saturation were measured, and it was performed auscultation.

  Pulmonary Function

  Pulmonary function tests, measuring slow vital capacity (SVC), FVC, FEV1, and FEV1/FVC ratio, were carried out using the CardiO2 System (Medical Graphics Corporation, St. Paul, MO, USA). For comparative purposes, reference values from Knudson et al.[13], expressed in body temperature pressure standard (BTPS) conditions, were used. Carbon monoxide diffusion capacity (CMDC) was assessed by simple respiration model and static volumes were assessed by whole-body plethysmography. Technical procedures and the acceptability and reproducibility criteria were defined according to norms recommended by the American Thoracic Society[14].

  Ventilatory and Metabolic Variables During CET

  Ventilatory and metabolic variables were obtained by a computer connected to an ergospirometric measurement system (CardiO2 System), using the Breeze Suite 6 software package. Tidal volume was obtained by a Pitot pneumotachometer connected to the CardiO2 System and attached to a facial mask - which was selected considering the volunteer's face size and providing an adequate fit in order to avoid air leakage. The device presents in real time applied power values (W) and pedaling speed (rpm), as well as VO2, VCO2, minute ventilation (VE), heart rate (HR), and blood oxygen saturation (SpO2). Ventilatory equivalent values (VE/VO2 and VE/VCO2), respiratory exchange ratio (RER), end-tidal partial pressure of oxygen (PETO2) and carbon dioxide (PETCO2), flow-volume (FV), and respiratory rate (RR) were also calculated and registered. The power applied to the cycle ergometer during exercise protocols was controlled by the system through an interface with the bicycle.

  Data Analysis

  The following parameters were analyzed in CET variables:

  First Ventilatory Threshold (At) Obtained

  Visual analysis of VO2 and VCO2 correlation curves, VE/VO2, and PETO2 were graphically represented in moving mean values each eight respiratory cycles. Subsequently, three independent observers determined the anaerobic threshold (AT) under the following situations: 1) V-slope: breaking point from linearity in VO2 and VCO2 correlation curves; 2) VE/VO2: nadir point of this ratio, ensuring that a systematic increase occurs from it; and 3) PETO2: nadir point of this variable, from which a systematic increase begins. The CET data were set from the beginning of the ventilatory and metabolic variables responses to power output increments till the end of the exercise. Analysis of each observer was performed in an independent manner, on a 15 inches monitor (SyncMaster 550V, Samsung) connected to the MedGraphics software.

  Exercise Oscillatory Ventilation (EOV)

  The presence of periodic breathing was obtained by the analysis of ventilation data, and it was confirmed if there were three consecutive cycles with minimal average amplitude of 5 l in these data (peak value minus the average of two in-between consecutive nadirs), as suggested by Leite et al.[15].

  VE/VCO2 slope

  VE and VCO2 data were analyzed from the beginning of the exercise till peak. Data were input into spreadsheet software (Microsoft Excel) to calculate VE/VCO2 slope via least squares linear regression (y = mx + b, m = slope).

  VE/VCO2 > 34 and peak VO2 < 14 ml/kg/min were used to assess patients' severity.

  Statistical Analyses

  Statistical analyses were performed using the SigmaPlot version 11.0.0.007 (for Windows(r)) with level of significance set at 0.05. Data were submitted to a normality test (Shapiro-Wilk). As a normal distribution was observed, parametric statistical tests were used. For intergroup comparisons, the t-Student pared test was applied. Demographics, anthropometrics, and clinical data were presented as means with standard deviation.

   

  RESULTS

  Forty-six male patients were recruited; 22 patients were excluded and 24 were included in the present study (Figure 1).

  
    

    [image: Fig. 1. Flowchart of the present study. CHF = chronic heart failure; CET = cardiopulmonary exercise test.]

  

  Table 1 shows age and anthropometric and clinical characteristics of these patients, as well as their functional status and the CET variables with their prognostic thresholds. Body mass index (BMI) average showed that most of the patients were overweight and they were in NYHA functional class II and III. Among the 24 included patients, 16 presented EOV.

  
    

    [image: Table 1. Anthropometrics, clinical and cardiopulmonary exercise test (CET) data of the patients included in the present study.]

  

  Figure 2 shows the data obtained from patients with EOV (EOV+) and patients who did not present EOV (EOV-) on incremental CET with other parameters obtained from the CET, as well as their clinical variables and age. There was no difference between EOV+ and EOV- groups.

  
    

    [image: Fig. 2. Analysis of age, cardiopulmonary exercise test and clinical variables of exercise oscillatory ventilation (EOV+) population and non-EOV (EOV-) population. (A) Peak oxygen consumption (ml/kg/min). (B) Peak oxygen consumption (ml/min). (C) Oxygen consumption (ml/kg/min) at anaerobic threshold (AT). (D) Oxygen consumption at AT (ml/min). (E) VE/VCO2 slope. (F) Age. (G) Left ventricular ejection fraction (LVEF) (%). (H) New York Heart Association (NYHA) functional class.]

  

  Also, there was no difference on age, clinical variables and parameters of the CET data obtained from patients with EOV and VE/VCO2 slope > 34 when compared to patients with EOV or VE/VCO2 slope > 34, as shown on Table 2. Such analysis was performed to verify if the patients who presented these two concomitant responses had a more severe status than those who didn't.
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  DISCUSSION

  The present study's main findings are: (i) no difference between CET variables in patients with EOV and non-EOV; (ii) the absence of difference on functional variables between CHF patients with EOV and VE/VCO2 > 34 and those with EOV or VE/VCO2 > 34; iii) the presence of EOV and peak VO2 < 14 ml/kg/min in 25% of the patients, as well as EOV and VE/VCO2 > 34 in 46% of them.

  Anthropometric data of CHF patients showed that they were overweight and that 15 of the 24 evaluated patients were classified as NYHA functional class III. Furthermore, they had a poor exercise performance on CET, which can be seen by the value of peak VO2 (15.1 ml/kg/min), presenting low peak workload values. The literature shows that CHF patients exhibit a low peak VO2 [16] as a marker of exercise intolerance caused by many factors of this disease as the low cardiac output, pulmonary congestion, and alterations of metabolism on peripheral and ventilatory muscle fibers that lead to a muscular dysfunction with impact on exercise tolerance. Peak VO2 is also a prognostic variable of CET[5,6].

  Other CET variables showed similarities between our study and the literature, specifically when it comes to the coexisting presence of EOV and other bad prognostic variables, such as VE/VCO2 > 34 and peak VO2 < 14 ml/kg/min[17]. One study has showed that the presence of the combination EOV and VE/VCO2 > 34 is particularly more alarming because of the risk for adverse cardiac events[18]. Otherwise, our results do not agree with the literature when it comes to the worst response of CET variables on EOV population, described as lower peak VO2, higher VE/VCO2 slope, and lower rest and peak PETCO2, when compared to non-EOV population[17]. Hypotheses for these findings are the heterogeneity of exercise protocols in the literature and the absence of a gold standard to verify the presence of EOV in patients with profile and clinical status similar to our subjects. In a meta-analysis about the assessment of EOV, Cornelis et al.[11] have suggested the use of Corrà et al.[19] criteria, although none of the criteria available appears to be superior. This criterion should be applied to a constant load protocol since the VE data may not vary more than 15% compared to the mean of rest VE data, which is a physiological response expected on the incremental exercise protocol. Also, the presence of EOV may be longer than 60% of the exercise time. For the results presented, we used Leite et al.[15] criteria because these are not so subjective since the presence of EOV is not calculated through time, but as a continuous variation of the VE data with an waxing and waning pattern, and it is not influenced by the time of its appearance, but by its amplitude. Finally, we believe that Leite et al.[15] criteria could be more appropriate to assess EOV during incremental exercise test.

  Even though the trigger mechanisms of EOV are not totally understood, the main hypotheses are circulatory delay, increased chemosensivity, increased ergoreflex signaling, and/or pulmonary congestion[17]. The reduced cardiac output leads to a delayed lung-chemoreceptor circulation (peripheral/central); this and the inefficient control of VE caused by increased chemosensitivity lead to an exaggerated response of the ventilation[20]. From the hemodynamic view, there is an uncoupling on the right ventricle to lung circulation, and a pulmonary edema due to a high ventricle filling pressure even when these patients are clinically stable and on optimized drug therapy[20].

  Studies that evaluated the prognostic power of EOV obtained by the analysis of ventilatory pattern of CHF patients when submitted to a CET suggest that this variable seems to be the most important in the CET, even with better prognostic values than VE/VCO2 slope[21]. Additionally, the presence of EOV combined with higher values of VE/VCO2, mainly > 34, is even more alarming and powerful to predict adverse cardiac events on CHF population[18], characterizing that these two ventilatory variables reflect the worst control on ventilation and ventilatory inefficiency and may be translated into a better prognostic definition[20]. In the present study, the comparison between patients with EOV and VE/VCO2 > 34 and patients with only one of these showed no statistical difference on CET ventilatory variables, age, nor their clinical status, such as LVEF. It is already known that the presence of EOV is not altered by LVEF, since Guazzi et al.[22] showed no difference in incidence of EOV in CHF patients with normal or reduced LVEF. It suggests the power of EOV as an independent CET marker of worst prognostic because it represents the poor hemodynamic and ventilatory adjust to physical exercise and did not correlate with other ventilatory and metabolic CET variables with prognostic values.

  Some studies focused on treatment of EOV and showed that the pathological pattern of ventilation in EOV population can be modulated and even disappear. Three studies evaluating pharmacological therapy with inodilator (malrinone)[23] and selective pulmonary vasodilator (sildenafil)[24] have shown some attenuation on EOV. In another study based on aerobic training, for three months, 71% of the patients with stable congestive heart failure showed a good EOV response[25]. These studies evaluated stable patients on optimized drug therapy, which suggests that maybe EOV does not respond to standard treatment for CHF, requiring other approaches than pharmacological interventions, such as physical exercise.

  Based on the present study's findings, it is important to encourage further studies about EOV in CHF and other patients for a better comprehension of the role of EOV, as well as to establish a gold standard pattern to verify the presence of this variable in different diseases and levels of severity. Finally, this knowledge improves therapeutic strategies.

  Limitations

  The absence of gold standard in obtaining EOV must be considered, also some tool to evaluate peripheral muscular strength would give information that could help the interpretation of the findings. Results may not be extrapolated to more severe patients. Finally, this study was made with a convenience sample and more subjects should be recruited to consolidate our findings.

   

  CONCLUSION

  The present study showed that there was an incidence of patients with EOV and lower peak VO2 and higher VE/VCO2 slope values, but there was no difference on other prognostic variables. In addition, no influence of the EOV presence on other parameters of CET in this population was observed, suggesting that this CET variable may be an independent marker of severity in CHF patients.
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    ABSTRACT

    OBJECTIVE: On pump beating/non-beating coronary artery bypass grafts (CABG) has been compared in patients with unstable angina and/or severe left ventricular dysfunction. There is scarce evidence regarding the beneficial use of on-pump beating CABG in patients with stable angina and normal left ventricular function. Our aim was to study the postoperative results using both techniques in this group of patients.

    METHODS: One thousand one hundred and forty-five patients with stable angina underwent on-pump isolated CABG in Uruguay from 2011 to 2015. Patients were grouped into beating/non-beating CABG. Operative mortality and long-term survival were evaluated as primary outcome. Logistic regression analysis was performed to define the predictive role of aortic cross clamp (AXC) on prolonged inotropic support, ventilator support and intraoperative glycemia.

    RESULTS: Among the included patients, 988 underwent aortic cross clamp. No differences were found in operative mortality, stroke and long-term survival among both groups. Patients without AXC showed higher intraoperative values of glycemia and higher incidence of postoperative prolonged mechanical ventilator support (7.6% vs. 2.4%; P=0.001). The need for prolonged inotropic support was lower in this group of patients (27.4% vs. 49.5%; P<0.001).

    CONCLUSION: On-pump beating CABG has similar operative mortality and long-term survival compared with conventional AXC. Higher intraoperative glycemia and higher incidence for prolonged mechanical ventilator is associated with on-pump beating CABG. On the contrary, higher incidence for prolonged inotropic support is associated with AXC. Taking these factors into consideration, both techniques are safe and allow the surgeon to choose the most comfortable option.

    Keywords: Coronary Artery Bypass; Cardiopulmonary Bypass; Angina, Stable.

  

   

   

  INTRODUCTION

  The most common and widely used method for coronary artery bypass grafting (CABG) involves the use of cardiopulmonary bypass (CPB) with aortic cross clamp (AXC) and cardioplegic arrest. This technique allows the surgeon a still and bloodless surgical field in which construction of distal coronary anastomosis is easy and safer. Nonetheless, the use of CPB carries several disadvantages such as systemic inflammatory reaction and risk for cerebral emboli. Therefore, several groups support the use of CABG without CPB alleging better short and long-term outcomes compared with patients with CPB. Data from the most recent randomized control study has shown that although both techniques show differences in short-term outcomes (more bleeding, renal failure and respiratory complications in patients with CPB; decreased risk for early revascularization in CPB group) no differences were found in long-term outcomes between both techniques[1,2].

  In spite using CPB, some groups have advocated not using AXC. Some of the arguments for not using AXC are: non-uniform distribution of cardioplegia and therefore myocardial damage[3]; higher risk for cardiac failure specially in unstable high-risk patients[4,5] and in patients with left ventricular dysfunction[6]. Nonetheless, the only randomized control study in this subject found higher risk of new irreversible myocardial injury in patients who underwent CABG without AXC[7].

  Although much has been written comparing both techniques (CPB with and without AXC), most of these studies refer to a high-risk cohort involving either unstable angina or left ventricular failure.

  The objective of this study was to evaluate immediate postoperative results and long-term benefit on survival of patients with stable angina who underwent on-pump beating CABG compared with arrested heart.

   

  METHODS

  Institutional review board from the Instituto Nacional de Cirugía Cardíaca (Montevideo, Uruguay) approved the study. Patient data was provided by the Fondo Nacional de Recursos (Resources National Fund). This Fund is the governmental entity in charge of financing all cardiac surgery procedures in Uruguay (private and public). As such, this agency has the responsibility of registering and following all procedures performed in our country. Between January 2011 and December 2015, 1145 (988 with AXC) patients underwent on-pump isolated CABG surgery for chronic ischemic heart disease. During this time-frame, the National registry included data from 18 active surgeons. Informed consent for surgical procedure was obtained in every case.

  Conventional CABG

  CPB was established with aortic cannulation and bicaval venous drainage. Heparin was administered at a dose of 300 IU/kg to achieve a target activated clotting time greater than 450 s. Systemic temperature was kept between 32° and 34°C. The aorta was cross-clamped, and myocardial protection was achieved with intermittent antegrade and retrograde crystalloid cardioplegia (Buckberg or Custodiol solution). The distal anastomoses were constructed with running sutures of 7-0 polypropylene, and the proximal anastomoses were connected to the ascending aorta with 6-0 polypropylene sutures using partial aortic cross-clamp.

  After the patient was weaned from CPB and decannulated, the heparin was reversed with protamine infusion (1/1.5 rate).

  On-pump Beating CABG

  The CPB circuit was the same as that for conventional CABG. The operation was continued with the assisted beating heart. The temperature of patients was kept approximately 36°C without cooling (normothermic). The distal anastomoses were constructed before the proximal anastomoses in most cases. The left anterior descending artery (LAD) was revascularized first with the internal thoracic artery (ITA). Regional myocardial immobilization and positioning was achieved with a suction stabilizer (Octopus and Starfish, Medtronic). During anastomoses, target vessel homeostasis was obtained with temporary occlusion of the proximal coronary artery or intracoronary shunt, and/or a humidified carbon dioxide blower was used for better visualization. Distal anastomoses were made with running sutures of 7-0 polypropylene. The proximal anastomoses were created with 6-0 polypropylene sutures under a partial occlusion clamp in all cases. After weaning from CPB and decannulation, the heparin was reversed with protamine infusion (1/1.5 rate relative to heparin).

  Definitions

  Operative mortality was defined as death during 30 days after surgery or during initial admission[8]. Prolonged inotropic support and prolonged mechanical ventilation was defined as requirement of either for more than 12h[9]. Perioperative acute myocardial infarction (AMI) was defined as the appearance of new Q-waves or a marked loss of R-wave forces and peak creatine phosphokinase MB isoenzyme (CK-MB) fractions greater than five times basal values[10].

  Categorical variables were expressed as absolute values (%), comparison between them were performed using Chi square or Fisher exact test. Continuous variables are expressed as mean±SD and comparisons were performed using Student T test.

  Baseline [age, gender, diabetes, hypertension, peripheral vascular disease, smoker, creatininemia, previous CABG, previous angioplasty, chronic obstructive pulmonary disease, renal failure, number of diseased coronary vessels, ejection fraction, recent AMI, European system for cardiac operative risk evaluation (EuroSCORE)] variables along with beating/non-beating heart were evaluated by univariate analysis for each of the dependent variables studied (intraoperative glycemia, prolonged inotropic support and prolonged ventilatory support). Those which resulted significant with a P<0.1 were entered in the multivariate regression. Survival was evaluated with Kaplan-Meier and log-rank test used to compare survival between the groups. Logistic and linear multivariate regression analysis were performed using the enter method. Variables with a P<0.1 in the univariate analysis were entered into the model. Cox regression was used to evaluate predictors for long-term survival.

   

  RESULTS

  Basal demographic characteristics are shown in Table 1. Variables were similar among patients with and without AXC except for higher incidence of peripheral vascular disease (PVD) (15.3% vs. 6.7%) and previous stroke (4.5% vs. 1.8%) in patients without AXC. Almost all patients had three vessel disease and more than 30% of patients in each group had left main disease.

  
    

    [image: Table 1. Demographic characteristics of the population (n=1145).]

  

  Intra and postoperative outcomes are shown in Table 2. CPB time was slightly longer in patients with AXC (93.4±26.7 min vs. 81.6±22.2; P<0.001). Patients without AXC showed higher intraoperative values of glycemia (1.99±0.69 vs. 1.77±0.51; P<0.001) and higher incidence of postoperative prolonged ventilatory support (7.6% vs. 2.4%; P=0.001). Nonetheless, the need for prolonged inotropic support was lower in this group of patients (27.4% vs. 49.5%; P<0.001). No differences were found in operative mortality or stroke between both groups.
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  Long-term survival for AXC and non AXC was similar (5-year survival 86.8±0.2 vs. 87.7±0.3%; P=0.340) (Figure 1).

  
    

    [image: Fig. 1. Overall survival for patients with stable angina who underwent isolated on-pump CABG. Green line - Aortic cross clamp. Blue line - beating heart.]

  

  In order to adjust for baseline differences between groups, logistic regression analysis was performed to define the predictive role of AXC on prolonged inotropic support, ventilator support, intraoperative glycemia, operative mortality and survival.

  Independent predictors for intraoperative glycemia were: diabetes (non-insulin requirement and insulin requirement), CPB time, and AXC (protective) (Table 3). Along with CPB time and EuroSCORE, AXC was found to be an independent predictor for prolonged postoperative inotropic support (Table 4). Regarding predictors for prolonged ventilatory support: AXC was protective and higher EuroSCORE was associated with increased risk (Table 5). Operative mortality and survival were not influenced by AXC.
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  DISCUSSION

  Almost all data in the literature comparing on-pump beating and non-beating CABG is focused on a high-risk population either due to the presence of unstable angina or left ventricular dysfunction. There is very limited data regarding what to do in patients with stable angina. Our results show that although some differences were noted between both techniques in the immediate postoperative period, operative mortality and long-term survival is similar.

  Various studies have shown that off-pump CABG is a good alternative technique for high risk patients with comparable results to on-pump CABG[1,2,11,12]. Some argue that off-pump CABG is a highly demanding surgical technique leading more frequently to incomplete revascularization resulting in higher incidence of short term revascularization procedures[1,12]. Nonetheless, the presence of diffuse atherosclerotic disease of the ascending aorta imply high risk for stroke and embolic complications with the use of AXC rendering off pump an attractive alternative.

  There is evidence that with conventional CABG the arrested heart may not be as well protected from ischemia as the beating-heart technique[13]. This major drawback of AXC CPB surgery is most important in unstable patients and patients with left ventricular dysfunction. Several retrospective studies have shown the beneficial use of on-pump beating heart CABG in these patients[4-6]. In patients with end stage coronary artery disease, it has been proposed that myocardial protection with AXC is detrimental and leads to hemodynamic failure in these patients[14]. Furthermore, in patients with severe left ventricular dysfunction, myocardial protection with AXC has been shown to be associated with worse short-term outcomes[5].

  However, the only randomized control study performed in this group of patients has shown quite the opposite[7]. Patients with severe left ventricular dysfunction randomized to on-pump beating CABG showed higher incidence of new irreversible myocardial and on six months follow-up, only patients with AXC demonstrated an improvement in ventricular geometry. The most likely mechanism proposed was inadequate coronary perfusion to distal myocardial territories in patients with severe proximal coronary disease[7].

  In patients with stable angina and normal ejection fraction, our results show that both techniques are comparable regarding operative mortality and long-term survival. We have shown that patients with on-pump beating CABG have higher intraoperative values of glycemia. It is well-known the association between acute coronary syndromes and hyperglycemia[15]. Higher glycemia in this group of patients could therefore be explained by the ischemic burden associated with on-pump beating CABG. AXC was associated with prolonged inotropic support. Concomitantly, patients who underwent AXC had longer CPB time. Although the predictive role of AXC for prolonged inotropic support derives from multivariate logistic regression, it is difficult to separate the influence of longer CPB times exerted by this group of patients. Similar to our findings, other authors have also shown CPB to be an important predictor for prolonged inotropic support[16]. Although AXC showed to be a predictor for prolonged inotropic support, it has an opposite effect on prolonged mechanical ventilation. This could be explained by the increased ischemic burden exerted by on-pump beating CABG which therefore derive in diastolic dysfunction and pulmonary edema. Previous data has shown similar ultrastructural abnormalities in patients who underwent beating and arrested heart procedures[17]. Nonetheless, even though logistic regression aims at correcting baseline differences, patients with AXC were less sicker and this could contribute to our findings. Although our findings are supported by the only randomized control trial published up to date, in order to confirm these mechanistic explanations, further research into circulating myocardial damage markers and lung function (arterial blood gases) parameters are required.

  Despite these postoperative differences, on-pump beating CABG is reliable and acceptable in patients with stable coronary artery disease and normal left ventricular function.

  Limitations

  The present study is a retrospective analysis of our nation registry. Therefore, it is subject to selection bias and subject to heterogeneity among health institutions. The latter refers to the fact that some institutions promote one technique over the other and therefore their results are biased. Furthermore, since our data is extracted from the National database, indications or reasons for choosing one technique over the other one is not present. Similarly, information regarding ascending aorta calcification although very valuable is not present in the National database. Unfortunately, no data regarding myocardial damage markers and arterial blood gases were registered. Therefore, solid mechanistic explanations for the differences in prolonged mechanical ventilatory and inotropic support cannot be stated. Patency of grafts could not be evaluated since routine angiography is not performed after CABG.

   

  CONCLUSION

  On-pump beating CABG has similar operative mortality and long-term survival compared with conventional AXC. Higher intraoperative glycemia and higher incidence for prolonged mechanical ventilation is associated with on-pump beating CABG. On the contrary, higher incidence for prolonged inotropic support is associated with AXC. Taking these factors into consideration, both techniques are safe and allow the surgeon to choose for the most comfortable option.
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    ABSTRACT

    INTRODUCTION: The great saphenous vein is widely used as a graft in coronary artery bypass grafting surgery. Complications due to saphenous vein harvesting can be minimized when using ultrasonography mapping and marking.

    OBJECTIVE: To analyze by clinical trial the use of vascular ultrasonography to map the saphenous vein in coronary artery bypass grafting to determine viability and dissection site.

    METHODS: A total of 151 consecutive patients submitted to coronary artery bypass surgery with the use of the great saphenous vein as a graft were selected for this prospective study. They were divided into two groups: Group 1 - 84 patients were submitted to ultrasonographic mapping and marking of the saphenous vein; Group 2 - 67 patients had saphenous vein harvested without any previous study. Both groups were coupled with follow-up on the 1st, 5th and 30th postoperative days. Primary endpoints were need for incision of the contralateral leg and wound complications within 30 days.

    RESULTS: Both legs had to be incised in 6 (8.95%) patients from Group 2 (P=0.0067). Wound complications occurred in 33 (23.4%) patients within 30 days, 21 (35%) from Group 2 e 12 (14.8%) from Group 1 (OR 3.095, 1.375-6.944, CI 95%, P=0.008). Within 30 days there were 4 (2.8%) deaths, all in Group 2 (P=0.036).

    CONCLUSION: The use of vascular ultrasonography for mapping of the great saphenous vein in coronary artery bypass surgery has properly identified and evaluated the saphenous vein, significantly reducing wound complications and unnecessary incisions. It would be advisable to use this noninvasive and easy to use method routinely in coronary artery bypass surgery.

    Keywords: Cardiovascular Surgical Procedures; Coronary Disease; Myocardial Revascularization; Saphenous Vein; Ultrasonography; Surgical Wound Infection; Complications.

  

   

   

  INTRODUCTION

  Atherosclerotic coronary artery disease is prevalent in the world population and coronary artery bypass grafting (CABG) surgery is one of the most accomplished and studied procedures in the history of contemporary surgery[1].

  Even with the use of arterial grafts, the great saphenous vein continues to be widely used, and the graft is more common in CABG surgeries[1]. Although the clinical examination suggests the location of the saphenous vein, especially in the calf and distal segment of the leg, its origin in the proximal thigh segments remains unknown until surgical exploration[2]. In addition, methods to predict the viability of this venous graft prior to surgery are not always used, which may lead to increased morbidity for the patient. This may occur if the great saphenous vein is considered unsuitable for use in CABG surgery in the perioperative period, with the need for dissection of the saphenous vein in the other leg or for obtaining an alternative graft. Complications in the operated leg are not infrequent, such as the presence of infections with wound dehiscence, paresthesia, distal edema, lymphangitis, and erysipelas[1-3]. There is also the possibility of ischemic ulcers in patients with associated peripheral vascular disease.

  Complications related to the surgical technique occur in up to 30% of patients undergoing saphenectomy. Data from the Society of Thoracic Surgeons (STS) of 1999[4], which considered only the events observed during the hospital stay, report a rate of 4.5% of complications at the saphenectomy sites. Hematoma, seroma, wound dehiscence, wound edges necrosis or infections, increase the hospital stay and delay the rehabilitation[5,6]. DeLaria et al.[3] demonstrated a 12-day increase in hospital stay due to complications at the saphenectomy sites. There was an average increase of $ 9,900 per patient in hospital costs.

  The clinical presentation of the infection may vary from localized cellulitis to an extensive involvement of soft tissues, with drainage of secretions and areas of extensive necrosis[7]. Infections occur in 1% to 5% of saphenectomies and the processes of delayed healing can reach 10%[8].

  Technical modifications were introduced to reduce complications, such as the use of incisions in the leg initiated about 5 cm above the medial malleolus, extending proximally[9]. Also commonly used is saphenectomy with small staggered incisions, where interspersed incisions are made with skin islands in the saphenous vein pathway, and early recovery with this technique was reported by Tevaearai et al.[10]. Recently, minimally invasive techniques of endoscopic saphenectomy would be related to lower rates of infection, hematoma, seroma, and shorter hospitalization time. However, new studies are needed to investigate the patency equivalence of the endoscopically dissected graft compared to classical saphenectomy[11].

  The use of Doppler ultrasonography for preoperative saphenous mapping may be useful in the evaluation of saphenous vein characteristics and abnormalities, such as diameter, presence of ectasias, sclerosis, thrombosis. Ultrasound studies have demonstrated anatomical changes of the saphenous vein in more than 30% of the limbs[12]. With precise knowledge of the anatomy of the great saphenous vein, a direct incision can be made on the marked vein segment, avoiding large dissections, detachments and, consequently, bruising[2]. In addition, the study of saphenous vein characteristics may guide the choice of the leg for dissection, avoiding unnecessary incisions if the graft is inappropriate for use in myocardial revascularization surgery, reducing greater risks of surgical site infection and prolonged hospital stay with consequent cost increase.

  Doppler vascular ultrasonography is a noninvasive, inexpensive and easy-to-apply method for mapping the great saphenous vein. It can be performed at the bedside, with reproducible results in evaluating the quality and viability of the venous graft, and may be useful in guiding the incision in the leg for guided dissection of the great saphenous vein. This could avoid inadvertent dissection of non-viable grafts, providing the choice of the best graft, and facilitating the procedure in order to avoid inherent complications.

  Thus, the present study aims to analyze the use of vascular ultrasonography to map the saphenous vein in the preoperative period of myocardial revascularization surgery to define viability and the best site for venous graft dissection, and its impact on the reduction of unnecessary incisions and complications.

   

  METHODS

  Patients undergoing CABG surgery with the use of a large saphenous vein were selected in a prospective study, who were followed in the period from 01/14/2016 to 11/10/2016. The study was approved on 12/15/2015, by the ethics and research committee of the Instituto Dante Pazzanese, with CAAE number: 51597615500005461.

  Patients were divided into two homogeneous groups, in relation to age, presence of diabetes, smoking and peripheral artery disease (PAD) and paired for ultrasound-guided saphenectomy (Group 1) versus right thigh saphenectomy with staggered incisions (Group 2).

  The reduction in the frequency of infection, wound dehiscence, hematoma or seroma and the need for contralateral saphenectomy due to inadequate graft were analyzed.

  In this study, we selected 151 patients who would undergo myocardial revascularization with the use of the great saphenous vein. In the first 84 patients (Group 1) a high-resolution two-dimensional color Doppler ultrasonography was used for the great saphenous vein mapping with a linear transducer and conductive gel. The surgical marking of the path of the great saphenous vein to oriented incision was done with permanent ink pen.

  The venous mapping was performed with the patient in orthostatism, external rotation of the leg and slight knee flexion. In the patients who could not stand up, it was used a tourniquet at the thigh root with a 1-inch Penrose drain to occlude the saphenous vein distal to the saphenofemoral junction. Initially the saphenofemoral junction was found, and the great saphenous vein was followed throughout its path, distally within the saphenous envelope. Venous diameter measurements were performed: on the proximal third of the thigh, close to the saphenous arch, medial third of the thigh, knee, middle third of the leg and distal third of the leg, anterior to the medial malleolus. Saphenous vein diameters between 2 mm and 5 mm were considered normal[3]. Diameters smaller than 2 mm were considered unsuitable for graft use. Diameters greater than 5 mm were considered as dilatation, and above 8 mm, graft use was contraindicated. Absence of the great saphenous vein, patency, signs of chronic occlusion, thrombosis, presence of discontinuous segments, focal dilations and precise location of the vein were also evaluated as criteria for the adequacy of the conduit for a CABG surgery.

  Another 67 patients underwent CABG surgery with the use of a dissected saphenous vein with staggered incisions in the right lower limb without prior ultrasonographic examination (Group 2), with similar characteristics in relation to age, presence of diabetes, smoking and PAD.

  The evaluation of operative wounds in the lower limbs was performed on the 1st and 5th postoperative days, with direct visualization during hospital admission by the surgeon and telephone contact on the 30th postoperative day. In case of doubt, the patient was advised to return to the outpatient clinic for a new visual evaluation. The presence of hematoma, seroma, wound infection, dehiscence, necrosis and need for resuturing were evaluated.

  Inclusion criteria: Patients older than 18 years, who signed informed consent form and underwent CABG surgery using the great saphenous vein.

  Exclusion criteria: Prior saphenectomy, emergency surgery, combined surgeries.

  Primary outcomes: Need for contralateral incision due to inadequate graft in the previously selected limb, infection, suture dehiscence, seroma or hematoma at the surgical site, necrosis, need for resuturing.

  In the quantitative variables we describe the mean and standard deviation, in categorical variables by absolute and relative frequencies. To verify the difference between the groups in the quantitative variables, we used the Mann-Whitney test. In qualitative variables we used Fisher's exact test to verify the association between them.

   

  RESULTS

  The groups were matched for age, weight, height, body mass index (BMI), sex, presence of diabetes, PAD and smoking, and there was no statistical difference between the subgroups, except for weight (Table 1).
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  During follow-up, 1 patient in the control group died on the 2nd postoperative day and 10 patients on the 30th postoperative day were lost, 4 of which due to death in 30 days and 6 patients due to unavailability of contact (4 patients of Group 2 and 2 of Group 1).

  The right leg was selected in 125 (82.7%) patients, 59 (88.05%) in Group 2 and 66 (78.57%) in Group 1, and the left leg in 20 (13.24%) patients, 2 (2.98%) in Group 2 and 18 (21.42%) in Group 1 (Table 2).
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  The need for opening of both legs occurred in 6 (3.87%) patients in Group 2, due to inadequate or nonexistent graft in the leg initially selected by the surgeon. This outcome did not occur in Group 1 (P=0.0067).

  In the follow-up of the 1st postoperative period, complications in the operative wound were observed in 3 (4.5%) patients in Group 2 and no event in Group 1 (P=0.085). On the 5th postoperative day, complications occurred in 16 (10.7%) patients, 12 (18.2%) in Group 2 and 4 (4.8%) patients in Group 1 (OR 4.444, 1.362-14.492, 95% CI, P=0.0014). On the 30th postoperative day, complications occurred in 23 (16.3%) patients, 13 (21.7%) patients in Group 2 and 10 (12.3%) patients in Group 1 (OR 1.964, 0.796-4.854, 95% CI, P=0.169). In the 30-day follow-up, complications, excluding deaths, occurred in 33 (23.4%) patients, 21 (35%) in Group 2 and 12 (14.8%) patients in Group 1 (OR 3.095, 1.375-6.944, 95% CI, P=0.008) (Table 3, Figures 1 and 2).
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  During follow-up, there were 4 (2.8%) deaths, all in Group 2 (P=0.036): a death in the 2nd postoperative day due to cardiogenic shock, a death in the 5th postoperative day, with cardiac arrest of unknown cause and 2 other patients during the 30-day follow-up whose exact cause was not able to be informed by the companion.

   

  DISCUSSION

  In most cases, in both groups, the right leg was selected preferentially, following the routine of the institution. The left leg was selected in Group 2, in the presence of visible varicosity in the right leg, and in Group 1, when the saphenous vein was considered inadequate and the criteria were predetermined.

  The selected groups presented similar characteristics and the difference in weight did not interfere in the BMI, which was similar in both groups. The direct impact of risk factors, diabetes, smoking, BMI, PAD on the incidence of surgical wound infection and poor healing was not assessed in this study. These factors were considered only in group correspondence.

  The fact that the opening of the contralateral leg did not occur in Group 1 indicates a good accuracy of the method in identifying and evaluating the graft quality.

  The follow-up stratification sought to find a higher incidence of hematoma, seroma, and suture dehiscence between the 1st and 5th postoperative days, which were directly related to the need for greater detachment and technical difficulties in dissection, with a significant difference of events in the 5th postoperative day. On the 30th postoperative day, the expectation was a higher incidence of infection, dehiscence, necrosis and need for resuturing. Despite an absolute greater number of events of these categories at this time, this was not statistically significant in the comparison between groups. This fact may be due to an insufficient sample to prove the statistical power. However, the total number of events over 30 days was significant, demonstrating benefit of the intervention.

  Previous studies evaluating complications at the site of saphenectomy for CABG showed an incidence of infection similar to that found in the unmapped group. Belczak et al.[1] found 25% surgical saphenectomy wound infection, where dissection was performed by staggered incisions without previous marking, whereas 31% of the complications (hematoma, seroma, infection, dehiscence) were found in the unmapped patient group. Gelape[6] reported, in a literature review, similar numbers, with an incidence of complications at the site of saphenectomy reaching 30%. The complication rate of the surgical wound of saphenectomy in this study, of 12% among patients submitted to pre-marking ultrasound, reinforces the efficiency of the method in reducing events.

  The deaths observed in the control group, despite having statistical significance, cannot be associated with the use of vascular ultrasonography in this study, since it was not designed with this objective. In addition, there was no consequent deaths from saphenectomy site infection.

   

  CONCLUSION

  The use of vascular ultrasonography for the great saphenous vein mapping in isolated myocardial revascularization surgery confers an adequate accuracy in the identification of the grafts, and seems to have a good relation in the evaluation of its quality, being able to measure its dimensions with precision. In this study, we observed a lower incidence of complications related to the dissection of the great saphenous vein in the mapped patients, with statistical significance.

  As a noninvasive method of easy application, it should be routinely used in myocardial revascularization procedures. New studies with cost/benefit assessment may be useful for evaluating and implementing the method in cardiac surgery services.
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    ABSTRACT

    INTRODUCTION: In the last two decades, the increased number of implants of cardiac implantable electronic devices has been accompanied by an increase in complications, especially infection. Current recommendations for the appropriate treatment of cardiac implantable electronic devices-related infections consist of prolonged antibiotic therapy associated with complete device extraction. The purpose of this study was to analyze the importance of percutaneous extraction in the treatment of these devices infections.

    METHODS: A systematic review search was performed in the PubMed, BVS, Cochrane CENTRAL, CAPES, SciELO and ScienceDirect databases. A total of 1,717 studies were identified and subsequently selected according to the eligibility criteria defined by relevance tests by two authors working independently.

    RESULTS: Sixteen studies, describing a total of 3,354 patients, were selected. Percutaneous extraction was performed in 3,081 patients. The average success rate for the complete percutaneous removal of infected devices was 92.4%. Regarding the procedure, the incidence of major complications was 2.9%, and the incidence of minor complications was 8.4%. The average in-hospital mortality of the patients was 5.4%, and the mortality related to the procedure ranged from 0.4 to 3.6%. The mean mortality was 20% after 6 months and 14% after a one-year follow-up.

    CONCLUSION: Percutaneous extraction is the main technique for the removal of infected cardiac implantable electronic devices, and it presents low rates of complications and mortality related to the procedure.

    Keywords: Infection; Review Literature as Topic; Review; Cardiac Resynchronization Therapy Devices; Device Removal/Methods.

  

   

   

  INTRODUCTION

  In the last two decades, the number of cardiac implantable electronic devices (CIED) has increased. CIED complications, of which infection is among the most important, have also increased. In the United States, 2.9 million patients had a permanent pacemaker between 1993 and 2009, which represents an increase in pacemaker use of 55.6% during this period[1]. At the same time, there was a 210% increase in CIED infections, which is alarming because these infections represent a serious and costly complication for the health care system[2]. In a large population study, the incidence of CIED-related infection was estimated at 1.82 for each 1,000 implanted devices per year between 1982 and 2007[3].

  The appropriate treatment of CIED-related infections is the administration of prolonged antibiotic therapy associated with complete device extraction. The importance of removing the device was evidenced after an analysis of infected leads, which demonstrated that bacteria coated the leads and formed a "biofilm", making the infection resistant to antibiotics[4]. Thus, non-removal of the device is associated with an increased risk of infection recurrence and device-related endocarditis, in addition to increased patient mortality[5].

  There are two types of procedures for the removal of leads: surgical removal and percutaneous extraction. Surgical removal is performed by thoracotomy and extracorporeal circulation and presents a high mortality rate, ranging from 12.5% to 21%; it is mainly reserved for cases requiring repair of valve injury, large vegetations or failure after percutaneous attempt. When comparing aspects of the percutaneous removal and surgical removal, it is imperative to consider that the complications of surgical removal usually relate to the more severe patients selection, large vegetations, abscesses, including cases of septicemia, or even cases of complication in the attempt of percutaneous extraction. On the other hand, percutaneous extraction has been indiscriminately used in uncountable cases with uninfected leads in patients with an inferior profile concerning the procedure's risk[6,7].

  Infection related to intracardiac devices significantly increases morbidity and mortality rates as well as the costs for health services and the length of hospital stay[8]. Although evidence shows that adequate treatment of these infections consists of antibiotic therapy associated with CIED removal, preferably by percutaneous extraction, several treatment aspects remain uncertain in the literature. This review aims to analyze the importance of percutaneous lead extraction in the treatment of CIED infections.

   

  METHODS

  A systematic review was conducted on lead extraction in the treatment of CIED-related infections. The review followed the guidelines defined by the UK Cochrane Center in an effort to reduce bias and provide reliable results[9].

  The search for the studies was conducted in the following databases: PubMed (US National Library of Medicine), Biblioteca Virtual em Saúde [BVS; Virtual Health Library (VHL)], Cochrane Central Register of Controlled Trials (CENTRAL), Portal de Periódicos CAPES (Portal of Journals CAPES), SciELO (Scientific Electronic Library Online) and ScienceDirect (Elsevier Science).

  Regarding the search for articles, search filters specific to each database that were validated by the Cochrane Collaboration with a combination of terms using Boolean operators ("AND" and "OR") were used. Table 1 provides an overview of the search strategies and the number of identified articles according to the descriptors and terms defined in the different databases.
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  The search was carried out in August 2016. Initially, the studies were screened by an exploratory reading of the title and abstract by the two researchers, acting independently. The criteria for initial inclusion of the studies were delimited by Relevance Test I, namely: (1) primary studies, except for case reports; (2) approach for percutaneous lead extraction in cardiac implantable electronic device infections; (3) age 18 years and over; (4) articles published in English or Portuguese; (5) articles published between 2009 and 2016, as 2009 was the year of publication of a consensus of the Heart Rhythm Society approved by the American Heart Association, which unified the opinions and disagreements regarding the indications for device extraction, highlighting infection as one of the three major categories[10].

  After the initial screening, duplicates of the articles were removed, and the complete text of each article was read. In this second phase, the articles were selected through Relevance Test II, in which the research problem, objectives, methodology and results of each study were analyzed in more detail to evaluate the quality of the selected study and to classify it as relevant or not to the review.

  The studies were independently selected by two reviewers. Disagreements were resolved by consensus, and if this was not possible, they were resolved based on the decision of a third reviewer. Finally, the extracted data were interpreted and grouped in tables in order to facilitate comparative analysis of the articles and identification of the differences among them. The report of the systematic review was guided using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist[11].

  Data were analyzed using RevMan 5.0 statistical software provided by Cochrane Collaboration. DMP and 95% CI were used as summary estimates. The presence of heterogeneity among the studies was tested with the χ2 heterogeneity test and the I2 statistic. Heterogeneity was significant when P<0.05 or I2 was greater than 50%. A random effects model was used in all analyzes to test the stability of the results at the choice of the statistical model. If there is significant heterogeneity, the results of the random effects model are used. A priori sensitivity analysis of high quality studies for each clinical outcome was performed. The potential for publication bias was evaluated using the funnel chart approach.

   

  RESULTS

  Initially, 1,717 articles were identified by searching the research databases. Of these, after exclusion of the repeated studies that were indexed in more than one database and after the application of Relevance Test I, 57 articles were selected. Subsequently, Relevance Test II was applied, delimiting the final selection of 16 articles. In Figure 1, a diagram depicts the selections and the reasons for exclusion of the articles.
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  Following the literature search, 16 studies were included in this review, and their main characteristics are presented in Tables 2 and 3. Regarding the study method, 14 of the 16 studies performed retrospective analyses of the data recorded from patients with CIED-related infection in a given period of time. Only two references, Amraoui et al.[12] and Deharo et al.[13], consisted of prospective studies. In addition, the articles by Deharo et al.[13], Rickard et al.[14] and Cengiz et al.[15] compared their results to a control group of patients with intracardiac devices but with no history of infection.
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  Baseline Characteristics

  The 16 studies included in this systematic review described a total of 3,354 patients diagnosed with CIED-related infection who underwent device removal. The duration of the selected studies ranged from two to 20 years, with a mean of 8.6 years. The mean age of the evaluated patients was 67.8 years. Table 2 presents the demographic and clinical characteristics of the patients analyzed in the studies.

  In the articles by Greenspon et al.[16], Knigina et al.[17], Greenspon et al.[18] and Baman et al.[19], infection occurred after review or replacement of the intracardiac device in 306 out of 676 patients (45.3%). The mean time from the last procedure to the onset of infection was 29 months[14,16,20-24]. In Greenspon et al.[18], the author divided the patients into two groups according to time of use of the device, considering a recent infection as one that occurred within 6 months of the most recent procedure in the device and a late infection as one that occurred after six months. Goya et al.[22] defined a recent infection as one occurring within three months of the last procedure, a late infection as one occurring between four and 12 months, and a delayed infection as one that occurred after 12 months. In both studies, most patients had a later infection, namely, 71.8% and 85.3% of the patients in Greenspon et al.[18]. and Goya et al.[22], respectively.

  Regarding the types of infected CIED analyzed in the studies, there were 1,745 pacemakers, 819 implantable cardioverter defibrillators (ICD) and 380 biventricular devices with or without defibrillation function.

  Clinical Presentation

  The articles selected for this study characterized the clinical presentation of patients through the signs and symptoms representative of local infection, systemic infection, and endocarditis or the identification of vegetations on the leads or heart valves. The results are shown in Table 2.

  The articles by Pichlmaier et al.[25], Tarakji et al.[26], Amraoui et al.[12], Baman et al.[19], Goya et al.[22] and Gomes et al.[23] did not describe the signs and symptoms presented by the patients, classifying the infections only as local (1,152 patients) or systemic (562 patients).

  The main signs and symptoms of local infection were local purulent drainage, erythema, pain, swelling, warmth and skin ulceration. The predominant manifestations of systemic infection were fever, chills, malaise, signs of sepsis, fatigue, anorexia and nausea.

  The articles described 1,029 patients with endocarditis who were diagnosed by the modified Duke criteria or the presence of vegetation on echocardiography. The article by Greenspon et al.[16] divided the presence of vegetation into two groups according to their size; the first group included patients with vegetation smaller than 1 cm, and the second group included patients with vegetation larger than 1 cm. Patients with smaller vegetation more frequently showed signs and symptoms of local infection, whereas the presentation of the systemic infection was more common in patients with larger vegetation.

  In addition, the study by Greenspon et al.[18] showed that signs of local infection were seen in most patients with recent infection (onset less than six months after the last device procedure), which is different from patients with late infection, who mostly presented signs of systemic infection.

  Device Extraction

  All the selected articles addressed device removal as a treatment of CIED-related infections. Percutaneous or transvenous extraction was performed in 3,081 patients, and thoracotomy was performed in 238 cases, as shown in Table 3.

  The main indications for surgical removal were the failure of transvenous extraction, large vegetations, vascular trauma in percutaneous extraction, the need for epicardial leads, concomitant valve involvement, abscesses, and tricuspid valve stenosis[16,20,25].

  In percutaneous extraction, the main technique consisted of simple manual traction of the cables, but some studies reported the need for more advanced techniques for proper removal of the device, such as laser sheath (504 patients), locking stylets (323 patients) and dilator sheaths (52 patients)[14-17,22,24,25]. The study by Gomes et al.[23] demonstrated that patients with systemic infection more commonly required mechanical extraction equipment rather than simple traction.

  The success rate for the complete removal of infected devices by percutaneous approach ranged from 83.3% to 97.6%, with a mean of 92.4%[12,13,16,18,22,24,25].

  Complications

  Complications related to lead extraction can be classified as major and minor[10]. Of the 16 evaluated studies, 11 articles reported the occurrence of complications related to the device extraction procedure in a total of 191 patients (60 majors and 131 minors). The incidence of major complications ranged from 0.5% to 4.8%, with a mean of 2.9%. On the other hand, the incidence of minor complications ranged from 3% to 14.7%, with an average of 8.4%.

  The major complications presented in the studies were vascular or cardiac rupture (33.3%), pulmonary embolism (33.3%), cardiac tamponade (10%) and respiratory or anesthesia-related failure (6.7%). Regarding the minor complications, there was a predominance of pocket hematoma (31.3%), cable fragment migration or systemic embolization of vegetations without sequelae (30.5%), the need for blood transfusion (6.1%), and pericardial effusion without the need for pericardiocentesis (5.3%).

  Recurrence of infection occurred in 52 patients. In Ipek et al.[(20] study, conservative therapy with only antibiotics or failure to completely remove the infected device were considered predisposing factors for recurrence of infection.

  In the study by Greenspon et al.[16], the presence of larger vegetations was considered a risk factor for the occurrence of complications, and larger vegetations were also related to a greater frequency of changes in procedures for thoracotomy during the device removal attempt.

  Reimplantation

  In the articles used for this systematic review, reimplantation of a new cardiac electronic device was considered in all patients with clinical indications. The new procedure was not performed when the patient died, in patients without a clinical indication or when the patient refused to receive a new device. In total, reimplants were reported in 1,402 patients. In most articles, the mean time between the removal of an infected device and the placement of a new device was within eight to 42 days[14,20,21,25], except in Amraoui et al.[12], in which reimplantation of a new epicardial pacemaker was performed during the same surgical procedure.

  Rickard et al.[14] observed that patients whose infected biventricular device was extracted and who were not subsequently reimplanted with a new device had worse results when compared to those patients who were reimplanted.

  In-Hospital Mortality

  Mortality during the hospitalization of patients with CIED-related infection ranged from two to 10.8% in the studies, with an average of 5.4%. The main identified causes of in-hospital death were sepsis, multiorgan system failure, severe ventricular dysfunction, stroke, cardiorespiratory arrest, renal failure, septic shock and acute respiratory failure.

  Greenspon et al.[16] found no statistically significant correlation between in-hospital mortality and the size of vegetation presented by patients with endocarditis associated with intracardiac devices.

  In addition, Knigina et al.[17] also found no difference in mortality among the group of patients with recurrent infection compared to the group of patients with primary infection, i.e., no previous history of infected CIED.

  Finally, Le et al.[24] observed that patients with complications after device extraction were four times more likely to die when compared to those with a successful procedure.

  In this review, the mortality directly related to the CIED extraction procedure ranged from 0.4% to 3.6%[12,17,18,21,25-27].

  Follow-Up and Long-Term Mortality

  In all the surveyed articles that reported follow-up of patients after hospital admission, the minimum observation time was six months. The mean follow-up time reported in the studies was 24 months. Table 3 presents the main characteristics regarding in-hospital and long-term mortality of the selected studies.

  After six months of follow-up of the patients, some studies observed an average mortality of 20%[16,18,19]. Baman et al.[19] demonstrated the following independent factors as predictors of mortality in this period: systemic embolization, right heart failure, moderate or severe tricuspid regurgitation and abnormal renal function. The size of the vegetation was not associated with a worsening of survival in six months[16,19].

  Regarding mortality after a one-year follow-up, the mean was 14%[(12 13,24,26,27)]. In Tarakji et al.[26] study, the following were listed as risk factors for mortality within one year after treatment of CIED-related infections: dementia, chronic renal disease, advanced heart failure, the use of an anticoagulant, bleeding requiring blood transfusion, simultaneous infection and systemic infection. The presence of vegetation on echocardiography was not considered an important risk factor in relation to long-term mortality[26].

  In that same study, it was estimated that the presence of systemic infection was associated with an approximately twice as likely chance of death as the initial presentation of local infection[26]. In Deharo et al.[(13] study, the one-year mortality rate did not present a statistically significant difference between the groups with local infection and endocarditis (12.5% and 15.5%, respectively).

  In Le et al.[(24] study, factors such as advanced age, greater number of comorbidities, longer time of cardiac implantation and use of corticosteroids or immunosuppressive therapy were considered to influence mortality. The author also showed that patients who did not have their devices removed (because of a high risk of complications or low life expectancy) presented a higher one-year mortality rate when compared to patients who had their devices removed. In addition, in this follow-up period, a three-fold increase in mortality was observed when the device extraction was delayed[24].

  In Rickard et al.[14] paper, it was demonstrated that two years after the extraction of infected biventricular devices, the survival of patients who underwent subsequent reimplantation of a new cardiac device was similar to those who never contracted an implantable device infection. Le et al.[24] also showed lower mortality in the one-year follow-up period for reimplanted patients compared to those patients who did not obtain a new device.

  In the article by Knigina et al.[17], the mean follow-up was 5.5 years (minimum of 2 years) and the identified mortality was 13.5%. The causes of death were not related to infection in 92.3% of the cases, and in the remaining patients (7.7%), septicemia was identified as the cause.

  Deharo et al.[13] demonstrated that mortality was 14.3% in one year and 35.4% in 5 years, but no statistically significant difference in mortality was found compared to a control group with non-infected CIED. In this study, advanced age, infected resynchronization device, thrombocytopenia (platelet count less than 100 Giga/l on admission), renal dysfunction and reimplantation of an epicardial pacemaker in the right ventricle were predictors of long-term mortality[13].

   

  DISCUSSION

  Regarding the treatment of infections related to CIED, all selected studies performed removal of the infected device, preferably by percutaneous extraction. Surgical removal was indicated in cases of failure of transvenous extraction, large vegetations, involvement of valves or lesions that developed during the percutaneous procedure[16,20,25].

  Percutaneous technique has been the preferred method of lead extraction according to the literature. Although surgical removal presented high mortality rates, it is important to consider that this type of procedure is associated with severe patients and complications related to infection or previous procedure, when compared to lower risk patients submitted to percutaneous lead extraction[20-25].

  Prior to the routine use of percutaneous extraction techniques, the infections of the devices were conservatively treated only with antibiotics. This strategy was associated with a very high mortality rate, forcing physicians to rethink treatment options[23]. Grammes et al.[21] reported that in nine retrospective studies, the mortality rate was 41% for patients treated with antibiotics alone and 19% for patients treated with antibiotic therapy and device removal. Another study demonstrated that the extraction of the system was related to better survival after one year (19.9% and 38.2%, respectively, for the groups with and without extraction)[28].

  Le et al.[24] demonstrated an increase in one-year mortality in the minority of patients whose infected device was not extracted because of the high risk of complications or low life expectancy and observed a three-fold increase in mortality when delayed extraction occurred. These data corroborate the current recommendations to extract the infected device, regardless of local or systemic clinical presentations[10].

  The main obstacles to extraction are tissue binding sites along the course of the lead and the interface between the lead tip and endocardium. In most cases, there is more than one binding site, and simple traction of the proximal lead is not transmitted to its distal tip. In these circumstances, there is a significant risk of rupture of the lead and fibrous tissue, along with all the complications that may result from rupture[29].

  With the adoption of new extraction techniques, success rates and safety procedures have notably improved[21,30,31]. In one such technique, a locking stylet inserts into the lumen of the lead and spreads traction forces along its body to the tip. Other traction devices include snares, sutures and grasping devices. However, it is often necessary to use these stylets together with sheaths to directly release the fibrous tissues[29].

  Wilkoff et al.[30] performed a prospective randomized clinical trial with a sample of 301 patients (PLEXES trial) and verified that the use of a laser sheath was associated with a better success rate in extraction compared to the group that did not use this technique (94% and 64%, respectively). In addition, there was no significant increase in major complications. A further multicenter retrospective study, Lexicon, which also used laser sheath on lead extraction in a large number of patients (n=1,449), had a 96.5% removal success rate, and showed major adverse events in 1.4% of patients, with a mortality of 0.28% related to the procedure[31]. Both studies demonstrate the efficacy of the laser in device extraction, as well as the low rates of complications related to its use. In the studies analyzed in this review, simple manual traction was used as the main technique for removal of the device in percutaneous extraction, but other techniques, such as laser sheath, locking stylets and dilator sheaths, were required in some cases[14-17,22,24,25].

  In addition, the studies showed an average success rate of 92.4% in the complete percutaneous removal of infected devices[12,13,16,18,22,24,25]. At the same time, success rates of percutaneous extraction from 93% to 97% were reported in other large cohorts of patients[32-34]. Adequate device extraction is important, as inadequate device extraction is one of the main predisposing factors for the recurrence of infection[20].

  Percutaneous extraction is now accepted as a safe procedure, due to technical and surgical advances over the years[35]. The percutaneous extraction mortality rates reported in the literature ranged from 0.1% to 0.6%, and the rate of major complications ranged from 1.4% to 1.9%[33,34,36,37]. In this review, it was observed that the mortality associated with the CIED removal procedure ranged from 0.4% to 3.6%[12,17,18,21,25-27] and that the mean incidence of major complications was 2.9%, which is a somewhat higher value than those described in the literature. Only the mortality rates obtained in Pichlmaier et al.[25] and Knigina et al.[17] were higher than the overall mortality rate.

  In 191 patients, complications related to the extraction procedures were identified, of which 60 (31.4%) were major complications and 131 (68.6%) were minor complications. Le et al.[24] observed that patients with complications were four times more likely to die when compared to those with a successful procedure.

  The in-hospital mortality of patients with CIED infection ranged from 2% to 10.8% in this review, with an average of 5.4%. Grammes et al.[21] presented 10% mortality in the first 30 days after device extraction, but this value did not reflect mortality directly related to the procedure since it occurred in a subgroup of critically ill patients with extensive comorbidities. Tarakji et al.[26] showed an in-hospital mortality of 25 patients, and of these, only two (8%) patients died from causes related to device extraction, which corroborates the idea that postoperative mortality may not reflect procedure-related mortality.

  Regarding the long-term mortality of these patients, some studies have demonstrated the following predictors: systemic embolization; moderate to severe tricuspid regurgitation; and comorbidities, such as chronic renal failure, dementia, advanced heart failure, presence of signs and symptoms of systemic infection, advanced age, use of anticoagulants, corticosteroids or immunosuppressive therapy[13,19,24,26].

  Despite the many advantages of percutaneous extraction, unfortunately this procedure presents higher costs when compared to surgical removal. Advanced techniques such as stylets and laser sheath have excessive costs and this is a major limitation of its use[30,31].

  Limitations of the Study

  The authors considered the lack of data standardization in the selected studies to be a limitation of this review because it is difficult to compare datasets. Some studies did not present data on procedure-related complications, long-term mortality, or differences in the results compared to a percutaneous technique with thoracotomy. Another limitation of was the lack of even comparative studies between the costs of percutaneous removal versus surgical removal.

   

  CONCLUSION

  This systematic review revealed the importance of percutaneous extraction of infected cardiac electronic devices for adequate remission of infection. It also presented low rates of complications and mortality related to percutaneous removal.
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    ABSTRACT

    Sickle cell anemia is a haematological disorder characterized by multiple vaso-occlusive complications, resulting in a reduced life expectancy. These patients are exposed to several triggering factors for sickle cell crises when they are submitted to cardiovascular surgeries with extracorporeal circulation. Therefore, meticulous care and perioperative management are required. This paper reports a successful case of combined cardiovascular surgery - aortic valve replacement and ascending aortic aneurysmectomy - with no serious post-operative complications. In this report, we emphasize the peculiarities of perioperative care in patients with sickle cell anemia.
    Keywords: Anemia, Sickle Cell; Cardiovascular Surgical Procedures; Extracorporeal Circulation; Aortic Disease/Surgery; Aortic Valve/Surgery.

  

   

   

  INTRODUCTION

  Sickle cell anemia is an autosomal recessive hemoglobinopathy that affects approximately 5% of the population. It is characterized by chronic hemolytic anemia, recurrent painful vaso-occlusive crisis with progressive multisystemic damage, and reduced life expectancy[1]. However, improvements in its management and the increase in life expectancy observed in the last decades made possible an increase in the number of diagnosis of cardiovascular pathologies in patients with sickle cell anemia, and consequently cardiac surgical procedures are becoming more frequent in such patients.

  Patients with sickle cell anemia submitted to cardiovascular surgeries with extracorporeal circulation are exposed to precipitating factors of crisis such as hypoxia, hypothermia, acidosis, and low flow states. This fact may lead to significant postoperative complications. For this reason, several precautions should be taken during transoperative period.

  Due to the lack of evidence, this study aims to report a case of aortic valve replacement and ascending aortic aneurysmectomy, emphasizing aspects of the procedure and perioperative management. Currently, there is only one reported case of this surgery in such patients, which does not specify the management performed, making it difficult to establish a routine for complex procedures like this.

   

  CASE REPORT

  A 30-year-old male patient diagnosed with SS sickle cell disease presented with sickle cell crisis and decompensated heart failure. Echocardiogram showed left ventricular dilatation (left ventricle end-diastolic diameter of 7.1 cm and end-systolic diameter of 5.1 cm), an ejection fraction of 53%, and a pulmonary arterial pressure of 70 mmHg, as well as a bicuspid aortic valve with severe insufficiency (Figure 1). At admission, the patient had hemoglobin (Hb) of 3 g/dL, hematocrit of 9%, and Hb electrophoresis with 89.3% of hemoglobin S (HbS). Angiotomography showed a 4.8 cm dilatation in the tubular portion of the ascending aorta (Figure 2). As a result of the multiple triggering factors for pulmonary hypertension, a right cardiac catheterization was performed, which demonstrated mean pulmonary artery pressure of 56 mmHg, mean capillary pressure of 30 mmHg, and pulmonary vascular resistance of 8.9 Wood units, characterizing a pulmonary hypertension by pre and post-capillary components.

   

    [image: Fig. 1. Transthoracic echocardiogram demonstrating severe aortic insufficiency.]

  

   

    [image: Fig. 2. Contrast-enhanced computed tomography transaxial image demonstrating dilatation measuring 4.8 cm in the tubular portion of the ascending aorta.]

  

  Due to the challenges imposed by the case, a wide discussion was made by the institution's heart team. Considering the cardiovascular component's contribution in the symptomatology and that this prevented any reasonable quality of life, a surgical procedure was indicated.

  In preoperative management, an exchange transfusion was planned aiming at hematocrit values > 25%, Hb > 10 g/dL, and HbS < 30%. However, simple blood transfusions were performed daily, which led to a hematocrit of 30.3%, Hb of 10 g/dL and 27.1% of HbS.

  The patient underwent an aortic valve replacement and ascending aortic aneurysmectomy in October of 2016 at Hospital de Clínicas de Porto Alegre, a tertiary-level hospital. Anesthetic induction was performed with 12 mg of midazolam, 500 mcg of fentanyl, and 30 mg of rocuronium. Anesthesia was maintained with 0.7% isoflurane, midazolam, fentanyl, and rocuronium. Cardiac arrest was achieved by administering 20 ml/kg of Custodiol(r) hypothermic cardioplegia to the coronary ostia, according to the manufacturer's instructions, additional topical hypothermia was not used. During extracorporeal circulation, in order to avoid the occurrence of sickle cell crisis, the patient was maintained in normothermia (nasopharyngeal temperature above 34°C) and hypoxia and acidosis were avoided, maintaining arterial oxygen saturation between 97.7% and 99.9%, and serum pH between 7.31 and 7.82. Resection of the native and ascending aorta was performed with subsequent implantation of a bovine pericardial prosthesis nº 25 and a supracoronary Dacron tube nº 26. Cardiopulmonary bypass and ischemic time were 95 and 85 minutes, respectively. There were no surgical or anesthetic complications. Cell saver was used throughout the procedure. Coagulation disorders were corrected based on activated clotting and thromboelastometry tests (ROTEM(r)).

  In the immediate postoperative period, the patient presented hypovolemic shock and required an exploratory mediastinotomy, which didn't indicate the presence of active bleeding sites.

  He presented a satisfactory postoperative evolution and he was discharged on the 18th postoperative day, presenting complete symptoms resolution. In an outpatient follow-up, the patient showed significant symptomatic improvement and absence of major surgical complications.

   

  DISCUSSION

  In the reported case, a patient with homozygous sickle cell anemia underwent a major cardiac surgery. Currently, aortic valve replacement surgery has a class I indication in patients with symptomatic severe aortic regurgitation[2]. Regarding aneurysmectomy, it is recommended in patients with a bicuspid aortic valve who will undergo aortic valve replacement, when the diameter of the ascending aorta > 4.5 cm[3]. Our patient's cardiovascular pathology was contemplated by both recommendations.

  In this case, we chose to use a biological valve prosthesis based on various factors. First, patients with sickle cell anemia have a reduced life expectancy in relation to the general population. In addition, the use of a mechanical prosthesis would lead to the chronic use of anticoagulant medications, which are associated with hemorrhagic complications in anemic patients. Finally, we believe that the use of mechanical valve prosthesis should be avoided in these patients, since it could increase hemolysis and the risk of sickle cell crisis.

  Another peculiarity of the reported case was the maintenance of normothermia, since hypothermia is known as a triggering factor for crisis. Usually, patients are maintained in mild hypothermia (> 32°C) for myocardial protection and reduction of the metabolic and oxygen demand. However, hypothermia during cardiovascular surgeries in patients with sickle cell anemia is controversial. About half of the published case reports kept the patients normothermic. In those that opted for the use of hypothermic cardiopulmonary bypass, mild hypothermia (> 32°C) was performed[4]. In a series of cases comparing hypothermia (various degrees) or not during extracorporeal circulation, there was no difference in complications incidence[1]. Considering that our patient had already presented several sickle cell crisis, we opted to minimize all the possible precipitators of a new crisis maintaining normothermia during the procedure.

  We also emphasize that great importance has been given currently to the use of thrombelastography (TEG) and thromboelastometry (ROTEM) in patients undergoing cardiac surgery. For Kozek-Langenecker et al.[5], hemostatic treatment guided by TEG or ROTEM reduces transfusion of both red blood cell, plasma, and platelet concentrate, providing a more restrictive blood product administration. The use of this technology allowed us to correct coagulation disorders more specifically and to focus on the real needs of our patient, avoiding transfusions that could be unnecessary and would lead to increased morbidity and mortality. Also, the use of cell-saver - a blood recovery system, which includes aspiration, filter wash, and then retransfusion of the blood to the patient - avoided homologous blood transfusions and improved hematocrit during procedure. The use of such technology is in consonance with current trends, since it is already proven that the number of transfused red blood cell units is an independent risk factor for clinical complications or death at 30 days (hazard ratio [HR] for each additional unit transfused = 1.2; 95% confidence interval [CI] = 1.1 - 1.4)[6]. In the majority of the cases reported in the literature, there is no objection to the use of cell-saver in patients with sickle cell disease. However, Sachithanandan et al.[7] say that filtered and washed cell-saved blood is theoretically more prone to sickle-associated red cell deformation.

  Finally, it was not necessary to perform an exchange transfusion, but simple sequential transfusions were performed. Collaborated for this fact the long period that the patient remained hospitalized before his surgery. In this way, it was possible that HbS levels of 27.1% were reached by various blood transfusions in sequence. Currently, there is no consensus regarding absolute HbS values for performing a surgical procedure safely. Nevertheless, it is proposed that it should be reduced to close to 30% in extensive surgical procedures[8]. Some authors recommend even lower values, such as < 10% for procedures that use extracorporeal circulation[4]. Regarding the fact that an exchange transfusion was not performed, there is currently no consensus about the transfusion method used to reach the preoperative goals of Hb and HbS[4]. However, most of the cases reported made use of preoperative exchange transfusion. Regardless of the form of transfusion used, we believe that it is necessary to reduce as much as possible the concentration of HbS.

   

  CONCLUSION

  Patients with sickle cell disease are subject to many complications during cardiac surgeries and demand special measures during surgery to avoid those. However, little is known about the best perioperative management of these patients. This is the second reported case of a valve surgery combined with ascending aortic aneurysmectomy in a patient with sickle cell anemia, and we believe that this is the first case that describes the pre and transoperative management in details. This case demonstrates that it's possible to perform surgical correction of valvular pathologies and aortic aneurysms safely in patients with sickle cell anemia despite the limitations imposed by the disease.
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Table 3. Predictors for intraoperative glycemia

B coefficient (95%Cl) P
NIR Diabetes 023(016030) <0001
IR Diabetes 035(022048) <0001
CPBtime 0003 (0.0020.004) <0001
AXC 024 (032:016) <0001

AXC=aortic cross camp; CPB-cardiopulmonary bypass;
IR=insulin requirement; NIR=non-insulin requirement
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‘Table 4 Independent predictors for prolonged inotropic support.

HR (95%Cl) P
AXC 219(147325) <0001
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EuroSCORE 107 (101:1.13) 0020

"AXC=aortic cross clamp; CBP=cardiopulmonary bypass
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Table 2 Intra-and postoperative outcomes.

AXC (988) No AXC(157) P
Number of bypass 3108 29(08) 0140
LIMA (56) 954 (966) 147 (936) 0076
BIMA (%) 122(123) 17(108) 0588
CBP (min) 934267 816(222) <0001
XC (min) 54.1(17.1)

Highest 10 glycemia (mg/d)) 177 051) 199(069) <0001
Prolonged inotropic support (%) 489 (495) 43074 <0001
Stroke (%) 100 203) 0832
Neurological dysfunction (%) 15015 405 0348
Prolonged ventiiator support (%) 2404 1208 0001
ICU stay (days) 3369 3109 0471
Perioperative AMI (36) 1707) ) 0098
Hemodialysis (%) 909 203 0665
Operative mortality (%) 3767 405 0453

‘AMI=acute myocardial infarction; AXC=aortic cross clamp; BIMY
10=intra-operative; ICU=intensive care unit; LIMA=left interal mammary artery; XC=cross clamp

lateralinternal mammary artery; CPB=cardiopulmonary bypass;
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LAD Left anterior descending artery
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Table 5. Independent predictors for prolonged ventilation support.

HR (95%Cl) P
EuroSCORE 108(101;1.16) 0029
AXC 023(010050) <0001

'AXC=aortic cross clamp





OPS/images/a17img06.png
S —

08
g o AXC'5 year survival 86,802
B NoAXCS year survival 87.7:03
2 o

02

0

000 200 400 00
Years

Number st sk
nNC e m 26 3
NoAXC 156 129 B .

Fig. 1 - Overall suvival for patients with stable angina who
underwent isolated on-pump CABG. Green line - Aoric cross clamp.
Blue line — beating heart.
AXC=Aortic cross clamp





OPS/images/a07img02.png
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Table 3. Complications i the operative wound of the saphenectormy.

Complications* Total Group 1 Group2 Pvalue
1# postoperative day 3% _ 3 (45%) 0085
5% postoperative day 16 (107%) 448%) 12(182%) 0014
30" postoperative day 23063%) 10(123%) 13Q17%) 0169
Total in 30 days 33 (234%) 12(148%) 21 35% 0008

*Composed of hematoma, seroma, dehiscence, infection, necrosis, need for resuturing.
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Table 2.Demographic characteristics and comorbidities of
the patients and dlinical presentation of the infection

Characteristics of patients and clinical Number of
presentation patients
Age (years) 678(5873)
Comorbidities
Coronary artery disease 888
Hypertension 802
Diabetes mellitus 537
Heart failure 590
Chronic renal failure 483
Atrial fibrillation 438
Chronic obstructive pulmonary disease 172
Immune suppression/corticosteroid 174
Malignancy 51
Use of anticoagulants 85
Signs / symptoms of local infection
Purdlent drainage 3n2
Erythema 347
Pain 270
Swelling 267
Warmth 197
Skin ulceration 13
Signs/symptoms of systemic infection
Fever 628
Chills 280
Malaise 115
Signs of sepsis 127
Fatigue 7
Anorexia 20
Nausea 8
Endocarditis/vegetation 1029
Devices
Pacemaker 1745
IcD 819
Biventricular 380
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4 Is the stdy published in
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5. Published in 2009 to 20167
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Fig. 1 - Flowchart ofthe systematiclterature search in databases and of study selection.
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1. Is the definition of the search
problem clearly described in the
text?

2. Are the objectives of the
study related o the issue being
studied?

3 Is the method clearly
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study?

4. Are the results compatible
the  methodology and
contribute to clinical practice?
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Table 1. Preoperative dlinical characteristcs of the groups.

Characteristics S::";';'r Gn“’:';':' G."‘:‘s';l Pvalue
Male sex 103 (68.2%) 55 (65.5%) 48 (71.6%) 0483
Diabetes 81 (536%) 45 (536%) 36(537) 0999
Smoking 51 (38%) 29345%) 22(328%) 0864,
PAD 30%) 3G6%) _ 0254
Average age (years) 627:89 6194194 6355182 02
Average weight (kg) 7843155 7638+159 80.79+147 0037
Average height (cm) 1652000 16401 1662008 051
BMI (kg/m) 287+49 281248 293150 021

"PAD—peripheral artery disease; BMI—body mass index
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Fig. 1 - Comparison of the medians of the degrees of lung injury
‘among the different groups analyzed (Kruskal-Wallis P=0.0029; ‘a”
P<001 in relation to /R group; b P<0.001 in relation to VR group).
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Table 2. Leg selected for intraoperative saphenous dissection.

Dissected leg Total Group 1 Group 2 Pvalue
n=151 n=84 n=67

Right 125 (82.78%) 66 (7857%) 50 (88.05%) 01359

Left 20(1324%) 182142%) 2(298%) 00006

Both 6G87%) 6(895%) 00067
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Table 3. Characteristics of selected studies in relation to device extraction and in-hospital and long-term mortality.

| complications | Mortality
Patients | Method of extraction | oy during | Follow-up time | Ong-term
Author of intracardiac ! uring mortality
(number) s extraction | hospitalization | (months) pli
(%) (%)
ommponetal | 12| Percutneous 112 Majors: 46 o8 B s
Surgery: 17 Minors: -
Rickard et al"4 151 Percutaneous: 151 - 66 2 -
Surgery
Percutancous: 28 Majors: 29
e . .
Ipeketal 4 Surgery:5 Minors: 147 88
Percutancous: 144 Majors: 22
v
Pichimaier etal. 178 i ejors 2 39 Averageofss | 185
Knigina et all1 192 Percutaneous: 155 . 36 3 135
Surgery: 37
Grammesetall”l 100 | Percutaneous:100 Majors: 20 100 145 127
Surgery:- Minors: 30
Tarakji et al ¥l 502 PE";‘E“E“"S 02 - 50 12 203
urgery: -
Percutaneous: 100 Majors:20
o
Amraou et al 100 e v 20 2 40
Greensponetaltl | 145 | Percutanecuslds Majors:48 62 5 276
Surgery:- Minors: -
Percutaneous: 17
v . . .
Cengizetall 57 e 35
Percutaneous: 170 Majors: 48
o
Baman etal 210 frne ejors 8 81 5 180
Percutaneous: 183 Majors: 27
2] . .
Goyaetal 183 Surgery: 4 Minors: 38 22
Tyear: 143
Percutaneous: 189 Majors: 10
i
Deharo et al 197 s s ) 41 Aveagef25 | S years
Percutaneous: 325 Majors:4.1
P
Leetal 416 P v 55 2 147
Comes et ol g | Pecutancous 348 . 0 = .
Surgery:-
— | Percutencous 412 Majors:05 . R o
Surgery:- Minors: 34
Percutaneous: 3081
Total 3354 P - - - -
Mean 2006 - Majors: 29 54 2 -

Minors: 84
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Abbreviations, acronyms & symbols

BMI  =Bodymass index
CABG = Coronary artery bypass grafting
PAD = Peripheral artery disease

TS =Society of Thoracic Surgeons
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Fig. 2 Odds ratio of patients with and without mapping on the % and 30" postoperative days and total up to the 30% day.
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Table 1. Search strategy and results found in databases.

Databases

Terms used / Search strategy

Results

PubMed

(("'pacemaker, artificial"[MeSH Terms] OR ("pacemaker’[All Fields] AND “artificial”[All Fields]) OR
“artificial pacemaker'[All Fields] OR (‘pacemaker”[Al Felds] AND *artficial (Al Felds) OR “pacemaker,
artficial[All Fields]) OR (Ccardiovascular systern"[MeSH Terms] OR (cardiovascular'[Al Felds] AND
*system"[All Fields) OR “cardiovascular system'[All Fields] OR “cardiovascular'[All Fieldsl) AND
implantable’[All Felds] AND (electronics'[MeSH Terms] OR “electronics Al Fields] OR electronic”[All
Fields]) AND (‘equipment and supplies"[MeSH Terms] OR (‘equipment[All Fields] AND “supplies'[All
Fields]) OR "equipment and supplies"[All Fields] OR device[AllFields])) AND ‘infection/therapy [Mesh
Terms]) AND ((Clead [MeSH Terms] OR "lead Al Fields]) AND extraction[Al Fields]) OR extraction[Al
Fields] OR (transvenous"TAlFields] AND ('leac [MeSH Terms] OR ‘lead[Al Fields) AND extractionAll
Fields)) OR (‘device removal'[MeSH Terms] OR (device"[All Fields] AND “removal'All Fields) OR
“device removal'[AllFelds))

232

(twi(marcapasso_artiicial cardiaco OR marca-passo artificial OR pacemaker, artiicial)) AND
(twilinfeccao ORinfection) AND (tw{remogo de dispositivo OR device removal OR extraction)) AND
(instancerregional’)

(twi(pacemaker, artificial OR cardiovascular implantable electronic device OR marcapasso cardiaco
artificial OR marca-passo artificial)) AND (tw(infection OR infecgao)) AND (twi(lead extraction OR
extraction OR device removal OR remoggo de dispositivo) AND (instance:regional’)

29

CENTRAL

(cardiovascular implantable elecironic device infection” OR “pacemaker infection) AND (lead
extraction” ORlead removal OR device removal’)

124

CAPES

(‘pacemaker artificial infection” OR “cardiovascular implantable electronic device infection”) AND
(lead extraction OR‘device removal’)

776

SELO

(pacemaker infection) AND (lead extraction) OR (pacemaker infection treatment)
(cardiovascular implantable electronic device) OR (pacemaker) AND (infection) AND (lead extraction)

2

ScienceDirect

(pacemakerinfection OR cardiovascular implantable electronic device infection) AND (lead extraction
OR transvenous lead extraction OR extraction OR treatment OR management)

335
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Table 1. Preoperative summary.

Group A GroupB o e
n=139 % n=624 % ]

Gender (W) 65/74 47/53 4597215 6832 <0001
Procedure types

Isolated aortic valve replacement B 53 6 68

AVRACABG orother procedures a7 3 198 3
History of igarette smoking 8 50 410 66 018
History of hypertension 106 7 218 &7 003
Renal disease at time of surgery 1 070 s 080 092
History of pulmonary disease, ie. COPD, asthma B 502 126 2019 046
History of neurological disease,ie.TIA, (VA 2 18 71 T 003
‘Angina status before surgery

0.Noangina 49 35 316 st

1.No limitation of physical actvity 3 2 127 20

2.Sight limitation of ordinary activty 2 o1 2 18

3. Marked limitation of ordinary physical activty s 18 s6 B

4.Symptoms at restor minimal actvity 3 2 13 2
‘Angina symptoms %0 647 308 494 0001
Dysproea status before surgery

1.No limitation of physical actvity 12 870 12 1955

2. Sight limitation of ordinary physical actvity 53 3 264 P

3 Marked limitation of ordinary physical activty 7 51 20 35

4. Symptoms at restor minimal actvity 3 2 18 3
Dyspnoea symptoms 127 14 s02 804 0002
History of dabetes melltus 30 2 120 19 053
Preoperative heart thythm

0.5inus thythm 109 78 530 8494

1. Auial fbrllation/flutter % 2 B 3 003

2. Complete heart block/pacing 2 140 3 o 021

3.Other abnormal thythm o o 4 1
Ejection fraction category

1. Good (IVEF > 50%) I ) 498 798

2.Fair (LVEF 30-50%) 2 1 85 14 050

3. Poor (LVEF < 30%) 5 4 40 5 035

AVR:

ric valve replacement; CABG=coronary artery bypass grafting; COPD—chronic obstructive pulmonary disease;
rebrovascular accident; F=female; LVEF=left ventricular ejection fraction; M=male; TIA=transient ischenic attack
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A = Atorvastatin group

IPC =lschemic postcondictioning

IPC+A  =Postconditioning + atorvastatin group.
R =Ischemia and reperfusion

R Ischemia and reperfusion group

ROS = Reactive oxygen species
TN =Tumor necrosis factor
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Table 4. Intraoperative and early postoperative summary of AVR+CABG.

Perceval Perimount

AVR+CABG AVR+CABG
Intraoperative and early Group A2 GroupB2
postoperative summary iy 198

Range Mean | Median | Range Mean | Median | P

Cumulative cross-clamp time (min) 28127 68 61 40177 783 7 002
Cumulative bypass time 38403 107 87 60-280 1127 107 051
Postoperative blood loss at 12 hours 501200 457 400 1002825 | 4849 380 058
ICU stay in days 193 68 3 134 32 1 009
“AVR—aortic valve replacement, CABG—coronary artery bypass grafting; IC
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Table 5. Postoperative summary (comparison between Groups A and B).

Group A: Group B:
Postoperative summary Perceval Perimount

n=139 % n=624 % P
Reoperation for bleeding, tampanade, or valvular problems 3 210% 42 673% 004
Stemal wound infection 2139 143% 14 224% 055
New postoperative neurological dysfunction 4139 280% 9 144% 024
New HF/dialysis postoperatively 5/139 360% 37 593% 028
Patient status at discharge (mortality) 3139 210% 15 240% 086
SIRS 217139 15% Ll 18% 045
Arthythmias
None 88 63% 342 55%
AF/Flutter 3 3% 258 41% 007
Permanent pacemaker 5 360% 12 192% 023

AF=atrial fibrillation; Hi

emofiltration; SIR

S=systemic inflammatory response syndrome.
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Table 2. Preoperative summary (comparison between Groups A and B).

GroWPA | pean | Median | CUPB | Mean | Median P
range range
‘Age of patients at e of procedure. | 47-86 743 755 3491 7174 73| <o0001
Logistic EuroSCORE comparison 05318885 | 326 26 | 016577 | 243 18 | oool
Height (cm) 0 | e 162 | 138100 | 1630 | 167 | <0000l
Weight (ko) 03158 | 79 7 | 491816 | 8147 80 013
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Table 3. Intraoperative and early postoperative summary of isolated AVR

Isolated AVR: Isolated AVR: Isolated
Perceval Perimount valve
Intraoperative and early Group AT GroupB1
postoperative summary oy 6 Group A
Range Mean | Median |  Range Mean | Median P
Cumulative cross-clamp time (min) 21114 40 37 24164 566 52 <00001
Cumulative bypass time 25172 & 59 19-285 801 76 002
Postoperative blood loss at 12 hours 50-2000 205 25 1002725 | 3933 | 30 0002
132 34 1 134 24 1 007

ICU stay in days

AVR=aortic valve replacement; ICU:

tensive care unit
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Table 1. AKI staging based on AKIN criteria

Stage Serum creatinine criteria

Urine output criteria

Stage 1| Increase in SCr by > 03 mg/dL or > 1.5< 2.0 times baseline | Less than 0.5 ml/kg per hour for more than 6 hours

Stage 2 | Increase in SCr by > 2.0< 30 times baseline Less than 0.5 mL/kg per hour for more than 12 hours

Stage3 | Increase in SCr by > 30 times baseline or SCr > 4 mg/dL | Lessthan 03 mL/kg per hour for 24 hours or anuriafor 12 hours

"AKi=Acute kidney injury; AKIN=Acute Kidney Injury Network; SCr—serum creatinine,
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Fig. 1 ~Patients'randomization, initial and final participants.
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Abbreviations, acronyms & symbols

@ =Confidence interval
Hb Hemoglobin

HbS  =Hemoglobins

HR Hazard ratio

ROTEM =Thromboelastometry
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Abbreviations, acronyms & symbols

AF = Atialfibrillation
AR = Aorticvalve replacement
CABG = Coronary artery bypass grafting
CBP = Cumulative bypass
ccc
B

Cumulative cross-clamp
Cardiopulmonary bypass

EOA  =Effective orifice area
icu intensive care unit
LVEF = Leftventricular ejection fraction

MPG  =Mean pressure gradients

NASCA = National Adult Cardiac Surgery Audit

NICOR = National Institute for Cardiovascular Outcomes Research
PPM = Patient prosthesis mismatch

SCTs = Sodiety for Cardiothoracic Surgeons

TAVI  =Transcatheter aortic valve implantation






OPS/images/artigo2.png
SOCIEDADE BRASILEIRA DE
CIRURGIA CARDIOVASCULAR

Bjcvs

SOCIEDADE BRASILEIRA DE CIRURGIA CARDIOVASCULAR
Rua Afonso Celso, 1178 +Vila Mariana - Phone: 55 11 3849-0341. Fax: 55 11 5096-0079.
Zip code: 04119-061 - S0 Paulo, SP, Brazil
E-mail BICVS: bjcvse@sbeev.org.br - E-mail SBCCV: sbecv@sbecv.org.br
- Site SBCCV: wwwisbecv.org br
- Sites BICVS: wwwiscielobr/rbccy - wwwhbjcvs.org - https//mc04 manusaiptcentral com/rbccy-scielo (also for article submission)

+ Thomson Scientific (1) « LATINDEX- Sistema Regional de Informacién en

science.thomsonreuters.com

+ PubMed Central
wwwncbinlm.nih gov/pme/

+ PubMed/Medline
wwwncbinim.nih gov/sites/entrez

+ SGELO- Scientific Library Online
wwwscielobr

+ Scopus (Scimago)
wwwscimagojt.com

+ Google scholar
scholar.google.com.br/scholar

a Revistas Cientificas de America Latina,

« LILACS - Literatura Latino-Americana e do Caribe
ias da Saiide.
lilacs bvsalud.org/

« EBSCO
www2.ebsco.com/pt-br

« ProQuest
www.proquest.com

+ Redalyc
wwwaredalycorg

SUPPORT

l SoQEDADE This journal is affiliated to
SRASLERA DE gy,
CARDIOVASCULAR AlBJEIC[ T

Qcneq

ity

O MShs

At contrtsof sl xcet whee tharwse e,
kznsed ncer 3 e Commors TG UCerss

CAPES






OPS/images/a08img07.png
Authors’ roles & responsibilties

ssm

Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; final approval of the version to be published
Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; final approval of the version to be published
Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; final approval of the version to be published
Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; final approval of the version to be published
Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; final approval of the version to be published
Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; final approval of the version to be published






OPS/images/artigo1.png
EDITOR-IN-CHIEF

Prof. Dr. Domingo M. Braile - PhD
S30 José do Rio Preto - SP - Brazil

domingo@braie.com.br
BRAZILIAN JOURNAL OF
FORMER EDITORS
CARDIOVASCULAR SURGERY « Prof. Dr. Adib D. Jatene PhD - S30 Paulo (BRA) [1986-1996]
 Prof. Dr. Fablo B. Jatene PhD - 520 Paulo (BRA) [1996-2002]
ASSOCIATE EDITORS
'ADVANCES IN CARDIOVASCULAR SURGERY CME
+ Tomas A. Salerno - Miami (USA) » Jodo Carlos Ferreira Leal - S30 José do Rio Preto (BRA)
AORTA CONGENITAL

« Eduardo Keller Saadi - Porto Alegre BRA)

 Luciano Cabral Albuguerque - Porto Alegre (BRA)
BASIC RESEARCH

» Enio Buffolo - S3o Paulo (BRA)

« Otoni Moreira Gomes - Belo Horizonte (BRA)

* Paulo Roberto B. Evora - Ribeirdo Preto (BRA!
CARDIAC STIMULATION AND ELECTROPHYSIOLOGY
José Carlos Pachén Mateos (BRA)

CARDIOVASCULAR REHABILITATION

« Solange Guizilini - S30 Paulo (BRA)
CARDIOVASCULAR SURGERY IN THE ADULT
 Marcela da Cunha Sales - Porto Alegre (3RA)
CARDIOVASCULAR SURGERY

« Henrique Murad - Rio de Janeiro (BRA)

 Leonardo Augusto Miana - 530 Paulo (BRA)
* Orlando Petrucci Jr. - Campinas (BRA)

* Vinidius José Da Silva Nina - S0 Luis (BRA)
CORONARY

Bruno Botelho Pinhelro - Golania (BRA)

* Nelson Hossne - 530 Paulo (BRA)

* Walter José Gomes - S3o Paulo (BRA)
REGENERATIVE AND TRANSLATIONAL MEDICINE
 Gabrlel Liguor - S3o Paulo (BRA)

 Paulo Roberto Slud Brofman - Curitiba (BRA)
STATISTICS

* Marcos Aurelio B. de Oliveira - Sinop (BRA)
 Michel Pompeu B. de O. 54 - Recife (BRA)

* Orlando Petrucci Jr. - Campinas (BRA)
VALVE

» Manuel de Jesus Antunes - Colmbra (POR)

EDITORIAL BOARD
« Adolfo Saadia Buenos Alres (ARG) « Joseph S. Caselll Houston (USA)
« Alan H. Menkis Winnipeg (CAN) * Lesle Miller Tampa (USA)
* Alexandre Visconti Brick Brasilia (BRA) Luis Alberto Oliveira Dallan  Sao Paulo (BRA)
Al Ghodsizad Miami (USA) Luiz Carlos Bento de Souza 530 Paulo (BRA)
« Anthony L. Panos Mississippi (USA) * Luiz Felipe Pinho Moreira S30 Paulo (BRA)
 Antonio Marla Calafiore Campobasso (taly) « Luiz Fernando Kubrusly. Curitiba (BRA)
Antdnio Sérgio Martins Botucatu (BRA) ario O. Vrandecic Peredo  Nova Lima (BRA)
Bayard Gontijo Filho Belo Horizonte (BRA) Mauro Paes Leme de 54 Rio de Janelro (BRA)
« Borut Gersak. Ljubljana (5L0)  Milton Ary Meler Rio de Janelro (BRA)
 Carlos Roberto Moraes. Redife (BRA) *Nilzo A. Mendes Ribeiro Salvador (BRA)
« Eduardo Sérgio Bastos Rio de Janeiro (BRA) * Noedir A. G. Stolf S3o Paulo (BRA)
« Fabio Biscegli Jatene 530 Paulo (BRA) « Olivio Alves Souza Neto Rio de Janeiro (BRA)
« Fernando Antonio Lucchese ~ Porto Alegre (BRA) «Pablo M. A. Pomerantzeff 520 Paulo (BRA)
« Glanni D. Angelini Bristol (UK)  Paulo Manuel Pégo Fernandes 520 Paulo (BRA)
« Gilberto Venossl Barbosa  Porto Alegre (BRA) « Pirooz Eghtesady Cincinatti (USA)
« Gilles D. Dreyfus Harefield (UK) « Protasio Lemos da Luz 530 Paulo (BRA)
Porto Alegre (BRA) nato Abdala Karam Kalil  Porto Alegre (BRA)
S0 Paulo (BRA) icardo C. Lima Recife (BRA)
« José Anténio F. Ramires 530 Paulo (BRA) «Roberto Costa 520 Paulo (BRA)
« José Darlo Frota Filho Porto Alegre (BRA) «Rodolfo Nelrotti Cambridge (USA)
« José Pedro da Siiva 530 Paulo (BRA) Rui M. 5. Almeida Cascavel (BRA)
« José Teles de Mendona Avacaju (BRA) « Sérgio Almelda de Oliveira 530 Paulo (BRA)
» Joseph A. Dearani Rochester (USA) » Ulisses A. Croti S.J. Rio Preto (BRA)
EDITORIAL FELLOW MANAGING EDITOR

Davi Freitas Ten6rio - MD SZo Paulo (BRA)
Leila Noguelra Barros - MD Sio Paulo (BRA)

EDITORIAL ASSISTANT
+ Camila Safadi - Postgraduate degree in Project Management - PMI
. Jose do Rio Preto (BRA) - camia@sbecv.org.br

MANUSCRIPT EDITING SPECIALIST
* Rosangela Montelro - PhD.
S0 Paulo (BRA)

* Meryt Zanini - Postgraduate degree in Health Law from Faculdade
de Sadde Piblica da USP and MBA In Health Management from FGV
S0 Paulo (BRA) - meryt@sbecv.org.br

ENGLISH VERSION
 Fernando Pires Buosl

« Priscila Zavatierl Mada

« Renata Siqueira Campos

GRAPHIC DESIGN AND LAYOUT
 Silvia Seabra





OPS/images/a09img03.png
Table 2. Demographic data and dlinical characterisics.

Selenium NAC Vitamin C Control Pvalue
Age (years) 582141054 600341037 6046+1003 58.72+8.57 0508
Sex (malefemale) 521400 412700 382000 492200 0034
Weight (ko) 749341401 7506+1895 71.28+1356 725621248 0378
Height (cm) 16677+903 164071027 164482948 165421012 0418
Body mass index 2692+462 27824591 26.14+345 2654+431 0190
Myocardial infarction 6909 2(294) 4597 3422 0439
Hypertension 243636) 304411) 274029 273802 0885
Diabetes 26(3939) 22(3235) 314626) 20(2816) 0228
Hyperlipidemia 192878) 19(27.94) 172537 24(3380) 0464
Ejection fraction 53.17+7.06 5000809 51.747.44 50584642 0710
NYHA (L or IVII) 3927 48/20 3730 48125 0403
Left main/3 vessel disease 100152 10(147) 7(104) 10041 0853
Smoking 10(15.15) 1101617 5(7.46) 8(11.27) 0416
Drug abuse 18(2727) 16(2352) 11(1641) 18(2535) 0342
EuroSCORE 13420765 150:0786 156:0970 129:0620 0.167
Baseline Cr 0983:0.18 0952019 096:0.16 098:0.18 0757
Baseline GFR 863212528 874624131 79.26+2421 87.02+21.29 0330
Date of angiography 252212004 | 2825+46.18 31134358 24052131 0775

Data are presented as mean + standard deviation or numbers (percentage)

Cr=creatinine; GFR=glomerular filtration rate; NAC=N-acetylcysteine; NYHA=New York Heart Association
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Table 3. Frequency and characteristics of AKI based on AKIN criteria

Selenium NAC min C Control Palue
Frequency of AKI 2118) 15 22.1) 14209) 10(141) 0096
Stage| 19317) 13017) 13017) 6(10) 0020
Stage 10.7) 263) 1070 36) 0700
Stage I 109 — _ 1090 0570
Day of occurrence. 3052162 280+137 257+160 340+164 0677
Day of maximum severity 324+157 320+152 257+160 360+1.57 0558
Frequency of recovery 16 26.7) 915 13017 701.7) 0228
Duration of AKI 1862081 1.78+097 123043 429826 0465

Data are presented as mean + standard deviation or numbers (percentage)

AKI=Acute kidney injury; AKIN=Acute Kidney Injury Network; NAC=N-acetylcysteine
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Abbreviations, acronyms & symbols

TIE =Transthoracic echocardiogram
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Table 2. Preoperative summary (continued).

Perceval Perimount tTest
Two-Sample
Range | Mean | Median | Range | Mean | Median | Assuming Unequal
Ageof patientsattime of procedure | 54-84 7 75 4786 70 | 705
Logistic EuroSCORE comparison 0531889 | 307 | 24 0757 | 187 | 144
Height (cm) 140185 | 1641 [ 163 | 138185 | 1673 | 169
Weight (kg) 403158 | 822 | 801 | 501816 | 84% | 811
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Table 3. Proportion of different valve sizes.

Perceval valve sizes N % Perimount Magna valve sizes N %

19 1 1
Small 8 n 21 20 11
Medium 20 28 3 2 2
Large 2 31 2 ) 29
Xlarge 2 31 27 10 18

2 — —
Total 72 101
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Table 1. Preoperative summary.

Perceval Perimount

Total n=72 % n=101 %

‘Gender (male/fernale) 34738 47/52% 6931 69/31% 0004
Cigarette smoking history 3 4% 1 1% 0106
History of hypertension 57 79% 60 60% 001
Renal disease at time of surgery _ _ [ 1% 040
History of pulmonary disease (ie: COPD, asthma) 16 2% 19 19% 061
History of neurological disease (ie: TIA, CVA) 12 7% 7 7% 005
Angina Status pre-surgery 39 54% 37 37% 003

0.Noangina 33 6% 63 88%

1.No limitation of physical activity 16 2% 18 25%

2. Slight limitation of ordinary activity n 15% 11 15%

3. Marked limitation of ordinary physical activity 10 14% 6 %

4. Symptoms at rest or minimal activity 2 % 2 3%

Dyspnoea status pre-surgery &5 90% 82 82% 013

1.No limitation of physical activity 7 10% 18 18%

2.Slight limitation of ordinary physical activity 3 32% 39 3%

3. Marked limitation of ordinary physical activity 41 57% 40 40%

4. Symptoms at rest or minimal activity 1 1% 3 3%
History of diabetes mellitus 13 18% 20 20% 075
Preoperative heart thythm

0.5inus thythm 55 76% 84 87%

1. Atrial fbrillation/flutter 16 2% 12 12% 007

2. Complete heart block/pacing 1 1% _ _ 024

3. Other abnormal thythm _ _ [ 10%

Eection fraction category

1. Good (LVEF > 50%) 58 81% 84 8%

2. Fair (LVEF 30-50%) 12 17% 15 15% 077

3. Poor (IVEF < 30%) 2 % 1 1% 038

COPD=chronic obstructive pulmonary disease; CVA=cerebrovascular accident; LVEF—Ieft ventricular ejection fraction; TIA=transient
ischemic attack
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Table 6. Haematology data (continued)

Patients having postoperative thrombocytopenia

Perimount Magna valve |  Percevalvalve | Pvalue
Moderate thrombocytopenia: <100 x 109 N=26 (26%) N=34(419%) 0008
Severe thrombocytopenia: <50 x 109 N=5 (6%)

Patients whose platelet level retumed to preoperative level | Perimount Magna valve Perceval valve oot
following surgery/did not return to preoperative N=44/57 (44/56%) N=20/56 (26/74%)
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Table 7. Absolute platelet count on preoperative, operative and postoperative days.

Platelet count on days Perimount Magna valve Perceval valve Pvalue
Preoperative platelet count 244 2398 =073

Operation day platelet count 1586 1446 =007

Postoperative day 1 platelet count 1587 1328 =00007
Postoperative day 2 platelet count 1459 1128 <00001
Postoperative day 3 platelet count 1584 1114 <00001
Postoperative day 4 platelet count 1835 1300 <00001
Postoperative day 5 platelet count 2164 1575 <00001
Postoperative day 6 platelet count 2603 1744 <00001
Postoperative day 7 platelet count 2546 2057 =023
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Table 4. Comparison of different sizes of valves in respect of drop in platelet count %.

Perceval valve Size % Perimount Magna valve Size % Pvalue
small_ 66.11% 1921 mm_ 4836% 00001
Medium _56.28% Bmm  4325% 00003
Large  5041% B5mm  4485% 00003
Xlarge 56.89% 27-29mm_393% 00005
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Table 5. Haematology data.

Perceval valve Perimount Magna
P
=72
Mean 23
Maximum drop in platelet count:"which day” Median 2 00005
Range 0-5
Mean 580% Mean 443%
Maximum drop in platelet count:"what %" Median 583% Median 45.0% <00001
Range 35-84% Range 14-64%
Mean 1.5 Mean 07
Blood transfusion: units Median 05 Median 0 00091
Range 0-10 Range 0-8
Mean 03 Mean 0.1
Platelet transfusion: pool of platelets Median 0 Median 0 00075
Range 0-4 Range 0-2
Mean 02 Mean 0.1
FFP Transfusion: units Median 0 Median 0 021
Range 0-4 Range0-3






OPS/images/a15img08.png
Table 8. Intraoperative and early postoperative data.

tTest:
Perceval Perimount Two-Sample Assuming
Unequal Variances
Range | Mean | Median | Range | Mean | Median P

Cumulative cross-clamp time (min) | 2376 | 302 3 | 133 | s 485 <0001
Cumulative bypasstime 2519 | 593 565 | 19175 | 716 635 <0001
Post operative blood loss @ 12hours | 152000 | 304 | 2125 [1002000| 3597 | 300 0197
TU stay in days 13 32 2 17 19 1 0005

[MU=intensive care unit
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Table 9. Intraoperative and early postoperative data (continued)

Perceval Perimount Chi-squared Test
Total % % P
Reoperation for bleeding, tamponade 2 278% 2 200% 0738
Patient status at discharge (mortality) 1 139% 000% 0237
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Abbreviations, acronyms & symbols
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Table 1. Anthropometrics, clinical and  cardiopulmonary
exercise test (CET) data of the patients included in the present
study.

Variables (n=24)
Age (years) 531136
Height (cm) 169+7
Mass (k) 7627+1283
BMI (kg/m?) 265438
Functional status
NYHA I 9/15
CET
Peak VO (ml/min) 1135043258
Peak VO (mi/kg/min) 151341
ATVO; (V/min) 6558+189.1
ATVO; (ml/kg/min) 87425
Peak PCO; 207478
VENVCO 401£157
EOVYes/No 16/8
Prognostic values
VENVCO: > 34 (n/%) 14/46
PeakV; < 14 mlkg/min (0/%) 1025
Medications
Diuretics (n) 14
Digitalics (n) 9
Beta-blockers (n) 24
ACE-inhibitors () 15

Mean + standard deviation. ACE=angiotensin-converting
enzyme; AT=anaerobic. threshold; BMi=body mass index;
EOV=exercise oscillatory ventilation; NYHA=New York Heart
Association; PaCO=end-tidal partial pressure of carbon
dioxide; VENCOx=ventilation/carbon dioxide  production;
'VOz=0xygen consumption
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Fig. 2 - Analysis of age, cardiopulmonary exercise test and clinical variables of exercise oscillatory ventiation (EOV+) population and non-EOV
(EOV-) population. (4) Peak xygen consumption (mi/kg/min). (B) Peak oxygen consumption (mi/min). (C) Oxygen consumption (ml/kg/min)
atanaerobic threshold (AT). {D)arygmmmmpmmr(mmm) (E)VEVCOzslope. (F) Age. (G) Leftventricular ejection fraction (LVEF) (%).
(H) New York Heart Association (NYHA) functional
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CHF (n=46)
EXCLUDED (n=22)
No echocardiography (n=5)
Refuse to participate (n=4)
Multifocal ventricular arthythmias (n=2)
Recent hospitalzation (n=2)
Cardiac rehabiltation Program insertion (n=2)
Demand pacemakers (n=1)
Unstable angina during CET (n=1)
Smokers (n=1)
“Treatment abandonment (n=1)
Death (n=1)
Poor signal quality (n=2)
Included (n=24)

Fig. 1 ~ Flowchart of the present study. CHF = chronic heart failure;
CET = cardiopulmonary exercise test.





OPS/images/a16img06.png
Authors’ roles & responsibilities

HVR

Y
ac
56
AN
ABS
MsR

substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation
of data for the work; final approval of the version to be
published

Final approval of the version to be published
Final approval of the version to be published
Final approval of the version to be published
Final approval of the version to be published
Final approval of the version to be published

substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation
of data for the work; final approval of the version to be
published






OPS/images/a17img01.png
Table 1. Demographic characteristics of the population (n=1145).

AXC (988) No AXC (157) 3
Age (SD) 651 0.) 63983 0162
Female () 27477) 42(268) 0798
HTN (6) 807 81.7) 138 879) 0057
Smoker (%) 347 35.1) 61G89) 0364
Diabetes NIR (%) 295299 53(338) 0324
Diabetes IR (%) 4546) 8(5.1) 0764
Creatinine (mg/dl SD) 104 051) 1.10(1.03) 0414
Previous CABG (%) 505 108) 0833
Previous PCl (%) 146 (148) 18(115) 0271
COPD (%) 86 87) 1064 0327
Renal failure (%) 26 26) 203) 0306
LVEF (5D) 555(103) 544 (1101) 0244
LMCA (%) 345 349) 50 318) 0452
Vessel disease 0270

1 2102 406)

160 (164) 16 (104)

791613) 134 (870)
Recent AMI (%) 55(56) 608 0366
PVD (%) 6667) 240153) <0001
Previous Stroke (%) 18018) 7045 0036*
EuroSCORE (SD) 2980384 257025 0200

*P<0.05.

AMi=acute myocardial infarction; AXC = aortic cross clamp; CABG=coronary artery bypass grafts; COPD=chronic obstructive
pulmonary disease; HTN=hypertension; IR=insulin requirement; LMCA=left main coronary artery; LVEF=left ventricular ejection
fraction; NIR=non-insulin requirement; PCl=percutaneous coronary intervention; PYD=peripheral vascular disease
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Table 2. Analysis of cardiopulmonary exercise test (CET) parameters of patients with exercise oscilatory ventilation (EOV:+) and VE/

VCO, >34 or just one of these variables.

EOV (+) and VE/VCO; >34 | EOV (+) or VENVCO2 > 34 Pvalue
LVEF (%) 315445 30465 051
PeakVO, (ml/kg/min) 138437 161251 025
PeakVO; (ml/min) 1075743735 1199043499 047
ATVO, (m/kg/min) 83+23 94531 039
ATVO, (mi/min) 648142057 704142229 057
Age (years) 552+133 5214148 064
NYHA 27:05 26505 068
Peak Pe:0; (mmhg) 1001443 1049474 013
Peak Pe:CO, (mmHg) 26437 314103 034
Peak workload (W) 8494276 913:310 064
HR (bpm) 12354270 12254198 092

‘Mean + standard deviation. P value < 005

AT=anaerobic threshold; HR=heart rate; LVEF=left ventricle ejection fraction; NYHA=New York Heart Association; PetCO>=end-tidal
partal pressure of carbon dioxide; PerO;=end-tidal partial pressure of oxygen; VEVCO;=ventilation/carbon dioxide production;
VO=0xygen consumption
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Abbreviations, acronyms & symbols

ACE = Anglotensin-converting enzyme LVEF
AT = Anaerobicthreshold NYHA
BMI =Body massindex PETCO
BTPS Body temperature pressure standard PETO,
cer = Cardiopulmonary exercise test RER
cHE = Chronic heart failure RR
e Carbon monoxide diffusion capacity 5p0z
Eov = Exerdise oscillatory ventilation svc
FEV) = Forced expiratory volume in 1 second veo;
I Flow-volume vE
FVC = Forced vital capacity vo,

HR = Heartrate
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Fig. 1 -Five-year distribution of publications over thirty years (1977-2017), based on a free MEDLINE database search (‘Right thoracotomyand
cardiac surgery’).
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Table 3. Details of DMFT score among the studied population.

Variables

DMFT (mean + 5D) 1284915
DT (median, range) 3014
MT (median, range) 4(032)
FT (median, range) 109

DMFT=number of decayed, missing and filed teth (caries
index); DT=decayed teeth; FT=filled teeth; MT=missing teeth
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Table 4. Distribution of plaque index scores in the studied

population.
5.No | Rating Score | Number of patients
1 Excellent 0 _
2 Good 0109 17(16.03%)
3 Fair 1019 65 (6132%)
4 Poor 2030 242264%)
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Table 2. Oral hygiene practices and behaviour of the studied
population.

SNo Or:'Ialziy(i::e Number(t;:)paﬁems
Tooth brushing
1 Once aday 34(321%)
Twice a day 11(104%)
None. 61 (57.5%)
Use of mouthwash
2 Yes 15 (14.2%)
No 91 (858%)
Use of dental floss
3 Yes 7 (66%)
No 99 (93.4%)
Use of toothpick
4 Yes 27 (254%)
No 79 746%)
Cleaning aid for brushing
Toothpaste 71(66.9%)
Tooth powder 16 (15%)
5 Charcoal B(75%)
Crystal slt 4G7%)
Tobacco 5 @.7%
Any other 208%)
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Table 1. Baseline and procedural characteristics after matching,

inesin e e
Age (years old) 74112916 73972955 08566
Older age (age >70 years) 169 (55.50%) 162 (57.86%) 05810
Older age (age >75 years) 29953%) 3201143%) 04599
Male 181 (50.54%) 182 (65.00%) 01741
Obesity (BMI >30 kg/m?) 145 (47.70%) 146 (52.14%) 02831
Smoking 171 (5625%) 175 (62.50%) 01246
NYHA dlass IV 11036.18%) 112 (40.00%) 03426
Previous myocardial infarction 99 (3257%) 97 3464%) 05954
Previous PC 78 (25.66%) 76 (27.14%) 06841
Hypertension 155 (5099%) 148 (52.86%) 06513
Diabetes mellitus 44 (1447%) 44(1571%) 06755
Hyperlipemia 187 (6151%) 180 (6429%) 04885
coPD 28(021% 27 064%) 08582
Prior cerebrovascular accident 21691% 19.(679%) 09534
Abnormal motion of the segmental cardiac wall 178 (58.55%) 174 (62.14%) 03757
Extent of CAD
Left main stem disease 55 (18.09%) 53(1893%) 07948
3vessel 146 (48.02%) 137 (48.93%) 08275
2-vessel 103 (3388%) 90 (32.14%) 06554
Baseline eGFR (ml/min/1.73 m) 1023941058 75141676 <00001*
Logistic EuroSCORE 77+28 78423 06390
*P<005

BMi=body mass index; NYHA=New York Heart Association; PCl=percutaneous coronary intervention; COPD=chronic obstructive
‘pulmonary disease; CAD=coronary artery disease; GFR=glomerular filtration rate
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Table 5. Dental treatment needs of the studied population.

Number of
S.No Dental treatment needs patients (%)
1 No treatment required 23(21.7%)
2 Periodontal treatment 73 (68.8%)
B Restorative and endodontic| P
treatment
A Exodontia and other surgical —
management
5 Prosthodontic rehabiltation 56 (53%)
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Table 4. Causes of death.

Normal

‘oup | Mild group

In-hospital

No.Patients 3 3

Low cardiac output 3 2

Malignant arthythmia _ 1
Long term

No.Patients 15 28
MACE

Heart falure 1 4

Myocardial infarction 2 12

Ventricular fbrillation 1 4

Sudden death 1 3

Cancer 2

stioke 1

Renalfailurenced hemodialysis 2

MACE=major adverse cardiac events
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Table 2. Intraoperative data.

g | g | e
Operation time (min) 331452 333451 06517
No. distal anastomosis 2444084 250+0.80 03780
Perfusion time (min) 819+424 81.8+43.1 09775
Cross-clamp time (min) 5494246 5484248 09610
SVG use 286 (94.08%) 267 (9536%) 04913
LIMA use 198 (65.13%) 192 (68.57%) 07807
RITA use 3(0.99%) 2(072%) 07210
Composite grafting 201 (66.12%) 194 (69.29%) 04138

SVG=Saphenous vein graft; LIMA=left internal mammary artery; RITA=right internal thoracic artery





OPS/images/a13img03.png
Table 3. Postoperative outcomes

"“';'"":;g:‘;“" Pvalue
In-hospital
Surgical mortality 3099%) 30.07% 09193
Resternotomy for bleeding 1(033% 1(036%) 09535
ICU stay (day) 2994197 3324214 00528
Hospital stay (day) 9524150 981241 00789
Ventricular arrhythmia 1(033% 1(036%) 09535
Low output syndrome 1(036%) 02970
Stroke 2(067%) 1(036%) 06115
Myocardial infarction 1(033% 1(036%) 09535
Atrial fibrillation 216 (71.05%) 208 7429%) 03815
1ABP support 7230% 10G57%) 03622
AKI requiting dialysis 2(066%) 30.07% 05879
Respiratory failure _ 1(036%) 02970
Pneumonia 10 329%) 9321% 09502
DSWI 601.97%) 5(179%) 08674
CRF requiring dialysis _ 1(036%) 02970
Long-term
Mortality 15 (493%) 28(10.00%) 00192
Graft patency 259 (85.20%) 199 (71.07%) <00001*
‘Additional PC after CABG 15 (493%) 26 (029%) 00398"

*P<005

ICU=intensive care unit; IABP=intra-aortic balloon pump; AKl=acute kidney injury; DSWI
renal failure; PCl=percutaneous coronary intervention; CAI

t=deep stermal wound infection; CRF=chronic

oronary artery bypass graft
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Abbreviations, acronyms & symbols

AKI = Acute kidney injury EUroSCORE = European System for Cardiac Operative Risk Evaluation
CABG  =Coronary artery bypass graft surgery

cAD = Coronary artery disease

as = Confidence intervals

o = Chronic kidney disease

COPD = Chronic obstructive pulmonary disease

B Cardiopulmonary bypass OPCAB = Off-pump coronary artery bypass

RF = Chronic renal failure pal Percutaneous coronary intervention

c = Computed tomography R Renalinsufficiency

om Diabetes melitus sD Standard deviation

ECG = Electrocardiogram VG
eGFR = Estimated glomerular filtration rate

saphenous vein graft
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Fig. 1 - Kaplan-Meier curves showing better long-term survival in
patients with normal pre-operative renal function in comparison to
‘mild preoperative renal insufficiency (x2=4.255, P=0.039).
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Table 5. Predictors of long-term mortality.

Variable HR 95%Cl Pvalue
Grouping (mild group vs. normal group) 178 1.18-287 0026
Diabetes mellitus 154 115-264 0005
Prior cerebrovascular accident 136 108-220 002
Gender (female vs. male) 128 109-199 0024
Impaired left ventricular function 121 106-168 0019
Age (per yean) 107 101-154 <00001
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Table 3. Clinical findings, surgical procedures and follow-up of malignant cardiac tumors.

Age/ . Survey!
Symptoms Pathology/Size | Location |  Approach Surgery Followap
Rhabdomyosarcora/ Leftand ight
1| 3yearsF | Dyspnes,palptation P i o Incomplee resection | Died/2 morehs
Rhabdomyosarcora/ Leftand ight | Complete resection, mieling
2 | 73yearsF | Papitationdsypnes,TiA B » oy P Died/3 months
Incomplete resection
3 | s0yesF Dysprea teomyosarcoma/ | AR pigheatrotomy | (reoperationat 30~ and 39 | D43
3sam RvoT months
months)
Leomyosarcomal Completeresection,mital | Died/28
4 | 4oyearsF | Dyspnes palptation e wo | efaoomy B Deys
5 | 23yeas, | Dyepnen palbtation, | Angiosarcoma/ RARV | Rightatrctomy | Incomplete resection | Diec/s months
syncope Boan
Angiosarcomal Completeresection TOVA, | Sunaved/10
6 | 47yeasF | Dyspnes,smcope o m | Rghtatiotomy e months NED
P— S
7 | eryears i Fibrosarcoma/gx65cm | RV,PA nevorom: - ative
| perpherl edema iy by koo
anerotomy
Leftand ight
8 | doyeus | DYETRPIION | raem | AW | stiotomy, Incomplte esection Dedno
peripheral edema months
sortotomy
SV 20rt,
Tealllymphoma/ - Survved/78
9 | 1ayears M | Dyspnes, papitation et pulmonary | __ ncompeteresecion | eV
arery
10 | soyears, Dysprea Seelbmehoms’ | BARV | Roheoroomy | Incompleteresecion. | Died/1 month

CABG=coronary artery bypass surgery; F—female; LA=left atrium; LV=left ventricle; M=male; NED=no evidence of disease;
PA=pulmonary artery;RA=rightatrium; RV=right ventricle;AVOT=right ventricle outflow tract; SVC=superior vena cava; TDVA=ticuspid
De Vega annuloplasty
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Table 4 The distribution of the tumor types according to age groups.

Benign tumors
(n=11)

Malignant tumors
(n=10)

Pediatric patients

4

1

01

7

Adult patients

7

9
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Table 1. Histopathologic types of tumors.

Histology

Number of patients

Benign

Popillry fibroelastoma

Rhabdomyoma

Fibroma

Angiomatosis

Malignant

Angiosarcoma

Leomyosarcoma

Rhabdomyosarcoma

Fibrosarcoma

Sarcoma

T cellymphoma

B celllymphoma

Total

2
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Table 2. Clinical findings, surgical procedures and follow-up of benign non-myxoma cardiac tumors.

Age/Gender | Symptoms PathologySize Location Approach Surgery Survey/Follow-up
Paplary
1| syeas Angina ot o a Aortotomy Resection | Survived/3 months
Paplary Resection,aortc|
2 | 7ayeasm | Agmptomatic | o RN a Aortotomy s Sunived/3 months
Right atriotomy,
Papillry MV posterior
3| 2yewsM | Papiton | o Tsem | ranssepal et Resection | Survived/35 months
rochstoms/ sl atrotomy
Papilary TV posterior Resection, ricuspid
4 | e7yeus M | Dysnesangina | o OB LT Fghatiotomy | "7 P Sunveas months
Papilary Mpaplary | Leftandright | Resection,PFO
S| et | Pomeeme | bochsoms/ixian | musce atriotomy repair * ot
Papilary MV papillary Resection, mitl | Survived/119
o | et Drne fbrockastoma/txl cm | muscle et ting annuloplasty months
Papillary Resection,aortic | Survived/178
7| st | Aomeomatie | gyepstoma/id cm M ororemy repair months
Right ariotomy Complete
8 | monthM | Dyspne Rhabdomyoma/axdcm | RVOT andright | resection AV patch | 4% Popene
ventriculotomy repair i
Incomplete:
 cyanoss | Rhabdomyoma/axs cm _ s
9 | 10daysM | Dyspnes, /5 W o Died/2 month:
Dyspres, Survived/112
| sy | Fibroma/s 513 cm W _ Complete resection o
Palptation,
1| 25 yeas M Angiomatosis/55 cm W | Lefventiculotomy | Complete resection | Survived/ss months
syncope

‘AV=zortic valve; CABG=coronary artery bypass surgery; F=female; LV=left ventricle; M=male; M=

ovale; RVOT=right ventricle outflow tract; TV=tricuspid valve

tral valve; PFO=patent foramen
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1 - Survival curves of patients with benign non-myxoma
(blue) versus malign cardiac tumors (green) demonstrate an inferior
survival for patients with malign tumors (P=0.017).
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Fig. 2 - Survival curves between the pediatric (blue) and adult

(green) patients. No statitically signifcant difference between the
groups was observed (P=0.717).
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Table 1. Preoperative demographic characteristics of the patients.

Preoperative data Group A (n=48) Group B (n=41) Pvalue
Age (years) 596473 589473 039
Sex

Male 40 (833%) 34 (83%) 0015

Female 8(167%) 7071%) 022
Hypertension 42 (875%) 36 (87.8%) 027
Diabetes mellitus 17 354%) 11(268% 0043
Renal function disorder 2(416%) 2(487%) 089
Hyperlipidernia 34(708%) 28(683%) 083
COPD 23479% 22(532%) 091
PAH 1225%) 11(268% 036
Cigarette smoking 37 7% 3073%) 028
Thrombus in LV 10 208%) 12(293%) 0l6

‘COPD—chronic obstructive pulmonary disease; LV—left ventricle; PAH—pulmonary artery hypertension
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Table 4. Preoperative echocardiographic and diinical resuits and one-year follow-up of patients.

Group A (n=48) Group B (n=41)
Vorable preoperative | Cotonip | puaue | PP | o | puatee | VM
stage stage

LVEF 37.1+64 410+46 <0001 403164 438467 <0001 003
LVEDD (mm) 627470 549+6.1 <0001 616464 564454 <0001 039
LVESD (mm) 49646.2 484461 <0001 494455 438454 <0001 001
LVEDV (mL/m?) 143+209 866+21 <0001 1408+219 863+14.1 <0001 096
LVESV (mL/m?) 1086+209 500498 <0001 10974229 564487 <0001 0001
NYHA class 25+06 1.8+0.7 <0001 25405 19405 <0001 032
CCS class 3.12+084 1.1+03 <0001 3214085 13104 <0001 013

‘CC5=Canadian Cardiovascular Society; LVEDD~left ventricular end-diastolic diameter; LVEDV=left ventricular end-diastolic volume;
LVEF=left ventricular ejection fraction; LVESD=left ventricular end-systolic diameter; NYHA=New York Heart Association
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Table 5. Summary of postoperative early outcome.

Variable Group A (n=48) Group B (n=41) Pvalue
Hospital mortality 2 (4%) 3(7%) 0215

Inotropic requirement 22 (46%) 15 (37%) 0380
Intra-aortic balloon pump 6(12.5%) 2(5%) oon

Re-exploration for bleeding 5(10%) 3(7%) 0312

Postoperative arrhythmia 12 (25%) 16 (39%) 0008

Acute renal falure _ 2% 045

Stay in ICU (days)

1-3days 43 (90%) 39(95%) 0445

>4days 5(10%) 2(5%)

Icl

intensive care unit
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Table 2. Preoperative echocardiographic measurements.

Variable Group A (n=48) Group B (n=41) Pvalue
LVEF 371264 403364 039
LVEDD (mm) 627270 616164 027
LVESD (mm) 496462 494355 035
LVEDV (m/m?) 1434209 14084219 029
LVESV (ml/m?) 10864209 10974229 0.16

LVEDD—left ventricular end-diastolic diameter; LVEDV=left ventricular end-diastolic volume; LVEF—eft ventricular ejection fraction;
LVESD=left ventricular end-systolic diameter
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Table 3. Operative variables.

Variable Group A (n=48) Group B (n=41) Pvalue
No CASG 36% 2% 023
CABG 1 20 (42%) 7012%) 0013
CABG 22 25 (52%) 32(80%) 045
Cross-clamping time (mean: SD) 7484201 628+196 0048
Cross-clamping > 80 min 18 38%) 707%) 003
185 (mean) 1189+48.1 8494162 0016
85 >120 min 19 (40%) 2(05%) 0002

CABG=coronary artery bypass grafting; TBS=total bypass time
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caBG Coronary artery bypass grafting

EUroSCORE =European System for Cardiac Operative Risk Evaluation
EVCPP  =Endoventricular circular patch plasty

LAD Left anterior descending

umA Leftinternal mammary artery

w

LEDD

wWEDV

wWEF Left ventricular ejection fraction
LVESD = Leftventricular end-systolic diameter

NYHA  =NewYork Heart Association
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groups of patients with and without mapping in the immediate
~postoperative period, with 5 and 30 days.
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Table 1. Baseline demographic and preoperative data.

Preoperative data ool

Sex

Ml 32056

Feme T 048)
Age (years) 584114
Mean body surface area (m?) 2+024
Preoperative creatinine plasma (mg/dL), median (IQR) 09(0813)
Preoperative hemodynamic instability 7(156)
Previous cardiac surgery operation 2(44)
Preoperative NT-proBNP (pg/mL), median (IQR) 247 (114.816)
Preoperative D-dimer (ug/L), median (QR) 6503 (3418-8610)

Data are presented os mean % SD or median ((GR) for continuous variables and as number and percentage for categorical variables.
IQR=interquartile range; NT-proBNP=N-terminal prohormone of brain natriuretic peptide; SD=standard deviation
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Table 4. Univariate risk factors for 30-day martality.

30-day

Variable mortality OR 95%Cl Pvalue

Overall 367)

Preoperative factors
Age (years) 584114 0909 ©0805-10) | 0071%
Sex (fernale) 110619 _ 0775 ©77) 0565
Preoperative hemodynamic instability 7(156) 264 148 (241-906) 0004*
Preoperative D-dimer 1001 ©0999-100) | 0798
Preoperative NT-proBNP 1002 0999-1.00) | 0658

Perioperative factors
Arterial cannulation site (femoral artery) 367 _ 374 (©443) 0999
Total aortic arch replacement 70156) _ 139 014159 0999
Combined operation 12067) _ 0687 ©68) 0554
Cardiopulmonary bypass time 0991 09551019 | 0581
Aortic cross-clamp time 0986 ©0933-1028) | 0584
Total circulatory arrest time 0957 ©0853-1029) | 0374
Bladder temperature during circulatory arrest 129 (0829-201) 0227

Postoperative factors
Postoperative open sternum 14611 204 5 (1041240) | 0044*
Postoperative pericardal effusion 5011 _ 207 ©22) 0999
Postoperative atrial fibrillation 11044) _ 0775 ©7.7) 0565
Postoperative stay in ICU 0581 0299-1127) | 0108

Pvalues are derived from exact univariate logistic regression.
* Confidence intervals are derived from boostrapping with 1000 replications.

NT-proBNP=N-terminal prohormone of brain natriuretic peptide; IC\

tensive care unit
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Table 5. Univariate risk factors for postoperative severe neurological complication.

No.of | Postoperative
Variable patients | Meurological | OR 95%Cl | Pvalue
complication

Overall 45(1000)

Preoperative factors
Age (years) 58:114 0977 | (0915-1042) | 0489
Sex (female) 110619 102 0338 | 000731 | 0416
Reoperation 204 _ 164 ©22) 0999
Preoperative hemodynamic instability 70156) 489 88 | (41549 | 002
Preoperative NT-proBNP 0999 | (0999-1.001) | 0621

Perioperative factors
Arterial cannulation site (comrmon carotid artery with graft) | 42 (933) 80178) 0480 | (002231) | 0999
Arterial cannulation site (femoral artery) 367 102 213 | 0426108 | 0358
Total aortic arch replacement 70156) 204 175 | ©139138) | 0614
Combined operation 12067) 204 0748 | (0065-493) | 0999
Cardiopulmonary bypass time 1002 [ 0s85-1018) | 0805
Aortic cross-clamp time 101 | 0981-1029) | 0673
Total circulatory arrest time 101 | 09741037) | o686
Bladder temperature during circulatory arrest 133 | (0980-186) | 0058"

Postoperative factors
Postoperative open sternum 14611 367 113 | 015566 | 0999
Postoperative acute kidney injury 361 6033) 22 | 0394157 | 0459
Postoperative pericardial effusion 5011 102 1 ©0018-122) | 0999
Postoperative permanent pacemaker implantation 264 _ 164 ©22) 0999
Postoperative atrial fibrillation 11044) 367 173 | (0228106) | 0666
Postoperative sepsis or multiple organ dysfunctions 6033) 4(89) 136 | @1899) | ooor
Postoperative stay inICU 1040 | (0966-112) | 0254
Postoperative hospital stay 1031 | ©98211) | o180

Pvalues are derived from exact univariate logistic regression

* Confidence intervals are derived from bootstrapping with 1000 replications.
NT-proBNP=N-terminal prohormone of brain natriuretic peptide; ICU=intensive care unit
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Table 2 Perioperative data

J— e
Combined operations 12067)
Types of operations

Interposition graft replacement 29(644)
Interposition graft replacement + modified Bentall operation 5011
Interposition graft replacement + aortic valve replacement 367
Interposition graft replacement + coronary bypass grafting 204
Interposition graft replacement + aortic arch replacement 60133)
Total circulatory arrest time (min), median (QR) 415 (30-54)
Aortic cross-clamp time (min), median (QR) 107 (92-130)
Cardiopulmonary bypass time (mir), median (QR) 211 (184240)
Bladder temperature during circulatory arrest (C), median (IQR) 223(20824)
pH during circulatory arrest, median (QR) 733(729735)

Data are presented o5 mean £ SD or median (QR) for continuous variables and a5 number and percentage for categorical variables.
1QR=interquartile range; SD=standard deviation
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Table 3. Postoperative complications and follow-up data

Postoperative complications and follow-up data ;‘;;‘;’n":‘“;gf)
el Forilation 11 244)
Permanent pacernaker 2144)
Pericarial effusion saL)
Mechanica ventiation > 48 hours i intensive care unit 29 644)
Postoperative open sternum 14311)
Postoperative acute kidney injury (increase postoperative >50 % of preoperative creatinine plasma) 23610
Postoperative neurdlogical dysfuncrion

No neurological dysfunction 36/(80)
Temporary nevrological dysfuncion —
Permanent neurological dysfunction 6(133)
Heavy neurological dysfunction 3(67)
Postoperative transfusion ofred blood cells (anit), median (range) 10038
Postoperative transfusion of fresh frazen plasma (unit), median (range) 8(G36)
Postoperative creatinine plasma (mg/dL), median (IQR) 16(1323)
Postoperative stay in ICU (days), median (QR) 8(39)
Postoperative in-hospital stay (days), median (IQR) 12(818)
Follow-up (months), median (IQR) 6(2-12)
Overall mortality 6(133)
30-days mortality 3(67)
All cause deaths during median follow-up 6 (2-12) months 3(67)

Data are presented as mean + SD o median ((QR) for continuous variables and as number and percentage for categorical variables.
Permanent neurdlogicaldysfunction (PND)=hemiplegia r paraplegia >48hoursafter dischargeat home. Heavy neurological deficits=diffuse
and ireversible brain damage or coma.

ICU=intensive care unit; IQR=interquartile range
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Table 1. Distribution of the studied population according to the cardiovascular procedure undergone by themn.

5.No Cardiovascular procedure Males Females Total
1 Bypass surgery 3 7 30(283%)
Valve surgery 44 19 63(594%)
Congenital corrective surgery 9 4 13022%

Total 76 30 106
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Table 6. Mulivariable logistic regression analysis for the main determinants of the incidence of postoperative severe neurological

outcome (n=45).

Variable OR 95%Cl Pvalue
Bladder temperature during circulatory arrest 128 0885189 0183
Preoperative hemodynamic instability 55 045477 0221
Postoperative sepsis or multiple organ dysfunction 159 105964 0045"

‘Prvalues are derived from exact logistic regression.
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