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    BJCVS is indexed in PubMed Central

  

   

  BJCVS está indexada no PubMed Central

   

   

  Domingo M. Braile

   

   

  The Brazilian Journal of Cardiovascular Surgery (BJCVS) has one more reason to celebrate: finally we have been indexed in PubMed Central - PMC (www.ncbi.nlm.nih.gov/pmc/), on-line repository, free access of publications on health area, basis of 3.3 million of full content articles provided by 4.916 journals[1] which BJCVS is part of them now.

  It is one more platform we are present and I am confident that with the adoption of English language as the official language and the changing from quarterly to bimonthly, it will allow the Journal to be more recognized, accessed, attracting new readers and consequently more people will be interested in publishing their articles making our Impact Factor (IF) could grow again.

  The presence on PMC is one more award of the work performed since the beginning of my supervision as a Chief-Editor of BJCVS in 2002, in order to provide the journal a wider recognition in the international scenario. Since 2005, the submission and review of the manuscripts have been performed by our website (www.bjcvs.org), we have achieved the indexation in important databases such as PubMed/Medline, ISI-Thomson-Reuters, Scopus, and now PMC. It has been a tough task but pleasant and I feel glad for reaching this current level.

  It was only possible thanks to the support of the Editorial Staff and also the Brazilian Society of Cardiovascular Surgery (SBCCV), through the several Board of Directors ahead our Society during this time where they have never denied any support or motivation.

  I also cannot forget to praise my predecessors such as the late Prof. Dr. Adib Jatene, founder of BJCVS and Prof. Dr. Fábio Jatene, who, with a lot of effort have overcame several obstacles to keep a national journal dedicated to heart surgery.

  I cannot forget to mention GN1, our partner for 10 years, whose support and expertise in Information Technology were essential for our approval at PMC. GN1 is also responsible for creating the files of BJCVS in XML extension, a type of language that allows the sharing through the Internet of information and also connects with other languages used by some databases such as Scielo and PubMed Central.

  30 years

  In 2016 we will reach 30 years of uninterrupted circulation, something not easy in a country with little tradition in supporting scientific activities, like Brazil. In order to celebrate this data as it deserves to be, we have been planning together with SBCCV many actions that will be released soon.

  42nd Congress of SBCCV

  From 26th to 28th of March in Curitiba, PR, it was held the 42nd Congress of SBCCV. As usual, the event presented a high scientific level with classes and lectures which discussed the news on cardiovascular surgery, similar areas and activities as the traditional and praised "Hands on".

  The following Free Subjects of the Medical Congress were awarded: 1st place - "Developing and experimental study of aortic bioprosthesis of rapid release (no suture)" by Dr. Walter Gomes (SP) and colleagues; 2nd place - "Calcification and deformity of the aortic valve annulus associated to the severity of aortic stenosis and the greater transvalvar gradient after TAVI", by Dr. Alvaro Machado Rosler (RS) and colleagues, 3rd place - "Valve-in-valve Mitral: A new frontier in reoperations? Increasing the limits of indication through hydrodynamic tests in vitro", by Dr. Thiago Vila Nova (SP) and colleagues.

  The award "Professional of the year" was delivered, deservedly to Dr. Paulo Roberto Slud Brofman, an icon of cardiovascular surgery, not only in the state of Paraná but also in the whole country. The Editorial Board of BJCVS met to evaluate the changes of the journal and its impact on the authors and reviewers. It was also discussed the new system to streamline the process of evaluation and approving of works, which the associate editors will have a fundamental role, as previously detailed on last edition[2].

  I would like to highlight in this edition, apart from the articles of a wide range of cardiac surgery areas, the work of Igor Bie Biernet, Rogério Carvalho de Oliveira, Pedro Beraldo de Andrade and Carlos Antonio Caramori (page 254), covering with a great propriety the bibliometrics index issues, as the Impact Factor, which has been the object of several discussions among the academic environment. Evandro Mesquita Tinoco, Celso Vale de Souza Júnior and Thiago Reigado Ferreira from page 260 tell the story of Andreas Vesalius, a Renaissance that revolutionized the anatomy and cardiovascular knowledge.

  Geraldo Verginelli

  A little of the rich life of professor Geraldo Verginelli, who left us in 2014, is told from page 283 in an article by Prof. Dr. Noedir Stolf and I as a second author. Dr. Verginelli accomplished like a few people did, the triple mission of assisting patients, teaching and researching. Regarding assisting patients, he had a key role in developing cardiovascular surgery at Clinics Hospital at Medical School of the University of São Paulo, acting in all areas and specialties. As for teaching, many cardiovascular surgeons in Brazil own a lot of their graduation to him.

  EMC

  The following articles are available for testing of Continuously Medical Education (EMC) in this edition: I-"Stratification of complexity in congenital heart surgery: comparative study of the Risk Adjustment for Congenital Heart Surgery (RACHS-1) method, Aristotle basic score and Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery (STS-EACTS) mortality score" (page 148), II-"Atrioventricular block in coronary artery bypass surgery: perioperative predictors and impact on mortality" (page 164), III-"Effect of N-acetylcysteine in hearts of rats submitted to controlled hemorrhagic shock" (page 173), IV-"Analysis of immunostaining and western blotting of endothelin 1 and its receptors in mitral stenosis" (page 211) and V-"Andreas Vesalius 500 years - A Renaissance that revolutionized cardiovascular knowledge" (page 260).

  The EMC is an useful tool for testing and updating the knowledge and it is worth 0.5 score towards SBCCV exam of Title and 1.0 at revalidation of specialist title exam. I draw attention to this laborious tool, counting on commited reviewers who has been helping us to elaborate questions and answers.

  We will contact the authors of the chosen articles counting on their cooperation in order to express the best evidence shown on the publication. There are five questions with five alternatives in each of the chosen articles per Edition. It is essential that the Author send us together with question the accurate highlighted part where the question was generated. Counting on the goodwill of the noble Authors who honor us with their preferences for BJCVS.

  May all receive my warmest regards,

  
    Domingo M. Braile

    Editor-in-Chief

    BJVCS
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    Clinical value of BNP as an independent predictor of mortality following heart surgery

  

 

Valor clínico do BNP como um preditor independente de mortalidade após cirurgia cardíaca

 

 

Edmo Atique Gabriel

MD, PhD. Centro Universitario Lusíada (UNILUS), Santos, SP, Brazil

 

 

Detection and characterization of mortality predictors is becoming an interesting approach in the field of cardiovascular surgery, particularly in valve and CABG procedures. Yet there is a paucity of trials in order to obtain precise data on this topic using statistic criteria. In the last decades, many cardiologists have turned attention to underlying role of inflammation in heart diseases and different types of heart operation. The key point raised by these experts is that main expression from inflammatory cardiovascular process can be translated into serologic appearance of some markers[1-3].

From the publication "Predictors of mortality in cardiac surgery: B-type natriuretic peptide" by Murad Junior et al.[4], the first observation can be drawn is epidemiologic quality of retrospective study of valve and CABG patients. Undoubtedly main step for identifying a mortality predictor using statistical analysis is to know how patients were selected and included in the study.


    
      
        	

      

      
        	READ ORIGINAL ARTICLE
      

       
        	

      

    

  

The second and most remarkable observation can be drawn from publication by Murad Junior et al.[4] is the meticulous view regarding preoperative role of BNP as a mortality predictor in the setting of valve and CABG operations. Many authors have advocated that cardiac diseases have some inflammatory burden preoperatively and, on account of it, postoperative time becomes a particular moment for so many complications and deleterious events[5-7].

This study provides a very elegant representation of preoperative BNP values and its relationship with 30-day mortality. Thus, publication by Murad et al.[4] is a cornerstone reference for brazilian cardiologic community in an attempt to preoperatively include BNP as prognostic marker in valve and CABG operations.
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    ABSTRACT

    INTRODUCTION: Although rare, the atrioesophageal fistula is one of the most feared complications in radiofrequency catheter ablation of atrial fibrillation due to the high risk of mortality.

    OBJECTIVE: This is a prospective controlled study, performed during regular radiofrequency catheter ablation of atrial fibrillation, to test whether esophageal displacement by handling the transesophageal echocardiography transducer could be used for esophageal protection.

    METHODS: Seven hundred and four patients (158 F/546M [22.4%/77.6%]; 52.8±14 [17-84] years old), with mean EF of 0.66±0.8 and drug-refractory atrial fibrillation were submitted to hybrid radiofrequency catheter ablation (conventional pulmonary vein isolation plus AF-Nests and background tachycardia ablation) with displacement of the esophagus as far as possible from the radiofrequency target by transesophageal echocardiography transducer handling. The esophageal luminal temperature was monitored without and with displacement in 25 patients.

    RESULTS: The mean esophageal displacement was 4 to 9.1cm (5.9±0.8 cm). In 680 of the 704 patients (96.6%), it was enough to allow complete and safe radiofrequency delivery (30W/40ºC/irrigated catheter or 50W/60ºC/8 mm catheter) without esophagus overlapping. The mean esophageal luminal temperature changes with versus without esophageal displacement were 0.11±0.13ºC versus 1.1±0.4ºC respectively, P<0.01. The radiofrequency had to be halted in 68% of the patients without esophageal displacement because of esophageal luminal temperature increase. There was no incidence of atrioesophageal fistula suspected or confirmed. Only two superficial bleeding caused by transesophageal echocardiography transducer insertion were observed.

    CONCLUSION: Mechanical esophageal displacement by transesophageal echocardiography transducer during radiofrequency catheter ablation was able to prevent a rise in esophageal luminal temperature, helping to avoid esophageal thermal lesion. In most cases, the esophageal displacement was sufficient to allow safe radiofrequency application without esophagus overlapping, being a convenient alternative in reducing the risk of atrioesophageal fistula.

    Descriptors: Catheter Ablation. Esophagus. Esophageal Fistula. Atrial Fibrillation.

  

   

  
    RESUMO

    INTRODUÇÃO: Apesar de rara, a fístula átrio-esofágica é uma das complicações mais temidas na ablação por radiofrequência da fibrilação atrial pelo alto risco de mortalidade.

    OBJETIVO: Este é um estudo prospectivo controlado, realizado durante a ablação por radiofrequência da fibrilação atrial regular, para testar se o deslocamento do esôfago ao manipular o transdutor de ecocardiografia transesofágica poderia ser usado para a proteção de esôfago.

    MÉTODOS: Setecentos e quatro pacientes (158 mulheres e 546 homens [22,4%/77,6%]; 52,8±14 [17-84] anos), com EF média igual a 0,66±0,8 e com fibrilação atrial refratária ao tratamento medicamentoso, foram submetidos à terapia híbrida com ablação por radiofrequência (isolamento convencional das veias pulmonares e ninhos de fibrilação atrial e ablação de taquicardia de background) com deslocamento do esôfago o mais longe possível do alvo da radiofrequência por manuseio do transdutor de ecocardiografia transesofágica. A temperatura luminal esofágica foi monitorada com e sem deslocamento em 25 pacientes.

    RESULTADOS: O deslocamento esofágico significativo foi de 4 a 9,1 centímetros (5,9±0,8 cm). Em 680 dos 704 pacientes (96,6%), isso foi o suficiente para permitir a entrega completa e segura de radiofrequência (30W/40ºC/cateter irrigado ou 50W/60ºC/cateter de 8 milímetros) sem sobreposição do esôfago. As alterações médias de temperatura luminal esofágica com e sem deslocamento de esôfago foram de 0,11±0,13ºC versus 1,1±0,4ºC, respectivamente, P<0,01. A radiofrequência teve que ser interrompida em 68% dos pacientes sem deslocamento de esôfago devido ao aumento da temperatura luminal esofágica. Não houve nenhum caso, suspeito ou confirmado, de fístula átrio-esofágica. Foram observados apenas dois sangramentos superficiais causados por inserção do transdutor de ecocardiografia transesofágica.

    CONCLUSÃO: O deslocamento mecânico do esôfago pelo transdutor de ecocardiografia transesofágico durante a ablação com radiofrequência foi capaz de impedir o aumento da temperatura luminal esofágica, ajudando a evitar lesão térmica. Na maioria dos casos, o deslocamento esofágico foi suficiente para permitir a aplicação segura de radiofrequência sem sobreposição do esôfago, sendo uma alternativa conveniente para reduzir o risco de fístula átrio-esofágica.

    Descritores: Ablação por Cateter. Esôfago. Fístula Esofágica. Fibrilação Atrial.
 
  

   

   

  INTRODUCTION

  Radiofrequency (RF) catheter ablation of atrial fibrillation (AF) has been the most widely used method to retrieve sinus rhythm when AF is refractory to drug therapy. During ablation there is a risk of thermal damage of the esophagus due to its proximity and contact with the left atrium[1] (Figure 1). The most feared complication is atrioesophageal fistula[2-4], whose low but worrisome occurrence has been estimated to be <1%[5,6]. However, its true incidence is certainly unknown since there is no systematic report of this complication. A recent study of esophagogastroscopy performed in 28 patients 24 hours after catheter ablation without control of the esophagus position showed that 47% and 18% of the patients had esophageal lesions compatible with superficial thermal injury and necrosis or ulcer, respectively[7].

  
    

    [image: Fig. 1 - Cardiac computed tomography with esophagus visualization]

  

  Technical developments in catheter ablation of AF have seen increasing use of high power large surface catheters (8 mm) and high power transfer systems (irrigated catheters) in left atrium regions that have great contact with the esophagus (pulmonary veins antrum and LA posterior wall). In addition, the use of long and even confluent LA block lines has been a common practice[8]. These aspects make the risk of esophageal injury highly prevalent. The main problem is that atrioesophageal fistula, in spite of being rare, is extremely serious with a high risk of mortality from stroke, mediastinitis, sepsis, and endocarditis. It is caused by conductive heat transfer to the esophagus with trans-mural necrosis[9,10] and possible participation of ischemia because of circulation and damage to esophageal innervation.

  These considerations justify extreme caution during catheter ablation of AF in order to avoid esophageal lesion. Cooling esophageal protection systems are being developed to prevent thermal damage during ablation[11]. Several thermal monitoring[12] and esophagus location systems have been described to avoid RF release in risk areas, reducing the power applied in these places. However, energy restriction can lead to incomplete ablation, increasing its risk of failure. On the other hand, as the esophagus has great spontaneous motility, its pre-procedure location has little value and continuous monitoring is required[13,14].

  As we regularly use transesophageal echocardiography (TEE) throughout catheter ablation of AF, we proposed that the TEE transducer could be regularly employed to divert the esophagus out of the ablation area and, in January 2005, we started this prospective study to test its possible benefits (Figure 2).

  
    

    [image: Fig. 2 - Lateral displacement of the esophagus usually obtained]

  

  Objective

  The objective of this study was to test the hypothesis that controlled deflection of the TEE transducer could meet two major aims:

  1. Divert the esophagus out of the area to be ablated in order to avoid heating; and

  2. Keep the esophagus stable in a well-known fixed position, avoiding an undesirable and unexpected interposition in the ablation area due to its natural motility.

  This is a prospective study of regular clinical application. The purpose of this article is to show the results and discuss details and limitations of this technique after 6 years of systematic employment and follow-up.

   

  METHODS

  Seven hundred and four patients (158 female and 546 male [22.4%/77.6%]; mean±SD age, 52.8±14 [17 to 84] years) with drug-refractory AF (314 paroxysmal [44.6%], 332 persistent [47.2%], and 58 permanent [8.2%]) and treated by catheter RF endocardial ablation were included. Most patients (425, 60.4%) had no significant heart disease, with mean EF of 0.66±0.8 (0.3 to 0.8). In most cases, the LA diameter was either normal or slightly increased (39.9±6.8 mm) (Table 1).

  
    

    [image: Table 1. Main features of 704 patients included in this study.]

  

  Methodology

  In every cases, catheter RF ablation of AF was performed in both atria, the LA being reached by trans-septal access. A hybrid technique was used with pulmonary veins isolation[8,15,16], AF-Nests ablation[17-19] mapping, and ablation of the background tachycardia[20]. The St Jude Navx System was employed for electroanatomic 3D mapping. Patients using oral anticoagulants had the prothrombin time adjusted before the procedure (target INR < 1.6). Conventional surface ECG monitoring, adhesive defibrillation patches, mechanical ventilation with intravenous or inhalation general anesthesia in addition to the placement of TEE transducer were used. After having confirmed absence of intracardiac thrombus, four right femoral vein punctures were performed and a duodecapolar catheter was placed into coronary sinus. Trans-septal puncture was used in order to introduce both an ablation and a circular catheter in the left atrium. The following additional equipment was used: Cicero anaesthesia system (Dräger); multiparameter HP/Philips M1026A monitor; HP/Philips Sonos-2500 echocardiograph; 32 channels TEB polygraph with software for spectral analysis (Pachón-TEB); computerized spectrometer (Pachón®) for real-time spectral analysis, Siemens digital radioscopy; Medtronic, Biotronik and Irvine RF generator; Philips Heartstart biphasic XL defibrillator with trans-cutaneous pacemaker and cerebral activity spectrometer (BIS). The ablations were carried out by using 8 mm catheter Blazer EPT, Medtronic Conductor and Johnson Irrigated. Activated clotting time was attained between 300 and 400 s by IV Heparin infusion. All the patients included in the study accepted the procedure being made aware of the methodology and potential complications, having signed the written informed consent.

  Esophageal Displacement and Ablation

  After obtaining a three-dimensional LA model with Navx system by handling the TEE, the esophagus was shifted and kept into the rightmost position before the ablation of the left half of LA (left pulmonary veins isolation and AF-Nests ablation). Afterwards, the TEE transducer was handled again in order to shift the esophagus to the leftmost location. Ablation of the half right of the LA was then performed. All positions were photographed in order to get accurate esophageal displacement measurements. In the final ablation phase, in cases with LA background tachycardia, the esophagus was again shifted far from the ablation sites. At any time, at operator discretion before turning the RF on, the esophagus was manipulated by the TEE transducer in order to keep it as far as possible from the RF delivery point.

  Esophageal Temperature Monitoring versus Displacement

  A group of 25 patients were also studied to see the effects of displacement in the esophageal luminal temperature (ELT). They had an esophageal probe and thermometer additionally inserted. In these cases the esophagus was contrasted with barium and ELT was monitored during the ablations, before and after displacements. With the esophagus in the natural position, since the esophageal thermometer was in a good site (Figure 3) and whenever a > 1ºC ELT was observed, the ablation was immediately halted and the esophagus was quickly shifted.

  
    

    [image: Fig. 3 - Barium esophagography showing esophageal displacement]

  

  Esophageal Endoscopy after Ablation

  After ablation the patients were kept in the hospital under strict clinical monitoring for two days. Esophageal endoscopy was indicated whenever there was any symptom or sign of esophageal discomfort or lesion.

  Medication after Ablation

  Proton pump blockers were not used unless the patient was taking it prior to the ablation. During the first 3 months, in all cases, antiarrhythmic medication (amiodarone, propafenone or beta blockers) was used depending on the patient's tolerance. Anticoagulation was strictly established for at least 2-3 months using warfarin (INR = 2 to 3) or dabigatran.

   

  RESULTS

  The anatomical course of the esophagus was quite variable. In 22.2% of the patients, it was centralized; however, in 57.5% and 20.3% of the patients, it was diverted near or superimposed onto the left or right pulmonary veins (Figures 4 and 5), respectively. In all cases, it was possible to achieve mechanical esophageal displacement. For safety reasons, the displacement was applied even in cases with centered esophagus. Displacement ranged from 4 to 9.1 cm (5.9±0.8 cm). In 680 of the 704 patients (96.6%), the displacement was large enough to allow RF delivery with reasonable safety, even in the LA posterior wall (30W/40ºC/irrigated catheter or 50W/60ºC/8 mm catheter). For ablation of the LA posterior wall, the TEE transducer depth was modified as needed for each case. In 24 cases (3.4%), the esophagus had reduced and difficult mobility or allowed only one-way displacement, as seen in Figures 4 and 5. However, with stepwise handling, it was possible to obtain reasonable segmental displacement to get safe RF delivery in most areas of the pulmonary veins, although not completely sufficient for extensive treatment of the posterior LA wall.

  
    

    [image: Fig. 4 - Esophagus positioned on the left at rest showing some]

  

  
    

    [image: Fig. 5 - This patient had an old phrenic palsy and the esophagus]

  

  In the whole group there was neither a case nor a suspicion of atrioesophageal fistula (mean follow-up of 37.9±81.9 months). Eight patients underwent esophageal endoscopy due to symptoms, with two of them showing slight bleeding. The investigation revealed normal esophagus in six of the eigh patients. The two cases with bleeding had superficial linear lesions in the high esophagus portion (above the atrial level), without signs of burning or necrosis. They were related to mechanical injury caused by introduction of the TEE transducer. Although small and superficial, the bleeding was certainly increased by anticoagulation. In both cases, the bleeding was promptly stopped with topic 1:1000 adrenaline solution. No cases presented symptoms compatible with injury to the periesophageal nerve plexus. There was no occurrence of ileus palsy or pylori spasm.

  Study of Esophageal temperature versus Displacement

  The results of 25 patients having ELT monitored without and with mechanical esophageal displacement are displayed in Table 2.
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  DISCUSSION

  Several techniques have been proposed for esophageal protection during catheter ablation of AF. Any alternative limiting the amount or the sites of RF delivery increases the rate of ablation failure. Techniques have been used for:

  
    1. Locating the esophagus before and/or during ablation;

      2. Monitoring esophageal temperature;

      3. Limitating RF energy or sites;

      4. Esophageal cooling; and

      5. Esophageal displacement.

  

  The esophagus location before ablation has been held with barium contrast radiography, computed tomography (Figure 1), MRI or electroanatomical 3D mapping[21]. These techniques allow a fairly accurate location, but with more or less information on the extent of the contact between the LA and the esophagus. The main disadvantages are spontaneous change of esophagus position and the need of reducing the RF energy in overlapping regions that can lead to incomplete ablation.

  The esophagus location during ablation has been determinated through contrast with barium, intracardiac echocardiography[22], and electroanatomical 3D mapping[23]. These methods have the great advantage of showing the actual position of the esophagus during ablation, but also limit RF delivery in overlapping areas. Therefore, if a AF relapse occurs due to restriction of RF energy release, the problem will persist in the same area in case of reablation[24].

  Esophageal temperature monitoring during ablation[12] is another option, but it does not completely prevent complications because the thermometer can be located outside the point of greatest heat and, in addition, there is the problem of thermal latency of the esophagus[25]. Studies have shown low correlation between the total energy delivered in LA and LET increase[25,26]. Furthermore, heating of the esophagus restricts RF, delivery bringing out the problem of incomplete ablation.

  A quite creative technique is placing a cooled balloon irrigated with saline solution inside the esophagus[27,28]. However, more detailed studies need to be conducted to verify whether anterior displacement caused by esophageal balloon insufflation could be an additional problem, thereby reducing its potential benefits.

  Several techniques have advocated esophagus protection by reducing the RF power in overlapping areas. So far, there is no evidence based on guidelines defining the limits of RF energy. Speculative recommendations suggest that RF energy in overlapping areas of the esophagus should be <20W for less than 20 seconds and there should be at least 180 sec between two successive RF applications. However, the disadvantage is that even when well-implemented, incomplete and insufficient ablation may predispose to relapse.

  In this study, it was possible to demonstrate that the esophagus has a large motility. If on the one hand this feature is a disadvantage due to the risk of unexpected esophageal interposition in the RF focus, on the other hand, it allows it to be mechanically displaced away from the point of RF application reducing the risk of thermal injury and atrioesophageal fistula (Figure 2). Additionally, mechanical esophageal displacement by using the TEE transducer, allows it to keep it stable and far from the RF application site. Since January 2005, we have regularly used this feature in any LA ablation as an indispensable requirement for ablation (Figure 6). Similar experience has been published supporting our observations and strengthening the idea that controlled esophageal displacement could be employed as a protection against thermal lesions[29,30].

  
    

    [image: Fig. 6 - Good esophageal displacement allowing]

  

  The extent of displacement depends on several factors such as constitutional characteristics, thorax size, patient age, presence of adhesions and/or esophageal pathologies, operator experience, transducer mobility, etc. In this study, the displacement of the esophagus ranged from 4 to 9.1 cm (5.9±0.8 cm). This allowed for secured visualized RF application (keeping a safe distance from the RF application site) in 690 patients (98.1%). Only 14 cases (1.9%) had very low esophageal mobility and a careful displacement for each pulmonary vein ablation was needed. In these cases, despite having enough displacement to ablate the pulmonary veins antrum, it was not possible to safely apply RF to the posterior LA wall.

  Besides visual control of the esophageal displacement, 25 patients underwent concomitant monitoring of ELT (Figure 3). The RF was then applied with and without esophageal displacement. With displacement, it was not necessary to halt the RF energy whereas without displacement, the RF energy had to be stopped in 17 patients (68%) due to ELT increase of >1ºC. In addition, it was found that the esophageal displacement was able to reduce 10.9 times the ELT range (ΔELT = 0.11±0.13ºC with versus 1.2±0.5ºC without displacement, P<0.01) (Table 2). We decided to stop the RF early in case of a slight ELT (<1ºC) increase because of the thermal esophageal that could raise the temperature even after RF interruption[31]. This behavior decreases the ELT control effectiveness in preventing the esophageal thermal lesion. ELT sensitivity to safely detect esophageal warming is questionable because there is low correlation between the total amount of energy released in the left atrium and the final increase of ELT[25,26]. Moreover, the slow cooling of the esophagus is another particularity that cannot be neglected. This feature increases the risk of thermal damage due to the cumulative effect in temperature caused by RF applications in areas relatively near as described by Pappone et al.[4]. These authors identified that ablation confluent line blocks are high-risk critical areas for the formation of atrioesophageal fistulas.

  One problem observed in this study was the potential risk of mechanical trauma of the oropharynx and upper esophagus during the introduction of the TEE transducer, causing bleeding that was intensified by anticoagulation. These observed cases were easily treated with topic application of adrenaline solution during diagnostic endoscopy. This complication occurred at the beginning of the learning curve. Based on this experience, the TEE transducer insertion procedure was changed, with more appropriate lubrication and careful handling being applied. As a result, this complication was no longer observed.

  The TEE transducer should never be advanced inside the esophagus with pronounced angulation. It is important to move it with extreme care. Its position must be changed often to avoid forcing it in a single point for a long time. It could cause an ischemic injury to the esophageal mucosa.

  Study and Method Limitations

  Active and controlled esophagus displacement during catheter RF of AF ablation seems to be able to prevent esophageal temperature increase as well as esophageal thermal lesions. However, it depends on the use of the TEE transducer throughout the procedure. This may be considered a limitation for some services, but in our methodology, it becomes an advantage as we regularly use the TEE to replace the useful but more expensive intracardiac echocardiogram.

  The insertion of TEE transducer depends on good sedation or general anesthesia, thus many services that perform AF ablation with a conscious patient or with superficial sedation may have difficulty employing this technique. The insertion process must be performed with additional care because since the patient will be anti-coagulated any mucosal trauma may cause significant bleeding.

  Due to its significant diameter (11 mm), the TEE transducer may be considered a disadvantage as it forces the esophageal wall to the atrium, reducing the postero-anterior dimension of the LA. This could reduce the space for ablation, favoring esophageal heating. However, the proposal is to bend the transducer in order to maintain the esophagus as far as possible from the ablation site with minimal overlapping of the transducer and the LA.

  One limitation of this study is that endoscopy was performed only in a few symptomatic cases. Since this is a prospective study of regular clinical application, though, it would be inconvenient and ethically questionable to perform an additional semi-invasive procedure in asymptomatic patients. This must be achieved through a randomized study. Nevertheless, the high number of cases treated without any occurrence of clinical esophageal lesion is a highly positive finding. Furthermore, the study of 25 patients undergoing ablation with ELT monitoring showed the high efficacy of this method for preventing esophageal temperature increase.

  Sometimes, malposition and low mobility of the esophagus may limit the application of this technique; however, the experience of this study shows that these cases are rare.The presence of the TEE transducer and, especially, the barium in the esophagus may reduce the radiological visibility in some degree. Currently, we have used barium only in cases with difficult esophagus displacement.

   

  CONCLUSION

  Mechanical esophageal displacement using the TEE transducer during catheter RF ablation of AF was able to prevent a rise in esophageal intraluminal temperature, helping to avoid esophageal thermal lesion. In the absolute majority of cases the displacement of the esophagus was sufficient to allow the RF application in a visually safe condition. The absence of symptoms of esophageal lesions, the absence of injury to the peri-esophageal nerve plexus in a large number of patients, and the simplicity and low cost of the procedure suggest that this technique is a valuable alternative in reducing the risk of atrioesophageal fistula.
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    ABSTRACT

    OBJECTIVE: To determine whether stratification of complexity models in congenital heart surgery (RACHS-1, Aristotle basic score and STS-EACTS mortality score) fit to our center and determine the best method of discriminating hospital mortality.

    METHODS: Surgical procedures in congenital heart diseases in patients under 18 years of age were allocated to the categories proposed by the stratification of complexity methods currently available. The outcome hospital mortality was calculated for each category from the three models. Statistical analysis was performed to verify whether the categories presented different mortalities. The discriminatory ability of the models was determined by calculating the area under the ROC curve and a comparison between the curves of the three models was performed.

    RESULTS: 360 patients were allocated according to the three methods. There was a statistically significant difference between the mortality categories: RACHS-1 (1) - 1.3%, (2) - 11.4%, (3)-27.3%, (4) - 50 %, (P<0.001); Aristotle basic score (1) - 1.1%, (2) - 12.2%, (3) - 34%, (4) - 64.7%, (P<0.001); and STS-EACTS mortality score (1) - 5.5 %, (2) - 13.6%, (3) - 18.7%, (4) - 35.8%, (P<0.001). The three models had similar accuracy by calculating the area under the ROC curve: RACHS-1- 0.738; STS-EACTS-0.739; Aristotle- 0.766.

    CONCLUSION: The three models of stratification of complexity currently available in the literature are useful with different mortalities between the proposed categories with similar discriminatory capacity for hospital mortality.

    Descriptors: Hospital Mortality. Heart Defects, Congenital. ROC Curve. Cardiac Surgical Procedures.

  

   

  
    RESUMO

    OBJETIVO: Verificar se os modelos de estratificação da complexidade em cirurgias de cardiopatias congênitas atualmente disponíveis (RACHS-1, escore básico de Aristóteles e escore de mortalidade do STS-EACTS) se adequam ao nosso serviço, determinando o de melhor acurácia em discriminar a mortalidade hospitalar.

    MÉTODOS: Procedimentos em pacientes menores de 18 anos foram alocados nas categorias propostas pelos modelos de estratificação da complexidade. O desfecho de mortalidade hospitalar foi calculado para cada categoria dos três modelos. Análise estatística foi realizada para verificar se as categorias apresentavam distintas mortalidades dentro de cada modelo. A capacidade discriminatória dos modelos foi determinada pelo cálculo de área sob a curva ROC e uma comparação entre as curvas dos três modelos foi realizada.

    RESULTADOS: 360 pacientes foram alocados pelos três modelos. Houve diferença estatisticamente significante entre as mortalidades das categorias propostas pelos modelos de RACHS-1 (1) - 1,3%, (2) - 11,4%, (3) - 27,3%, (4) - 50%, (P<0,001); escore básico de Aristóteles (1) - 1,1%, (2) - 12,2%, (3) - 34%, (4) - 64,7%, (P<0,001); e escore de mortalidade do STS-EACTS (1) - 5,5%, (2) - 13,6%, (3) - 18,7%, (4) - 35,8%, (P<0,001). Os três modelos tiveram semelhante capacidade discriminatória para o desfecho de mortalidade hospitalar pelo cálculo da área sob a curva ROC: RACHS-1- 0,738; STS-EACTS- 0,739; Aristóteles- 0,766.

    CONCLUSÃO: Os três modelos de estratificação da complexidade atualmente disponíveis na literatura tiveram utilidade com distintas mortalidades entre as categorias propostas, com semelhante capacidade discriminatória para o desfecho de mortalidade hospitalar.

    Descritores: Mortalidade Hospitalar. Cardiopatias Congênitas. Curva ROC. Procedimentos Cirúrgicos Operatórios.

  

   

   

  INTRODUCTION

  After half a century of developments in the diagnosis and surgical treatment of congenital heart disease, significant progress has been made and, nowadays, we may state that the natural history of these patients has been modified[1].

  In parallel evolution, we had the development of universally accepted tools that allowed the establishment of benchmark outcomes, crucial for comparisons between different periods and institutions. In this scenario, aiming to improve the quality of patient care for surgical congenital heart diseases, scientific societies joined forces (STS- Society of Thoracic Surgeons, EACTS- European Association for Cardio-Thoracic Surgery and the Association for European Paediatric Cardiology) seeking a common classification for use in a multicenter database[2,3].

  Among the essential elements for the establishment of a database universally accepted, stands out beyond the need for a standard nomenclature of congenital defects and surgical procedures, the creation of stratification of complexity methods[4-6].

  Given the large number of different surgical procedures (more than 150) in congenital heart disease, it became necessary the grouping into categories or relatively homogeneous strata, so that the comparisons between the outcomes were performed within each category. In pediatric cardiac surgery, mortality analysis without stratification of complexity is considered failure[7] and this risk stratification has been identified as essential in the organization of multicenter database STS-EACTS and appears as one of the key points in a recent article that aimed at assessing and improving the quality[8,9].

  The stratification of complexity methods

  RACHS-1 method

  The RACHS-1 method was developed by the Children's Hospital Boston team through a panel of 11 nationally representative members of pediatric cardiologists and cardiac surgeons. Initially using clinical judgment, with further refinement based on 2 national databases data, it allocated 207 surgical procedures in 6 different categories with similar risk for hospital mortality. Three additional clinical factors (age, prematurity and noncardiac congenital structural abnormalities) complement the model and, when used, increase the discriminatory power of the model.

  Aristotle score

  In 1999, Lacour Gayet and a committee of experts created a tool for stratification of complexity and called it a score of Aristotle, in reference to the philosophy of Aristotle (Rhetoric, Book I, 350 BC): "Where there is no available scientific answer, the opinion perceived and accepted by the majority has the truth value".

  A group of 50 surgeons from 23 countries, representatives of the four largest international societies of pediatric cardiac surgery (STS, EACTS, Congenital Heart Surgeons Society - CHSS and ECHSA), postulated that the complexity of a procedure would be the sum of 3 factors: 1- Potential for operative mortality; 2- Potential for operative morbidity and 3- Technical difficulty of the surgery.

  Each surgical procedure received a score for each of the three factors ranging from 0.5 to 5, forming a score which ranged from 1.5 (0.5 + 0.5 + 0.5) to 15 (5 + 5 + 5 ). The procedures were divided into categories (similar to RACHS-1) according to the score: Level 1 (1.5 to 5.9); Level 2 (6.0 to 7.9); Level 3 (8.0 to 9.9) and Level 4 (10.0 to 15.0). According to the required analysis, both score and level (categories) may be used.

  In a second step, the Aristotle score received some refinements according to the patient characteristics, until then, stratified only taking into account the type of procedure performed. The so-called "Comprehensive Aristotle Score" adds some patient factors dependent or not of the procedure. Because it is not part of the aim of our study, we will not go into details of this method.

  STS-EACTS mortality score

  The newest of the three tools for stratification of complexity is the STS-EACTS mortality score, published in 2008. It was developed primarily using objective data, with minimal use of subjective probability. The mortality risk was estimated for 148 procedure types, using real data from 77,294 patients (33,360 patients from the EACTS and 43,934 patients from the STS) between 2002 and 2007. Using Bayesian statistics that fits the data for small denominators, mortality rates were calculated for each procedure.

  Each procedure received a score which ranged from 0.1 to 5.0, based on the estimated mortality. The procedures were then distributed by the growing risk and grouped into 5 categories. This model had its performance subsequently evaluated in an independent sample of 27,700 patients and compared with previous methods (RACHS-1 and Aristotle).

  The STS-EACTS mortality score represents an evolution of the previous stratification models which were highly subjective.

  The new score stratifies the mortality according to real data for each surgical procedure from the STS-EACTS multicenter database.

  The main objective of this study is to verify whether the stratification of the complexity methods for congenital heart surgery currently available (RACHS-1, Aristotle basic score and STS-EACTS mortality score) is useful, showing different mortality rates between the proposed categories, and to determine which method is best suited to our institution.

   

  METHODS

  Patients

  We retrospectively reviewed 360 consecutive patients who underwent surgical treatment for congenital heart disease from June 2007 to December 2012, at the Pronto Socorro Cardiológico de Pernambuco (PROCAPE), University of Pernambuco. The Research Ethics Committee has been approved the study (CAAE 06036313.5.0000.5192 number).

  Patients aged under 18 years, who underwent palliative surgery or definitive correction were eligible, including those who presented with any dysfunction or organ failure at the time of correction (hemodynamic, respiratory, renal, hepatic, neurological and hematological). The patients who underwent surgery had their outcomes established (hospital mortality or discharge).

  Data collection was performed through multiple sources of information available, and at each step the data consistency was verified. Surgical reports, extracorporeal perfusion report, administrative data from the hospital system and patient files were checked in search for the information. Data were collected and stored in the Excel software, with double data entry.

  The variables used to characterize the patients were: gender, age, weight and height.

  The exclusion criteria were: reoperation for hemostasis, permanent pacemaker implantation and those cases in which the proposed surgery could not be performed after the surgical access. When a patient had undergone more than one surgical procedure in the same hospital admission, the most complex procedure was computed.

  Pictures of the surgical reports were taken and the image files were assessed by two surgeons independently. Then, each surgical procedure was allocated in a category using the three methods of stratification. In case of disagreement between the two surgeons, the case was discussed and direct consultation with the surgeon who performed the surgical procedure was made when necessary. We consider this method the most appropriate for allocation of each surgical procedure in a certain category, given the complexity of the subject.

  Independent variables: the categories from the stratification of complexity methods

  The independent variables of interest for our study were the categories proposed by the stratification of complexity methods currently available and briefly explained below (Chart 1).
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  Dependent variable: hospital mortality (in-hospital mortality)

  Concepts in relation to diagnostic and surgical procedures employed, as well as precise definitions of outcomes to be measured are of paramount importance in order to seek a standardization of what is being studied and analyzed.

  The definition of operative mortality reported traditionally refers to any mortality after surgery, regardless of cause, in the first 30 days of surgery (whether the inpatient or home), or even after the 30 days during the same hospitalization[10].

  In face the of data unavailability to check whether patients who were discharged alive are in good cindition or not on the thirtieth day of surgery, our reported outcome was hospital or in-hospital mortality (i.e. any mortality after the procedure performed, regardless of length of hospital stay). It is important to underline that there is no hospital for referral of chronic patients.

  Statistical analysis

  Statistical analysis was performed using the SPSS (Statistical Package for Social Sciences) for Windows, version 17 and Medcalc for Windows, version 12.5 (MedCalc Software, Ostend, Belgium). Categorical variables were represented as frequencies; the numeric variables as mean or median with the respective measures of dispersion.

  Comparisons between groups were performed using Pearson's chi-square test. Analysis of the discriminatory ability of the surgical risk stratification methods were performed using the C statistic comparison with ROC curves of the three methods according to DeLong et al.[11].

   

  RESULTS

  Profile of operated patients and hospital mortality

  The data in Table 1 and 2 below summarizes the used variables to characterize the study sample. One hundred and ninety-eight patients were male (55%) with a median age of 2.1 years (0.1 to 17.9 years). The median weight was 10.2 Kg (1.5-61 Kg) and 122 patients (34.1%) had less than 8 Kg.
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  The distribution of patients according to the categories proposed by 3 different risk stratification methods are described in Figure 1.
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  To demonstrate the variability of surgical cases, we used the nomenclature of the Aristotle score (Figure 2).
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  Given the large number of performed procedures and in order to facilitate the description of the center profile and the operated cases, we allocated the cases in diagnostic groups and then divided the total sample into two large groups, as follows (Table 3): GROUP 1 - Procedures that had more than 10 cases during the study period (5.5 years) - 280 patients or 77.7% of the sample: TOF, VSD, VSD and ASD, systemic-pulmonary shunt, ASD (including OP ASD), PDA (> 30 days), complete or transitional AVSD and aortic coarctation; and GROUP 2 - Procedures that had fewer than 10 cases during the study period - 80 patients or 22.3% of the sample. Hospital mortality of the total sample was 14.7%.
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  Hospital mortality stratified by categories

  When we look at the mortality rates according to the proposed categories by the three risk stratification methods, we found distinct rates in each of their categories with statistically significant differences, as shown in Table 4.
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  To determine the stratification method with the best discriminatory ability for the hospital mortality outcome, i.e. with the best accuracy, we performed the analysis of the area under the ROC curve or statistical C. In other words, this method represents the probability that a randomly selected patient, who has an outcome of interest (such as mortality), has a higher predicted risk for the outcome when compared with a randomly selected patient who does not have this outcome. An unable method to discriminate between patients evolving to death or discharge has an area under the ROC curve of 0.5. A method that can perfectly discriminate between death or discharge has an area of 1.0.

  The results of the areas under the ROC curve of our study are shown in Figure 3. The RACHS-1 categories, Aristotle and STAT (STS-EACTS) had a satisfactory performance (above 0.7). There was no statistical difference between the three forms of categorization and the areas under the ROC curve of the 3 methods for the discriminatory capacity for hospital mortality outcome were similar (Table 5).
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  DISCUSSION

  What is the best method for stratification of complexity?

  There are several published studies that compared different methods of stratification of complexity, using both the score from the models (Aristotle and STS-EACTS) as well as the predictive capacity of the proposed categories[8,12-17]. In our country, we did not find published studies that made comparisons between the methods of stratification of complexity. Al-Radi et al.[14], in order to compare the predictive value of the RACHS-1 and Aristotle basic score for the hospital mortality outcome, allocated 11,438 patients in the mortality categories. With a higher area under the ROC curve in both the unadjusted and adjusted models to the year of surgery, the RACHS-1 method was the best one (0.733 x 0.698, P=0.018 and 0.763 x 0.737, P=0.03, respectively).

  In a study performed by Bojan et al.[13] that enrolled 1384 patients, the RACHS-1 method was compared to the comprehensive Aristotle score (not used in our study) regarding the discriminatory capacity for operative mortality outcome. There were statistical differences in favor of the Aristotle comprehensive model showing higher area under the ROC curve (difference of 0.044 to 0.196; P=0.003). However, after use of the full model proposed by RACHS-1, i.e., the model adjusted for age, prematurity and extra-cardiac abnormalities, the difference between the two methods (RACHS-1 and comprehensive Aristotle) became statistically non-significant (0.05 [-0.023-0.131]; P=0.19).

  In the study that resulted in the STS-EACTS model, O'Brien et al.[6] made comparisons of the new model with its predecessors. In a subgroup of patients whose procedures could also be grouped into RACHS-1 categories and received the Basic Aristotle score, the discriminatory capacity of STS-EACTS categories by area under the ROC curve (0.778) was higher than the RACHS-1 (0.745) and Aristotle basic score (0.687).

  Following an evolutionary process starting from highly subjective methods (RACHS-1 and Aristotle), the method proposed by the STS-EACTS was superior in discriminatory capacity and has been recommended to the data gathering in the STS-EACTS multicenter database[18].

  Notwithstanding its advantage over other methods due to the differences in the design methodology, the STS-EACTS (STAT) was not better than other methods when used in our study. Probably owing to the size of our sample, we did not find any statistical differences between the areas under the curves of the three models.

  Stratified hospital mortality in Brazil

  In a literature review, we identified a lack of studies reporting data related to hospital or operative mortality in congenital heart disease in our country over the last 10 years[19-21].

  The latest publication includes results of patients operated over 4 years ago and reports 10 years of surgical treatment of congenital heart disease (including adults) in the state of Sergipe, examining differences in outcomes after the surgery centralization from three hospitals[21].

  Having operated an average of 93 patients/year, the overall hospital mortality (including congenital adult patients) was 8.3%, whereas in the group under 12 years was 10.32% (77 deaths in 746 patients). There was statistical difference between the mortality of the two analyzed periods with a drop in the overall mortality from 9.8% (58/586) to 5.4% (19/346) (P=0.02). When assessing the predictive ability of RACHS-1 categories for the hospital mortality outcome, the result was an area under the ROC curve of 0.860 (95% CI, 0.818-0.902).

  In relation to the stratified mortality by RACHS-1, the group found the following mortality rates at the total period: Category 1=0.26% (1/386); Category 2=6.60% (27/409); Category 3=11.11% (7/63); Category 4=62.07% (36/58) and Category 6=100% (3/3). Considering that the mortality in children was grouped with the adults for statistical reasons, as mentioned in the study, we did not carry out comparative analysis between our results and those found by the authors, because our study did not involve adult population.

  In our state (Pernambuco), Mattos et al.[20] studied 818 patients who had undergone surgery between 2000 and 2004 by 4 different surgical teams. Analyzing five main variables (age, nutritional status, presence of clinical risk factors, surgical complexity stratified by RACHS-1 and Aristotle and time of cardiopulmonary bypass), a risk score was developed and showed to be useful in predicting the mortality outcome when performed at the bedside during ICU admission.

  With the overall mortality similar to ours, 14.7% (120/818), this study stands out for its excellent methodology and details of the information reported. Using the RACHS-1 categories to stratify the complexity of the cases, the authors reported mortality of 8.76% (48/548) for categories 1 and 2 pooled and 26.12% (70/268) to the categories 3 and 4. In the presence of clinical factors associated (Chart 2), the mortality reported in the study was 23.04% (OR, 4.73 [95% CI, 2.84-7.90]; P<0.0001) when only one factor was present, and 53.95% when 2 or more factors were present (OR, 18.52 [95% CI, 10.03-34.36]; P<0.0001).
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  Considerations about our hospital mortality

  Before designed studies with the appropriate methodology for the study of risk factors (before, during and after surgery) associated with mortality are performed in our service, we highlight four important points whose influence on our hospital mortality is not negligible.

  First point - Center in establishment phase: Considering the initial establishment of a center (first five years), even with experience in the surgical treatment of congenital heart disease (team with more than 30 years working together), the patient outcomes are extremely dependent of the infrastructure at pre-, trans- and postoperative times, with special emphasis on the many difficulties faced in the establishment process of a surgical center of high complexity in our country.

  In a study published by Nina et al.[19] reflecting the first two years of establishment of a universitary center of cardiac surgery in the Northeast, we found that mortality rates also reflect the many difficulties encountered, even in cases of low complexity (3.8% for category 1 and 26% for category 2, using the RACHS-1 method).

  Second point - low total volume: Despite having a cardiovascular surgery center and a medical residency program with an annual volume of cardiac surgeries in 2011 and 2012 exceeding 600 surgeries/year, the annual average of surgery in congenital heart disease in patients under 18 years is fewer than 80 surgeries/year.

  The surgical volume is a factor whose association with hospital mortality is well established in the literature[22-24]. We bring to attention the recent retrospective study of Vinocur et al.[25] enrolling 49 American centers, which was included in the Pediatric Cardiac Care Consortium database. After analysis of 85,023 surgeries (45.5% of which were Category 1 and 2 by RACHS-1 method), the mortality rate was 6.2%. Multivariate analysis including the volume of the centers as a continuous variable showed a significant inverse correlation between the surgical volume and the mortality (OR 0.84 per additional 100 operations/year; 95% CI, 0.78-0.90; P<0.0001).

  It is important to underline the findings of the study of Welke et al.[24] and the fact that the inverse correlation between volume and mortality has been demonstrated for the group with more complex procedures (Aristotle score> 3). Centers with a volume <150 surgeries / year had higher mortality rates in comparison with centers with volume >350 surgeries (OR, 2.41 [95% CI, 1.89-3.06]; P<0.0001).

  Our view agrees with what was described in the study by Welke et al.[24], in which there might be intrinsic factors associated with the centers, other than surgical volume itself, influencing the outcomes. It is necessary to identify these factors with appropriate studies in parallel to the employment of measures aiming to augment the surgical volume. It is precisely this increase of the volume that theoretically reduces the influence of these factors, promoting the interaction of staff and the establishment of a necessary routine in all steps involved (pre-, trans- and postoperative).

  Third point - Impaired "analysis per procedure": The PROCAPE presents a clinical profile of heterogeneous congenital patients regarding the procedures performed, obviously decreasing the N of each specific procedure, which impairs the analysis of individual mortality. To analyze the specific mortality for some procedures as total anomalous pulmonary venous correction, Glenn or Fontan or arterial switch operation lacks scientific value, in that our volume for such procedures is not significant (less than 10 cases in a 5.5-year period). Alternatively, we gathered a group of such diseases based on surgical volume: GROUP 1 (> 10 cases/total period) and GROUP 2 (< 10 cases / total period) above mentioned, leaving aside the systemic-pulmonary shunts for further analysis (although it belongs in the GROUP 1).

  This group, created by convenience, achieved a mortality for the GROUP 1 of 6.69% (except for the shunts), GROUP 2 of 32.5% and systemic-pulmonary shunts of 26.82%. We observe that even without proper statistical analysis correlating the volume with mortality, in spite of the different sample sizes between groups, we obtained very different mortality rates for heart diseases in which fewer than 10 cases in the total period were operated. In addition, we underline the higher mortality of systemic-pulmonary shunts in the procedures of GROUP 1. When the analysis of cases through the STS-EACTS stratification method was performed, the hospital mortality was 33% for more complex procedures (STS-EACTS categories 3 and 4) against 7.98% for the less complex (STS-EACTS categories 1 and 2).

  Fourth point - urgent/emergency surgery - Given our wide area coverage, taking patients from outpatient clinics and referrals of 3 large hospitals in the region, as well as coverage of patients regulated by CNRAC (National Center of High Complexity Setup) coming from the North and the Northeast, our institution becomes a reference for the more complex cases and emergencies. Such critical situations are characterized by a need of surgical approach normally without time to appropriate preoperative imaging diagnosis and exams. In the presence of clinical dysfunctions already installed, patients undergo the surgical procedure with increased risk of mortality, as previously mentioned in the study by Mattos et al.[20]. This study demonstrated that the presence of 2 or more clinical factors associated (commonly found in patients with indication for emergency surgery) resulted in a mortality rate of approximately 55%.

  This is demonstrated by our prevalence of systemic-pulmonary shunts surgeries, corresponding to 11.38% of all surgeries performed. Taking into consideration that the STS-EACTS mortality score[6] groups both the central shunt as the Blalock-Taussig shunt in risk category 4 (range up to 5), whose mortality rates were respectively 12.3% (95% CI, 9.9%-15%) and 8.9% (95% CI, 7.9%-10.1%), we have a scenario formed by a high prevalence of surgical procedures associated with high mortality. Although a study of the profile of patients undergoing systemic-pulmonary shunts in our service is needed to better characterize the sample, we state that the vast majority of this patients were not eligible for a biventricular repair or staging Fontan.

  Given the nature of the current study, retrospective and without the purpose of measuring the risk of preoperative clinical disorders (or only clinical factors associated) for mortality outcome, we have no objective data to discussion of our series. We infer only that the presence of such clinical factors and even organ dysfunction in our sample is not negligible, imposing a negative influence on our results.

  Limitations of the stratification of complexity and hospital mortality as a quality indicator

  Unlike the adult population in that the regression analysis is often used in the analysis of outcomes in cardiac surgery in the postoperative period, in children involving congenital heart disease we used the statistical tool called stratification of complexity. Whereas the regression analysis is a mathematical equation developed to predict an individual's risk of a patient developing a specific outcome, based on predetermined relevant clinical variables, the stratification of complexity controls only the variables used to create the strata and other variables may influence the outcomes.

  Recent studies have questioned the use of hospital mortality as an indicator of quality of a center[26,27]. In an article published by Pasquali et al. whose title refers to a new indicator called "failure to rescue", 40,930 patients (STS bank between 2006 and 2009) of 72 different centers had their results analyzed taking into consideration the prevalence of postoperative complications and hospital mortality. With an overall complication rate of 39.3%, the hospitals with lower mortality rate had significantly lower rates of "failure to rescue" (6.6% vs. 12.4%; P<0.0001). In other words, this study suggests that hospitals with low mortality rates don't have fewer complications but a lower mortality on those that face complications [27].

   

  CONCLUSION

  In order to improve the quality of our care for congenital heart disease, knowing that we still face high hospital mortality rates especially for more complex groups (categories 3 and 4), the stratification methods appear as useful tools, so that we could direct the necessary attention towards the high-risk groups.

  The three models of stratification of complexity currently available in the literature are useful even with different mortality rates between the categories proposed. With similar discriminatory capacity for hospital mortality outcome, it was not possible to determine the superiority of one method over another in the sample.
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    ABSTRACT

    INTRODUCTION: Intravascular coronary stenting has been used in the treatment of coronary artery disease (CAD), with a major limitation of in-stent restenosis (ISR). The 316 stainless steel has been widely used for coronary stents. In this study, we developed a novel coating method to reduce ISR by simultaneously coating vascular endothelial growth factor (VEGF) and anti-CD34 antibody on 316L stainless steel.

    METHODS: Round 316L stainless steel sheets in the D-H group were polymerized with compounds generated from condensation reaction of dopamine and heparin using N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide (EDC) and N-hydroxysuccinimide (NHS). Sixteen sheets from the D-H group were further immersed into 1ug/ml VEGF165 and 3mg/ml heparin sodium one after another for 10 times, and named as the D-(H-V)10 group. Eight sheets from the D-(H-V)10 group were coated with anti-CD34 antibody and termed as the D-(H-V)10-A group. Immunofluorescence assay and ELISA were used to evaluate whether the 316L stainless steel disks were successfully coated with VEGF and anti-CD34 antibody.

    RESULTS: The results of immunofluorescence assay and ELISA showed that VEGF could be detected in the D-(H-V)10 and D-(H-V)10-A group, suggesting the steel sheets were successfully covered with VEGF. Anti-CD34 antibody could only be observed in the D-(H-V)10-A group, which was the only group coated with CD34 antibody. Both results suggested that the 316L stainless steel sheets were successfully coated with VEGF and anti-CD34 antibody.

    CONCLUSION: Our study developed a method to simultaneously coat VEGF and anti-CD34 antibody to stainless metal steel. This research serves as a fundamental role for a novel coating strategy.

    Descriptors: Coronary Artery Disease. Drug-Eluting Stents. Coronary Restenosis. Vascular Endothelial Growth Factor. Antigens, CD34.

  

   

  
    RESUMO

    INTRODUÇÃO: O stent coronário intravascular tem sido utilizado no tratamento de doença arterial coronária, com uma maior limitação de restenose intra-stent (RIS). O aço inoxidável 316 tem sido amplamente utilizado para stents. Neste estudo, foi desenvolvido um novo método de revestimento para reduzir a RIS para revestir simultaneamente o fator de crescimento endotelial vascular (VEGF) e anti-CD34 em aço inoxidável 316L.

    MÉTODOS: Placas de aço inoxidável 316L redondas no grupo DH foram polimerizadas com compostos gerados a partir da reacção de condensação de dopamina e heparina utilizando N- (3-dimetilaminopropil) -N'-etilcarbodiimida (EDC) e N-hidroxissuccinimida (NHS). Dezesseis folhas a partir do grupo DH foram ainda imersas em 1 ug/ml de VEGF 165 e 3 mg/ml de heparina sódica, um após outro por 10 vezes, sendo denominado como o grupo D-(HV)10. Oito folhas de D-(HV)10 foram revestidas com anticorpo anti-CD34 e denominado como grupo D-(HV)10-A. Testes de imunofluorescência e ELISA foram usados para avaliar se os discos de aço inoxidável 316L foram revestidos com sucesso com VEGF e anticorpo anti-CD34.

    RESULTADOS: Os resultados dos testes de imunofluorescência e ELISA mostraram que o VEGF pôde ser detectado nos grupos D-(HV)10 e D-(HV)10-A, evidenciando que as chapas de aço foram cobertas com VEGF com sucesso. O anticorpo anti-CD34 podia apenas ser observado no grupo D-(HV)10-A, o único grupo revestido com anticorpo CD34. Ambos os resultados sugerem que as chapas de aço inoxidável 316L foram revestidas com sucesso com VEGF e anticorpo anti-CD34.

    CONCLUSÃO: Nosso estudo desenvolveu um método para revestir simultaneamente VEGF e anti-CD34 de aço inoxidável. Esta pesquisa tem um papel fundamental para a nova estratégia de revestimento.

    Descritores: Doença Arterial Coronariana. Stents Farmacológicos. Reestenose Coronária. Fator de Crescimento Endotelial Vascular. Antígenos CD 34.

  

   

   

  INTRODUCTION

  In-stent restenosis (ISR) was mainly caused by complications of intracoronary stent placement, including thromboembolic events and neointimal hyperplasia due to smooth muscle cell hyperproliferation. Drug eluting stents (DESs) have been designed mainly to reduce cellular proliferation and thus reduce ISR. Drug-eluting stents currently on the market release cytotoxic drugs such as paclitaxel and rapamycin to inhibit neointimal hyperplasia at the expense of delaying endothelialization[1,2].However, the incomplete endothelialization of the stent surface has been suggested that may lead to the increased long-term incidence of thrombosis and ISR[3].The critical role of the vascular endothelium in preventing thrombosis and regulating neointimal hyperplasia has resulted in restenosis prevention strategies that focus on enhancing endothelialiazation[4-6].

  Vascular epithelial growth factor (VEGF), a cytokine originally described in 1983[7], is involved in processes essential to the growth, maintenance and repair of vascular structures. Exogenous VEGF has been reported to show accelerated re-endothelialization of damaged arteries in the rat carotid artery and attenuated intimal hyperplasia[8]. The delivery of VEGF using VEGF-eluting stents showed that it has been used to promote revascularization and re-endothelialization by stimulating endothelial progenitor cell migration and maturation [9,10]. Circulating endothelial progenitor cells (EPCs), a subset of bone marrow-derived stem cells, possess the ability to differentiate into functional and mature endothelial cells and recently have been identified as a key factor for re-endothelialization[11]. The EPC capture stents have been developed using immobilized antibodies targeted at EPC surface antigens, such as CD34[12].

  In this report, to further accelerate re-endothelialization, we aimed to develop method to simultaneously coat VEGF and anti-CD34 antibody. Our results showed that VEGF and anti-CD34 antibody were successfully coated onto the 316 stainless steel.

  Experimental procedures

  Preparation of the coated steel sheet

  Round 316L stainless steel sheets (diameter 6 mm, thickness 1 mm) were used to facilitate the measurement and evaluation of the properties of the coating, instead of bare metal stents with limited testable aspects and relatively high costs. The metal surface was polished, washed and dried at 60ºC for 24 hours, then sterilized by ultraviolet radiation. Heparin was conjugated to dopamine using N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide (EDC) and N-hydroxysuccinimide (NHS)[13].The sterilized sheet was polymerized with compounds generated from condensation reaction of dopamine (Aladdin, Shanghai, China) and heparin (Aladdin) as described[13], and termed as the D-H group.

  Then, sixteen sheets from the D-H group were immersed into 1ug/ml VEGF165 (Life technologies) dissolved in phosphate-buffered saline (PBS, PH 7.4) for 30 min at room temperature (RT). Washed with Milli-Q water for 3 times (5 min per time) and dried under nitrogen. Then, a Milli-Q water solution of heparin sodium (3mg/ml) was subsequently dip-coated for 30 min at RT. Washed with Milli-Q water for 3 times (5 min per time) and dried under nitrogen. These coating procedure were repeated 10 times, and these sixteen steel disks were set as the D-(H-V)10 group.

  The D-(H-V)10-A group was obtained by the following procedures. Eight steel disks from the D-(H-V)10 group were immersed into 0.1mg/ml protein A (Aladdin) dissolved in PBS for 30 min at RT, blocked in 10 mg/ml bovine serum albumin (BSA; BD Biosciences) for 24 hours at 4 ºC and immersed with 2 µg/ml rabbit anti-human CD34 antibody (Abcam, Cambridge, UK) for 24 hours at 4 ºC. After the whole procedure, three groups of sheets were obtained (8 sheets/each group) for further evaluations.

  Immunofluorescence detection of the coated VEGF and anti-CD34 antibody

  The levels of coated VEGF and anti-CD34 antibody of the stainless steel sheets were detected using immunofluorescence microscopy in the D-H group, D-(H-V)10 group and D-(H-V)10-A group. The sheets were soaked for 1 hour in blocking solution (PBS containing 3% BSA). For the detection of VEGF, all the three groups were incubated with rabbit anti-human VEGF primary antibodies (1:100; Abcam) overnight at 4 ºC, washed three times with PBS, and then incubated with Alexa Fluor® 488 Goat Anti-Rabbit IgG (Life technologies) at room temperature for 1 hour. For the detection of rabbit anti-human CD34 antibody, secondary antibodies- Alexa Fluor® 488 Goat Anti-Rabbit IgG were directly incubated. Wash three times to remove non-specific binding of the secondary antibodies and observe using a Laser scanning confocal microscope (Leica TCS SP5; Leica Microsystems, Germany).

  The detection of coated VEGF and anti-CD34 antibody by ELISA

  Coated steel sheets from the D-H group, D-(H-V)10 group and D-(H-V)10-A group were immersed into RIPA lysis buffer for 24 hours at 4 ºC to dissolve VEGF and anti-CD34 antibody. The levels of VEGF and anti-CD34 antibody were detected using VEGF165 ELISA Kit (Life technologies) and Rabbit IgG ELISA Kit (Novus Biologicals, USA), respectively.

  Statistical analysis

  Statistical significance was evaluated by comparing mean values (±standard deviation) using the two-tailed Student's t-test for independent groups. The probability value P<0.05 was considered to be statistically significant.

   

  RESULTS

  Immunofluorescence staining

  To evaluate whether the 316L stainless steel sheets were successfully coated with VEGF and anti-CD34 antibody, immunofluorescence assay was performed. The results of immunofluorescence assay showed that VEGF could be detected in the D-(H-V)10 and D-(H-V)10-A group, suggesting the steel sheets were successfully covered with VEGF. Anti-CD34 antibody could only be observed in the D-(H-V)10-A group, which was the only group that coated with CD34 antibody (Figure 1). Our findings suggested that the 316L stainless steel sheets were successfully coated with VEGF and anti-CD34 antibody.

  
    

    [image: Fig. 1 - Immunofluorescence detection of the coated]

  

  ELISA detection of coated VEGF and anti-CD34 antibody

  To further evaluate the coverage of VEGF and anti-CD34 antibody, ELISA was performed in the D-H group, D-(H-V)10 group and D-(H-V)10-A group. Similar to the results of immunofluorescence assay, VEGF could be detected in the D-(H-V)10 and D-(H-V)10-A group, and anti-CD34 antibody could only be observed in the D-(H-V)10-A group (Figure 2). The results of ELISA further confirmed that we successfully coated VEGF and anti-CD34 antibody onto the 316 stainless steel.
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  DISCUSSION

  Intravascular coronary stenting has been widely used for many years, and it has increased the quality of life and life expectancy of patients with coronary disease. The 316 stainless steel is one of the most widely used materials for coronary stents with a board range of mechanical properties. However, the exposure of flowing blood to the bare metal stent may lead to thrombus formation and smooth muscle cell proliferation, and finally cause in-stent restenosis (ISR).Therefore, huge amount of recent work has attempted to develop non-thrombogenic coating for these metallic stents[14-16].

  Early drug-eluting stents coating with various kind of drugs have been designed to reduce the restenosis through minimize vascular inflammation and cellular proliferation[17], which including a polymer-based drug delivery platform and a pharmacologic agent (usually an immunosuppressant and/or antiproliferative compound).Though early trials seem to be exciting with markedly reduction rates of ISR (5%-8%)[18,19], long-term follow-up studies showed that DESs implantation increased the long-term risk of thrombosis by 15%-35% compared with bare-metal stents implantation[20].

  Based on our expanding understanding of pathophysiology of restenosis, novel stent coating strategies have been developed, such as delivery of VEGF (e.g., VEGF-eluting stents[9]) and the use of antibodies that recognize epitopes specific to endothelial progenitor cells (e.g., anti-CD34-coated stents[12]). Both coating strategies have been designed to inhibit thrombosis mainly through promoting re-endothelialization of cardiovascular stents. Many clinical studies suggest that the Genous EPC-capture stent is a safe choice for patients with coronary disease[21-24]. However, Adrian et al.[25] reported that a similar late luminal loss of Genous EPC-capture stent to that of a bare-metal stent, despite initial optimism of rapid endothelialization.

  In this study, our approach of surface modification has included the combination of VEGF and anti-CD34 antibody. The goal of this combination is to further accelerate endothelial repair, and thus further reduce the exposure time of stents in blood, decrease the rate of long-term thrombosis and shorten the time of antiplatelet therapy for patients. We firstly used dopamine-mediated heparin coating[13] and then a layer-by-layer method was employed to build multilayer films composed of heparin and VEGF on metal substrates. Based on the specific affinity of protein A and IgG antibodies, the protein A allows the subsequent immobilization of the anti-CD34 antibody. Our primary results of immunofluorescence and ELISA showed that the stainless metal steel was successfully coated with VEGF and anti-CD34 antibody (Figures 1 and 2). This research serves as a fundamental role for the novel coating strategy of simultaneous coating of VEGF and anti-CD34 antibody and further studies on the toxicity and effect of the combined coating are currently ongoing.
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    ABSTRACT

    INTRODUCTION: Disturbances of the cardiac conduction system are frequent in the postoperative period of coronary artery bypass surgery. They are mostly reversible and associated with some injury of the conduction tissue, caused by the ischemic heart disease itself or by perioperative factors.

    OBJECTIVE: Primary: investigate the association between perioperative factors and the emergence of atrioventricular block in the postoperative period of coronary artery bypass surgery. Secondary: determine the need for temporary pacing and of a permanent pacemaker in the postoperative period of coronary artery bypass surgery and the impact on hospital stay and hospital mortality.

    METHODS: Analysis of a retrospective cohort of patients submitted to coronary artery bypass surgery from the database of the Postoperative Heart Surgery Unit of the Sao Lucas Hospital of the Pontifical Catholic University of Rio Grande do Sul, using the logistic regression method.

    RESULTS: In the period from January 1996 to December 2012, 3532 coronary artery bypass surgery were carried out. Two hundred and eighty-eight (8.15% of the total sample) patients had atrioventricular block during the postoperative period of coronary artery bypass surgery, requiring temporary pacing. Eight of those who had atrioventricular block progressed to implantation of a permanent pacemaker (0.23% of the total sample). Multivariate analysis revealed a significant association of atrioventricular block with age above 60 years (OR=2.34; CI 95% 1.75-3.12; P<0.0001), female gender (OR=1.37; CI 95% 1.06-1.77; P=0.015), chronic kidney disease (OR=2.05; CI 95% 1.49-2.81; P<0.0001), atrial fibrillation (OR=2.06; CI 95% 1.16-3.66; P=0.014), functional class III and IV of the New York Heart Association (OR=1.43; CI 95% 1.03-1.98; P=0.031), perioperative acute myocardial infarction (OR=1.70; CI 95% 1.26-2.29; P<0.0001) and with the use of the intra-aortic balloon in the postoperative period of coronary artery bypass surgery (OR=1.92; CI 95% 1.21-3.05; P=0.006). The presence of atrioventricular block resulted in a significant increase in mortality (17.9% vs. 7.3% in those who did not develop atrioventricular block) (OR=2.09; CI 95% 1.46-2.99; P<0.0001) and a longer hospital stay (12.75 days x 10.53 days for those who didn't develop atrioventricular block) (OR=1.01; CI 95% 1.00-1.02; P=0.01).

    CONCLUSIONS: In most cases, atrioventricular block in the postoperative period of coronary artery bypass surgery is transient and associated with several perioperative factors: age above 60 years, female sex, chronic kidney disease, atrial fibrillation, New York Heart Association functional class III or IV, perioperative acute myocardial infarction and use of an intra-aortic balloon. Its occurrence prolongs hospitalization and, above all, doubles the risk of mortality.

    Descriptors: Atrioventricular block. Artificial Pacemaker. Coronary Artery Bypass. Postoperative Complications.

  

   

  
    RESUMO

    INTRODUÇÃO: Os distúrbios do sistema de condução cardíaca são frequentes no pós-operatório de cirurgia de revascularização do miocárdio. Majoritariamente reversíveis, estão associados com alguma injúria do tecido de condução, causada pela própria cardiopatia isquêmica ou por fatores perioperatórios.

    OBJETIVO: Primário: investigar a associação entre fatores perioperatórios com o surgimento de bloqueio atrioventricular no pós-operatório de cirurgia de revascularização do miocárdio. Secundários: determinar a necessidade de estimulação cardíaca artificial temporária e de marca-passo definitivo no pós-operatório de cirurgia de revascularização do miocárdio e seu impacto na permanência e na mortalidade hospitalar.

    MÉTODOS: Análise de Coorte retrospectiva de pacientes submetidos à cirurgia de revascularização do miocárdio, do banco de dados da unidade de Pós-Operatório de Cirurgia Cardíaca do Hospital São Lucas da Pontifícia Universidade Católica do Rio Grande do Sul, pelo método de regressão logística.

    RESULTADOS: No período de janeiro de 1996 a dezembro de 2012, foram realizadas 3532 cirurgias de revascularização do miocárdio. Duzentos e oitenta e oito (8,15%) pacientes apresentaram bloqueio atrioventricular durante o pós-operatório de cirurgia de revascularização do miocárdio, necessitando de estimulação cardíaca artificial temporária. Oito dos que apresentaram bloqueio atrioventricular evoluíram para implante de marcapasso definitivo (0,23% do total da amostra). A análise multivariada evidenciou associação significativa de bloqueio atrioventricular com idade acima de 60 anos (OR=2,34; IC 95% 1,75-3,12; P<0,0001), sexo feminino (OR=1,37; IC 95% 1,06-1,77; P=0,015), doença renal crônica (OR=2,05; IC 95% 1,49-2,81; P<0,0001), fibrilação atrial (OR=2,06; IC 95% 1,16-3,66; P=0,014), classe funcional III e IV da New York Heart Association (OR=1,43; IC 95% 1,03-1,98; P=0,031), infarto agudo do miocárdio perioperatório (OR=1,70; IC 95% 1,26-2,29; P<0,0001) e com o uso do balão intra-aórtico no pós-operatório de cirurgia de revascularização do miocárdio (OR=1,92; IC 95% 1,21-3,05; P=0,006). A presença de bloqueio atrioventricular acarretou um aumento significativo da mortalidade (17,9% vs. 7,3% nos que não desenvolveram bloqueio atrioventricular) (OR=2,09; IC 95% 1,46-2,99; P<0,0001) e um tempo mais prolongado de permanência hospitalar (12,75 dias vs. 10,53 dias nos que não desenvolveram bloqueio atrioventricular) (OR=1,01; IC 95% 1,00-1,02; P=0,01).

    CONCLUSÃO: O bloqueio atrioventricular, no pós-operatório de cirurgia de revascularização do miocárdio, é, na maioria dos casos, transitório, sendo associado a diversos fatores perioperatórios: idade acima de 60 anos, sexo feminino, doença renal crônica, fibrilação atrial, classe funcional III e IV da New York Heart Association, infarto agudo do miocárdio perioperatório e uso do balão intra-aórtico. Sua ocorrência prolonga a internação hospitalar e, sobretudo, duplica o risco de mortalidade.

    Descritores: Bloqueio Atrioventricular. Marcapasso Artificial. Revascularização do Miocárdio. Complicações Pós-Operatórias.

  

   

   

  INTRODUCTION

  Disturbances of the cardiac conduction system are relatively frequent in the postoperative period (PO) of coronary artery bypass grafting (CABG), with an incidence ranging from 18 to 55% of cases[1-6]. Atrioventricular block (AVB) is one of these conduction disturbances and its incidence ranges from 0.5 to 16%[3,5-9]. Most patients have transitory and reversible conduction disorders that require temporary pacing (TP). 0.4 to 1.1% of patients, however, when faced with the irreversibility of the condition, will have to undergo a permanent pacemaker (PPM) implant during their hospital stay[10]. This study, which is unprecedented in the national literature, tries to identify the relationship between pre-, intra and postoperative (perioperative) factors associated with the emergence of AVB, the need for TP and, if the case, the implantation of a PPM in the PO of CABG.

   

  METHODS

  Population and sample

  Between January 1996 and December 2012, 3532 CABGs with cardiopulmonary bypass (CPB) were performed at the Sao Lucas Hospital of the Pontifical Catholic University of Rio Grande do Sul (PUCRS).

  Study Design

  Historical cohort observation study. Data were collected prospectively and entered into the database of the Postoperative Heart Surgery Unit (POHS) of the São Lucas Hospital of PUCRS.

  Inclusion Criteria

  Patients with age equal to or greater than 18 years who were submitted to isolated CABG.

  Exclusion Criteria

  Patients who had been undergo valvular surgery, for left ventricular aneurysmectomy or correction of the interventricular communication associated with CABG.

  Study Variables

  Age - the mean age was calculated and also divided into groups for analysis: less than 60 years and greater than or equal to 60 years, according to the reference in the literature[11,12]; gender (male and female); left ventricular ejection fraction (EF) - evaluated by echocardiography or radiocardiography, with the values being subdivided for analysis into < 40% and > 40 %; chronic kidney disease (CKD) - diagnosed through serum creatinine level > 1.5 mg/dl, according to the reference in the literature[11,12]; Diabetes Mellitus (DM); atrial fibrillation (AF); previous use of beta-blockers; previous use of statins; previous use of other antiarrhythmics (propafenone and/or amiodarone); acute myocardial infarction (AMI) prior to CABG; New York Heart Association functional (NYHA) class; presence of calcification of the aorta; time of cardiopulmonary bypass (CPB); aortic clamping time; need for the use of intra-aortic balloon (IAB) in the PO of CABG; perioperative AMI; length of hospital stay and hospital death.

  Outcome

  Development of AVB in the PO of CABG and the need for TP and implantation of a PPM.

  Procedures

  The CABGs were performed under general anesthesia. In all cases, a hyperkalemic cardiac arrest was induced using a cold cardioplegic blood solution in the anterograde flow, with the infusion being repeated every 20 minutes. A mild systemic hypothermia (32ºC) was used. After surgery, all patients were transferred to the ICU of the POHS with mechanical ventilation.

  Statistical Analysis

  The data was plotted in a digital Microsoft Access® spreadsheet and analyzed using version 17.0 of the statistical software SPSS. The descriptive analysis was performed through frequency and mean ± standard deviation analysis, according to the case. For the univariate analysis the following tests were performed: chi-square and/or Fisher's Exact Test for ordinal variables and the Student's T-test for quantitative data. The multivariate analysis was performed using logistic regression (backward conditional method). The difference was considered as statistically significant for the value of P<0.05.

  Ethical Considerations

  The design of this study was submitted to the Research Ethics Committee of the Faculty of Medicine of the PUCRS, under registration number 060/3478.

   

  RESULTS

  Of the 3532 patients undergoing CABG in the period under analysis, 288 (8.15%) presented the clinical and electrocardiographic signs of AVB during the postoperative period, with an indication for temporary pacing (TP).

  Table 1 shows the demographic profile of the patients studied. The univariate analysis of the preoperative data revealed a greater need for TP in the PO of CABG in patients above 60 years of age (OR=2.48; CI 95% 1.90-3.24; P<0.0001), of the female gender (OR=1.03; CI 95% 1.00-1.05; P=0.012), with CKD (OR=2.03; CI 95% 1.55-2.65; P<0.0001), the presence of AF (OR=2.38; CI 95% 1.49-3.72; P<0.0001) and in patients with NYHA functional class III or IV (OR=1.60; CI 95% 1.21-2.12; P=0.001).
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  Table 2 presents the trans and postoperative data, together with their univariate analysis. Here we can observe the association of AVB with the need of TP in patients who presented calcification of the aorta, perioperative AMI and the need for the use of an IAB. Of statistically significant relevance, the univariate analysis also revealed the association of TP caused by AVB with increased mortality (17.9% vs. 7.3%) and with a longer hospital stay (mean hospitalization time of 12.75 days compared to 10.53 days for those who did not require TP).
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  These data were submitted to multivariate analysis (Table 3), which revealed a higher risk of AVB in the PO of CABG in patients with: age > 60 years, female sex, CKD, AF, NYHA functional class III or IV, perioperative AMI and with the use of an IAB. Patients with EF<40 %, DM, the use of beta-blockers, statins and other antiarrhythmic drugs, prior AMI and CPB and aortic clamping times didn't prove to be independent risk variables for the development of AVB in the PO of CABG.
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  In the multivariate analysis, the presence of AVB resulted in a longer hospital stay (12.75 days vs. 10.53 days for those who didn't develop AVB) (OR=1.01; CI 95% 1.00-1.02; P=0.01) and in a significant increase in the risk of mortality (17.9% vs. 7.3% for patients without AVB) (OR=2.09; CI 95% 1.46-2.99; P<0.0001).

  In the subgroup of 288 patients who had AVB and who had undergone TP, 08 (2.78 %) required a PPM implant, corresponding to 0.23% of the total cohort analyzed. The average time elapsed since the surgery until the PPM implant was 12.25 days.

   

  DISCUSSION

  CABG is a proven therapeutic strategy for the treatment of Coronary Artery Disease (CAD). Although it is well tolerated by most patients, perioperative complications can occur, among which we find disturbances in the cardiac conduction system in varying degrees, including AVB.

  Previous studies have reported an incidence of conduction disturbances (CD) after CABG that varies from 18 to 55% of cases[1-6], with the right bundle branch block being the most common[4]. Atrioventricular block (AVB) is one of these conduction disturbances and its incidence ranges from 0.5 to 16%[3,5-9]. Our incidence of AVB is in line with this data, since 8.15% of our patients developed AVB in the PO of CABG.

  The etiology of AVB seems to be multifactorial. The patient's age (>60 years), hypertension, number of revascularized vessels, aortic clamping time, total time of CPB, use of digitalis and beta-blockers, type of cardioplegia and previously existing left bundle branch block may be related to its appearance[1-4,8,9,13,14].

  Myocardial ischemia seems to be the factor that is most implicated in the emergence of AVB, since there is a correlation with coronary artery disease (CAD) and preoperative AMI[4]. Studies[3,10] have demonstrated that perioperative AMI also increases the incidence of AVB in the PO of CABG. Caspi et al.[7] reported a higher occurrence of AVB in patients with AMI in the PO of CABG (12% vs. 2 %, P<0.05).

  However, AMI before CABG was not a significant factor for the appearance of AVB in our study, which is consistent with the world literature[3,7,8,15,16]. This shows there is no difference in the incidence of AVB between patients who had preoperative AMI and those who didn't, regardless of its electrocardiographic location.

  Caspi et al.[7] have shown that the combination of left main disease and proximal obstruction of a dominant right coronary artery was more frequent in patients who exhibited AVB (32%) than in those who without it (12%, P<0.05). The explanation for this effect is the fact that the cardioplegic solution is not properly distributed to the coronary beds because of their high degree of obstruction, which compromises myocardial protection and, in some cases, because of the impossibility of bypassing the right coronary artery.

  The impairment of myocardial irrigation gets worse with age, just as the frequency of degenerative diseases of the conduction system, increasing the probability of AVB[9,11,15,17-19]. In this scenario, our patients above 60 years of age presented a significant risk (OR=2.34; CI 95% 1.75-3.12; P<0.0001) for the development of AVB in the PO of CABG, corroborating the findings of other studies[7,8,13,14].

  The electrical cardiac conduction tissue differs from cardiac myocytes by being less tolerant to the effects of ischemia, hyperkalemia and hypothermia (whether these are systemic or, mostly, induced by a cardioplegic solution that is cold and rich in potassium). This may cause a transient block of the conduction system[11]. The advent of cold cardioplegia as a method of myocardial protection has increased the incidence of CD from 20 to 58%[13]. The more significant incidence of conduction disturbances occurred in patients who received cold cardioplegia, as opposed to warm (19.6% vs. 1.7 %, respectively)[13], a finding that has also been described by Sirlak et al.[20]. Specifically with respect to AVB, the incidence was of 3.8% in the hypothermia group and zero in the normothermal group[13]. All patients in our study underwent surgery with the myocardial protection performed by infusion of a cold cardioplegic blood solution at the root of the aorta every 20 minutes, which contributed to the genesis of AVB cases.

  As such, the perfusion injury determined by the myocardial ischemia and the hypothermic injury caused by the cardioplegic solution are the mechanisms that are most involved in the genesis of AVB, acting on the proximal portions of the bundle of His, which are more sensitive to this type of aggression than the more distal conduction tissue, determining the emergence of bundle branch blocks and increasing the risk of AVB[4].

  In this scenario, the extent of the CAD, the duration of CPB and the aortic clamping time could compromise myocardial protection during surgery, increasing the risk of an ischemic injury and of metabolic damage to the conduction tissue[11]. However, our CPB time of > 90 min and aortic clamping time of > 40 min showed no influence on the development of AVB, which is supported by the literature[5-7,16,19]. Baerman et al.[1], however, demonstrated that patients with lower CPB (101±32min x 121±34min; P<0,01) and aortic clamping (44±19min x 53±17min; P<0.05) times didn't show evidence of AVB in the PO of CABG.

  Our study has shown that the female gender is a risk factor for the occurrence of AVB (OR=1.37, CI 95% 1.06-1.77; P=0.015), which contrasts with the results of Gordon et al.[19] who observed a higher need for PPM implants in men (P=0.041). Other studies[3,8,15,20], however, didn't point to any of the genders as risk factor. Cadore et al.[12] had already pointed to the female gender as a risk predictor for mortality in CABG, which can be an expression of the greater severity of the ischemic impairment in this gender and explain their greater tendency for developing the block, as seen in our study.

  The presence of CKD was also verified to be a risk factor for the development of AVB (OR = 2.05; CI 95% 1.49-2.81; P<0.0001). A previous study[19] indicated the presence of CKD as more significant among those patients who required PPM implantation in the PO of CABG. Like the female gender variable, CKD was also found to be a predictor of mortality in patients underwent CABG according to the score by Cadore et al.[12], expressing its potential for increasing the risk of complications in the PO of CABG.

  Another risk predictor for the occurrence of AVB was the more advanced functional class of the NYHA (III and IV) (OR = 1.43; CI 95% 1.03-1.98; P=0.031). Studies[18,19] have corroborated this finding, indicating that patients who underwent heart surgery and needing a PPM implant were in the more severe functional class of the NYHA (III and IV) when compared to patients who did not require such an implant (57% vs. 35%, respectively, P<0.0001)[18]. Bateman et al.[6] showed that of those patients who passed away within the first 30 days of the PO of CABG and who had developed some degree of blockage, 90% were into class IV of the NYHA in the preoperative period.

  The patients in this study who had EF<40% did not present a significant risk for the appearance of AVB in the PO of CABG (OR=1.11; CI 95% 0.85-1.45; P=0.44), a finding supported by Gordon et al.[19] who didn't observe any significant impact of EF on the need for PPM implantation in the PO of isolated CABG. Caspi et al.[7], however, found a greater susceptibility to the development of atrioventricular block in patients submitted to CABG with a lower EF.

  Although Merin et al.[18] mention that the use of antiarrhythmic agents is more frequent in the group of patients that develops blockage after heart surgery (CABG, valve or combined), our data does not reflect this influence. Regarding the use of beta-blockers, we also didn't find any association with the development of AVB, which has already been described by other authors[2,3,16].

  The need for the use of an IAB in the PO of CABG occurred in 141 patients (4%) of the total sample of 3532 patients, of which 20.6% developed AVB, leading to the need for TP (OR=1.92; CI 95% 1.21-3.05; P=0.006). The need for the use of the IAB has been associated with a greater probability of developing blocking and has been indicated as a predictor of its occurrence and of the need for a PPM implant[6,17,19]. Probably because its use is an expression of a more significant ischemic cardiopathy, i.e., of patients with more severe compromising. This finding is important because the patients did not have AVB in the preoperative period, presumably reflecting a greater perioperative myocardial injury[6].

  Perioperative AMI was a risk factor for the emergence of AVB (OR=1.70; CI 95% 1.26-2.29; P<0.0001), and this was corroborated by the study of Caspi et al.[7] who identified the occurrence of low cardiac output (34% vs. 3%) and perioperative AMI (12% x 2%) as risk factors for AVB in the PO of CABG. Perioperative AMI also increases the need for a PPM implant[10], reflecting acute ischemic damage of the conduction tissue.

  The need for TP showed a significant association with mortality (OR=2.09; CI 95% 1.46-2.99; P<0.0001), which was 17.7% for patients with AVB and 7.2% for those who didn't develop it. Zeldis et al.[3] had already reported a mortality of 19.2% in the group of patients who developed block of the left conduction system (left bundle branch block or left anterior hemiblock or both), compared with a 7% mortality rate in the group of patients without such block. Specifically with respect to AVB, Caspi et al.[7] observed a significantly higher mortality in the group of patients who developed AVB (7% vs. 0.6%). On the other hand, patients who develop right bundle branch block or fascicular block have a more favorable prognosis, because these are more transient disorders and because they do not increase mortality[6,21].

  The patients who developed AVB had a significantly longer hospital stay (mean hospitalization time of 12.75 days compared to 10.53 days for those who did not need TP for AVB (OR=1.01 CI 95% 1.00-1.02; P=0.01). Gordon et al.[19] have shown that the need for a PPM implant significantly increased hospital stay (23.3±18.7 days vs. 9.6±9.0 days for patients without need of implant, P=0.0001) and ICU stay (5.6±10.5 days vs. 2.2±3.3 days, P=0.0258). Other studies[11,18] also corroborate this finding of a longer hospital stay in the presence of AVB and the need of TP.

  In our study, the need for a PPM implant occurred in 08 of the 3532 patients studied (0.23%), which is lower than the rate found in the literature, which points to the need for PPM implants in 0.49% of AVB cases[8]. Gordon et al.[19] implanted PPMs in 50 of their 6859 patients submitted to CABG (0.73%). When other types of post-CABG conduction blocks are considered, the incidence of implants rises and ranges from 0.4 to 1.1%[10]. The calculated risk for need of a PPM implant in the PO of non-complicated CABG is 0.9%[19].

  Nascimento et al.[22] couldn't identify any prognosis criterion for the reversibility of AVB in the PO of heart surgery. The ideal moment for the implantation of a PPM in the PO of CABG hasn't yet been properly established. According to the Brazilian Guidelines for Implantable Electronic Heart Devices[23], patients with asymptomatic AVB with wide QRS after cardiac surgery that persists after 15 days, are indicated for a PPM implantation (Class I, level of evidence C). In the cases of asymptomatic AVB persisting after 15 days, resulting from cardiac surgery, with narrow QRS or nodal escape rhythm and good chronotropic response, and in those cases without the prospect of reversal (< 15 days) PPM implantation is also indicated (Class IIa, level C).

  According to the criteria of the American College of Cardiology and the American Heart Association, a PPM implant is indicated in 3rd and advanced 2nd degree AVB in the postoperative period of heart surgery, in addition to cases without expectation of resolution. The decision regarding the time of the implant should be taken by the physician[24].

  The European Society of Cardiology recommends a waiting period of 5 to 7 days for the resolution of transient bradyarrhythmias after cardiac surgery, before the decision for the implant is made[25].

  According to Pires et al.[13] and Merin et al.[18], the decision to perform the implant should be taken between the 4th and 5th day of the PO, because if the AVB or dysfunction of the sinus node are still present up to this moment, then they tend to be permanent. This would facilitate the early mobilization of patients and shorten their hospitalization time.

  Of the 288 patients in our study who had AVB, 08 received a PPM implant after an average of 12.25 days into the PO, which is in line with the Brazilian (Class IIa, level of evidence C), American and European (Class I, level C) guidelines. Emlein et al.[8] described a series of 8 patients who underwent a PPM implant after developing AVB with an average of 10.5±6.5 days into the PO.

  Limitations of the Study

  The limitations of this study are those inherent to a retrospective database analysis, but they reflect the significant years of experience of an academic institution. Within these limitations we can cite the relative difficulty of accessing the full data, which causes a potential risk of not measuring some random variables. The fact that the results come from the sample of a single center can also represent some degree of bias in the treatment. Another limitation of this study is the absence of more precise information regarding the height of the atrioventricular conduction disorder and the existence or not of any escape rhythm.

  Regarding the PPM implants performed in our study, they followed the recommendations of Brazilian, American and European guidelines almost strictly. In this small group of patients a more thorough analysis was compromised, but this could be the target of a more detailed study to be developed in the future.

   

  CONCLUSION

  This work sheds light on the risk factors associated with the development of AVB in the PO of CABG and the consequent need for TP and a definitive pacemaker. Based on this we could establish that female patients, 60 years of age or more, with the diagnosis of AF and CKD, in stages III and IV of the functional class, who had perioperative AMI and required the use of an IAB, have a higher risk of developing AVB in the PO of CABG. AVB determines a more prolonged hospitalization and, what is more important, doubles the risk of mortality.
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    ABSTRACT

    INTRODUCTION: Pharmacological therapy is a strategy for the prevention of complications associated with ischemia and reperfusion injury that occurs after volume replacement in the treatment of hemorrhagic shock.

    OBJECTIVE: The aim of this study was to evaluate the effect of N-acetylcysteine associated with fluid resuscitation in cardiac injury in a rat hemorrhagic shock model

    METHODS: Mice Wister male rats were randomly and subjected to controlled hemorrhagic shock for 60 min. and then, subjected to resuscitation with Ringer lactate. In a group of six animals, 150mg/kg of N-acetylcysteine were added to fluid volume replacement. The animals were observed for 120 min and after this period, were euthanized and cardiac tissue was collected for histopathological analysis and measurement of thiobarbituric acid reactive substances and pro-and anti-inflammatory interleukin.

    RESULTS: Cardiac tissue of the group treated with N-acetylcysteine showed lower concentrations of thiobarbituric acid reactive substances (0.20±0.05 vs. 0.27±0.05, P=0.014) and reduced histopathological damage and edema when compared to the group whose volume replacement occurred only with Ringer lactate. There was no difference in the expression of cytokines interleukin 6 (2,138.29±316.89 vs. 1,870.16±303.68, P=0.091) and interleukin 10 (1.019,83±262,50 vs. 848.60±106.5, P=0.169) between the treated groups.

    CONCLUSION: The association of N-acetylcysteine on volume replacement attenuates oxidative stress in the heart, as well myocardial damage and edema, but does not modify the expression of inflammatory cytokines.

    Descriptors: Shock, Hemorrhagic. Heart. Acetylcysteine. Oxidative Stress. Inflammation.

  

   

  
    RESUMO

    INTRODUÇÃO: A terapia farmacológica é uma estratégia de prevenção das complicações associadas à lesão de isquemia e reperfusão tecidual que ocorre após a reposição volêmica no tratamento do choque hemorrágico.

    OBJETIVO: O objetivo deste estudo foi avaliar a repercussão da N-acetilcisteína associada à reposição volêmica na lesão cardíaca em modelo de choque hemorrágico em ratos

    MÉTODOS: Ratos Wistar, machos, foram randomizados e submetidos ao choque hemorrágico controlado por 60 minutos e, depois, submetidos à reposição volêmica com Ringer Lactato. Em um grupo de seis animais, foram adicionados 150 mg/Kg de N-acetilcisteína ao fluido de reposição volêmica. Os animais foram observados por 120 minutos e após este período foram submetidos à eutanásia e coleta do tecido cardíaco para análise histopatológica e dosagem de substâncias reativas ao ácido tiobarbitúrico e interleucinas pró e anti-inflamatórias.

    RESULTADOS: Foi observada menor concentração de substâncias reativas ao ácido tiobarbitúrico (0,20±0,05 vs. 0,27±0,05, P=0,014) e menor dano histopatológico e edema no tecido cardíaco do grupo tratado com N-acetilcisteína em relação ao grupo cuja reposição volêmica ocorreu somente com Ringer Lactato. Não foi observada diferença da expressão das citocinas interleucina 6 (2.138,29±316,89 vs. 1.870,16±303,68, P=0,091) e interleucina 10 (1.019,83±262,50 vs. 848,60±106,5, P=0,169) entre os grupos tratados.

    CONCLUSÃO: A associação da N-acetilcisteína na reposição volêmica atenua o estresse oxidativo no coração, assim como dano e edema miocárdicos, porém, não modifica a expressão de citocinas inflamatórias.

    Descritores: Choque Hemorrágico. Coração. Acetilcisteína. Estresse Oxidativo. Inflamação.

  

   

   

  INTRODUCTION

  Trauma is the third death cause in the world, compromising mainly young and adult people.Bleeding is the major cause of the early death related to trauma.Additionally, deaths will occur due to severe injury to internal organs in the next hours, or due to multi-organ failure and sepsis, lately[1].

  Hypoperfusion, following hemorrhagic shock, generates a global hypoxia that promotes the release of inflammatory cytokines and neutrophils activated from the splanchnic territory, notably from the liver and intestine, which via the bloodstream or lymphatic circulation promotes injuries to distant organs. This acute phase response of the trauma is characterized by the production and release of cytokines such as the alpha tumor necrosis factor alpha (TNF-α), interleukins 1β, 6 and 8[2].Although oxygen is essential for the survival of the tissues, during the restoration of perfusion, the cells suffer a harmful effect, characterizing the reperfusion injury[3].

  Alterations induced by ischemia and reperfusion injury (IR) can be related to two different mechanisms. One of them, characterized by excessive production and subsequent release of reactive oxygen species (ROS), highly cytotoxic during the reperfusion phase, whose oxidative state biochemical markers are the end products of lipid peroxidation, among which the thiobarbituric acid reactive substances (TBARS)[4]; the other, by the interaction of polymorphonuclear and capillary endothelial cells, mediated by inflammatory cytokines and cell adhesion molecules[5].

  In an attempt to minimize the damages caused by ROS, cardiac myocytes use antioxidant systems - substances that slow down or inhibit oxidative aggression. The most important endogenous antioxidants are the superoxide dismutase, catalase, glutathione peroxidase, and vitamin E. These systems are overloaded after ischemia and reperfusion[6].The damage to cardiac myocytes can happen, then, by cell-to-cell contact (neutrophils - myocyte) with the release of oxidative cytokines and proteolytic enzymes. This accumulation and infiltration of neutrophils in the organ's parenchyma is a fundamental step for development of the trauma's secondary injury[7]. The cardiac dysfunction established contributes to aggravate the hypoperfusion injury in other organs during the shock and may result in death.

  Associated with fluid replacement therapy, the pharmacological therapy has gained prominence in the reduction of deleterious effects of immune-inflammatory phenomena of bleeding and the volume replacement therapy[8]. Among the antioxidant drugs, the N-acetylcysteine (NAC) - a low-cost, highly available, low-adverse effects substance - must be highlighted. Widely used in a number of medical science fields, it was initially used as a mucolytic agent. Its use was then extended to antidote for acetaminophen poisoning and prevention of contrast-induced nephropathy[9].

  The in vivo NAC is metabolized in cysteine, which is a precursor of glutathione.In its reduced and oxidized forms, the glutathione participates - together with the glutathione peroxidase - in the ROS degradation cascade, removing free radicals. Thus, NAC can help restoring depleted glutathione reserves, replenishing cellular thiols during the IR process[10].

  On IR injury, the NAC mechanism of action occurs by direct reaction with nitric oxide. This effect seems to occur after ROS release, protecting endothelial cells and subsequent activation of Kupffer cells. Its action through the sulfhydryl groups prevents the reaction of nitric oxide with the superoxide radical, hydrogen peroxide, and hydroxyl radical, preventing the formation of peroxynitrite and its consequences, such as lipid peroxidation, protein denaturation and DNA damage[11].

  Despite of being widely used in medical practice and experimental models of IR injury, the literature about the use of NAC in the treatment of hemorrhagic shock and its possible protective effect in cardiomyocytes is scarce. As satisfactory results were observed with the use of NAC as protective drug of lung and liver tissue in experimental studies with controlled hemorrhagic shock models[12,13], as well as in other studies that used tissue IR injury models[14-16], the aim of this study was to assess the possible cardioprotective effect of adding NAC to volume replacement solution after induction and maintenance of controlled hemorrhagic shock.

   

  METHODS

  Animals

  Male Wistar rats (RattusnorvegicusAlbinus), with ages between 90 and 120 days, and average weight of 319±26g, were used.

  All animals were handled according to the "Guide for the Care and Use of Laboratory Animals" (Institute of Laboratory Animal Resources, National Academy of Sciences, Washington, D.C., 1996) and the animal experimental ethical principles of the National Council for the Control of Animal Experimentation (CONCEA).Study protocol approved by the Research Ethics Committee of Universidade Federal de São Paulo, Protocol No. 1712/11.

  Anesthesia and operative procedure

  The animals were weighed and anesthetized with ketamine (50 mg/Kg) + xylazine (15 mg/kg) by intraperitoneal injection. They were considered anesthetized after being in deep sleep without reaction to mechanical stimuli, with loss of righting reflexes and member withdrawal after painful stimulus caused by gripping and palpebral reflex. Additional doses of the anesthetic cocktail (half the initial dose) were provided to animals as necessary during the procedure, which were also kept spontaneously ventilating in ambient air.

  The right common carotid artery, right external jugular vein, and the right femoral artery were cannulated with Intracath® 22G (Bencton-Dicknson, Sandy, EUA).Heparin and resuscitation fluids were injected with venous catheter, according to the experimental groups; arterial catheters were used to the bleeding that caused the shock and monitoring of the mean arterial pressure (MAP), whose values allowed establishing the effectiveness of the procedures employed.

  Experimental groups and induced controlled hemorrhagic shock

  After the surgical procedure, the animals were divided into the following study groups:

  Control group (GC, n=6): without induction of hemorrhagic shock, suffering euthanasia shortly after the post-operative stabilization period [15 minutes (min)];

  Ringer's lactate group (RL, n=6): induced hemorrhagic shock. 33 mL/kg of Ringer's lactate solution (RL) plus 50% of the blood withdrawn were used for volume replacement for 20 min.

  Ringer's lactate group combined with NAC (RLNAC, n=6): induced hemorrhagic shock. 150 mg/kg of NAC[17] dissolved in 33 mL/kg of RL solution plus 50% of the blood withdrawn were used for volume replacement for 20 min.

  Non-fractional sodium heparin was infused before induction of hemorrhagic shock (100 UI/rat). Next, blood was removed through the arterial catheter for an interval of 10 min, using a 10 mL previously heparinized syringe, until reaching MAP of 35 mmHg. This pressure was maintained for 60 min, removing or reinserting heparinized whole blood, in the case of ±5 mmHg change in MAP.

  To control the MAP, the arterial catheter was connected to a pressure transducer, connected to a calibrated preamp and a data acquisition computerized system (Dixtal DX 2020), in which the hemodynamic data (MAP and heart rate) were stored.

  After 60 min of the beginning of hemorrhagic shock, the animals were submitted to volume replacement with the treatments specified above. The volume resuscitation was considered successful when the MAP remained above 80 mmHg for at least 5 min. After the shock and resuscitation stages, the animals were monitored for another 120 min; after this period, euthanasia was performed by exsanguination, under anesthesia.

  Euthanasia and organ removal

  After euthanasia, median thoracotomy was performed and the heart was collected. Part of the left ventricle was immediately frozen in liquid nitrogen and stored at -70º C. Another fragment was fixed in 10% formaldehyde solution. Next, this fragment was dehydrated in growing ethanol concentrations according to the histological techniques for inclusion in paraffin. The tissue fragment was cut in sections of 4 µm and stained with hematoxylin and eosin solution.

  Determination of Lactate and Serum Potassium

  In order to assess the metabolic changes caused by hemorrhagic shock and the effectiveness of treatments, arterial blood samples (0.3 mL/animal) were collected for evaluation of lactate and serum potassium, in pre-heparinized syringes, before the shock induction, at the end of the shock period, and at the end of the stabilization after volume reanimationphase (Radiometer ABL 555, Copenhagen, Denmark).

  Determination of thiobarbituric acid reactive substances in cardiac tissue

  A fragment of the left ventricle was withdrawn after euthanasia and frozen at -70º C; subsequently, it was homogenized in 1 ml of KCl 1.15% with sonicator (PT3100 Polytron) and used to determine the TBARS.

  The lipid peroxidation of cardiomyocytes' cell membranes caused by the formation of free radicals was established by means of the TBARS dosage method[18], which value was expressed as nanomoles per milligram of protein (nmol/mg of protein).For this purpose, after homogenization the aliquots were centrifuged at 10,000 rpm for 20 min at 4º C (5804® Centrifuge Eppendorf, Hamburg, Germany). For reaction, 100 µL of supernatant, 100 µL of 8.1% sodium dodecil sulphate, 750 µL of 20% acetic acid, and 750 µL of 0.8% thiobarbituric acid were added. The mixture was heated for 50 min at 95º C. After the period established, 200 µL samples were analyzed in the 532 mn spectrophotometer (Multiscan Ex, MTX Labsystems, Virginia, USA).The results were expressed as µg/mg of protein. All analyses were performed in duplicate.

  Determination of protein Interleukin 6 and 10 (IL-6), (IL-10) in cardiac tissue

  The determination of IL-6 and IL-10 in cardiac tissue previously frozen in liquid nitrogen was performed using the Duo-set ELISA method (R & D Systems, Inc., Minneapolis, MN, EUA).Initially, the tissue samples were macerated and homogenized in PBS at a concentration of 1 mg/mL. After this procedure, the samples were centrifuged at 2600 rpm (Eppendorf 5804R Hamburg, Germany) for 15 min at 6º C.The collected supernatant was used in the measurements.

  On the 96 well plate, 100 µL/well of capture antibody anti-IL-6 or anti-IL-10 were added. After incubation for one night at 4º C, the supernatant was discarded and the plate was washed three times with wash buffer. Then a block reaction was performed by adding 200 µL/well of 2% bovine serum albumin (BSA) in PBS and incubation for one hours at room temperature (20 to 26º C).The plate was again washed three times with wash buffer. It was added in duplicate 100 µL/well of standard and samples and incubating the plate for two hours at room temperature. For standard curves, recombinant IL-6 or IL-10 were used in the concentrations of 62.50; 125; 250; 500; 1000; 2000; 4000 e 8000 pg/mL. After repeating the plate washing procedure, 100 µL/well of biotinylated detection anti-IL-6 (400 ng/mL) or anti-IL-10 (300 ng/mL) were added, and the plate was incubated for 2 hours at room temperature. At the end of incubation, the plate washing process was repeated and then 100 µL/well of streptavidin peroxidase enzyme were added in the proportion of 1:200 of enzyme: PBS with 0.05% of tween-20 and incubation for an hour at room temperature protected from light. Next, the plate wash cycle was repeated and the reaction revealed by adding 3.3' tetramethylbenzidine in one well and incubation for 60 min at room temperature protected from light. The reaction was blocked by adding 50 µL/well of H2SO4 (1N) and the optical density of samples at 450 nm (Multiscan Ex, MTX Labsystems, Virginia, USA) was evaluated immediately after the reaction blocking. All analyses were made in duplicate.

  Histopathological Analysis

  An experienced pathologist assessed the histology slides qualitatively on light microscopy (Zeiss Axio Image A2, Oberkochen, Germany), blind to the groups. At least twenty cutting areas were randomly chosen and analyzed. The severity of histological lesions was assessed through parameter-based scores: myocardial damage, assessed by the presence of contraction bands and eosinophils; leukocyte infiltration, assessed by the presence of neutrophils, macrophages and lymphocytes; and interstitial edema. Each parameter was assessed by a score using the following scale: 0 - absent; 1 - slight; 2 - moderate; 3 - severe; and 4 - very severe[19].

  The total score corresponding to inflammatory lesions was performed by summing the values ascribed to each parameter for each animal (total ranging from 0 to 12).

  Statistical Analysis

  The data are presented as mean ± standard deviation.

  The data were analyzed by means of the SigmaStat Statistical program version 3.1 (Systat Software, San Jose, USA).

  The groups were compared by Variance Analysis (One-way Variance Analysis - ANOVA) or ANOVA on ranks (Kruskal-Wallis One-way Analysis of Variance on Ranks), after normality and equality variance tests. In the event of statistical difference (P<or=0.05) the ANOVA was complemented with the appropriate post-hoc test. Differences among groups were considered statistically significant when P< 0.05.

  Linear regression analysis was also performed to assess the correlation between the studied TBARS and interleukins' dosages.

   

  RESULTS

  Metabolic Analysis

  At the end of the shock period, the RL and RLNAC groups showed significant lactate levels increases compared to the control group (7.23±1.03 vs 6.85±1.03 vs 1.15±0,25 mmol/L respectively; P=0.002).There were no significant differences at the end of the stabilization after volume reanimationphase in lactate levels between the three groups (2.89±0.94 vs 2.75±0.99 vs 1.75±1.09 mmol/L, respectively; P=0.101).

  Serum potassium levels also showed significant increase in groups RL and RLNAC when compared with the control group after the shock period (6.68±0.44 vs 6.86±0.84 vs 4.95±0.39 mmol/L, respectively; P<0.001).However, at the end of the experiment, group RL presented the highest potassium level in comparison with the RLNAC group (5.95±0.75 vs 5.02±0.59 mmol/L, respectively; P=0.026).

  Oxidative stress in cardiac tissue

  Figure 1 shows the results concerning the quantification of TBARS in cardiac tissue for study groups. The TBARS dosage in cardiac tissue at the end of the stabilization after volume reanimation presented statistically significant increases in RL groups (0.27±0.05 nmol/mg protein) and RLNAC (0.20±0.05 nmol/mg protein) in relation to the control group (0.03±0.02 nmol/mg protein); however, TBARS values decreased in RLNAC group in relation to the RL group (P=0.014).
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  Protein dosage of pro- and anti-inflammatory interleukins in cardiac tissue

  Figures 2 and 3 show the results concerning the quantification of IL-6 e IL-10 in cardiac tissue for study groups.
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  It may be seen that the IL-6 dosages at the end of the post-treatment stabilization period were higher in RL (1.870±303.68 pg/mg protein) and RLNAC (2.138±316.89 pg/mg protein) groups, in relation to the control group (GC) (462.28±70.24 pg/mg protein), without any differences among treated groups (P=0.091). Likewise, IL-10 dosages presented increases in treated groups (848.58±106.48 and 1.019±262.51 pg/mg protein, respectively) in relation to the GC (247.31±39.82 pg/mg protein), without any differences among treated groups (P=0.169).

  The linear regression analysis suggests positive association between dosages of TBARS and IL-6 (r2=0.744, P<0.001) and TBARS and IL-10 (r2=0.638, P<0.001).

  Histopathology of heart tissue

  Animals in the RLNAC group presented significantly lower myocardial damage when compared with the RL group (score 1 (1-2) vs. 2.5 (2-5), P=0.049), as well as for edema scores (score 0 (0-1) vs. 2 (1-2), P=0.016).There were no differences on edema scores between the RLNAC groups and the control group (P=0.935) (Figure 4 A-C).
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  The evaluation of myocardial inflammatory infiltrate showed similarities between the three groups (P=0.427).

   

  DISCUSSION

  The results suggest that the NAC plays a promising role in the pharmacological therapy combined with fluid replacement in treating hemorrhagic shock, reducing tissue damage, edema, and oxidative stress on the cardiac tissue. To the extent of our knowledge, this is the first study that assessed the NAC effect on heart injury in a controlled hemorrhagic shock model in rats.

  With regard to biochemistry data, the lactate - an important tissue stress predictor - presented a significant increase during the shock, followed by normalization after volume reanimation, although without NAC's intervening. Nevertheless, the treatment with NAC reduced the potassium levels.

  After the beginning of the ischemia that follows the shock, the oxidative phosphorylation is exhausted and the anaerobic metabolism becomes the primary source of ATP production. Such break down in the cell's energetic condition leads to an accumulation of extra-cell potassium. The mechanism that causes potassium accumulation is not fully explained. The Na-K pump is inhibited in ischemic muscle cells models, contributing to reduce the K influx parallel to ATP-sensitive potassium channels, and it may be the main mechanism through which potassium efflux increases during muscle cell ischemia[20].

  In an experimental study assessing secondary systemic changes to a prolonged hemorrhage hypertension condition, Torres et al.[21] noted that the potassium increase was related to mortality and could explain sudden and early death of some animals during the experiment. While evaluating the role potassium plays as a marker of tissue hypoxia in an experimental model, Rocha Filho et al.[20] noted that the increase in potassium serum levels complied with hemodynamic deterioration, finding a strong correlation between potassium and lactate levels. NAC, by acting on microcirculation and improving tissue perfusion, may take part in potassium washout restoring the aerobic metabolism. However, an in-depth evaluation is necessary to clarify whether this findings may be ascribed or not to the NAC'S protection role. No data have been found in literature to corroborate such fact.

  In this study, it was noted that the myocardium damage and edema induced by hemorrhagic shock were lessened by volume replacement reanimation and NAC. Although the hemorrhagic shock was maintained for 60 minutes, no leucocitary infiltrated in the cardiac tissue was noticed. Such results agree with the studies performed by Meurs et al.[22], who evaluated the neutrophil recruitment in several organs in hemorrhagic shock protocols. The authors pointed out that, in the heart, the early expression of adhesion molecules in the microvascular bed was not accompanied by the leucocitary recruitment, different from lungs, liver, and kidneys, in which the expression of adhesion molecules was accompanied by an expressive leucocyte migration to tissues.

  However, in our study, the TBARS dosage in the cardiac tissue at the end of the stabilization after volume reanimation presented significant increases, describing the lipid peroxidation injury, which was attenuated by NAC.

  NAC effects on IR injuries were dose-dependent. While studying lung pre-conditioning with different doses of NAC to prevent IR injury after liver injury by reflow, Weinbroum et al.[17] noted that the 100 mg/kg dose attenuated the liver injury but not the lung one. High doses, such as 225 mg/kg, could imply a suppression of the properties that protect macrophages and monocytes residing in lungs, resulting in a decrease in lungs defense. The authors have concluded that the 150 mg/kg dose was more effective to reduce accumulation of xanthine oxidase in the liver tissue, reducing the tissue damages caused by ROS.

  Although this study shows the protecting effect of NAC on the oxidative stress in cardiac tissue, and that there is a positive correlation between oxidative stress and increase in the inflammatory cytokines, it did not show tissue reduction of pro-inflammatory IL-6.

  Experimental studies have shown that the expression of the ribonucleic acid messenger of IL-6 (RNAm IL-6) is increased based on hypoxia conditions, mainly in the lungs, liver, and intestines of rats submitted to hemorrhage, inducing the cardiomyocytes to produce IL-6.Kupffer cells are the most important producers of systemic IL-6 after the shock[23]. Such increase in the genic expression and IL-6 levels in the cardiomyocytes occurs mainly two hours after the hemorrhagic shock has begun and is correlated to the cardiac dysfunction[24].

  The mechanism whereby IL-6 promotes cardiac dysfunction has not been completely explained. Studies[24,25] suggest that IL-6 could act in activating the κB (NF- κB) nuclear factor that, in turn, would activate the transcription of inflammatory cytokines, chemotaxins, and adhesion molecules, notably the ICAM-1 in the heart. Such cascade of events would favor neutrophils adhesion and migration processes through the endothelial barrier to the interstitial space and parenchymatous tissue, with consequent myocardial damage.

  Despite the increased levels of IL-6 noted in the hearts of both groups submitted to hemorrhagic shock, there was no difference in the scores for leucocitary infiltration for all study groups, including the GC group. The experimental protocol follow-up of this study is considered short to be able to verify myocardium infiltrate, because the increase in interleukins dosages takes place before inflammatory cells are present in the tissue.

  In this study, we noted that the shock protocol activated the inflammatory cascades with significant increase of IL-6 and IL-10; nevertheless, there was no interference in the modulation with NAC in reducing IL-6 and increasing the expression of the IL-10.Mukherjee et al.[26] reported that the NAC treatment caused decreased dosage of serum IL-6 and increased plasma dosage of IL-10 in neonatal rats after two hours of induced septic shock. However, the authors state that, after 4 hours from the beginning of the experiment, the serum levels of IL-6 and IL-10 were similar in the groups, showing that the effect of the administration of NAC on interleukins expression is time-dependent. Therefore, they suggested once again that longer experimental protocols are needed to elucidate the effect of NAC on the expression of interleukins in hemorrhagic shock.

   

  CONCLUSION

  NAC showed a protective role in the cardiac tissue of rats submitted to hemorrhagic shock, mainly in lessening oxidative stress and histologic injury. Nevertheless, new studies must be performed that should consider the use of larger NAC doses associated with longer observation protocols in order to allow analyzing data regarding the late stage of the shock.
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    ABSTRACT

    OBJECTIVE: We evaluated whether the preoperative serum concentration of brain natriuretic peptide (BNP) is a predictor of in-hospital mortality in patients that underwent cardiac surgery.

    METHODS: We continuously evaluated 488 patients that underwent cardiac valve surgery or coronary artery bypass grafting (CABG) between January of 2009 and July of 2012. Follow up of these patients were done prospectively for 30 days postoperatively.

    RESULTS: Data analysis showed that the overall mortality rate was equal to 9.6%, Receiver Operating Charactheristic (ROC) curve analysis found the optimal cut-off value of BNP equal to 382 pg/mL for overall mortality (AUC=0.73, 95% CI=0.66 to 0.81, P<0.001). Multivariate analysis showed that the value of BNP higher than 382 pg/mL (P=0.033, HR=2.05, 95% CI=1.6 to 3.98) was an independent predictor of overall mortality at 30 days postoperatively.

    CONCLUSION: We concluded that the preoperative serum concentration of BNP is an independent predictor of mortality in patients undergoing valve surgery or coronary artery bypass graft.

    Descriptors: Natriuretic Peptides. Hospital Mortality. Cardiovascular Surgery Procedures. Prospective Studies.

  

   

  
    RESUMO

    OBJETIVO: Avaliar se a concentração sérica pré-operatória de peptídeo natriurético cerebral tipo B (BNP) é preditora de mortalidade intra-hospitalar em pacientes submetidos à cirurgia cardíaca.

    MÉTODOS: Foram avaliados 488 pacientes consecutivamente submetidos à cirurgia cardíaca valvar ou à cirurgia de revascularização do miocárdio no período de janeiro de 2009 a julho de 2012. Estes foram seguidos, prospectivamente, por 30 dias de pós-operatório.

    RESULTADOS: Em nossa casuística, a mortalidade geral foi igual a 9,6% e 52% dos pacientes foram submetidos a cirurgia de revascularização do miocárdio. Análise de curva ROC (Receiver Operating Charactheristic) encontrou o valor de corte ótimo de BNP igual a 382 pg/mL para mortalidade geral (AUC=0,73, IC95%=0.66 a 0,81, P<0.001). Análise multivariada mostrou que o valor de BNP > 382 pg/mL (P=0,033, HR=2,05, IC 95%=1,06 a 3,98) foi preditor independente de mortalidade geral em 30 dias de pós-operatório.

    CONCLUSÃO: A concentração sérica pré-operatória do BNP é um preditor independente de mortalidade em pacientes submetidos à cirurgia valvar ou de revascularização do miocárdio.

    Descritores: Peptídeos Natriuréticos. Mortalidade Hospitalar. Procedimentos Cirúrgicos Cardiovasculares. Estudos Prospectivos.

  

   

   

  INTRODUCTION

  In the last decade, the interest in the use of brain natriuretic peptide (BNP) levels as a risk stratification tool in patients undergoing cardiac surgery has increased[1-3]. In the clinical setting, risk scoring systems are widely validated and used as the gold standard method of evaluation of risk of perioperative mortality. On the other hand, these systems were proved to be complex with limited accuracy for certain cohorts of patients[4,5]. Consequently, new markers able to stratify risk and predict higher mortality rate in cardiac surgery are being investigated.

  In addition to be used as a parameter to assess and validate the prognosis in several clinical situations, the measurement of BNP serum concentration has low cost, is easily performed and highly available, and has good reproducibility[6-8]. Up to this the moment, few studies have evaluated the serum concentration of preoperative BNP as a predictor of mortality in cardiac surgery, mainly due to the heterogeneity of small sample size, making it impossible to consistently assess its relation to mortality[1-3]. Thus, additional studies have become necessary to demonstrate the correlations between BNP levels and mortality in cardiac surgery. In this study, the aim was to assess whether the preoperative BNP can be used as an independent predictor of mortality in cardiac surgery.

   

  METHODS

  The study evaluated 488 patients admitted to the Postoperative Cardiac Intensive Care Unit in the Medical School of Sao Jose do Rio Preto/Hospital of Base for heart valve surgery or coronary artery bypass grafting between January of 2009 and June of 2012. Exclusion criteria included patients younger than 18 years old, with advanced malignancy or who had undergone combined cardiac procedures. Data were collected prospectively by consulting the computerized database Hospital de Base of São José do Rio Preto - SP - Brazil. This hospital is a reference center for the treatment of cardiovascular diseases and serves a region of about 1.5 million people. The study was approved by the Ethics Committee of the Medical School of São José do Rio Preto (Protocol Number 6079/2010) and due to the nature of the study,no informed consent was required.

  The data included demographic, comorbidities, degree of left ventricular systolic dysfunction, intraoperative variables and mortality from all causes within 30 days postoperatively. All variables were defined according to the latest guidelines published by the American Heart Association and European Society of Cardiology.

  The serum concentration of BNP was measured in the preoperative period immediately before all operations, by the method of electrochemiluminescence using the Siemens ADVIA Centaur equipment (Siemens Medical).

  Categorical variables were presented as absolute numbers (percentages) and continuous variables as median and interquartile range.

  Statistical analysis was performed with SPSS software (version 20.0). The discriminating power of the value of preoperative serum concentration of BNP to predict mortality from all causes in 30 days after surgery was determined with the aid of statistical C by calculating the area under the ROC curve ("Receiver Operating Characteristic"), with the value > 0.60 considered not determined by chance.

  In this study, proportional regression risk analysis of Cox was used to establish the relationship between the dependent variable (mortality from all causes) and the exploratory variables. Single variables associated with mortality (P value <0.05) were considered for multivariate regression analysis. The Spearman test was used to correlate continuous variables when two or more variables were closely correlated, the one with the highest statistical value of Wald was selected for multivariate analysis. Independent predictors of mortality were established for variables with P<0.05 in multivariate analysis.

  The stepwise logistic regression method with likelihood ratio was used to determine independent predictors of mortality from all causes in the multivariate analysis. The probability of survival, as well as risk functions were estimated by the Kaplan-Meier method. The log rank test was used to compare the probability of survival between groups.

  Values with P < 0.05 were considered statistically significant.

   

  RESULTS

  Baseline characteristics of patients

  From January of 2009 to June of 2012, 488 consecutive patients undergoing coronary artery bypass grafting or isolated valve surgery were included in the study.

  The baseline characteristics evaluated in this study are summarized in Table 1. The median age was 57 (49-65) years and 58% were men. From the 488 patients, 92 (19%) were diabetic, 328 (67%) had systemic arterial hypertension. One hundred twenty-six patients (26%) had emergency surgery, 70 patients (14%) had at least one previous cardiac surgery and 80 patients (16%) had left moderate or severe ventricular dysfunction, the preoperative serum creatinine concentration and the preoperative clearance of creatinine were 1.1 mg/dl (0.9 to 1.3) and 68.5 mL/min/1.73 m2 (52.6 to 87.4), respectively. Isolated valve surgery was performed in 236 patients (48%) and coronary artery bypass surgery in 252 patients (52%), with 457 operations (94%) performed with cardiopulmonary bypass, with the median of cardiopulmonary bypass time equal to 98 (81-120) minutes. The median value of addictive EuroSCORE was 3 (2-5).
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  Mortality from all causes at 30 days postoperatively

  The area under the ROC curve was 0.74 (95% CI 0.66 to 0.81) for preoperative serum BNP with a cut-off value of 382 pg/mL, with a sensitivity of 72% and specificity equal to 64% for predicting death from all causes in 30 days after surgery (Figure 1).
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  In univariate analysis, age (P<0.001), urgency or emergency surgery (P<0.001), left moderate or severe ventricular dysfunction (P=0.026), previous surgery (P<0.001), preoperative serum BNP>382 pg/mL (P<0.001), clearance of preoperative creatinine (P<0.001) and cardiopulmonary bypass time (P<0.001) were retained to multivariate analysis. The age (P<0.001, HR = 1.05; 95% CI 1.02 to 1.09), urgent or emergency surgery (P=0.027, HR=1.98, 95% CI 1.08 to 3.64), preoperative serum BNP> 382 pg/mL (P=0.033, HR=2.05, 95% CI 1.06 to 3.98), clearance of preoperative creatinine (P<0.001, HR=0.97; 95% CI 0.96 to 0.99) and cardiopulmonary bypass time (P<0.001, HR=1.02, 95% CI 1.01 to 1.02) variables were retained as predictors independent of death from all causes after multivariate Cox regression analysis (Table 2).
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  Figure 2 illustrates the 30-day survival probability of patients who were divided into groups according to the BNP values being lower than or equal to 382 pg/ml or greater than 382 pg/ml, respectively, with the values being 95.6% and 82.5 % at 30 days after surgery (P<0.001).
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  DISCUSSION

  In this prospective and contemporary study of patients undergoing cardiac surgery the preoperative serum concentration of BNP was correlated to postoperative mortality. Although there are several known risk factors of mortality in cardiac surgery, the association between preoperative BNP and mortality in cardiac surgery is still under investigation[1]. We found that preoperative BNP is an independent predictor of postoperative mortality in cardiac surgery. This assertion is based on the P value obtained by Cox regression analysis, in addition to the significant difference in the probability of survival between the groups stratified according to BNP. This finding demonstrates a role for BNP regarding the evaluation of preoperative risk in cardiac surgery.

  Few studies have described the prognostic significance of preoperative BNP in the heart surgery setting[1-3]. In a meta-analysis recently published the preoperative BNP was evaluated as a predictor of adverse outcomes in cardiac surgery, among 819 relevant studies identified in the literature, only four associated preoperative serum BNP with mortality and of these, only one has examined this relationship with the help of multivariate analysis[1]. In this small study mentioned (n=209), BNP was an independent predictor of adverse cardiac events, described as combined event of death and non-fatal events (malignant ventricular arrhythmia, myocardial infarction and heart failure)[9]. In the present study, we found that preoperative BNP was an independent predictor of mortality from all causes with methodology specifically geared to this goal to become a pioneering study in relation to its results.

  Our group believes that the prognostic value of preoperative BNP is due to its ability to measure ventricularhemodynamic changes even in asymptomatic patients[10]. Discovered in 1988, only in 1994 a study was performed to assess the site and mechanism of secretion of BNP, showing that higher BNP levels were significantly correlated with increased pulmonary capillary wedge pressure, increased diastolic and end systolic ventricular volume of the left ventricle, lower left ventricular ejection fraction and a lower cardiac index[11-14]. Consequently, it was concluded that secretion is stimulated by increased ventricular wall stress and correlates with increased cardiovascular risk variables[10,11,15]. Our group believes that this pathophysiological mechanism intrinsically related to secretion of BNP is the explanation for the higher levels of preoperative BNP are independently associated with increased mortality in cardiac surgery.

  Score systems are widely used in preoperative risk stratification with emphasis on choosing the best method of treatment according to the risk found, and performed an uniform comparative analysis between different surgeons and centers specialized in heart surgery[16,17]. However, conducts aiming to reduce perioperative risk are rarely adopted based on these risk scores because they are made up of a large number of variables, and do not have a progressive nature to assess pre-surgical procedures[18]. Therapies guided by BNP levels have been effective in reducing hospitalization and death in patients with heart failure[19]. Therefore, BNP can provide a noninvasive indicator to evaluate the effectiveness of perioperative hemodynamic reductions in stress related to blood volume status of these patients aiming at better risk stratification and optimization of surgical outcomes.

  This study was designed to assess the association between the value of preoperative serum BNP and mortality in patients undergoing valve replacement surgery or coronary artery bypass graft surgery. Compared to the other existing studies in this area, this study has the highest number of participants with clinically relevant result to demonstrate that preoperative BNP was an independent predictor of the outcome of isolated postoperative mortality in cardiac surgery. However, our study has limitations, such as the fact that it was performed at a single medical center with short-term follow-up.

  Further studies are needed to assess the association between preoperative serum BNP and mortality in cardiac surgery, because the data are limited regarding this issue. Our study adds information to the limited literature and suggests that the BNP preoperative serum concentration should be included in all future studies that assess mortality in cardiac surgery as a clinical outcome.

   

  CONCLUSION

  It was demonstrated that the high levels of preoperative BNP were an independent predictor of 30-day mortality after surgery for patients undergoing heart valve surgery or coronary artery bypass graft. This finding raises the possibility that targeted therapy for the reduction of BNP can be effective in reducing mortality in cardiac surgery.
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    ABSTRACT

    OBJECTIVE: a) to propose and implement an evaluation system; b) to classify the pulmonary involvement and determine levels of physical therapy; c) to check the progress postoperatively.

    METHODS: Patients underwent physiotherapy assessment preoperatively, postoperatively and after 5 days of intervention. They were classified into three levels of care: level 1 - low risk of complication; Level 2 - medium risk; Level 3 - high risk. We used analysis of variance and Kruskal-Wallis and analysis of variance for repeated measures or Friedman. Chi-square test or Fisher for proportions. We considered statistical significance level P<0.05.

    RESULTS: We studied 199 patients, 156 classified within level 1, 32 at level 2 and 11 at level 3. Thoracoabdominal motion and auscultation changed significantly postoperatively, persisting at levels 2 and 3 (P<0.05). Oxygenation and respiratory rate changed at levels 2 and 3 postoperatively (P<0.05) with recovery at the end. Significant decrease in lung volumes occurred in three levels (P<0.05) with partial recovery at level 1, lung collapse occurred at all levels, with recovery by 56% at level 1, 47% at level 2, 27% at level 3.

    CONCLUSION: The proposed assessment identified valve surgery patients who require differentiated physical therapy. Level 1 patients had rapid recovery, while the level 2 showed significant changes with functional gains at the end. Level 3 patients, more committed and prolonged recovery, should receive greater assistance.

    Descriptors: Thoracic Surgery. Physical Therapy Modalities. Vital Capacity.

  

   

  
    RESUMO

    OBJETIVO: a) propor e aplicar um sistema de avaliação; b) classificar o comprometimento pulmonar e determinar os níveis de assistência fisioterapêutica; c) verificar a evolução no pós-operatório de cirurgia valvar.

    MÉTODOS: Pacientes realizaram avaliação fisioterapêutica no pré-operatório, pós-operatório e após 5 dias de intervenção. Foram classificados em três níveis de atenção: nível 1 - baixo risco de complicação; nível 2 - médio risco; nível 3 - alto risco. Utilizou-se Análise de Variância e Kruskal-Wallis e Análise de Variância para medidas repetidas ou Friedmann. Teste qui-quadrado ou Fisher para as proporções. Considerou-se nível de significância estatística P<0,05.

    RESULTADOS: Foram estudados 199 pacientes, 156 classificados no nível 1, 32 nível 2 e 11 nível 3. Movimento toracoabdominal e ausculta pulmonar alteraram significantemente no pós-operatório, persistindo nos níveis 2 e 3 (P<0,05). Oxigenação e frequência respiratória se modificaram nos níveis 2 e 3 no pós-operatório (P<0,05), com recuperação no final. Diminuição significante dos volumes pulmonares ocorreu nos três níveis (P<0,05), com recuperação parcial no nível 1. Colapso pulmonar ocorreu em todos os níveis, com recuperação em 56% no nível 1, 47% no nível 2, 27% no nível 3.

    CONCLUSÃO: A avaliação proposta identificou pacientes de cirurgia valvar que necessitam de assistência fisioterapêutica diferenciada. Pacientes do nível 1 tiveram rápida recuperação, enquanto os do nível 2 mostraram alterações significativas, com ganhos funcionais no final. Pacientes do nível 3, mais comprometidos e com recuperação prolongada, devem receber maior assistência.

    Descritores: Cirurgia Torácica. Modalidades de Fisioterapia. Capacidade Vital.

  

   

   

  INTRODUCTION

  The presence of postoperative respiratory dysfunction in patients after cardiovascular surgery with extracorporeal circulation (ECC), under general anesthesia, range from 50% to 100%[1-4]. Alterations in lung mechanics, such as decreased functional residual capacity, contribute to the occurrence of pulmonary collapse, increased shunt, decreased gas diffusion, and consequently, hypoxemia[5,6]. In this context, the presence of pain and chest tubes are directly implicated in keeping low lung volumes[7,8].

  The use of techniques to remove bronchial secretions, as well as respiratory and early mobilization exercises, promote improvement of pulmonary function, support the correction of hypoxemia, and stimulate functional independence. However, despite that therapeutic protocols are widely used after cardiac surgery, the benefits of these protocols are not yet well established[9-16].

  Evaluation and application of a classification system based on differentiated levels of physical therapy assistance comprise an alternative strategy for optimizing postoperative patient care[17-19]. The challenge is to differentiate patients according to the degree of pulmonary alterations present and to recommend appropriate therapies, with consideration of the available resources and application timing.

  The use of physical therapy strategies adjusted to the severity level of respiratory dysfunction in individual patients may be beneficial in terms of inhibiting the clinical progression of respiratory dysfunction, and the organization and standardization of physical therapy assistance. Therefore, we designed this study with the following objectives: a) to propose and apply a postoperative evaluation system for patients undergoing cardiac valve surgery; b) to classify pulmonary impairment and to determine recommendable levels of physical therapy assistance; c) to monitor the postoperative clinical progress of patients who have been classified.

   

  METHODS

  Patients and Methods

  This study was approved by the Research Ethics Committee of the Hospital das Clinicas at the Faculty of Medicine, University of São Paulo (approval Nº. 011/09). The informed consent was obtained from all of the subjects, who had undergone valve surgery.

  The inclusion criteria for this study were as follows: patients of both sexes, patients aged 18 to 80 years, and patients hospitalized to undergo elective valve surgery who had no signs or symptoms of respiratory distress. Patients who had difficulty performing the functional tests, who were receiving oxygen therapy, or who required noninvasive ventilation in the preoperative period were excluded, as well as patients whose conditions progressed to cerebrovascular accident, who showed hemodynamic instability and worsening of clinical condition, or who died immediately after operation. Personal, anthropometric, and clinical data were collected from the patients who were hospitalized to undergo elective valve surgery.

  A physical therapy evaluation that comprised eight parameters was conducted as follows:

  1. Thoracoabdominal motion (TxAbM): With the patient placed in the dorsal position, the thoracoabdominal movement was evaluated during 1 minute. The TxbAM was classified as normal when the abdominal displacement predominated; mixed, when no thoracic or abdominal displacement predominated; thoracic, with predominant displacement of the rib cage; and paradoxical, when the thoracic or abdominal movements were inverted.

  2. Pulmonary auscultation (PA): PA was verified based on lung sound and presence of adventitious sounds.

  3. Mobility: Mobility was classified according to the degree of independence the patient had while sitting down and moving around.

  4. Oxygenation: Peripheral oxygen saturation (SpO2) was measured by using pulse oximetry (Dixtall®), with the patient breathing environment air, after 5 minutes[15] in the dorsal position, with the headrest at 45º and the sensor placed in the middle finger of the right hand.

  5. Respiratory frequency (f): Respiratory frequency was defined as the number of inspiratory incursions occurring in 1 minute, in the dorsal position.

  6. Pulmonary function: Pulmonary function was assessed by measuring forced vital capacity (FVC) in milliliters, obtained by using a ventilometer (Wright Mark 8®). While in the sitting position, the patient was guided to inhale deeply and, subsequently, to expire as fast as far he/she can through mouth piece, with the nose closed with a clip to prevent air leakage. During the procedure, the patient was encouraged to optimize performance. The procedure was repeated three times, recording the highest value.

  7. Peak flow cough (PFC): PFC was measured by using a peak flow meter (Assess®), with the patient in the sitting position and the nose closed with a nose clip. The patient was encouraged to inhale deeply and, subsequently, to cough through the mouth piece. The procedure was repeated three times, recording the highest value, as long as the difference between the measurements was not greater than 20 L/min.

  8. Chest radiography: Chest radiographs were analyzed by a radiologist blinded to the study. Pulmonary collapse was assessed by using the Jenkins scale as follows[11]: 0, without alteration; 1, minimum collapse; 2, pronounced collapse or consolidation at one pulmonary base; and 3, bilateral alteration.

  The physical therapy evaluations were performed in the ward unit at the following time points: preoperatively (basal), when the patient returned to the unit (postoperatively), and on the fifth day of the study (final of the protocol).

  In the postoperative time, the patients who were assessed were classified according to degree of risk of pulmonary impairment by using the criteria shown in Table 1. Each evaluation parameter corresponded to a point in the column. The preponderance of points in each column determined the type and level of assistance applied to the patient. At level 1, patients with low risk of complications received minimum assistance; at level 2, patients with moderate risk of complications received intermediary assistance; at level 3, patients with high risk of complications received full assistance. In cases when the number of points was equal in 2 columns, the SpO2 criterion was used to differentiate. When paradoxical movement, tachypnea, and hypoxemia were present, level 3 assistance was provided to the patient.
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  In the postoperative hospitalization period in the intensive care unit (ICU), the patient was attended to according to the ICU routine, without influence of this study. During this period, data on the surgical procedure, times of extracorporeal circulation (ECC), orotracheal intubation, and length of stay in the ICU were collected.

  Level of Physical Therapy Assistance

  The patients received differentiated physical therapy assistance according to their classification. Patients with low risk of pulmonary complication (level 1) received physical therapy assistance for 20 minutes, once daily, with direct supervision by the physiotherapist. In this event, 3 series of 10 repetitions of therapeutic breathing exercises were performed, followed by coughing. In addition, general mobilization and walking exercises were performed. The patient was guided to repeat the breathing exercises every 2 hours, recording the results in a spreadsheet.

  The patients classified at level 2 were treated with continuous positive airway pressure (CPAP) or intermittent positive pressure associated with positive end-expiratory pressure (IPPV + PEEP) for 20 minutes, twice daily. These patients also performed breathing exercises similar to those performed by the patients at level 1, maneuvers for bronchial secretion removal, assisted coughing, and mobility exercises. The duration of the complete therapy was 40 minutes.

  The patients at level 3 were treated with positive pressure at two levels of pressure (bilevel) for 60 minutes, 3 times daily. In addition, the physiotherapist applied breathing exercises, maneuvers for bronchial secretion removal, assisted coughing, and mobility exercises twice daily. The time required to assist these patients was approximately 80 minutes per session.

  Five days after applying each protocol, the final evaluation was performed. The patients who remained at the same level continued to receive the same therapy until improvement or until hospital discharge. Those whose level of assistance required changed received the treatment that was proposed for the new level of assistance. The day of hospital discharge was recorded, and that was when the patients received standardized guidance of respiratory and motor care.

  Statistical Analysis

  The quantitative data were presented as mean and SD values; and the qualitative data, as absolute and relative frequencies. For a comparative analysis between the groups according to age, height, weight, and body mass index, the single-factor analysis of variance and Kruskal-Wallis were used to analyze the length of hospital stay. Homogeneity among the proportions was tested by using the chi-square or Fisher test. The comparison of mean values between the groups over time was performed by using the repeated-measures analysis of variance. For the analysis of the radiographic data, the Friedman nonparametric test was used. The level of statistical significance was considered as P<0.05.

   

  RESULTS

  Between June 2009 and October 2013, 288 patients hospitalized in the General Valve Diseases Patient Care Unit were evaluated. Among these patients, 89 were excluded and 199 were included and completed the study, of whom 156 were allocated at level 1,32 at level 2, and 11 at level 3, as shown in the flowchart in Figure 1.
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  The anthropometric characteristics and length of hospital stay of the patients as described above are shown in Table 2. A predominance of female patients and level 1 classification (78%) was observed, including the younger group of patients in the study.
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  Most of the patients did not smoke (63%) or consume alcohol (87%), and 64% of the patients did not have previous cardiac surgery. More than 90% of the patients were in the functional classes II or III.

  In our study sample, mitral valve lesions (79%) were the most common cases, with valve replacement being the most frequent surgical procedure (47%), followed by mitral commissurotomy (18.5%).

  The mean durations of mechanical ventilation, and ICU and hospital stay were longer for the patients at levels 2 and 3. However, no statistically significant difference was observed between the groups.

  Classification of physiotherapeutic assistance level

  Data regarding the TxAbM evaluation and pulmonary auscultation are shown in Table 3. The number of cases with the TxAbM altered increased significantly in the postoperative period at level 2, decreasing at the end of the study. Meanwhile, at level 3, the number of patients with this alteration increased from 64% to 82%. Pulmonary auscultation was altered in more than 85% of the cases, in all of the groups in the postoperative period. At the end of the study, a high percentage of patients at levels 2 and 3 still had significant alterations when compared with the patients at level 1.
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  The quantitative parameters of the physical therapy evaluation are shown in Table 4. In the analysis over time, the patients at level 1 did not show significant alterations in SpO2 and f. The pulmonary function data revealed statistically significant reductions in the postoperative period, with strong improvement at the end of the study, though not returning to the original values. The radiological data shown in Figures 2-4 demonstrate that in this group, the patients had minimum collapse, with collapse in one of the lung bases predominating, which was significantly reduced on the fifth day of the study. The behaviour of the patients at levels 2 and 3 were similar. All of the parameters showed significant reductions during the postoperative period, with the pulmonary function value not returning to its original value. The relevance of lung collapse was higher in both groups. At level 2, collapse occurred in 41% of the patients, and bilateral alterations occurred in 9% of the patients, with strong reductions in these alterations by the end of the study. In level 3, collapse occurred in 64% of the patients.
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  In the comparison between the groups, we observed that patients at level 1 showed a significant improvement in pulmonary function by the end of the study, whereas the patients at levels 2 and 3 had the most severe respiratory impairment. In these groups, only oxygenation and respiratory frequency data showed significant improvements by the end of the study when compared with the postoperative period.

  After the end of the study, all the patients continued to receive assistance until hospital discharge, and no complications were reported during this period.

   

  DISCUSSION

  Our results showed that the surgical event altered the pulmonary conditions in the patients who underwent valve surgery. The pulmonary volumes decreased, with smaller diaphragmatic mobility, which increased auscultatory alterations and reduced oxygenation. Moreover, the radiological images showed pulmonary collapse. After 5 days of study, pulmonary function improved; however, the preoperative values were not reached.

  Our data showed that most of the patients were allocated into level 1 (78%), with a younger mean age. This may be justified by the fact that the patients with valve disease of rheumatic etiology and a first surgical intervention was most prevalent among the younger individuals[20]. Advanced age has been pointed out as a factor associated to a higher incidence of postoperative pulmonary complications (CPPO), which has observed in our study, as patients older than 50 years were included at levels 2 and 3.

  In this structured evaluation, the respiratory mechanics was confirmed by the TxAbM analysis, palpation of the diaphragmatic movement, and generation of pulmonary volumes, which help the physiotherapist in detecting alterations in the muscle mobility. Our group previously observed that patients with stenosis and mitral regurgitation in the preoperative period showed normal TxAbM and breathing patterns, regardless of the type of valve lesion[21]. This was observed in our present study again. However, in the postoperative period, the TxAbM was altered, particularly in the patients at levels 2 and 3. At the end of the study, the patients at level 2 showed a normal TxAbM, and this was partially attributed to the resolution of the pulmonary collapse observed on chest radiograph. In the patients at level 3, alterations in the TxAbM (63%) were mainly associated to the diaphragmatic dysfunction, which is a complication of cardiac surgery, occurring at an incidence of 2% to 54%[22,23], depending on the research method. The lower diaphragmatic mobility increases the area of pulmonary collapse and can be triggered through rapid superficial breathing. These patients receive intensive physical therapy support and require more time for recovery, which justifies the small improvements observed at the end of the protocol for level 3.

  Pulmonary function was reduced until approximately 25% at level 1, 35% at level 2, and more than 50% at level 3. At the end of the study, the patients in all the groups showed recovery but did not achieve the preoperative values. The lower decline observed at level 1 allowed a faster recovery. In previous studies[10,14,24], FVC and/or FEV1 showed reductions of approximately 40% to 50% in regard to the expected values. Among these parameters, only age affected the results, as the younger patients presented less severe pulmonary impairment. Pain remained at the levels slight or very slight and thus did not affect the patients' clinical progress.

  Hypoxemia was present in the postoperative period, probably due to the surgical stress and reduction in the pulmonary volumes, with decreased area of gas exchange. The patients at level 1 were those with lower deoxygenation and those who recovered the original values in 5 days. The patients at levels 2 and 3, who showed higher degrees of hypoxemia, had a partial recovery but had persistent gas exchange alterations at the end of this study.

  The factors that contributed to pulmonary impairment are reportedly multivariate. The presence of median sternotomy, drains, inhibition of deep breaths, hypervolemia, signs of congestive heart failure, lower complacency of the rib cage through manipulation, and diaphragmatic dysfunction may justify these pulmonary alterations[1-8]. All of these factors were present in our patients. Nevertheless, the presence of pleural changes, with consequent collapse and diaphragmatic dysfunction, was an important element in the reduction of pulmonary function.

  For evaluation of pulmonary collapse, we adopted the same classification system used by Jenkins et al. [11] in patients with cardiac surgery. The authors observed the presence of collapse in 50% of the patients on the fifth day after coronary artery bypass graft surgery (CABG). In valve surgery, this incidence was 35% [14]. In our country, Vargas et al.[25] found a collapse incidence of 76% among patients on the seventh day after CABG. Our findings are not different from those reported in the literature, and we observed pulmonary collapse in the postoperative period in all of the patient groups. Among the patients who were discharged from the hospital, 56% of the patients at level 1 achieved normal radiographic data compared with 47% and 27% of the patients at levels 2 and 3, respectively. Thus, the chest radiographic parameter was useful in differentiating patients with a higher degree of impairment, as evident in the lower functional recovery.

  The application of physical therapy assessment to classify patients according to lung impairment, patients requiring smaller alterations are expected to be allocated into level 1. In fact, in our study, such patients had lower pulmonary function impairment, oxygenation, and pulmonary collapse incidence. In level 2, patients who showed a greater extent of pulmonary changes were included. Meanwhile, in level 3, only 11 patients who presented with lower variation in functional gains and had longer hospital stay were included. With the classification system used in this study, it was possible to characterize the severity of pulmonary alterations and differentiate the clinical progress of the patients.

  In conclusion, the proposed evaluation method was useful in identifying from among patients who underwent valve surgery, those who developed pulmonary impairment and require different levels of physical therapy assistance. The patients at level 1 showed lower decrease in pulmonary function and had rapid recovery. The patients at level 2 showed significant changes in their evolution but had functional improvement due to the treatment applied. The patients at level 3 showed higher levels of impairment, recovered slowly, and required a higher level of physical therapy assistance.

  Limitations of the study

  Our study has some limitations. The main limitation was the different number of patients in each group, which was due to the random distribution of the clinical cases at the valve disease group Another limitation was that the study was performed in 5 days; thus, improvements achieved by the patients until hospital discharge were not registered.

  Our study sample was a convenience sample and included patients indicated for surgery at the valve disease group and those who underwent postoperative follow-up. Most of the patients showed lesions in the mitral valve, with a small number of patients with aortic lesion, which did not allow us to perform a statistical analysis among them. This fact did not allow to evaluate the impact of valve disease on the patients' progress.
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    ABSTRACT

    INTRODUCTION: Left atrioventricular valve regurgitation is the most concerning residual lesion after surgical correction of atrioventricular septal defect.

    OBJECTIVE: To determine factors associated with moderate or greater left atrioventricular valve regurgitation within 30 days of surgical repair of incomplete atrioventricular septal defect.

    METHODS: We assessed the results of 51 consecutive patients 14 years-old and younger presenting with incomplete atrioventricular septal defect that were operated on at our practice between 2002 and 2010. The following variables were considered: age, weight, absence of Down syndrome, grade of preoperative left atrioventricular valve regurgitation, abnormalities on the left atrioventricular valve and the use of annuloplasty. The median age was 4.1 years; the median weight was 13.4 Kg; 37.2% had Down syndrome. At the time of preoperative evaluation, there were 23 cases with moderate or greater left atrioventricular valve regurgitation (45.1%). Abnormalities on the left atrioventricular valve were found in 17.6%; annuloplasty was performed in 21.6%.

    RESULTS: At the time of postoperative evaluation, there were 12 cases with moderate or greater left atrioventricular valve regurgitation (23.5%). The variation between pre- and postoperative grades of left atrioventricular valve regurgitation of patients with atrioventricular valve malformation did not reach significance (P=0.26), unlike patients without such abnormalities (P=0.016). During univariate analysis, only absence of Down syndrome was statistically significant (P=0.02). However, after a multivariate analysis, none of the factors reached significance.

    CONCLUSION: None of the factors studied was determinant of a moderate or greater left atrioventricular valve regurgitation within the first 30 days of repair of incomplete atrioventricular septal defect in the sample. Patients without abnormalities on the left atrioventricular valve benefit more of the operation.

    Descriptors: Endocardial Cushion Defects. Mitral Valve Insufficiency. Heart Defects, Congenital. Postoperative Period.

  

   

  
    RESUMO

    INTRODUÇÃO: A insuficiência da valva atrioventricular esquerda é a lesão residual mais preocupante após o tratamento cirúrgico do defeito de septo atrioventricular.

    OBJETIVO: Determinar fatores associados à insuficiência da valva atrioventricular esquerda de grau moderado ou importante nos primeiros 30 dias após correção de defeito de defeito de septo atrioventricular.

    MÉTODOS: Avaliamos os resultados em 51 pacientes consecutivos menores de 14 anos com defeito de septo atrioventricular incompleto, operados em nosso serviço entre 2002 e 2010. Avaliamos as seguintes variáveis: idade, peso, ausência de síndrome de Down, grau de insuficiência da valva atrioventricular esquerda antes da correção, anormalidades na valva atrioventricular e uso de anuloplastia. A mediana da idade foi de 4,1 anos e a do peso de 13,4 Kg; 37,2% tinham síndrome de Down; antes da operação, 23 apresentavam insuficiência da valva atrioventricular esquerda pelo menos moderada (45,1%); anormalidades na valva atrioventricular foram encontradas em 17,6% dos casos; anuloplastia foi realizada em 21,6% dos pacientes.

    RESULTADOS: Após a correção cirúrgica, 12 casos apresentaram insuficiência da valva atrioventricular esquerda pelo menos moderada (23,5%). A variância entre os graus de insuficiência da valva atrioventricular esquerda pré e pós-operatória nos pacientes com anormalidades na valva atrioventricular não teve significância estatística (P=0,26), ao contrário daqueles sem tais anormalidades (P=0,016). Pela análise univariada, apenas a ausência de síndrome de Down teve significância estatística (P=0,02). Porém, após análise multivariada, nenhum dos fatores teve significância.

    CONCLUSÃO: Nenhum dos fatores estudados foi determinante de insuficiência da valva atrioventricular esquerda de grau moderado ou importante nos primeiros 30 dias após a correção de defeito de septo atrioventricular incompleto na população avaliada. Pacientes sem anormalidades na valva atrioventricular se beneficiam mais da operação.

    Descritores: Coxins Endocárdicos. Insuficiência da Valva Mitral. Cardiopatias Congênitas. Período Pós-Operatório.

  

   

   

  INTRODUCTION

  A non negligible number of patients who undergo surgical repair of incomplete atrioventricular septal defect (AVSD) are discharged from hospital with residual left atrioventricular valve regurgitation (LAVVR)[1,2]. Reoperation rates for LAVVR are still relatively high, varying between 7% and 22%[1,3-6]. Many factors associated to reoperation have been proposed[1,2,4,6], but there is a lack of data reporting factors associated with immediate postoperative LAVVR, although the reports of valve replacement and of in-hospital deaths due to significant residual LAVVR within 30 days of operation[1,5,7].

  To improve these statistics, a clear outline of the predisposing factors leading to a worse immediate surgical outcome is essential. The goal of this study was to assess whether some of the previous risk factors published in the literature would be associated to an at least moderate LAVVR within 30 days of surgical repair at our practice, in Brazil.

   

  METHODS

  This study was approved by the ethics committee of our institution (protocol CEP 3802/2010), a tertiary-care hospital with a division of pediatric cardiology and cardiovascular surgery in Brazil, which waived the need for patient consent. The medical records of all patients 14 years old and younger who had undergone repair of incomplete (partial or transitional) AVSD at our practice between March 2002 and April 2010 were reviewed. Patients with any right ventricle obstruction, and those who had a previous pulmonary banding were excluded.

  The reports of the transthoracic echocardiograms performed before and after operation were reviewed. These exams were performed by one of two physicians using commercially available machines, HDI 5000CV (ATL Ultrasound), Envisor-C and HD11 (Philips Ultrasound, Bothell, WA, USA), with 3 to 8 MHz probes. For further analysis, there were considered the exam before surgery and the exam closer to the 30th postoperative day, while still being within 1 month of the repair.

  These were the factors assessed: preoperative (age, weight, absence of Down syndrome and grade of LAVVR), intraoperative (abnormalities on the AV valve morphology and the need for use of annuloplasty). Abnormalities on the AV valve morphology were subjectively described by the surgeon. Transesophageal echocardiography was not available during the period in which the patients were operated on.

  Pre- and post-surgical LAVVR was graded based on the appearance of the color Doppler jets in relation to the left atrium (8): I=absent or trivial; II=mild; III=moderate; IV=severe. The categorizations were based just on official written summaries of the exams. Images stored on tapes or in digital media were not assessed.

  Statistical Analysis

  Continuous variables were expressed as mean or median, and comparisons were made using the two-sided Mann-Whitney test. Categorical variables were expressed using frequency distribution and percentages, and comparisons were made using the Fisher exact test. For the analyses of variances, the Kruskal-Wallis test was used. Univariate odds ratios and their 95% confidence intervals (95% CI) were estimated for variables found to have a statistically significant (P<0.05) or borderline significant (P<0.2) relationship with moderate or greater post-operative LAVVR. These variables were included in the multivariate analysis, which was completed using logistic regression. A P-value of 0.05 or less was considered significant. All statistical analyses were conducted using the software StatsDirect, version 2.7.2. 2008 (Cheshire, UK).

  Patient Population

  We included 51 patients (27 females and 24 males): 35 with partial AVSD and 16 with transitional AVSD, 32 without Down syndrome (62.7%). Age at the time of repair ranged from 4.2 months to 12.8 years (median=4.1 years). Weight varied between 3.8 and 44.3 Kg (median=13.4 Kg). At the time of preoperative evaluation, there were 4 cases with grade I LAVVR (7.9%), 24 with grade II (47%), 15 with grade III (29.4%), and 8 with grade IV (15.7%) (Table 1). Less than 50% of the patients presented minor associated heart defects (Table 2). Patients with Down syndrome had lower grades of preoperative LAVVR than those without Down syndrome, but it did not reach statistical significance (P=0.17).
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  Operative management

  The atrial septal defect was closed with a preserved bovine pericardium patch in 50 of the 51 cases, and with direct suture in 1 case. The ventricular septal defect was not found in 8 of the 16 patients with transitional AVSD. Among the 8 other cases with ventricular septal defect, this defect was closed with direct suture in 3, with a preserved bovine pericardium patch in 2, with the same patch used for the closure of the atrial septal defect in 2, and it was closed using implantation of the superior bridging left on the superior rim of the defect in another one.

  The cleft was completely closed with interrupted 6-0 polypropilene sutures in 49 patients (96.1%). For those 11 patients (21.6%) who presented annular dilation based on the surgeon's judgment, both cleft closure and posterior annuloplasty were used. There were no statistically significant differences in the preoperative grade of LAVVR of these 11 patients when comparing to those who had not undergone annuloplasty (P=0.94).

  Among the nine patients in whom abnormalities on the AV valve were diagnosed, the cleft was left untouched in one patient with a dysplastic valve. In one of the cases with an accessory cleft, the attempt of closing it caused worsening of regurgitation, thus this cleft was left intact. Another patient presented a big atrial septal defect and a severe LAVVR; the choice for this case was to close de cleft and to leave a small residual atrial septal defect. Annuloplasty was performed in four out of these nine patients.

   

  RESULTS

  The cardiopulmonary bypass time was longer in patients with AV valve malformation: mean=83±24.13 (median 94.5 min) vs. 64.7±20.2 (median 70 min); P=0.03. The postoperative time on a mechanical ventilator ranged from 2.6 to 44.7 hours (mean=9.4±7.1 hours, median=7.2 hours) and the time of inotropic support varied between 10 and 157 hours (mean=49.9±26 hours, median=46 hours). The length of hospital stay ranged from 1 to 22 days (mean=7.9±4.6 days, median=7 days). There were two deaths (3.9%), one within the first 24 hours due to a 3rd degree AV block not properly treated and another due to low cardiac output syndrome on the 2nd postoperative day. The postoperative LAVVR grades on these patients were II and I, respectively, and none of them presented AV valve malformation. Before treatment, both of these patients had a grade I LAVVR.

  Postoperative echocardiographic exams were performed between zero and 30 days after surgery (mean=12.6±9.4 days). There were 8 cases with grade I LAVVR (15.7%), 31 with grade II (60.8%), 11 with grade III (21.5%), and 1 with grade IV (2%) (Figure 1). The mechanisms of valve regurgitation were not available on the medical reports. The variance between pre- and postoperative grades of valvar regurgitation was statistically significant (P=0.01).
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  Nine cases (17.6%) of abnormalities on the AV valve morphology were found and they were described according to the surgeon's report: dysplastic valve leaflets (n=5), accessory cleft (n=2), tendinous cordae rupture (n=1), and small left AV valve orifice (n=1). Six of these 9 patients presented with moderate or severe LAVVR before operation (66.7%), a rate greater than that seen in patients without such abnormalities (40.5%) (P=0.27). After repair, 4 of these 9 patients presented the same grade of preoperative LAVVR; there was worsening in 1, and improvement in 4. The variance between pre- and postoperative grades of LAVVR in this group of patients with AV valve malformation did not reach significance (P=0.26), unlike patients without such abnormalities (P=0.016). Among the 19 patients with Down syndrome, 2 (10.5%) presented AV valve abnormalities; whereas among the 32 without Down syndrome, 7 (21.9%) presented it (P=0.7).

  In 17 patients, the trivial or mild LAVVR found before operation was maintained after the procedure. In 15 of the 23 (65.2%) patients with moderate or severe pre-operative LAVVR, the postoperative LAVVR was found to be trivial or mild. A one-grade worsening on the LAVVR was found in 8 patients (15.7%). Of the 2 cases in which the cleft was left open, the grade of LAVVR didn't change. Regarding the improvement on the grade of LAVVR, there was no statistical significance comparing those patients who had undergone annuloplasty, with those who had not undergone it (P=0.84).

  Other findings on postoperative echocardiograms: 12 cases (23.5%) of insignificant residual ventricular septal defect, which is defined as a ventricular septal defect < 3 mm (8 of them were not seen during surgery, confirming that they were too small); four cases (7.8%) of insignificant residual atrial septal defect, which is defined as an atrial septal defect < 3 mm; two (3.9%) cases of mild left AV valve stenosis; and one (2%) case of a fistula from the left ventricle to the right atrium.

  Univariate analysis revealed that absence of Down syndrome was associated with moderate or severe post-operative LAVVR (P=0.02; OR=9.43). Severe preoperative LAVVR and AV valve abnormalities were only marginally significant (P=0.07 and 0.19, respectively) (Table 3). However, none of the factors were found to be associated with moderate or severe postoperative under multivariate analysis. Absence of Down syndrome reached only a borderline significance (P=0.06; OR=8.4) (Table 4).
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  DISCUSSION

  Despite different ages, different weight at repair, and different physiology, patients with both complete and incomplete AVSD present a similar risk of reoperation for LAVVR[1,3-6,9-14]. What both variations of the same disease have in common are the typical anatomical landmarks of AVSD (common AV junction, a common 5-leaflet AV valve, distinct papillary muscle displacement and a narrow and elongated left ventricle outflow tract)[15,16], as well as a high prevalence of individuals with Down syndrome[17]. Therefore, the clue to understanding this frequent complication may be related more to these two aspects than to another factor such as age, weight, or AV valve malformation.

  In the study by Kanani et al.[18], in which the anatomy of the subvalvar apparatus of normal hearts was compared to those of hearts with complete and incomplete AVSD with an intact left AV valve, the structural and geometric disarray of the tendinous cords of those hearts with AVSD defect was clearly visible, along with its possible rule on the mechanisms of valve regurgitation. Moreover, in the work by Bharucha et al.[19], with the use of three-dimensional echocardiography, it was found that a more acute angle of the components of the common AV valve against the plane of the common AV junction would be a predictor of postoperative valve function.

  Performing an intraoperative transesophageal exam is routine in many centers[5,10,20]; though, there is often too much discrepancy between its findings and those obtained through transthoracic exams in the days or weeks after repair[12,21]. In our study, which was performed without the use of intraoperative transesophageal echocardiography, a decrease of the number of patients with moderate or greater LAVVR from 45.1% to 23.5% was similar to that reported by Kaza et al.[22] in a study evaluating data from seven centers in North America. These results show that all techniques that were used, including cleft closure and annuloplasty, had an impact, but not enough of an impact to completely avoid early post-operative LAVVR in some patients. These patients, if previously identified, might receive an alternative approach to minimize the grade of LAVVR.

  As for the Down syndrome factor, AVSD is a real model to study the impact of Down syndrome on outcomes, since there are no other situations in congenital heart diseases in which there is such a high prevalence of a chromosomal disorder. Statements such as "In Down patients valve tissue is more abundant and allows for an easier reconstruction"[11] are often seen. It suggests that patients without Down syndrome would have a higher risk of worse surgical outcomes, as found by some authors[6,13]. However, not all studies confirm this relationship. Murashita et al.[4] and Al-Hay et al.[3], for instance, did not find any significant differences between individuals with or without Down syndrome in their studies. In the aforementioned study by Kanani et al.[18], there was no mention if hearts of patients with Down syndrome were included. Perhaps, histopathological comparisons of the valve and subvalvar apparatus of patients with and without Down syndrome might answer this question. In our study, the absence of Down syndrome tended to have some statistical significance.

  Some studies found the AV valve malformation to be associated with reoperation or valve replacement[9,14]. In the present study, the results could not prove any relationship between the presence of malformation and moderate or severe postoperative LAVVR. However, it was found that the operation for patients with such abnormalities did not produce the same benefits as it was seen for patients without them. The longer cardiopulmonary bypass time and the impossibility of closing the cleft in two out of nine patients demonstrate how difficult these cases can be. The diagnosis of these valvar abnormalities can be difficult. Ando et al.[21] found a weak correlation between preoperative echocardiographic findings and the surgeon's judgment in regard to the diagnosis of these malformations. Moreover, one should know that little consistency between the findings of two- and three-dimensional Echocardiography, considering the presence of AV valve malformation, has been shown by some authors. In the study by Takahashi et al.[23], for instance, the correlation between the findings of both methods was lower than 46% in the evaluation of the mural leaflet and in the evaluation of the commissural abnormalities of the left AV valve leaflets. The three-dimensional echocardiogram was more accurate and more reliable.

  In conclusion, for this sample we were not able to identify any risk factor for early moderate or severe postoperative LAVVR at our center, but we could observe that patients with AV valve abnormalities may be a challenge for surgeons.

  Study Limitations

  It was a retrospective study, and was therefore subject to limitations in terms of how correctly the information in the medical records was filed. The small number of patients may, in some ways, account for the lack of statistical significance among the factors studied. There were no pre- and postoperative echocardiographic information about the mechanisms of valve regurgitation (residual cleft, mobility of the leaflets, etc), precluding its impact on results.
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    ABSTRACT

    OBJECTIVE: Report initial experience with the Frozen Elephant Trunk technique.

    METHODS: From July 2009 to October 2013, Frozen Elephant Trunk technique was performed in 21 patients (66% male, mean age 56 ±11 years). They had type A aortic dissection (acute 9.6%, chronic 57.3%), type B (14.3%, all chronic) and complex aneurysms (19%). It was 9.5% of reoperations and 38% of associated procedures (25.3% miocardial revascularization, 25.3% replacement of aortic valve and 49.4% aortic valved graft). Aortic remodeling was evaluated comparing preoperative and most recent computed tomography scans. One hundred per cent of complete follow-up, mean time of 28 months.

    RESULTS: In-hospital mortality of 14.2%, being 50% in acute type A aortic dissection, 8.3% in chronic type A aortic dissection, 33.3% in chronic type B aortic dissection and 0% in complex aneurysms. Mean times of cardiopulmonary bypass (152±24min), myocardial ischemia (115±31min) and selective cerebral perfusion (60±15min). Main complications were bleeding (14.2%), spinal cord injury (9.5%), stroke (4.7%), prolonged mechanical ventilation (4.7%) and acute renal failure (4.7%). The need for second-stage operation was 19%. False-lumen thrombosis was obtained in 80%.

    CONCLUSION: Frozen Elephant Trunk is a feasible technique and should be considered. The severity of the underlying disease justifies high mortality rates. The learning curve is a reality. This approach allows treatment of more than two segments at once. Nonetheless, if a second stage is made necessary, it is facilitated.

    Descriptors: Aortic Diseases. Aorta, Thoracic. Cardiovascular Surgical Procedures. Aortic Aneurysm, Thoracic. Aneurysm, Dissecting. Endovascular Procedures.

  

   

  
    RESUMO

    OBJETIVO: Relatar experiência inicial com a técnica "Frozen Elephant Trunk".

    MÉTODOS: Entre julho de 2009 e outubro de 2013, 21 pacientes, 66% homens, média de idade de 56±11 anos, 66,7% portadores de dissecção da aorta tipo A de Stanford (9,6% agudas e 57,1% crônicas), tipo B (14,3%, todas crônicas) e aneurismas complexos (19%), foram operados pela técnica Frozen Elephant Trunk. Foram 9,5% de reoperações e 38% com procedimentos associados (25,3% revascularizações do miocárdio, 25,3% troca da valva aórtica e 49,4% tubos valvulados). Remodelamento da aorta foi avaliado com a comparação de angiotomografia pré-operatória e pós-operatória mais recente. Seguimento 100% dos pacientes, tempo médio de 28 meses.

    RESULTADOS: Mortalidade hospitalar de 14,2%, sendo 50% nas dissecções do tipo A agudas, 8,3% nas tipo A crônicas, 33,3% nas tipo B crônicas e 0% nos aneurismas complexos. Tempos médios de CEC (152±24min), isquemia miocárdica (115±31min) e perfusão cerebral seletiva (60±15min). Principais complicações pós-operatórias foram sangramento (14,2%), acidente vascular encefálico (4,7%), paraplegia (9,5%), intubação>72h (4,7%) e insuficiência renal aguda (4,7%). Houve necessidade de complementação do tratamento (distal ao stent) em 19%. Houve trombose da falsa luz em 80%.

    CONCLUSÃO: Frozen Elephant Trunk é opção técnica a ser utilizada. A gravidade e extensão da doença justificam mortalidade mais elevada. A curva de aprendizado é uma realidade. Esta abordagem permite abordar mais de dois segmentos de aorta em um estágio, mas se necessário segundo estágio, este é facilitado.

    Descritores: Doenças da Aorta. Aorta Torácica. Procedimentos Cirúrgicos Cardiovasculares. Aneurisma da Aorta Torácica. Aneurisma Dissecante. Procedimentos Endovasculares.

  

   

   

  INTRODUCTION

  The treatment of complex diseases of the aorta that involve the aortic arch using a hybrid procedure aims at reconstructing several segments within a single intervention. The "Frozen Elephant Trunk" (FET) surgical technique has been used for the treatment of complex aneurysms and chronic dissections of the thoracic aorta since 1996[1]. The prostheses used in these procedures consist of a proximal segment made of polyester (used to reconstruct the ascending aorta and aortic arch segment) distally attached to a self-expanding endovascular prosthesis (used to treat the proximal segment of the descending thoracic aorta). The main purpose of this technique is to potentially avoid a second procedure required after the classic elephant trunk technique[2]. Over time, indications for the use of the FET have extended to patients with acute aortic dissections. This surgical approach was established to expand aortic treatment as well as to favor thrombosis of the false lumen or the aneurysm, since the false lumen that remains patent (and, therefore, pressurized) is a risk factor for dilation and rupture of the aorta and subsequent need for a new surgical treatment[3-5].

  The aim of this study is to report an initial experience with the FET technique to treat complex diseases of the thoracic aorta with involvement of the aortic arch.

   

  METHODS

  Between July 2009 and October 2013, 21 patients underwent surgery with the FET technique, all with the E-vita Open® prosthesis (Jotec GmbH, Hechingen, Germany). Consequently, all patients underwent antegrade implantation of the endovascular prosthesis through the aortic arch.

  The choice of prosthesis was due to it being the only one available in the Brazilian market. A series of previously published cases using this prosthesis have shown satisfactory perioperative and mid-term results in terms of the extent of the aneurysm, false lumen thrombosis, and aortic remodeling[6,7].

  The patients who were treated had complex diseases of the thoracic aorta involving the aortic arch. A complex disease of the aorta was defined as simultaneous involvement of three or more aortic segments.

  Operations performed in the distal aorta were defined as new surgical approaches involving treatment of any segment distal to the stent in order to supplement the primary treatment or because of the evolution of the disease.

  Cardiopulmonary bypass was maintained with arterial cannulation of the right subclavian artery in 5 patients and innominate # 16 patients. Venous drainage was performed with double-stage cannula through the right atrium.

  Brain protection was performed by antegrade cerebral perfusion by both carotid arteries, with monitoring of the right upper limb perfusion pressure (invasive blood pressure in the right radial artery), associated with moderate hypothermia (25ºC), hypothermia with ice and sodium thiopental (spinal cord protection exclusively by 25ºC hypothermia associated with systemic circulatory arrest).

  The reconstruction of the supra-aortic vessels was made from reimplantation in island anastomosed to the polyester tube for all cases.

  All operations were performed in conventional operating room, without use of scopes or guidewire. The introduction of the prosthesis was performed through direct identification of the true light for patients with aortic dissection.

  The FET technique was used in type A acute or chronic dissections with inlet port located in the distal aortic arch or descending thoracic aorta, and patients with these aorta segments greater than than four centimeters.

  During the study period, all patients with involvement of the ascending aorta, aortic arch and proximal descending aorta underwent this technique.

  There were 21 patients, 66% male, with a mean age of 56±11 years (ranging from 27 to 70 years-old).

  Out of the 21 patients, 67% had Stanford type A aortic dissections (10% acute and 57% chronic), 14% had Stanford type B chronic aortic dissections, and 19% had complex aneurysms.

  In 9.5% of the patients, there was a reoperation (all had previous surgery in the aortic root and ascending aorta), and 38% required associated procedures (50% underwent aortic root reconstruction with composite-graft valve replacement, 25% underwent aortic valve replacement, and 25% underwent myocardial revascularization).

  In addition, 28% were urgency or emergency surgeries, 10% of which were Stanford type A acute dissections.

  Radiological assessment was carried out taking into consideration preoperative angiotomographies of the aorta and comparing it to the last postoperative exam (Figures 1A and 1B).
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  Patient data were retrospectively analyzed from a database prospectively built. Full clinical follow-up was done up to November 30, 2013. Follow-up was performed at the institution's outpatient facility or via telephone.

  This study was approved by the Research Ethics Committee of the institution (No. 837) for specific database creation of the aforementioned patients and the consent form is not required by the retrospective feature of the research.

   

  RESULTS

  Hospital mortality was 14.2%. According to etiology, mortality rates for Stanford type A acute dissections, Stanford type A chronic dissections, and Stanford type B chronic dissections were 50%, 8.3%, and 33.3%, respectively. There was no mortality in patients with complex thoracic aortic aneurysms.

  Mean CPB time was 152 min±24 min, mean myocardial ischemia time was 115 min±31 min, and mean time of selective cerebral perfusion at 25ºC was 60 min±15 min.

  The main complications observed were reoperation due to bleeding in three patients, stroke in one patient, paraplegia in two patients, prolonged intubation (longer than 72 hours) in one patient, and acute renal failure requiring dialysis in one patient.

  Four patients (19%) required a second surgical time for intervention in the descending thoracic aorta. Most of them (three patients) underwent implantation of vascular endoprosthesis in the segment distal to the one first treated during the same hospital stay whereas one patient, while recovering from the first stage and awaiting thoracoabdominal reconstruction, was admitted to another facility four months after hospital discharge and underwent open surgery, leading to death.

  Angiotomographies for postoperative control of patients diagnosed with dissection showed false lumen thrombosis in 80% of the aortic segments with vascular endoprosthesis and in 60% of the aortic segments without endoprosthesis. All of the patients with aneurysm had thrombosis around the stent.

   

  DISCUSSION

  The use of a hybrid approach to complex diseases of the thoracic aorta allows for the treatment of long segments of the aorta in a single stage.

  Some authors have questioned the possibility of treating complex aortic diseases in a single stage through median sternotomy using the FET technique[12], giving preference to other approaches, such as bithoracotomy[13,14]. However, the FET technique has shown fewer pulmonary complications as well as similar survival rates in 5-year follow-ups[11,14].

  Shimamura et al.[8] and Uchida et al.[9] demonstrated survival free from reintervention in the distal segment of the aorta of 75% and 92%, respectively, in up to 10 years of follow-up, and with mortality ranging from 46% to 25%.

  The first mid-term results obtained with the use of the E-vita Open® prosthesis showed 5-year survival rates of 79%, where 96% of the patients were free from thoracoabdominal aorta open reintervention and 84% were free from additional endovascular treatments[10].

  Our experience has shown that, in less than a 3-year follow-up period, there was 20% of reinterventions, all of them as a consequence of the inability to fully approach the disease of the aorta through the FET procedure. None of the reinterventions was due to progression of the initial disease or to the appearance of a new disease in the distal segment of the aorta.

  The percentage of reoperations, the high number of associated procedures required as well as procedures characterized as urgency or emergency attest the high surgical complexity and high surgical risk of patients included in this study.

  This study states the initial experience of the Heart Institute of the University of São Paulo Medical School with this operation. Follow-up time is still short (average of 28 months, ranging from 1 to 54 months), with hospital mortality compatible with that reported in the international literature[11].

  In the last 10 years, the use of the FET technique has spread to include the treatment of acute aortic dissections and mega-aorta syndrome. As a result, the need for second-stage surgery is real, since the approach of the aorta has to be extended distally to the segment associated with the stent. Thus, the FET stent facilitates the second stage of surgery while complementing the treatment, in cases of open thorax or endovascular operations, and providing a better region for new endoprosthesis anchoring, especially when compared to the classic elephant trunk technique or with the diseased native aorta initially untreated[11,15,16].

  Likewise, in patients with chronic aortic dissection, a second stage is likely to be required since the possibility of excluding false lumen is lower. In this disease, the delaminated membrane is thicker than in acute dissections and true lumen is lower, which increases the risk of leakage and progression of aneurysmatic dilation. Consequently, a large number of publications have shown high percentage of false lumen thrombosis around the endoprosthesis, but inferior outcomes in the distal segments of the aorta without stent and no improvement throughout follow-up[9,17,10]. Therefore, we believe that the need for second stage surgery is not related to the failure of the prosthesis used in the FET, but rather to the characteristics of the primary disease.

  Some authors have shown that the prevalence of aortic reinterventions distally to the original surgery is higher in patients with chronic aortic dissection when compared to patients with acute dissection[11]. Conversely, in acute dissections, the FET technique prevented late dilation of the proximal segment of the descending aorta, stabilized the dissected membrane, and promoted true lumen expansion, even in segments distal to the stent[11]. As a result, knowing that in these patients the distal portion of the dissected aorta tends to dilate over time when only a conduit interposition in the ascending aorta is performed, especially the proximal segment of the descending aorta[3-5], the FET technique has become the technique of choice for the treatment of Stanford type A acute dissections in some centers[11]. This technique has been used even in patients with connective tissue diseases[18].

  Lastly, when compared to other series of cases[19,20], the prevalence of spinal injury in this study was equal or lower to what has been reported in the international literature and it was present only in the first cases, in particular, when systemic circulatory arrest time was longer due to initial difficulties to perform the procedure.

  Limitations of the study

  Main limitations of the study are the reduced number of patients and short, though complete, follow-up period.

   

  CONCLUSION

  The FET technique has been shown to be an option in the surgical treatment of complex diseases of the thoracic aorta. High mortality is warranted in view of the severity of primary diseases and the complexity of the patients.

  The learning curve is a reality in these operations.

  This technique can treat complex diseases of the thoracic aorta in a single stage. When required, FET simplifies reintervention in the distal segments, providing a more appropriate region both for surgical manipulation and for new endoprosthesis anchoring.
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    ABSTRACT

    INTRODUCTION: Rheumatic Fever represents a serious public health problem in developing countries, with thousands of new cases each year. It is an autoimmune disease, which occurs in response to infection by streptococcus A.

    OBJECTIVE: The aim of this study was to evaluate the immunolabeling and protein expression for endothelin-1 and 3 (ET-1, ET-3) and its receptors (ETA, ETB) in rheumatic mitral valves.

    METHODS: Immunohistochemistry was used to identify ET-1/ET-3 and ETA/ETB receptors in rheumatic and control mitral valves. Quantitative analysis of immunostaining for ET-1/ET-3 and ETA/ETB receptors was performed. In addition, western blot analysis was carried out to assess protein levels in tissue samples.

    RESULTS: ET-1 and ETA receptor immunostaining predominated in stenotic valves, mainly associated with fibrotic regions, inflammatory areas and neovascularization. Quantitative analysis showed that the average area with positive expression of ET-1 was 18.21±14.96%. For ETA and ETB, the mean expressed areas were respectively 15.06±13.13% and 9.20±11.09%. ET-3 did not have a significant expression. The correlation between the expression of both endothelin receptors were strongly positive (R=0.74, P=0.02), but the correlation between ET-1 and its receptor were negative for both ETA (R=-0.37, P=0.25), and ETB (R=-0.14, P=0.39). This data was supported by western blot analysis.

    CONCLUSION: The strong correlation between ET-1 and its receptors suggests that both play a role in the pathophysiology of rheumatic mitral valve stenosis and may potentially act as biomarkers of this disease.

    Descriptors: Rheumatic Fever. Mitral Valve Stenosis. Endothelin-1. Immunohistochemistry. Blotting, Western.

  

   

  
    RESUMO

    INTRODUÇÃO: A febre reumática representa um sério problema de saúde pública em países em desenvolvimento, com milhares de novos casos a cada ano. Ela é uma doença autoimune que ocorre em resposta à infecção por estreptococos do grupo A.

    OBJETIVO: O objetivo deste estudo foi avaliar a expressão proteica e imunohistoquímica para a endotelina-1 e 3 (ET-1 e ET-3) e seus receptores (ETA e ETB) em valvas mitrais reumáticas.

    MÉTODOS: Imunohistoquímica foi utilizada para identificar receptores de ET1/ET3 e ETA/ETB em valvas mitrais reumáticas e controles. A análise quantitativa da expressão imunohistoquímica para receptores de ET1/ET3 e ETA/ETB foi também efetuada. Adicionalmente, foi feita análise do western blot para mensurar níveis de proteínas em extratos tissulares.

    RESULTADOS: A expressão imunohistoquímica de ET-1 e de seu receptor predominou em valvas estenóticas, estando associada com regiões fibróticas, áreas inflamatórias e neovascularização. A análise quantitativa mostrou que a área média com expressão positiva para ET-1 foi de 18,21±14,96%. Para o ETA e o ETB, as áreas médias expressas foram, respectivamente, 15,06±13,13% e 9,20±11,09%. ET-3 não teve uma expressão significante. A correlação entre a expressão dos dois receptores de endotelina foi fortemente positiva (R=0,74, P=0,02); mas a correlação entre ET-1 e o seu receptor foi negativa tanto para ETA (R=-0,37, P=0,25) como para ETB (R=-0,14, P=0,39). Estes dados foram confirmados pela análise do western blot.

    CONCLUSÃO: A forte correlação entre ET-1 e seus receptores sugere que ambos têm papel importante na fisiopatologia da estenose mitral reumática, podendo potencialmente atuar como biomarcadores desta doença.

    Descritores: Febre Reumática. Estenose da Valva Mitral. Endotelina-1. Imunoistoquímica. Western Blotting.

  

   

   

  INTRODUCTION

  Mitral stenosis is an obstruction to blood inflow between left atrium and left ventricle caused by some structural abnormality of the mitral valve, such as annular calcification and chordal fusion[1,2]. Usually, mitral stenosis is of rheumatic origin (more than 99% of cases). Rheumatic fever (RF) is a recurring, inflammatory and autoimmune disease as a result of complications of infections by Lancefield group A β-hemolytic Streptococcus pyogenes. RF is rare in developed countries but remains a disease with high prevalence in developing countries, and is a major cause of acquired heart diseases in children and young adults, such as mitral or aortic stenosis[3-6]. It is estimated that more than 125000 people are hospitalized per year in Brazil because of acute RF[7].

  Endothelins are a family of peptides of which there are 3 isoforms: ET-1, ET-2 and ET-3, acting on 2 receptors: ETA and ETB. ET-1 is the form most produced by cardiac endothelium, being normally detected in low concentration in serum. It is related to the regulation of physiological functions including cardiovascular homeostasis[8]. However, in higher concentrations, it acts as pathogenic mediator causing vasoconstriction, fibrosis, inflammation and vascular hypertrophy[9]. ETA receptors have a greater affinity for ET-1 and are expressed in several cells in the cardiovascular system, including smooth muscle cells and fibroblasts, whereas ETB receptors are mainly expressed on endothelial cells and have the same affinity for all three endothelin isoforms. The main effects of ET-1 on ETA receptors are vasoconstriction, increased inotropism and mitogenesis; ETB receptors are associated with endothelin-induced vasodilation via nitric oxide and prostacyclin release[10].

  Some studies show gene expression of endothelin in heart valves of patients who underwent surgical valve replacement[2,5,11,12]. The expression and synthesis of ET-1 is increased by shear and turbulent forces that are likely to occur in various forms of valvular dysfunction that impact on tissue structure and function[5]. This study aims to confirm the presence and determine endothelin and its receptor levels in rheumatic mitral valves, the importance of this peptide and how it might act as a biomarker in inflammatory processes associated with cardiovascular diseases.

   

  METHODS

  This study focused on the quantitative analysis of immunostaining and western blotting of eleven mitral valves collected at Aracaju, SE, Brazil under local Ethics Committee approval (CAAE 2344.0.000.107.10). Additionally, we performed calcium determination on the mitral valves.

  Seven mitral valve samples were obtained during heart valve surgeries in association with two major cardiovascular Surgery services located in the city of Aracaju. The control group consists of four samples from victims of fatal motorcycle accidents which were obtained at the local Institute of Legal Medicine. At autopsy, valvular changes were not evidenced; nor other signs that could be suggestive of acute or chronic rheumatic disease.

  After gathering the samples, they were submerged in RNA stabilization solution made by BioAgency® and stored in a -80ºC freezer at the Morphology Department of UFS. The samples were prepared as 5 µm sections that were mounted on silanized microscope slides.

  Epidemiological profile

  All the 7 patients who underwent surgical treatment between the months of June 2012 and August 2012 were male, with documented evidence of rheumatic mitral stenosis, diagnosed by echocardiographic exams associated with serological tests (ASO) and clinical history of rheumatic fever. The mean age of the patients was 33±11.56 years. There were no deaths during surgery. Echocardiographic data from the valve area (VA) and pulmonary artery systolic pressure (PASP) were obtained. The findings showed a mean valve area of 1.0±0.38 cm2 and a mean PASP of 52.71±13.64 mmHg, as shown in Table 1. The mean age of the control group (four males) is 27±1.41 years old and the average mitral valve area measured at autopsy was 4.55±0.36 cm2.
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  Immunohistochemistry

  Standard immunohistochemistry was performed on slide-mounted tissue sections using the Avidin-Biotin Complex Alkaline Phosphatase method (ABC-Alkaline Phosphase kit, Vector Laboratories Inc, USA) following the manufacturer's instructions as previously described[13].

  The samples were dewaxed in xylene for 10 minutes, rehydrated in decreasing concentration alcohol (100% to 50%) and immersed in distilled water. Then the slides were heated in full power microwave for 10 minutes in citrate buffer solution pH 6 and washed in phosphate buffered saline (PBS). The histological sections were circled by wax pen to contain incubation solution. Blocking normal horse serum (10 minutes) and primary antibody (30 minutes), both in PBS solution, were added. After that, slides were gently washed in PBS for 3 times. Secondary antibody in PBS solution was added for 10 minutes and then the slides were gently washed for 3 times again. Sections were incubated in Vectastain® ABC-AP reagent for 5 minutes. The sections were washed in PBS 3 times and incubated in alkaline phosphatase substrate solution 20 minutes. The slides were counterstained with haematoxylin, tapwater was rinsed for 5 minutes, washed in distilled water 2 times, then dehydrated in increasing concentration alcohol (50% to 100%) and dewaxed in histoclear for 3 times of 5 minutes each. Vector® red substrate was used as the chromogen of this reaction.

  Antibodies and their dilution: Mouse anti-human monoclonal antibody against endothelial cells (CD31, clone JC70A, 1:100, DakoCytomation, Denmark); rabbit anti-human monoclonal antibody against ET-1 and ET-3 (1:250, R & D Labs), rabbit anti-human monoclonal antibodies against ETA and ETB receptors (both 1:200, Alomone Labs, Israel) and AS02/Thy-1 for fibroblasts (1:200, DakoCytomation, Denmark). Representative sections from each sample were also stained using haematoxylin and eosin.

  Endothelin quantification

  Stained area measurement of each sample was performed using ImageJ software (National Institute of Health, Bethesda, MD, USA). The method of measurement was based on calculating the mean value derived from the red channel of a red-green-blue (RGB) digital microphotograph of the stained sections. Using a color histogram module and the statistics of the red color distribution, the specimens under examination were compared. The higher the mean intensity on a scale of 0 to 255, the more positive the specimen is. Quantification was performed obtaining the mean intensity value of each section stained by immunohistochemistry at 200x magnification, including the samples stained with ASO2/Thy-1 to identify fibroblasts. Thereafter, a ratio between the mean value in each sample for endothelins and the fibroblast was used as a constitutive control. The measurement of stained areas was repeated by a second observer.

  Western blot analysis

  To examine biochemical and functional differences between control and ET-1 fibroblasts in mitral valves, we performed some western blot experiments, according previous protocols[14,15]. Fibroblasts were cultured and treated with ET-1 in floating or fixed collagen gels as described above. Alternatively, fibroblasts were grown to confluence in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal calf serum and then serum starved in DMEM with 0.5% bovine serum albumin (BSA) for 24 h. After serum starvation, cells were stimulated with 100 nM ET-1 for 24 h with 0.5% BSA .Cell layer lysates were examined. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed on 12% polyacrylamide gels, and the separated proteins were transferred onto nitrocellulose membranes at 30 V for 90 min. Membranes were blocked by incubation for 1 h with 5% nonfat milk in PBS containing 0.2% Tween 20, and antigens were detected using specific antibodies. Cell layer lysates (10 µg/sample) were probed using antibodies directed against ET-1, ET-3 (R & D Labs) ETA and ETB (Alomone Labs, Israel), followed by incubation with appropriate horseradish peroxidase-conjugated bound secondary antibody (Jackson ImmunoResearch Laboratories).Signal was detected using the enhanced chemiluminescence protocol (Amersham Biosciences, Piscataway, NJ) as described by the manufacturer.

  Calcium determination

  The valve fragments were sent to the Laboratory of Analytical Chemistry, Department of Chemistry (UFS) to determine their inorganic calcium content. We also analyzed the control group. HCl was used to digest the samples, and the quantitative analysis of the inorganic calcium was performed via atomic absorption spectrometer (Varian® Atomic Absorption 240FS, Mulgrave, AUS).

  Statistics

  Statistical calculus was performed by measures of central tendency and variation. We also examined the correlation between expression of ET1 and its receptors. For correlation analysis, we used Pearson's correlation, with the significance level of 5% (P value< 0.05). The results obtained was analyzed by the software Microsoft Excel® 2007.

   

  RESULTS

  Immunohistochemistry

  There was dense immunostaining in stenotic mitral valves, mainly for ET-1 and ETA receptors. This staining was particularly evident at inflammatory regions and also in close proximity to calcified areas (Figure 1). At higher magnification more discrete, localized, immunostaining was observed where ET-1 and ETA/B receptors were associated with regions of fibrosis (ASO2/Thy-1 immunostaining), inflammation and neovascularization (CD31 immunostaining) (Figure 2). In most samples there was no (or very weak) positive immunostaining for ET-3. Endothelial ET-1 staining was observed in regions of neovascularization (Figure 2).
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  Quantitative analysis

  Figure 3 shows the quantitative analysis for stained area measurement data as a ratio between mean values for ET and fibroblast. The results of this quantitative analysis for rheumatic versus control samples: ET-1 122%±13% vs. 129%±12; ETA 121%±7% vs. 118%±20%; ETB 121%±12% vs. 110%±16% (one control sample did not express ETB receptor). While quantitative analysis for ET showed that the average area with positive expression of ET-1 was 18.21±14.96%. For ETA and ETB, the mean expressed areas were respectively 15.06±13.13% and 9.20±11.09%. ET-3 had none or very weak expression. The correlation between the expression of both endothelin receptors were strongly positive (R=0.74, P=0.02), but the correlation between ET-1 and its receptor were negative for both ETrA (R= -0.37, P=0.25), and ETrB (R=-0.14, P=0.39).
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  Here, quantitative data is expressed at ET/ET receptor staining as a proportion of fibrotic regions. Where staining is >100% additional staining was associated with other areas such as neovascularization and inflammation; there are cases where these regions overlap (e.g. neovascularization within fibrotic regions).

  Western blot analysis 

  The western blot analysis data generally supported the quantitative immunohistochemistry where ET-1 and ETA receptor protein expression were shown to be raised in RF/stenotic mitral valves compared with controls. ETB receptor protein levels were low and a small rise in stenotic valves was observed while ET-3 expression was low and there was no difference between RF patients and controls (Figure 4).
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  Calcium determination

  In fact, the group with mitral stenosis showed high levels of inorganic calcium, with an average of twenty-six times higher than the control group (Mitral Stenosis Group=8.1±1.6 vs. Control Group=0.3±0.2; P<0.05).

   

  DISCUSSION

  In this study we have shown that ETs and their receptors are present in mitral valves obtained from patients with RF undergoing valve replacement surgery. Early indications for a role of ET-1 in patients with mitral valve stenosis were described by Kinoshita and colleagues[16] where plasma ET-1 concentrations were higher in patients with mitral stenosis than in healthy volunteers. More recently, Chen et al.[17] measured plasma concentrations of ET-1 in patients with moderate-to-severe rheumatic mitral stenosis before and after percutaneous transluminal mitral valvuloplasty. While circulating ET-1 levels were elevated in patients with mitral stenosis the authors proposed that ET-1 release was due largely to increased systemic venous pressure and mechanical damage of the endothelium.

  A protective role for ET-1 in rheumatic valvular patients with elevated pulmonary artery pressure has been proposed based on data from Huang et al.[18]. Here, patients who underwent cardiac valvular replacement were studied to determine the perioperative changes of plasma ET-1 levels and disposition of ET-1 in the pulmonary and systemic vasculature between patients with elevated pulmonary artery pressure and patients with normal pulmonary artery pressure. While ET-1 concentration did not differ between the two groups of patients, plasma ET-1 levels in the pulmonary artery and right atrium were significantly higher in patients with high pulmonary artery pressure than those with normal pulmonary artery pressure. Before cardiopulmonary bypass there was a significant pulmonary extraction of plasma ET-1 in patients with high pulmonary artery pressure but this was not seen after bypass. Since there was no transpulmonary difference of plasma ET-1 concentration in patients with normal pulmonary artery pressure either before or after bypass the authors concluded that high levels of ET-1 in the pulmonary circuit and the pulmonary extraction of the ET-1 in patients with high pulmonary artery pressure might be a protective mechanism for rheumatic valvular patients with elevated pulmonary artery pressure.

  A study investigating the expression levels of ET-1 and ET(A) and ET(B) receptors in porcine mitral valves and associating transcription levels to age, leaflet location and deposition of mucopolysaccharides (MPS) has been described[19] where transcription levels of ET-1 and ET(A)-R were significantly higher in leaflets from the 'old' compared with 'young' pigs whereas gene expression of ET(B)-R was not associated with age, but increased in chordal insertion areas compared with inter-chordal areas. It was concluded that an age-related valvular degeneration occurs in porcine mitral valve leaflets and that ET-1 is involved via an action on both ET(A) and ET(B) receptors.

  Regarding a potential role of ET-1 in calcification, there is evidence that this peptide is involved in vascular calcification based on a study using both an in vivo model and in vitro calcification of vascular smooth muscle cells (VSMCs) induced by beta-glycerophosphate[20]. In vitro, calcium content and Ca(2+) uptake were increased in calcified VSMCs, compared with controls, but were decreased, compared with calcified VSMCs in the presence of BQ123. In addition, ET-1 content in the medium and ET-1 mRNA in VSMCs was elevated compared with normal VSMCs. These results indicated an upregulated ET-1 gene expression as well as an increased production of ET-1 in calcified aorta and VSMCs with BQ123 and bosentan significantly reducing vascular calcification suggesting that ET-1 might be involved in pathogenesis of vascular calcification. Our study revealed marked ET-1 immunostaining of microvessels in rheumatic mitral valves that was paralleled by staining of both ETAR and ETBR, an observation that may be of particular relevance to the calcification occurring in these patients[21,22].

  According other studies which found a positive correlation between ET-1 and ETA receptors with mitral stenosis in rheumatic patients, our study showed higher levels of ET-1 in rheumatic replaced valve samples in comparison to control samples. But it should be understood that the results fit to more complex valve situations to the point of not allowing the plastic; with this, we can not assert that the results can be assumed as a general rule during the natural history of mitral stenosis.
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    ABSTRACT

    INTRODUCTION: Congenital heart disease is an abnormality in the structure or cardiocirculatory function, occurring from birth, even if diagnosed later. It can result in intrauterine death in childhood or in adulthood. Accounted for 6% of infant deaths in Brazil in 2007.

    OBJECTIVE: To estimate underreporting in the prevalence of congenital heart disease in Brazil and its subtypes.

    METHODS: The calculations of prevalence were performed by applying coefficients, giving them function rates for calculations of health problems. The study makes an approach between the literature and the governmental registries. It was adopted an estimate of 9: 1000 births and prevalence rates for subtypes applied to births of 2010. Estimates of births with congenital heart disease were compared with the reports to the Ministry of Health and were studied by descriptive methods with the use of rates and coefficients represented in tables.

    RESULTS: The incidence in Brazil is 25,757 new cases/year, distributed in: North 2,758; Northeast 7,570; Southeast 10,112; South 3,329; and Midwest 1,987. In 2010, were reported to System of Live Birth Information of Ministry of Health 1,377 cases of babies with congenital heart disease, representing 5.3% of the estimated for Brazil. In the same period, the most common subtypes were: ventricular septal defect (7,498); atrial septal defect (4,693); persistent ductus arteriosus (2,490); pulmonary stenosis (1,431); tetralogy of Fallot (973); coarctation of the aorta (973); transposition of the great arteries (887); and aortic stenosis 630. The prevalence of congenital heart disease, for the year of 2009, was 675,495 children and adolescents and 552,092 adults.

    CONCLUSION: In Brazil, there is underreporting in the prevalence of congenital heart disease, signaling the need for adjustments in the methodology of registration.

    Descriptors: Heart Defects, Congenital. Epidemiology. Health Policy. Brazil.

  

   

  
    RESUMO

    INTRODUÇÃO: Cardiopatia congênita é uma anormalidade na estrutura ou função cardiocirculatória, ocorrente desde o nascimento, mesmo que diagnosticada posteriormente. Pode resultar em morte intraútero, na infância ou na idade adulta. Foi responsável por 6% dos óbitos infantis, no Brasil, em 2007.

    OBJETIVO: Estimar a subnotificação na prevalência das cardiopatias congênitas no Brasil e seus subtipos.

    MÉTODOS: Os cálculos das prevalências foram realizados aplicando-se coeficientes, atribuindo-lhes função de taxas para cálculos dos agravos. O estudo faz aproximação entre a literatura e os registros governamentais. Adotou-se estimativa de 9:1000 nascimentos e taxas de prevalências para subtipos, aplicadas aos nascimentos de 2010. As estimativas de nascimentos com cardiopatia congênita foram comparadas com as notificações ao Ministério da Saúde. Foram estudados por MÉTODOS descritivos com uso de taxas e coeficientes, representados em tabelas.

    RESULTADOS: A incidência, no Brasil, é de 25.757 novos casos/ano, distribuídos em: Norte 2.758; Nordeste 7.570; Sudeste 10.112; Sul 3.329; e Centro-Oeste 1.987. Em 2010, foram notificados ao SINASC/MS 1.377 casos de nascidos com cardiopatias congênitas, o que representa 5,3% do estimado para Brasil. No mesmo período, os subtipos mais frequentes foram: comunicação interventricular (7.498); comunicação interatrial (4.693); persistência do canal arterial (2.490); estenose pulmonar (1.431); tetralogia de Fallot (973); coarctação da aorta (973); transposição das grandes artérias (887); e estenose aórtica 630. A prevalência de cardiopatias congênitas, para o ano de 2009, foi 675.495 crianças e adolescentes e 552.092 adultos.

    CONCLUSÃO: Há, no Brasil, subnotificação na prevalência das cardiopatias congênitas, sinalizando para a necessidade de adequações na metodologia de seu registro.

    Descritores: Cardiopatias Congênitas. Epidemiologia. Política de Saúde. Brasil.

  

   

   

  INTRODUCTION

  Congenital Heart Disease (CHD) is an abnormality in the structure or cardiocirculatory function that occurs from birth, even if subsequently diagnosed[1]. It varies in severity, occurring from communications between cavities that spontaneously regress up to major malformations that even require several procedures, surgical or catheterization. It can result in intrauterine, childhood or adulthood death[2].

  Globally, 130 million children are born each year. Of these, four million die in the neonatal period, or that is, in the first 30 days of life[3] and 7% of the fatalities are related to CHD[4].

  In 2007, in Brazil, 6% of deaths in children under one year of age were by CHD[5]. Among the congenital malformations, cardiovascular abnormalities are the most common cause of infant mortality, 40% under study in São Paulo/Brazil[6] and 26.6% and 48.1% in the US[7,8]. Delays in the development and cognitive deficits are associated with a congenital heart disease of 20% to 30%[9-11].

  Hoffman & Kaplan reported a variation in prevalence rate of 4:1000 to 50:1000 births. The highest one is related to the occurrence of low severity injuries that are solved without medical intervention[12].

  In Brazil, studies on the epidemiology of congenital heart disease with different cuts, express coefficients ranging from 5.494[13] to 7.17 per 1,000 births[14]. For a group with low birth weight, the prevalence rate ranged from 10.7 to 40.7:1,000 births[15].

  Amorim, in Minas Gerais, Brazil, from 1990 to 2003, analyzing data on 29,770 newborns, found prevalence rate of congenital heart defects corresponding to 9.58:1,000 births and equal to 87.72:1,000 between stillbirths[16]. Rivera, in Alagoas, Brazil, for the same age group, found prevalence in 13.2:1,000 births[17].

  Study review and meta-analysis on the global prevalence of congenital heart disease included 114 studies, with a study population of 24,091,867 births. The prevalence rate estimated at 9.1 per 1,000 births remains stable over the last 15 years. This corresponds to 1.35 million newborns with CHD each year[18].

  In this study, prevalence is the greatness of the event at any given time[19], adopting the coefficient of 9:1000 births as the basis for calculation of CHD in Brazil and in each federal unit.

  The scarcity of specific bibliography and reliable statistics on the Brazilian population with congenital heart disease forces the approximation to the international literature, in order to estimate the prevalence of CHD in Brazil and compare it to the official notifications, serving therefore as basis for formulation of public policies, based on more realistic data.

  Objective

  The aim of this study was to estimate underreporting in the prevalence of congenital heart disease in Brazil and its most frequent subtypes.

   

  METHODS

  We adopted for the test under report, the prevalence rate of congenital heart disease equal to 9:1000 births, defined in a review and meta-analysis study for births worldwide [18].

  Population and birth registries in Brazil, regions and federated units, were obtained by consulting the Demographic Census of 2010, published in 2012, and made available on the DATASUS/Ministry of Health (MOH) website[20].

  Secondary data relating to the distribution by age group, the Brazilian population of 2009, published by the Demographic Census of 2010[20], were divided into two groups: the first with children under 18 years of age and the second formed by adults, aged 18 and more.

  Rates for the prevalence of congenital heart disease by age group, were defined in the study on the population of Canada. For children under 18, 11.89 CHD per 1,000 individuals and 4.09 CHD per 1,000 adults[21].

  The prevalence of congenital heart disease in 2010, recorded in SINASC (System of Live Birth Information), was obtained by consulting the DATASUS/MOH website.

  The estimated prevalence of congenital heart disease in Brazil, was generated when the prevalence rate equal to 9: 1000 births was applied to quantitative births.

  Estimated prevalence of congenital heart disease was compared with notifications from SINASC/MOH, revealing the disease registration percentage in Brazil and the federal units.

  The estimated prevalence of the eight most frequent subtypes of CHD was achieved by applying to the quantitative of birth the prevalence rates per 1,000 births of each subtype, namely: Ventricular septal defect (VSD) 2.62; Atrial septal defect (ASD) 1.64; Persistent ductus arteriosus (PDA) 0.87; Pulmonary stenosis 0.5; Tetralogy of Fallot (T4F) 0.34; Aortic Coarctation (AoCo) 0.34; Transposition of the great arteries (TGA) 0.31 and Aortic Stenosis, 0.22[18].

  The CHD prevalence rates among age groups were estimated when applied to population groups their respective relative rates of prevalence[21].

  The data were evaluated by descriptive methods using rates and ratios represented in tables.

   

  RESULTS

  In 2010, in Brazil, 2,861,868 births were reported. When applied the prevalence rate of congenital heart disease of 9:1,000 births, an estimate of 25,757 new cases for the year under study was found. The occurrence of CHD in the Brazilian regions, for the same year, was as follows: North 2758; Northeast 7,570; Southeast 10,112; South 3329; and Midwest 1,987 new cases Table 1.
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  In the same period, 1,377 cases of births with CHD were reported to the Ministry of Health/SINASC, representing 5.3% of estimated for Brazil. The distribution by federal unit is visualized in Table 1.

  In this study, the prevalence for the year 2010, from the eight most frequent subtypes of CHD were: Ventricular septal defect (VSD) 7498; Atrial septal defect (ASD) 4693; Persistent ductus arteriosus (PDA) 2490; Pulmonary stenosis 1,431; Tetralogy of Fallot (T4F) 973; Aortic coarctation (CoA) 973; Transposition of the great arteries (TGA) 887 and Aortic Stenosis 630 Table 2.
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  In 2009, to a Brazilian population of 191,795,000, divided into 56,809,000 under 18 and 134 986 000 adults was estimated a prevalence of 675,495 children and adolescents and 552,092 adults with congenital heart disease.

   

  DISCUSSION

  Pinto Jr et al.[22] propose, in a study on regionalization of Brazilian pediatric cardiovascular surgery, the implementation of a support network for patients with congenital heart disease, of fair range for all regions of Brazil. Therefore, it becomes important to define the prevalence and distribution of the disease and its subtypes for each territory.

  The lack of national studies forces the approximation of the numbers with specific international literature and thus, through estimates, it reveals a scenario that best describes the reality.

  It is common to find in the scientific literature that large differences in epidemiological calculations, which stems in part of the variation in sample selection in which the studies are performed[12,15,16]. Studies on the prevalence of CHD after the first year of life underestimate the occurrence of the disease in the fetus and newborn, considering that 20% of children die in their first year of life[23]. Another aspect that implies inaccuracies is related to the fact that 30% of CHD can not be diagnosed in the first weeks of life[24].

  CHD prevalence rate equal to 9:1000 births, defined in the study review and meta-analysis to births worldwide[18], was defined as basis for calculation of CHD estimates for this study.

  Thus, estimates for Brazil point to 25,757 new cases of CHD/year, distributed by regions North 2,758; Northeast 7,570; Southeast 10,112; South 3329; and Midwest 1,987.

  The notifications published by DATASUS/MS have shown 1,377 births with CHD in 2010, corresponding to 5.3% of the estimate of 9:1,000 births used for this study.

  Therefore, the public policies in this segment are supported by a reality of underreporting. Thus, assumptions of the Unified Health System; as universality, comprehensiveness and equity, principles of health-inducing public policies with quality[25], remain outside of care to this group of patients.

  Knowing that 25% of births with CHD require invasive treatment in the first year of life[26], in order to meet the demand, it would be needed 6,439 procedures per year in Brazil. In 2008, however, 1919 procedures were performed[5]. There is, therefore, for this age group, deficit of procedures is about 70%.

  A quantitative explanation of congenital heart disease, its territorial distribution and classification by subtypes associated with the determination of risk for disease, allows establishing planning for the health care of this population.

  Thus, considering all the variables, it is possible to direct investments equally to this group that, in 2009 amounted to 675,495 children and adolescents and 552,092 adults with CHD, with expected annual growth rate of 1% to 5%, depending on age and the distribution of[21,27] injuries.

  Transposition of the gap between standards, Ordinances 1169/GM and 210/SAS-MS[28,29] and the assistance requires political will and planning aimed at improving access to pediatric cardiovascular surgery centers, financing of Cardiology and Cardiovascular Surgery Pediatric; database feeding; promote management for quality and establish continuing education programs[5,6].

  Failure to observe these points, which are fundamental in the design and implementation of health care policy for CHD patients, blames the Brazilian system of health care, public and supplementary, to leave outside the surgical treatment of 62% of infants with congenital heart disease, reaching in some regions of Brazil to 76 and 91%[5].

  Gomes[30], in an editorial, "the debt to the nation's health: the case of congenital heart disease," translates numbers into words and says:

  [...] became untenable the acceptance of the quality of health care of the Brazilians. Felt by the population, but mainly affecting patients, their families, doctors and all other professionals involved, and even more so when it involves children with congenital heart disease, excluded from the basic right of adequate treatment and the chance to be alive.

  Facing such problem requires the participation of civil society in the development of social policies and it is mandatory for the elaboration of issues in the social area, the intervention of agents who experience difficulties, either as carriers of disease, either as family components, either as professionals[31].

  Study limitations

  The calculation of the prevalence of congenital heart disease and their most frequent subtypes was anchored in study review and meta-analysis that proposed to estimate the prevalence of this disease in the world[18]. One of the limitations of this meta-analysis is not cover the entire world population, in addition to using only studies with summaries in English and make use of government records available online, a fact that leads to underreporting error, as demonstrated in this study. In this study we found differences in prevalence rates between the continents, ranging from 1.9 to 9.3/1000 births in Africa and Asia, respectively. The author states that data from developing countries were scarce, and studies often did not include indigenous peoples and tribes.

  Records to consider the entire population of births are needed to determine the true prevalence of congenital heart disease.

   

  CONCLUSION

  In Brazil, there is underreporting in the prevalence of congenital heart disease, signaling the need for adjustments in the methodology of registration.
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    ABSTRACT

    OBJECTIVE: The clinical features of cardiac myxoma stroke have not been sufficiently described. Debates remain concerning the options and timing of treatment and the clinical outcomes are unknown. This article aims to highlight the pertinent aspects of this rare condition.

    METHODS: Data source of the present study came from a comprehensive literature collection of cardiac myxoma stroke in PubMed, Google search engine and Highwire Press for the year range 2000-2014.

    RESULTS: Young adults, female predominance, single cerebral vessel (mostly the middle cerebral artery), multiple territory involvements and solitary left atrial myxoma constituted the outstanding characteristics of this patient setting. The most common affected cerebral vessel (the middle cerebral artery) and areas (the basal ganglion, cerebellum and parietal and temporal regions) corresponded well to the common manifestations of this patient setting, such as conscious alteration, ataxia, hemiparesis and hemiplegia, aphasia and dysarthria. Initial computed tomography scan carried a higher false negative rate for the diagnosis of cerebral infarction than magnetic resonance imaging did. A delayed surgical resection of cardiac myxoma was associated with an increased risk of potential consequences in particular otherwise arterial embolism. The mortality rate of this patient population was 15.3%.

    CONCLUSION: Cardiac myxoma stroke is rare. Often does it affect young females. For an improved diagnostic accuracy, magnetic resonance imaging of the brain and echocardiography are imperative for young stroke patients in identifying the cerebral infarct and determining the stroke of a cardiac origin. Immediate thrombolytic therapy may completely resolve the cerebral stroke and improve the neurologic function of the patients. An early surgical resection of cardiac myxoma is recommended in patients with not large territory cerebral infarct.

    Descriptors: Embolism. Middle Cerebral Artery. Myxoma. Stroke.

  

   

  
    RESUMO

    OBJETIVO: As características clínicas do acidente vascular cerebral causado por mixoma cardíaco não foram descritas suficientemente. Debates permanecem sobre as opções e o momento de tratamento e os resultados clínicos são desconhecidos. Este artigo tem como objetivo destacar os aspectos pertinentes desta condição rara.

    MÉTODOS: Os dados do presente estudo foram levantados em uma revisão abrangente de literatura sobre acidente vascular cerebral causado por mixoma cardíaco no PubMed, no sistema de buscas do Google e no Highwire Press, abrangendo ao anos entre 2000 e 2014.

    RESULTADOS: Adultos jovens, predominância do sexo feminino, vaso cerebral único (principalmente a artéria cerebral mediana), envolvimentos de territórios múltiplos e mixoma atrial esquerdo solitário são características marcantes destes pacientes. O vaso cerebral afetado mais comum (artéria cerebral média) e áreas (o gânglio basal, cerebelo e regiões parietais e temporais) corresponderam bem com as manifestações comuns destes pacientes, como alteração da consciência, ataxia, hemiparesia e hemiplegia, afasia e disartria. Tomografia computadorizada inicial mostrou taxa de falso negativo mais alta para o diagnóstico de acidente vascular cerebral do que a imagem por ressonância magnética. A ressecção cirúrgica tardia de mixoma cardíaco foi associada com risco aumentado de potenciais consequências, em particular, de outra forma de embolia arterial. A taxa de mortalidade dessa população de pacientes foi de 15,3%.

    CONCLUSÃO: Acidente vascular cerebral causado por mixoma cardíaco é raro. Frequentemente, afeta mulheres jovens. Para um diagnóstico mais preciso, exames de ressonância magnética e ecocardiográficos são imperativos para pacientes jovens com acidente vascular cerebral para determinar a localização do enfarte cerebral e se houve origem cardíaca. Terapia trombolítica imediata pode resolver completamente o acidente vascular cerebral e melhorar a função neurológica dos pacientes. Ressecção cirúrgica precoce de mixoma cardíaco é recomendada em pacientes com acidente vascular cerebral de pequena extensão.

    Descritores: Embolia. Artéria Cerebral Média. Mixoma. Acidente Vascular Cerebral.

  

   

   

  INTRODUCTION

  Cardioembolic stroke accounts for 14-30% of ischemic strokes with a predilection of early and later recurrences[1]. Atrial fibrillation, acute myocardial infarction, valvular heart disease, infective endocarditis and cardiac myxoma are major sources of cerebral emboli[2]. Of them, atrial fibrillation is the most important one responsible for 45% of cardiogenic embolism[3]. Cardiac myxoma, the most common primary cardiac tumor, is a rare cause, but an important etiology as well for stroke in the young[4]. However, the diagnosis of a cardiac myxoma is often elusive in young stroke patients[5]. A delayed diagnosis and untimely treatment may mean laissez-faire of progression of stroke and development of certain critical consequences like systemic and peripheral embolic events. The clinical features of stroke of a cardiac myxoma origin have not been sufficiently described. In addition, debates remain concerning the options and timing of treatment and the clinical outcomes are unknown. This article aims to highlight the pertinent aspects of this rare condition.

   

  METHODS

  A comprehensive literature collection of cardiac myxoma stroke was made in PubMed, Google search engine and Highwire Press for the year range 2000-2014. The search terms included "cardiac myxoma", "atrial myxoma", "valvular myxoma" and "stroke". The search ended on June 30, 2014. Articles describing transient ischemic attack, cerebral vascular aneurysm without stroke, or stroke caused by other cardiac tumors than myxomas were excluded from this study. Data were extracted from the text or tables, including details of the study subjects, demographics, cerebral infarct, cardiac myxoma, complications, follow-up length and mortality. The main outcomes were complications and mortality.

  Quantitative data were expressed in mean ± standard deviation with range and median values. Comparisons of frequencies were made by Fisher exact test. P-P plot was used to test normal distribution. Logistic regression was taken to assess the possible predisposing risk factors of mortality. P<0.05 was considered statistically significant.

   

  RESULTS

  A total of 83 reports were obtained with 133 patients involved[4-86]. Eighty-two (98.8%) articles reported only sporadic single case and one (1.2%) article described a small series. There were 71 (53.4%) females and 62 (46.6%) males with a female-to-male ratio of 1.2:1. Patients' ages were 42.3±18.6 (range, 4-84; median, 43.5) years (n=118), in a normal distribution. Ages of 67 (56.8%) patients were <45 years while ages of 51 (43.2%) patients were >46 years (χ2=4.3, P=0.051). Ages of male and females patients were 40.1±16.1 (range, 10-57; median, 40) years (n=57) and 45.0±20.5 (range, 4-84; median, 47) years (n=64), respectively (P=0.093). The onset time was described in 54 patients with an acute onset in 53 (98.1%) and a chronic onset in 1 (1.9%) patient, respectively (χ2=100.1, P=0.000). Time interval from onset to physician consultation was 1413.1±3581.6 (range, 0.5-17280; median 24) hours (n=30) with 17 (56.7%) of them presented within 24 hours, and the remaining 13 patients were admitted 3 days-2 years after the onset.

  Their initial symptoms were reported in 108 patients: neurological in 97 (89.8%), constitutional in 3 (2.8%), neurological with constitutional 3 (2.8%), neurological with circulatory in 3 (2.8%), circulatory in 1 (0.9%) and all three triad symptoms in 1 (0.9%) patient. Eleven (8.3%) patients had precursory symptoms including headache in 5 (50%), transient ischemic attack in 2 (20%) and a skin rash/spot in 3 (30%) patients. Totally 104 patients developed neurological symptoms. Hemiparesis, aphasia and conscious alteration were the three most common symptoms (Table 1). Forty-two (31.6%) patients had one or more predisposing risk factors of stroke with hypertension being the most common (Table 2).
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  Except for cardiac myxoma and stroke, an additional diagnosis was established in 23 (17.3%) patients including Carney's syndrome in 7 (30.4%), infected cardiac myxoma in 3 (13.0%) (associated with disseminated intravascular coagulation, kidney and spleen infarcts and urinary tract infection in 1 patient each), patent fossa ovalis in 2 (8.7%), and atrial septal defect (incidental finding during cardiac surgery), patent ductus arteriosus, acute renal impairment, posttraumatic seizure, synovial sarcoma of the right hand, internal carotid artery aneurysm, non-ST segment elevation myocardial infarction, pregnancy, Raynaud's disease plus multiple cerebral aneurysms, NAME syndrome and systemic vasculitis with antiphospholipid antibody syndrome in 1 (4.3%) patient each.

  Erythrocyte sedimentation rate was detected in 25 (18.8%) patients: 23 (92%) were positive and 2 (8%) were negative (χ2=35.3; P=0.000) with a quantitative value of 57.4±19.7 (range, 30-85; median, 60) mm/h (n=15). C-reaction protein was detected in 16 (12.0%) patients: positive in 10 (62.5%) and negative in 6 (37.5%) patients (χ2=2.0; P=0.289) with a quantitative value of 8.5±13.0 (range, 0.09-35; median, 1.8) mg/dL (n=10).

  Cardiac myxoma was diagnosed ahead of the diagnosis of stroke in 8 (11.8%), delayed until after the diagnosis of stroke in 59 (86.8%) and simultaneously with the diagnosis of stroke in 1 (1.5%) patient.

  The diagnostic techniques for stroke were given in 81 (60.9%) patients with magnetic resonance imaging (MRI) being the most commonly and computed tomography (CT) more commonly used technique (Table 3).
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  Sixty-five CT scans were examined in 53 patients with a false negative rate of 30.8% (20/65) in overall and of 73.7% (14/19) in initial CT scans taken within 3 hours after the stroke onset (Table 4). Sixty MRIs were taken in 58 patients: 58 (96.7%) MRIs illustrated a positive result and only 2 (3.3%) were negative, both of which were taken within 7 hours after the onset. The false negative rate of MRI was much lower than that of CT scan (χ2=15.2, P=0.000). Magnetic resonance angiography was investigated in 14 (10.5%) patients: positive in 12 (85.7%) and unremarkable in 2 (14.3%) patients (χ2=14.3, P=0.000). Cerebral angiogram was performed in only one patient 3 hours after the onset and it revealed a normal result.
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  The affected cerebral artery was reported in 54 patients and the infarct region could be tracked in 62 patients. The most common affected vessel was the middle cerebral artery (Table 5) and the most common infarct regions were the basal ganglion, cerebellum and parietal and temporal regions (Table 6). An old cerebral infarct was noted in 6 (4.5%) patients.

  
    

    [image: Table 5. The affected cerebral artery in 54 patients]

  

  
    

    [image: Table 6. Locations of cerebral infarcts]

  

  Patients were more with unilateral cerebral infarct than with bilateral (χ2=14.1, P=0.000), and more with multiple infarcts than solitary. No prevalence was noted between left- and right-sided infarcts (Table 7).
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  Nineteen (14.3%) patients had other than cerebral artery embolisms, with systemic multiple emboli in 4 (21.1%)[55,63,71,80], peripheral multiple emboli in 3 (15.8%)[19,72,85] and solitary arterial embolus in 12 (63.2%) patients[9,11,13,16,21,35,41,43,60,76,84]. The 39 affected arteries in 18 patients were listed in Table 8.
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  On admission, an immediate thrombolytic therapy with recombinant tissue plasminogen activator (rtPA) was given in 9 (6.8%) patients with an onset-to-treatment interval of 104.2±36.9 (range, 65-160; median, 92) minutes (n=5). The thrombolytic therapy was successful in 7 (77.8%), failed in 1 (11.1%) and the effect unavailable in 1 (11.1%) patient. However, one of the successful patients died of diffuse cerebral edema in spite of an urgent decompressive craniectomy[21]. On admission, the Glasgow Coma Scale of the patients was 10±2.6 (range, 7-15; median, 9) (n=13) and NIH Stroke Scale was 16.7±5.8 (range, 10-26; median, 15.5) (n=10). The latter was decreased to 9.7±7.6 (range, 0-21; median, 9) (n=6) after treatment (P=0.055).

  Timing of the diagnosis of cardiac myxoma was described in 33 (24.8%) patients. A patient had been diagnosed with a cardiac myxoma 7 years earlier during which time she declined to all treatments. The remaining 32 (97.0%) patients had their cardiac myxomas diagnosed at a mean of 342.7±744.6 (range, 1-3240; median, 7.5) days after admission.

  The diagnostic techniques of cardiac myxoma were described in 114 (85.7%) patients. Transthoracic echocardiography was the most common diagnostic technique, which was used in 90 (78.9%) patients. It was the only diagnostic tool in 79 (87.8%) patients and as an adjunctive to other imaging in 11 (12.2%) patients (Table 9). In one patient, the pathology of the aspirated materials by catheterized thrombectomy on day 5 after admission revealed platelet thrombus and myxomatous tissue, which aroused the suspicion of a cardiac myxoma origin[41]. Both transthoracic and transesophageal echocardiography showed a respective false negative result in one patient each[10,19], the cause of the latter was a complete detachment of the cardiac myxoma[19].
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  The left atrium was the most common location of cardiac myxoma. There were more solitary myxomas than multiple (Table 10). The attachments of myxomas were reported in 32 myxomas of 31 (23.3%) patients: 25 (78.1%) myxomas were pedunculated and 7 (21.9%) were sessile (χ2=20.3, P=0.000). Prolapse of atrial myxoma into the ventricle was described in 45 (33.8%) patients with a complete prolapse in 43 (95.6%), a partial prolapse in 1 (2.2%) and no prolapse in 1 (2.2%) patient. Gross appearance of the myxoma was reported in 52 (39.1%) patients: irregular in 48 (92.3%) and smooth in 4 (7.7%) (χ2=74.5, P=0.000). The tumor size was 40.0±19.7 (range, 2-92; median, 40.4) mm (n=71).
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  Timing of cardiac myxoma resection was reported in 48 (36.1%) patients. Seven (14.6%) patients underwent operation urgently without giving an exact time interval from admission to surgery. In the remaining 41 (85.4%) patients, the interval from admission to surgery was 140.5±439.9 (range, 1-2550; median, 21) days. The causes of a delayed operation in 3 patients were requirement of heparin therapy for 1 week[61], minimizing the risks from cardiopulmonary bypass and heparinization[25] and avoidance of exacerbation of cerebral hemorrhage[33] in one patient each, and the operations were delayed for 7, 21 and 28 days, respectively. The interval between the diagnosis and surgical operation of cardiac myxoma was 194.2±798.5 (range, 0-4302; median, 12) days (n=38). One (2.6%) patient was operated on immediately, 2 (5.3%) patients, within 24 hours, and 14 (36.8%) patients, within one week. A delayed myxoma resection was performed in 42.1% (8/19) patients with alternative embolic events in comparison to 25.4% (29/114) patients without alternative embolic events. The interval from diagnosis to treatment of the former was significantly longer than that of the latter (872.5±1644.2 days vs. 13.3±11.2 days, P=0.005).

  The treatment methods were unavailable in 28 (21.1%) patients. Nine (6.8%) patients did not receive a cardiac myxoma resection due to sudden death in 3 (33.3%)[18,60,67], patient decline in 2 (22.2%)[4,35], and poor patient condition only indicated for anticoagulant therapy[40], rapid deterioration in spite of peripheral embolectomies and herniation decompressive hemicraniectomy[19], unfit for cardiac surgery but only cranial decompression[63] and extensive metastasis in the lungs[73] in 1 (12.5%) patient each. The surgical operations performed in 98 (73.7%) patients, 82 (83.7%) of which were isolated cardiac myxoma resection and 2 (2.0%) of which received an operation other than cardiac myxoma resection, were listed in Table 11. Patients without a myxoma resection showed an increased mortality (44.4%, 4/9) than those receiving a myxoma resection (2.1%, 2/95) (χ2=27.1, P=0.000). Of the 9 patients receiving a myxoma resection on an urgent basis, 1 patient died with a mortality of 11.1%, while no patient died among the 45 patients with a delayed surgical resection of cardiac myxoma. No difference was found in the mortality between patients receiving an urgent and a delayed myxoma resection (χ2=5.1, P=0.167). Moreover, a staged cardiac myxoma resection was performed subsequent to other operations in 3 patients with an interval between operations of 1[64], 2[41] and 4[80] weeks, respectively. Patients were followed up for 24.3±27.8 (range, 1-132; median, 12) months (n=59). Prognosis was reported in 72 patients: a full recovery in 41 (56.9%), an improvement in 13 (18.1%), unchanged in 2 (2.8%), cardiac myxoma recurrence in 5 (6.9%) and death in 11 (15.3%) patients.
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  By multivariant analysis, none of the independent variables including gender, age, comorbidities, multiplicity of stroke, peripheral embolic events, middle cerebral artery occlusion, basal ganglion infarct, left atrial myxoma, multiplicity of cardiac myxoma and surgical resection of cardiac myxoma was a predisposing risk factor for patient's mortality. Logistic regression analysis showed peripheral embolic events (P=0.024) and non-surgical resection of cardiac myxoma (P=0.033) correlated significantly with mortality.

   

  DISCUSSION

  Cardiac myxoma is an important cause of stroke in young patients. Lee et al.[46] reported that the stroke patients aged 48.5 (range, 17-70) years. Ekinci & Donnan's[25] patient series aged between 6 and 82 years. The present study revealed young children at the age of 4 years can be a victim of cardiac myxoma stroke. Aziz et al.[5] reported a female predominance with a female-male ratio of 2:1 in cardiac myxoma, and the present study also revealed a female predominance but with a smaller gender ratio. The classic symptom triad of cardiac myxoma patients includes obstructive, embolic and constitutional manifestations[13]. Cardiac myxoma stroke is often of an acute onset, whereas tumor embolization including myxoma-induced cerebral aneurysm and myxomatous metastasis may show a delayed presentation[46]. However, cardiac myxoma is responsible for only 0.5% of stroke, with females at the age of 50 years at greatest risk[87]. Embolic manifestations occur in 20-45% of patients with a cardiac myxoma, sometimes as the onset symptom[75], as a result of cerebral ischemia and less commonly hemorrhage[18]. In a series of 113 atrial myxoma patients with neurologic presentations, 83% presented with ischemic stroke, most often at multiple sites (41%). Other manifestations included syncope (28%), psychiatric symptoms (23%), headache (15%) and seizures (12%)[72]. Alvarez-Sabín et al.[13] reported 11 of 28 (39.3%) cardiac myxoma patients had embolic phenomena, which affected the cerebral arteries in 6 (54.5%), peripheral arteries in 2 (18.2%) and both cerebral and peripheral arteries in 3 (27.3%) patients. Lee et al.[45] reported 13 of 59 (22.0%) patients with a cardiac myxoma developed embolic events, 11 (18.6%) of which were in the brain, 2 (3.4%) in the limb and 1 (1.7%) in the eye. Furthermore, Yuan[85] reported a patient with a delayed cardiac myxoma resection developed multiple embolic events in the lower extremities. Bajraktari et al.[16] reported one cardiac myxoma patient who declined to all treatments for 7 years eventually developed mesenteric embolism.

  The size of the atrial myxoma was variable with a mean of 2.7 (range, 0.4-6.5) cm as reported by Lee et al.[46], and was 4.8±1.9 cm by Lee et al.[45]. Cardiac myxoma was classified into two types according to their gross appearances: type 1, with an irregular or a villous surface and a soft consistency; and type 2, with a smooth surface and a compact consistency[45]. Porapakkham et al.[88] reported that cardiac myxomas with an irregular surface exceeded those with a smooth surface in number (62.2% vs. 37.8%). Embolic potential usually depends on the mobility other than on the size of the myxoma[46]. Neurologic complications of atrial myxoma are most frequently cerebral infarcts caused by detached thrombus from the myxoma; while rarely by tumor fragments[46].

  Active illness is often accompanied by elevation of erythrocyte sedimentation rate and C-reactive protein, hyperglobulinemia and anemia. Constitutional symptoms may be mediated by interleukin-6 produced by the myxoma itself[89]. MRI is more sensitive than CT in identifying subtle abnormalities of the brain[49]. Transthoracic and/or transesophageal echocardiography can be options for the screening of stroke of a cardiac source[31].

  The timing of treatment in such patient is always a matter of intense debate. Soleimanpour et al.[74] proposed that the patients with a delayed presentation of more than 3-4.5 hours were not indicated for intravenous thrombolysis. Al-Said et al.[11] disagreed the use of recombinant tissue plasminogen activator for intravenous thrombolysis due to probable myxoma source infarct. Vogel et al.[80] suggested a 4-week delay of surgical resection of cardiac myxoma concerning the risk of intracerebral hemorrhage following cerebral infarction. Da Silva & de Freitas[21] advocated a delayed surgery after a large stroke. However, Sethi[90] carried out emergent peripheral vascular and cardiac surgeries in a patient with an acute large infarct of a cardiac myxoma origin and the patient did well.

  Young adults, female predominance, single cerebral vessel (mostly the middle cerebral artery) and multiple territory involvements and solitary left atrial myxoma epitomize the outstanding characteristics of the patients with cardiac myxoma stroke. The most common affected cerebral vessel (the middle cerebral artery) and areas (the basal ganglion, cerebellum and parietal and temporal regions) correspond well to the common manifestations of conscious alteration, ataxia, hemiparesis and hemiplegia, aphasia and dysarthria. Initial CT scan carries a higher false negative rate in diagnosing cerebral infarction, and thus MRI should take the place of it, especially in patients with an immediate presentation. Echocardiography is a reliable means for determining the cardiogenic origin of stroke.

  Limited patient information concerning the timing of onset, presentation and treatment as well as survival constitutes the main drawbacks of the present study. Multicenter prospective studies on this particular patient population are anticipated in the future.

   

  CONCLUSIONS

  Cardiac myxoma stroke is rare. Often does it affect young females. For an improved diagnostic accuracy, MRI and echocardiography are recommended for young stroke patients. Immediate thrombolytic therapy may completely resolve the cerebral stroke and improve the neurologic function of the patients. An early surgical resection of cardiac myxoma is recommended in patients with not large territory cerebral infarct so as to prevent from the potential consequences.
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    ABSTRACT

    OBJECTIVE: To provide a brief review of the development of cardiopulmonary bypass.

    METHODS: A review of the literature on the development of extracorporeal circulation techniques, their essential role in cardiovascular surgery, and the complications associated with their use, including hemolysis and inflammation.

    RESULTS: The advancement of extracorporeal circulation techniques has played an essential role in minimizing the complications of cardiopulmonary bypass, which can range from various degrees of tissue injury to multiple organ dysfunction syndrome. Investigators have long researched the ways in which cardiopulmonary bypass may insult the human body. Potential solutions arose and laid the groundwork for development of safer postoperative care strategies.

    CONCLUSION: Steady progress has been made in cardiopulmonary bypass in the decades since it was first conceived of by Gibbon. Despite the constant evolution of cardiopulmonary bypass techniques and attempts to minimize their complications, it is still essential that clinicians respect the particularities of each patient's physiological function.

    Descriptors: Cardiopulmonary Bypass. Oxygenation. Postoperative Complications.

  

   

  
    RESUMO

    OBJETIVO: Relatar de forma simples e resumida o desenvolvimento da circulação extracorpórea.

    MÉTODOS: Realizada revisão de literatura sobre a evolução da circulação extracorpórea, seu papel fundamental para cirurgia cardiovascular e as complicações que podem surgir após o seu uso, dentre elas, a hemólise e a inflamação.

    RESULTADOS: O processo de desenvolvimento da circulação extracorpórea foi fundamental, diminuindo as complicações desencadeadas por ela, que acabam por repercutir no paciente, variando de lesões de graus variados até falência de múltiplos órgãos. Os pesquisadores estudaram quais as agressões que a circulação extracorpórea poderia suscitar no organismo humano. Possíveis soluções surgiram e, consequentemente, meios mais adequados para uma condução mais segura do pós-operatório foram propostas.

    CONCLUSÃO: A circulação extracorpórea progrediu a passos firmes e seguros ao longo destas últimas décadas desde a sua concepção por Gibbon. Apesar da sua evolução e das condutas realizadas na tentativa de amenizar as complicações, o respeito aos detalhes das funções fisiológicas do paciente é fundamental.

    Descritores: Circulação Extracorpórea. Oxigenação. Complicações Pós-Operatórias.

  

   

   

  THE ADVENT OF CARDIOPULMONARY BYPASS

  In the 19th century, the interest of physiologists in the circulation of blood turned to the study of isolated organs. Many of the studies conducted at this time laid the foundation for the future development of cardiopulmonary bypass (CPB).

  In 1813, Le Gallois formulated the first concept of what would constitute an artificial circulation[1]. In 1828, Kay showed that the contractility of muscle could be restored by perfusing with blood[2]. Between 1848 and 1858, Brown-Séquard obtained "oxygenated" blood by agitating it with air, highlighting the importance of blood in the perfusate solution to obtain neurologic activity in isolated mammalian heads[2-4]. In 1868, Ludwig and Schmidt built a device that could infuse blood under pressure, thus enabling better perfusion of isolated organs for study[5,6]. In 1882, Von Schroeder developed and built the first prototype of a primitive bubble "oxygenator", which consisted of a chamber containing venous blood; air was bubbled into the chamber and converted the venous blood to arterial blood[7].

  In 1885, Von Frey and Gruber developed an artificial heart-lung system whereby the perfusate solution could be oxygenated without interrupting blood flow, an achievement that had not been attempted by their predecessor Von Schroeder.

  Other discoveries played essential roles in the further development of research that would ultimately contribute to CPB. One such achievement was the discovery of the ABO blood group system by Landsteiner in 1900, which enabled prevention of many inconveniences related to incompatibility[8]. In 1916, Howell and McLean (the latter a medical student) serendipitously discovered heparin while studying animal liver extracts. This discovery would assist both in vivo and in vitro studies, which were made successful by inhibition of coagulation[9,10].

  The later work of Gibbon, starting in 1937, piqued the curiosity of many other investigators, who were prompted to start similar projects and follow in his footsteps[11,15].

  To Crafoord, who would later perform the first successful atrial myxoma removal surgery with CPB[16], artificial circulation was a necessity, as correction of intracardiac defects required that the surgeon be able to open the heart while maintaining blood flow to all organs and carrying out gas exchange. As a tool for circulatory support during cardiovascular surgery, CPB is a contemporary notion. On May 6, 1953, Gibbon - who devoted his life's work to obtaining a working heart-lung machine - performed an atrial septal defect repair that became a landmark in the development of this technology.

  At the time, the University of Minnesota was considered the cradle of cardiovascular surgery, where innovative techniques made it a destination of choice for heart surgeons worldwide. Concepts such as hypothermic circulatory arrest, cross-circulation, and the bubble oxygenator, which became commonplace in the field, were first investigated at Minnesota[17]. This combined advent of cardiac surgery and cardiopulmonary bypass techniques constituted a major advance in the history of healthcare, as it enabled direct manipulation of the heart, thus providing a possibility of cure for a variety of conditions that were hitherto considered incurable[17,18].

  In the meantime, Brazilian heart surgeons had started to exchange experiences with their foreign peers, ringing in a "Golden Age" for cardiovascular surgery at Hospital das Clínicas in São Paulo. One of the pioneering researchers in this field was Professor Hugo João Felipozzi, who was responsible for the very first heart-lung machine and for the first on-pump open-heart procedure in Brazil, performed in October 1955[17,19,20].

  This watershed moment marked the start of a new age in Brazilian cardiac surgery. In São Paulo, the group headed by surgeon Euryclides Zerbini built Hospital das Clínicas into the largest cardiovascular surgery center in the country[17]. Mere months after Christiaan Barnard performed the first human heart transplant in December 1967, he assisted Professor Zerbini in conducting the first such procedure in Brazil, in May 1968, thus giving rise to the era of transplantation in Brazil[20].

  However, such progress was not without its challenges. Supplies for surgery had to be imported at a high cost. This, compounded by the fear of being unable to match the pace of U.S. and European development in the field of cardiovascular surgery equipment, prompted Brazilian surgeons to design and construct their own devices so that procedures could continue unimpeded. Surgeons such as Adib Jatene, Domingos de Morais, and Otoni M. Gomes began developing domestic heart-lung machines, oxygenators, prosthetic valves, and pacemakers. Particular attention is warranted to the dedication of cardiovascular surgeon Domingo M. Braile, who established his own manufacturing plant to produce CPB circuits and machines, prosthetic valves, and endoprosthetic devices of the highest quality, building a reputation for Brazil at cardiovascular surgery centers the world over. The dedication of these professionals in the operating theater and in the laboratory, improving their surgical techniques through experimentation so as to contribute to the advancement of the field and ensure safer and more efficient care of patients with heart disease, speaks for itself.

  This evolution also brought progress to CPB, making the procedure even more complex. Within this context, professionals responsible for CPB operation (i.e., perfusionists) needed new knowledge to enable rapid and appropriate decision-making. Experienced professionals such as perfusionist Maria Helena L. Souza and cardiovascular surgeon Décio O. Elias wrote peerless textbooks that provide a comprehensive, up-to-date overview of the techniques and methods required of those who devote themselves to restoring the health and quality of life of patients with cardiovascular disease[18].

  Happy were - and still are - those who, by absorbing hard-won knowledge through years of sacrifice and experimentation, had the privilege of reading about the evolution of cardiovascular surgery in recent decades and witnessing the complete devotion of these providers, whose love and dedication have carved their feats in stone. Words cannot express the importance of their work.

   

  EXTRACORPOREAL OXYGENATORS DEVELOPED FOR CARDIOPULMONARY BYPASS

  The need for adequate oxygenation led Gibbon to continue his search for an enhanced method of blood arterialization. He noted many issues that occurred during the oxygenation process, such as foaming, hemolysis, and synthesis and release of vasoactive substances[21,22]. The first oxygenator models developed were classified according to the method used for oxygenation.

  Film oxygenators performed gas exchange on a surface onto which blood was flowed in thin films, over a substrate exposed to an oxygen-rich atmosphere[3,23,24].

  In 1885, von Frey and Gruber had developed a rotating cylinder that is considered the precursor of cylinder or drum oxygenators. Venous blood was spread over the inner wall of the rotating cylinder, where it came into contact with a stream of oxygen, thus accomplishing gas exchange. In 1957, Crafoord, Norberg, and Senning[25] developed a new oxygenator consisting of multiple spinning rollers, the rotation of which facilitated the exposure of filmed blood to oxygen (Figure 1).

  
    

    [image: Fig. 1 - Cylinder (drum) oxygenator]

  

  In screen oxygenators, venous blood was flowed over a support containing mesh screens. Much of Gibbon's work used such a model of oxygenator, in which venous blood flowed down a series of vertical screens (Figure 2)[16,22,26,27].

  
    

    [image: Fig. 2 - Screen oxygenator, 1946. Source]

  

  Disc oxygenators were the next development. Briefly, these oxygenators consisted of a horizontal axis around which a series of metal discs were arranged. These discs rotated within a glass cylinder, through which venous blood was circulated and exposed to oxygen. Bjork[28] worked on the first disc oxygenator in 1948, but Kay and Cross[29] were the ones to enhance it and improve its effectiveness in 1956 (Figure 3). Disc oxygenators were an important landmark in the evolution of CPB, and their efficiency ensured they remained in use well into the 1970s.

  
    

    [image: Fig. 3 - Disc oxygenator, 1956. Source]

  

  The development of bubble oxygenators was plagued by the occurrence of bubbling and foaming, with the inherent risks they pose, during the arterialization process. In these oxygenators, venous blood is exposed to an oxygen stream at the reservoir inlet, forming a cascade of bubbles of varying sizes that arterialized the deoxygenated blood. In 1950 and 1952, Clark[30] designed and built bubble oxygenators that incorporated a dispersion chamber, facilitating control of oxygenation. In 1956, DeWall developed a helical bubble oxygenator based on concepts learned from other surgeons that was innovative both for its simplicity and for a disposable version that was developed soon thereafter[31,32]. A smaller, more compact oxygenator with a bolder design - which also contributed to ease of assembly - had been developed by Gollan[33] in 1952.

  In 1955, Kolff[34] constructed the first prototype of a membrane oxygenator, using polyethylene tubing wrapped around a central axis, which gave the oxygenator a coil-like appearance. In 1958, Clowes and Neville[35] developed a flat Teflon membrane oxygenator specifically for use in cardiac surgery, and published a series of case reports describing the use of their apparatus. Other oxygenators later entered clinical use, such as that designed by Bramsen, Peirce, and Landè-Edwards and known as the "sandwich-type" oxygenator, which was quite similar to the Clowes and Neville model[36-38]. In 1965, Kolobow[39] modified the Kolff oxygenator by adding long silicone strips with spacers that prevented membrane collapse. The continued development of new technologies contributed to the production of capillary membranes, ushering in the latest generation of modern membrane oxygenators with increased efficiency and safety, which remain in use to this day.

   

  BLOOD PUMPS FOR CARDIOPULMONARY BYPASS

  The search for pumps capable of displacing large volumes of blood deserves its own chapter in the history of CPB, as it demonstrates investigators' constant concern with obtaining safe ways to accomplish artificial blood circulation.

  The pumps used by early physiologists displaced small volumes of blood; however, the trauma they inflicted on blood components was already apparent. Flow velocity was the main culprit implicated in hemolysis.

  The search for better CPB pumps led to a discussion that persists to this day: pulsatile or continuous flow? Since no consensus emerged, studies focused on the occluding mechanism, as output could be maintained during blood pumping.

  Overall, pumps are classified according to the mechanism that transfers energy to the fluid. Using this criterion, pumps can be classified into two categories: displacement (roller) pumps and kinetic (centrifugal) pumps.

  Displacement pumps impel the fluid progressively forward. One example is the well-known Sigmamotor® finger pump, which Lillehei used from 1954 before replacing it with a roller pump (Figure 4). This pump was traumatic to blood components and was intolerably loud while in operation[40,41].

  
    

    [image: Fig.4 - Sigmamotor® pump. Source]

  

  The roller pump design, introduced in 1955, remains in use for all types of cardiovascular surgical procedures. Briefly, on the horseshoe-shaped rigid console of the pump, a segment of silicone tubing is bent into a semicircle within which two cylinders (rollers) are placed opposite to each other, equidistant from the central axis. As the axis rotates, the rollers compress this segment of tubing and impel the blood forward[42].

  The first roller pump was patented in 1855 by Porter and Bradley[43]. In 1934, DeBakey made some modifications that enabled its use for blood transfusion. The two-roller DeBakey design was further modified before being applied to CPB (Figure 5).
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  Kinetic pumps impart energy generated by the rotation of an element known as an impeller. The first centrifugal pump was developed in the late 17th century, when Denis Papin built a centrifugal fan with straight vanes, which he named the Hessian bellows in honor of his patron, the Landgrave of Hesse. However, only in the 19th century were centrifugal pumps first manufactured and used in the United States. The rotary vane design was developed in England by John Appold, in 1851.

  Although the operating principle of centrifugal pumps dates back to the early days of fluid engineering, it was not until the 1970s that the first such pumps were designed specifically for use in CPB circuits. In these pumps, forward movement of the blood was accomplished by imparting kinetic energy produced by a rotating element.

  The most common type, the vortex pump, featured a set of concentric cones, with the outermost cone containing a central inlet and a lateral outlet. The innermost cone was magnetically coupled to the outer rotor, which made it spin at a high RPM, causing rotation of the other cones and thus creating a centrifugal force that drove blood flow through the circuit (Figure 6).
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  Despite the advantages and disadvantages of both major pump types for CPB in cardiovascular surgery, the optimal design in terms of minimizing patient complications remains unclear[44,45].

   

  COMPLICATIONS OF CARDIOPULMONARY BYPASS

  Due to its mechanical components and their interaction with blood, CPB can produce significant changes in the body. All organs were affected by CPB systems, due to factors such as contact between blood and artificial materials, continuous flow, hemodilution, hypothermia, and anticoagulation. These complications could arise immediately after surgery or later in the intensive care unit. Despite improvements in equipment, it was clear that longer durations of CPB were associated with increased risk and severity of complications[46].

  Other issues were identified as contributing factors for the development of CPB-related complications, including age, the presence of multiple or complex injuries, the presence of comorbidities, and reoperation.

  The main complications of CPB are hemorrhage, low cardiac output, arrhythmias, respiratory failure, renal failure, neurological or neuropsychiatric changes, fluid and electrolyte imbalances, abdominal changes, hemolysis, and inflammation.

   

  MARKERS OF HEMOLYSIS

  Markers of hemolysis are capable of demonstrating acute tissue injury during its acute phase. These markers were measured at centers that had the laboratory capacity to do so using specific kits for the marker of interest, thus enabling diagnosis of hemolysis and investigation of its etiology (hemolytic anemia, CPB, prosthetic valve dysfunction, acute myocardial infarction, etc.).

  One acute phase marker specific to hemolysis (detectable even in surgical trauma) is the serum concentration of haptoglobin, a protein that binds hemoglobin to form a complex that prevents renal loss of hemoglobin, thus decreasing its levels in the bloodstream[47,48]. A reduction in haptoglobin levels is indicative of hemolysis.

  Lactate dehydrogenase (LDH) in an enzyme that catalyzes the conversion of pyruvate to lactate in the Krebs cycle. It can also be measured as a nonspecific marker of hemolysis: when cell lysis occurs, LDH is released from within the ruptured cells and remains in the bloodstream at high concentrations[49].

  Reticulocyte counts are also used as a nonspecific marker of hemolysis, but infrequently so, as their levels increase not only in hemolysis but in the presence of hypoxia as well[50]. As reticulocytes are larger than erythrocytes, when the reticulocyte count increases, so does the mean corpuscular volume (MCV), including in hemolysis.

  Bilirubin can also be used as a marker of hemolysis. Jaundice develops when bilirubin levels are elevated, and it may be a consequence of liver disease or hemolysis.

   

  MARKERS OF INFLAMMATION

  Markers of inflammation are chemicals released by certain cells that act on tissue injury in the acute or chronic phases of the inflammatory process. Specific kits can be used to measure the concentration of inflammatory mediators. However, the high cost of some of these kits precludes their routine use.

  The human body maintains constitutive cytokine production, whereby specialized cells contain a baseline level of these substances in normal situations. Cytokines must bind to specific cell membrane receptors to exert their effects. In most cases, the action of one or more cytokines is required for an immune response to mount; therefore, these substances form a complex network in which production of one cytokine influences the production or response of others.

  Levels of interleukin (IL)-1β are usually increased after CPB[47]. However, this cytokine is often undetectable due to the hemodilution inherent to CPB[47]. IL-1β is also responsible for inducing synthesis of IL-6, and acts synergistically with tumor necrosis factor-alpha (TNFα) in a feedback loop that ensures continuity of the inflammatory process. Alongside TNFα, these are the first interleukins to play a role in the inflammatory response to CPB.

  Another widely studied interleukin is IL-6, levels of which increase 2 to 4 hours after any surgical incision. The intensity of the IL-6 response correlates with the duration of the surgical procedure, which makes this factor extremely important in the inflammatory process[47]. The IL-6 response pattern is consistent with the role of a major mediator of the acute-phase reaction to CPB; therefore, IL-6 may be a more precise indicator of the progression of inflammatory states[19].

  IL-8 is a potent chemotactic agent involved in the homing of neutrophils and leukocytes to sites of infection[47,48-54]. It may be present in any tissue, and its effects may occur during infection, ischemia, trauma, and other disorders of homeostasis[54].

  TNFα is implicated in several systemic complications and severe infections, inducing a febrile state that is often detectable in the immediate postoperative period of CPB. High concentrations of TNFα in plasma may induce low cardiac output, decrease vascular smooth muscle tone, and cause intravascular thrombosis[55]. High levels of this cytokine after acute myocardial infarction have been associated with increased risk of recurrent infarction[56].

  The most important determinant of the erythrocyte sedimentation rate (ESR) is fibrinogen, an acute-phase protein, levels of which increase two- to fourfold in the presence of acute inflammation. Fibrinogen is also a known risk factor for coronary artery disease, peripheral artery disease, and stroke.

  Immunoglobulins are also implicated in this phenomenon, and play an important role in chronic inflammatory processes.

  Comparative studies of the hemolytic response to cardiopulmonary bypass

  Table 1 lists studies that have compared roller vs. centrifugal pumps for CPB, using markers of hemolysis as the measures of interest.
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  In these comparative analyses of roller vs. centrifugal pumps, with the exception of one study[62] that reported significant differences in platelet count and hematocrit respectively, the remaining studies found no significant differences in the most reliable markers of hemolysis between the two pump types. This corroborates a meta-analysis by Saczkowski et al.[63] that also failed to find any difference between roller and centrifugal pumps in terms of hemolysis. Quite a wide variety of markers were used, which favored this result.

  Comparative studies of the inflammatory response to cardiopulmonary bypass

  Table 2 lists studies that have compared roller vs. centrifugal pumps for CPB, using markers of hemolysis as the measures of interest.
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  In these comparative analyses of roller vs. centrifugal pumps, with the exception of two studies[59,62] that found no significant differences, the remaining studies reported significant differences between the two pump types in terms of inflammatory response, as assessed by measurement of markers of inflammation. However, results were variable and sometimes controversial, and the evidence remains inconclusive.

   

  CONCLUSION

  Steady progress has been made in CPB techniques in the years since modern extracorporeal circulation was first conceived of by Gibbon. Over essentially seven decades, many changes were made, not only to CPB apparatuses and circuits but also to protocols and standards of work. The patient population has also changed: patients undergoing CPB are now in much more severe condition, due to such factors as comorbidities, advanced age, adverse lifestyles, and, many times, limited access to healthcare services.

  The constant evolution of CPB and attempts to minimize its complications notwithstanding, it is essential that clinicians respect the particularities of each patient's physiological function. Patients undergoing CPB require constant care and attention, as the complications of this procedure still pose a very severe threat.

  Hemolysis and inflammation were cited in the majority of studies addressing the complications of CPB with roller and centrifugal pumps, but these two phenomena were generally studied separately. Some investigators found no significant differences between these two types of pumps in terms of hemolysis. Nevertheless, it has been suggested empirically that centrifugal pumps be used in prolonged bypass to mitigate hemolysis. In practice, however, this decision should rest with the perfusion team.

  Only one of seven studies reviewed reported significant changes (in platelet count and hematocrit) with roller pumps. Conversely, regarding inflammation, five of the seven studies reviewed reported significant differences between roller and centrifugal pumps. IL-6 was the marker of inflammation most commonly cited in these studies, particularly when centrifugal pumps were used.

  Although the complications of CPB have many postoperative repercussions, including a direct influence on the duration of mechanical ventilation and length of intensive care unit stay, pump designs meant to mitigate these complications are not yet based on scientific evidence. Further studies are required to compare roller and centrifugal CPB pumps and their association with hemolysis and inflammatory response.
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    ABSTRACT

    At present, many useful tools for reference management are available for use. They can be either off-line softwares or accessible Websites to all users in the internet. Their target is to facilitate the production of scientific text. But, to accomplish that, the featured bibliographic style should be effectively inserted, and the program has to be free. Here in this tutorial, we present Endnote Web®, a bibliographic reference management program comprising these two requirements: it contains the Brazilian Journal of Cardiovascular Surgery reference format and its use is free for charge after sign-in in IP registered terminal in Web of Science®.

    Descriptors: Periodicals as Topic. Bibliography as Topic. Electronic Journals.

  

   

  
    RESUMO

    Diversas ferramentas de gerenciamento de referências bibliográficas estão disponíveis tanto por meio de softwares quanto websites acessíveis para todos utilizadores da Internet. Todas têm um só objetivo: facilitar a produção do texto científico, mas para que isso seja possível necessitam que o estilo bibliográfico da revista em questão esteja disponível e o programa seja grátis. Apresentamos neste tutorial o Endnote Web®, um programa de gerenciamento de referências bibliográficas que cumpre esses dois quesitos: possui o formato de referências exigido pela Revista Brasileira de Cirurgia Cardiovascular e tem utilização grátis, após cadastro em terminal com IP cadastrado na Web of Science®.

    Descritores: Publicações Periódicas como Assunto. Bibliografia como Assunto. Revistas Eletrônicas.

  

   

   

  INTRODUCTION

  Currently tools editing and organizing references have been growing in the Web since their use provides feasible production of papers[1]. There are many programs which create a list of references, such as Reference Manager®, RefWorks®, SciRef®, and EndNote® to name some. The Endnote Web® is a publishing program of references based on the Web. Features of this program will be the subject of our tutorial. At present, Endnote Web® also comprises the bibliographic style for both the Brazilian Journal of Cardiovascular Surgery/Revista Brasileira de Cirurgia Cardiovascular (BJCVS/RBCCV) and the Postgraduate course of São José do Rio Preto Medical School (FAMERP).

  This tutorial content is divided into the following topics:

  
    • Sign-in and consecutive accesses;

    • Inserting items in the Endnote Web®;

    
      Via Pubmed

      Via Endnote Web®

      Manually

    

    • Favorite Formatting Styles

    • Set "Cite While You Write®" in Word®

    • Inserting and editing references in the scientific text

  

  Our goal is to present basic instructions to the user on how to use the Endnote Web®. More detailed instructions for each available function can be obtained from the Endnote Web® site by clicking "help"[2].

   

  SIGN-IN AND CONSECUTIVE ACCESSES

  At first, the user has to sign-in to Endnote Web® (www.myendnoteweb.com) with an authenticated terminal to find out fully functional accesses; that is, IP registered in the Web of Science®. The majority of Post-Graduation, Master and Doctorate Programs, is registered in CAPES program, and home computers with remote access to these institutions have this authentication.

  After the site register is finished, subsequent accesses can be obtained in any computer connected to the Internet since they occur within the subsequent 12 month-authenticated access to the current time. The 12-month period of renewal occurs every time the account is logged through authenticated access, subsequently the use of the program is long-lasting period.

   

  INSERTING ITEMS IN ENDNOTE WEB®

  Before we use Endnote Web® as reference manager software, it is necessary to feed it with all research references. These references may be obtained by searching Pubmed website, for researching directly into Endnote Web® or manually inserting articles.

  Via Pubmed

  Research in Pubmed website (http://www.ncbi.nlm.nih.gov/pubmed/) should be commonly performed. After the entire bibliography is collected, change the display format for MEDLINE, as shown in Figure 1. After this, the browser will display the results into text format, as it is shown in Figure 2. Save the page as is shown in Figures 3.a for Internet Explorer and 3.b for Firefox and choose txt format. If you are using Google Chrome you have to copy all text and paste it to word and save it in txt format.

  
    

    [image: Fig. 1 - PUBMED homepage. After inserting the bibliography]

  

  
    

    [image: Fig. 2 - The text display after procedure described]

  

  
    

    [image: Fig. 3 - Save the page for Internet Explorer]

  

  Thus we created a text file with the work list with all the required fields to Endnote Web®, but we have to import the txt database to use it in the Endnote Web®. To do this, click on "collect" and "import references". Then select the txt file created in the previous step, select filter (import option) "PubMed (NLM)", target "new group" and "import". The program asks the name of the new group, in this case, can be "heart failure", completing the process.

  These previous steps can be repeated indefinitely up to the author should be satisfied with all local database.

  Via Endnote Web®

  Surveying directly the Endnote Web® site can be another way to do research. Doing this, one needs to select "collect" from the main menu followed by "online research". Select the database "PubMed (NLM)" and "connect". The user interface is similar to the "advanced search" of Pubmed. After the search is performed, the results are presented as in Pubmed. Select items of interest and click "add to group", as shown in Figure 4. This method is fast, but it requires the researcher makes the bibliographic survey directly by the Endnote Web® site.

  
    

    [image: Fig. 4 - Research display in PUBMED database into Endnote]

  

  Manually

  Undoubtedly, this is the most laborious way to insert a citation to the local database. Different from the previous methods, while including all the search at one time; manually we can include only one article at a time. This method is particularly useful regarding chapters, books, and internet sites which cannot be found in Pubmed.

  To include a reference manually; click "collect", followed by "new reference". Change "type of reference" to the desired type, such as book chapter, book, thesis, dictionary, etc. Then just fill the form with required information. At the bottom of the page you can select the folder that the article will occupy. Do not forget to save typing.

   

  FAVORITE FORMATTING STYLES

  Before using the Endnote Web® in Word®, it is advisable to restrict the bibliographic styles to make its use easier. Access the main menu of Endnote Web® select "format" and "bibliography". Click "favorites" and select ABNT, FAMERP and BJCVS/RBCCV, for example. These styles can be changed at any time.

   

  CONFIGURE CITE WHILE YOU WRITE®

  For the use of Endnote Web® directly in Word® you have to install a program obtained by clicking "options" and, then "download installers". Download and install "cite while you write" Windows® or Mac® version as appropriate (Word® has to be closed). Open Word®, click "endnote" and enter login and password. They are the same as in the Endnote Web®. In "style" select "RBCCV" (Figure 5). Note that the style options are restricted to those selected as favorites in the Endnote Web® site.

  
    

    [image: Fig. 5 - Bibliographic style display. Select]

  

  You do not have to enter username and password each time the Word® is open, if you click on "preferences", "application"; "enter your Endnote Online Subscription" type "http://www.myendnoteweb.com:80/" login and password and click "remember my address and password" (Figure 6).

  
    

    [image: Fig. 6 - How to register password and automatic]

  

   

  INSERT AND EDIT REFERENCES IN A SCIENTIFIC TEXT

  After configuring the bibliographic styles and inserting all the bibliography needed in the Endnote Web® site, we draw some explanation of Word® functioning. It is worth remembering that all the literature necessary for the work must be stored in the Endnote Web® site, if you need complete database just take the steps previously described.

  The author should write the text normally, and when he needs to cite an article, click "insert citation", as shown in Figure 7. As soon as the search field opens, one can enter any data of the reference in question. The year, title, journal, authors or any word inside abstract can be searched. If there is more than one result, the program will find them all. The author has to double-click on what interest him. Subsequently, the citation can already be seen in the text (usually number) and the list of references at the end of the text right on the shape of the desired journal (in case BJCVS/RBCCV).

  
    

    [image: Fig. 7 - Insert citations display to look up for specific]

  

  If you need to update the numbering of references due to the text rearrangement; click on "update citations and bibliography" (Figure 8). The program will make all the adjustments, even if you have modified all the text and the reference list exceeds a hundred. After no more than a few seconds, the text are properly referenced again.

  
    

    [image: Fig. 8 - Update citations and bibliography for updating numbers]

  

   

  CONCLUSION

  Endnote Web® as reference manager software is a very useful and feasible alternative for authors who submit scientific papers to both BJCVS/RBCCV and Postgraduate course of São José do Rio Preto medical school (FAMERP). The numbering and references sequencing become faster; moreover, reducing format mistakes considerably by means of this program.
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    ABSTRACT

    Bibliometry is a quantitative statistical technique to measure levels of production and dissemination of knowledge, as well as a useful tool to track the development of an scientific area. The valuation of production required for recognition of researchers and magazines is accomplished through tools called bibliometricindexes, divided into quality indicators and scientific impact. Initially developed for monographs of statistical measures especially in libraries, today bibliometrics is mainly used to evaluate productivity of authors and citation repercussion. However, these tools have limitations and sometimes provoke controversies about indiscriminate application, leading to the development of newer indexes. It is important to know the most common search indexes and use it properly even acknowledging its limitations as it has a direct impact in their daily practice, reputation and funds achievement.

    Descriptors: Impactfactor. Databases as topic. Bibliometrics.

  

   

  
    RESUMO

    A bibliometria é uma técnica quantitativa estatística para medir índices de produção e disseminação do conhecimento, assim como ferramenta útil para acompanhar o próprio desenvolvimento de uma determinada área científica. A avaliação da produção necessária para reconhecimento de investigadores e de revistas é realizada com o uso de ferramentas chamadas índices bibliométricos, divididos em indicadores de qualidade e de impacto científico. Inicialmente desenvolvida para medidas estatísticas de monografias, especialmente em bibliotecas, hoje a bibliometria é utilizada principalmente para avaliar produtividade de autores e estudos de citações. Contudo, tais ferramentas por vezes têm limitações e controvérsias surgem acerca da aplicação indiscriminada das mesmas, levando ao desenvolvimento de índices mais recentes. é importante para o pesquisador conhecer os índices mais comuns, utilizá-los adequadamente e reconhecer suas limitações, pois sua utilização correta tem impacto direto na prática diária, reputação e obtenção de recursos.

    Descritores: Fator de impacto. Bases de Dados como Assunto. Bibliometria.

  

   

   

  INTRODUCTION

  Although there are several ways to analysis of production, scientific impact indicators are mainly of two types: research impact indicators (such as the number of citations received) and impact indicators of the sources (the magazine itself impact factor). Such indicators are applied from the indexing of research (primary data source) in the database (secondary source)[1]. Several databases provide their assessment results of bibliometric analysis and quantification of citations. The most referenced is the Web of Science (WoS), owned by Thomson Reuters, however there are databases that also come in increasing development in citation analysis, such as Scopus, owned by Elsevier and the latest Google Scholar Metrics (GSM), owned by Google.

  Impact of Bibliometric indexes

  The scientific production is the final line of all academic activities and research being the instrument by which the scientific community shows the results and submit your work to the external riddle. The search result should be credible, be accessible and after published should not be modified. Also, different analyzes of primary research database should be clearly identified. In addition, the scientific production must have clear evaluation criteria such as peer-review process[2].

  The importance for bibliometric indexeshas repercussions in the assignment of weight that give it research and funding institutions. In Brazil such directions from the scientific production base (Universities, CAPES, CNPq, FAPESP, etc.) provide an orientation on directing the publication of the scientific paper according to the indexes[3]. The most visible magazines are most read and consequently referenced, generating a higher request for papers evaluation and competition for recognition. This competition works as quality enhancer of published research and the number of citations resulting from this increases the prestige of the reporting agency and researcher. Thus, production and incentive institutions itself develops publishing rules where the brunt of the impact factor from a journal becomes criteria of production quality, closing the circle.

  Impact Factor

  (thomsonreuters.com/journal-citation-reports)

  The IF is the most used worldwide and is available online through a paid subscription. It is a source impact indicator (e.g. periodic, journal) and determines how often this is referred to an article. It was created by Eugene Garfield in 1955 to evaluate the journals indexed in Science Citation Index (SCI), a multidisciplinary database in science and technology of the Institute for Scientific Information (ISI), founded by Garfield in 1960 and acquired in 1992 by Thomson Reuters. SCI is now offered by this database, Web of Science (WoS). This database allows researchers to identify which articles are most often cited and who cited. Moreover, the very disclosure of the database seems to increase its impact, making it more visible and giving to the publication a quality label[4].

  The impact factor is calculated by setting the number of times an article from a given journal published in the previous two years was cited, divided by the total number of articles published by this journal in the same period. The Impact factor is published annually as part of the Journal Citation Report (JCR) serving as a beacon of the periodic exposure.

  IF 2015 = (citations 2013 + citations 2014) / (articles 2013 + articles 2014)

  However, some limitations regarding the IF refer to the calculation method itself, to enter as "citations" not only original articles, but also letters, editorials, reports and summaries, while the definition of "articles" are only original articles, review articles and reports[5], amplifying the IF using a variety of communications, including for example communications challenging the article itself. All citations have equal weight in the IF calculation. In addition, the citations counts only if it is in the own database (SCI), which is estimated to be half of the existing peer-reviewed publications[6,7] and varies according to the publication area[5], the nature of the research (articles about basic research, revisions or updates are often most cited and amplify the journal impact)[8] and even with the publication language, being difficult to obtain an IF for non-English language publications[9,10]. It is important to remember also that IF is not intended to individual article impact analysis, but for journal impact analysis. Still, the IF is often mistakenly used in academic researchers rating process[11].

  Even the absolute value of the IF of a journal has less comparative value than intuitively attributed, because different areas have different volume of publications. As an example, an IF of 1.5 would not be too high in a generic cardiology journal, but it would be much in very specialized magazines (for example in a molecular diagnostic cardiology journal) because its articles are most read and cited by a small and specialized target population[12]. Also, journals dedicated to very specific areas, usually have the a higher impact due to natural restriction of the attention focus. One point still to consider is the probability of self-citations and cross citations[13] from research groups, institutions or individual authors,relevant topic in the publications universe. Despite all the criticism, the IF is the most worldwide used journal impact reference within the scientific field today.

  Other impact measurement indexes and databases

  The IF reigned supreme for decades in the evaluation of periodicals, however, alternative indicators of important validity have been designed with rankings with good correspondence between rating quartiles, although the choice of a specific indicator can impact a lot in the classification of a particular journal[14,15].Two other indexes also widely used are the SNIP (Source Normalized Impact per Paper) and the SJR (SCImago Journal Rank), developed respectively by professor Henk-Moed at the University of Leiden, Netherlands and professor Felix de Moya at the University of Granada, Spain. These indexes refer also to source evaluation. Unlike the IF they are based not in WoS database but in Scopus database, owned by the dutch company Elsevier, and include more publications in non-English language. These indexes seek to circumvent the criticism directed to the IF. The SNIP measures the impact of a journal citation weighing it against the total number of citations in a particular area of interest and the SJR corrects the weight of a citation according to the area of interest and the also according the reputation and quality from the journal that performed the citation.

  In evaluation of databases, a study compared PubMed, Scopus, Web of Science, and Google Scholar and concluded that PubMed remains an optimal tool in biomedical electronic research. Scopus covers a wider journal range but it is currently limited to recent articles (published after 1995) compared with Web of Science. PubMed and Google Scholar have the advantage of free access and Scopus offers about 20% more coverage than Web of Science. The study refers results of relative inconsistent accuracy from Google Scholar[16].

  SNIP index (Source Normalized Impact per Paper)

  (http://www.journalindicators.com)

  The SNIP index can be quickly checked online and it is free. SNIP is calculated in such way the citations are equalized for a specific field, correcting the variations found in the IF giving different weights to citations. So the impact of a single citation receive a higher value in little citations research areas and vice versa, becoming a more reliable indicator than the IF to compare journals across disciplines[17].

  The SJR index (SCImago Journal Rank)

  (http://www.scimagojr.com)

  As SNIP, the SJR is also a free index. SJR incorporates the concept of quality in its construction, taking into account the weight of each journal individually in citations. Thus, the SJR indicates which journals have articles cited by the most prestigious periodicals (calculated through a PageRank algorithm), and not simply which periodicals are cited more often. A citation from a source with a higher SJR has greater weight than a citation with a lower SJR. Also, the SJR records the period of 3 years prior to the current in the calculation and reduces the influence of self-citations. Additionally, JRS counts in the denominator all articles from a journal, not just the "citable" as described in the IF. The journals classification in cardiovascular medicine is presented in Tables 1 to 3, according to each index.
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  H-index

  H-index attempts to measure both the productivity and citation impact of the published body of work of a researcher, a research group or a institution, not primarily intended to evaluate a journal. The index is based on the set of the research most cited papers and the number of citations that they have received in other publications. Was developed in 2005 by the physicist Jorge E. Hirsch[18] and corresponds to the number of articles by a particular author with at least the same number of citations. In other words, if an author has in his body of publications 50 articles and among its most cited articles has 5 articles with 8 citations and 7 articles with 7 citations, his h-index will be 7. Besides the advantage of merge impact (citations) and production (publications) the h-index can also be applied to institutions and research groups. However, some criticism is also directed to its indiscriminate application. For example, highly cited papers have relative importance. Researchers with lower h-index can be a result of more selective publications or only a smaller time of productive career. In Table 4, there is an example for a research group: the researcher "A" has more impact papers than the researcher "D", although they have the same h-index. In addition, the h-index does not differentiate the primary authorship from co-authorship nor the citation context (e.g. defense citations from negative ones) and still is influenced by self-citations, whether from the researcher himself or from the research group.

  
    

    [image: Table 4. H-index comparative analysis]

  

  Some variations have been created to improve the performance of the index, for example, the "M index" developed by Hirsch himself, calculated by dividing the H index by the number of years of researcher productive life[18,19].

  Despite the criticism, the h-index is considered a good bibliometric indicator and preferable to the use of individual parameters such as total of published articles, total of citations or more cited articles alone. Currently the h-index is available in the Lattes Platform[20] automatically as production indicator from the Wos and Scopus databases. To researchers not included in Lattes, it can be directly found in the databases described above.

  The WEBQUALIS

  (http://qualis.capes.gov.br)

  The CAPES (Coordenação de Aperfeiçoamento de Pessoal de Nível Superior) is a Brazilian government agency for research support and offers its own system of journals qualification where can be found Brazilian post graduation programs scientific production. This system put the journals into groups (A1, A2, B1 to B5 and C), in descending order of qualification, also including different levels of qualification for the same publication according each research area (Figure 1). Classification criteria for the area are available on the portal itself and have as general characteristics various impact factors in global databases. Other criteria that can influence this classification are the number of articles published by the last three years, periodicity, accessibility and the publication of articles by authors from different institutions not direct related to the journal edition. Although the classification system receives criticism mainly on the referential adopted[21] and its weight given between different areas[22], it is one of the main criteria used for evaluation of post graduate programs in Brazil.
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  CONCLUSION

  The basic understanding of the most common bibliometric tools aiming at a better understanding of its importance and limitations in the scientific production chain is vital to the researcher, journals and to institutions. Several new indicators are emerging and constantly being improved and may be more widespread in the near future. It is important an appropriate use of impact measures and the recognition of its limitations, as this practice has a direct impact on performance measures and consequently in raising of research funding.
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    ABSTRACT

    The history of medicine and cardiology is marked by some geniuses who dared in thinking, research, teaching and transmitting scientific knowledge, and the Italian Andreas Vesalius one of these brilliant masters. His main scientific work "De Humani Corporis Fabrica" is not only a landmark study of human anatomy but also an artistic work of high aesthetic quality published in 1543. In the year 2014 we celebrated 500 years since the birth of the brilliant professor of Padua University, who with his courage and sense of observation changed the understanding of cardiovascular anatomy and founded a school to date in innovative education and research of anatomy. By identifying "the anatomical errors" present in Galen's book and speech, he challenged the dogmas of the Catholic Church, the academic world and the doctors of his time. However, the accuracy of his findings and his innovative way to disseminate them among his students and colleagues was essential so that his contributions are considered by many the landmark of modern medicine. His death is still surrounded by mysteries having different hypotheses, but a certainty, suffered sanctions of the Catholic Church for the spread of their ideas. The cardiologists, cardiovascular surgeons, interventional cardiologists, electrophysiologists and cardiovascular imaginologists must know the legacy of genius Andreas Vesalius that changed the paradigm of human anatomy.

    Descriptors: Anatomy. History of Medicine. Cardiology.

  

   

  
    RESUMO

    A história da medicina e da cardiologia é marcada por alguns gênios que ousaram na forma de pensar, investigar, ensinar e transmitir o conhecimento científico, sendo o italiano Andreas Vesalius um desses brilhantes mestres. A sua principal obra científica "De Humani Corporis Fabrica" não é apenas um marco do estudo da anatomia humana, mas também uma obra artística de elevada qualidade estética publicada no ano de 1543. No ano de 2014, comemoraram-se 500 anos do nascimento do genial professor da universidade de Pádua, que com sua coragem e senso de observação mudou o entendimento da anatomia cardiovascular e fundou uma escola até hoje inovadora no ensino e na investigação da anatomia. Ao identificar "os erros anatômicos" presentes nos livros e discurso de Galeno, desafiou os dogmas da Igreja Católica, o mundo acadêmico e os médicos do seu tempo. No entanto, a exatidão de seus achados e sua forma inovadora de disseminá-los junto aos seus alunos e colegas foi fundamental para que suas contribuições sejam consideradas por muitos o marco da moderna medicina. A sua morte ainda hoje é cercada de mistérios, havendo diferentes hipóteses, porém uma certeza, sofreu sansões da Igreja Católica pela difusão de suas ideias. O cardiologista clínico, cirurgiões cardiovasculares, hemodinamicistas, eletrofisiologistas e imaginologistas cardiovasculares devem conhecer os legados do gênio Andreas Vesalius, que mudou o paradigma da anatomia humana.

    Descritores: Anatomia. História da Medicina. Cardiologia.

  

   

   

  INTRODUCTION

  The history of medicine is marked by men and scientific discoveries that have transformed how medical pratice is conducted and knowledge of biological phenomena in the human body both in health and in disease, the professor of anatomy and physician Andreas Vesalius was one of these geniuses.

  The medieval world was gradually giving rise to a new thinking present in arts, music, literature, science and medicine, where the human body became worshiped, studied and thus better understood its aesthetic, functional and anatomical value. In addition, the observation followed by experimentalism and critical thinking were central to change the way how we search for solutions and see the world. Galen's ideas that influenced for 15 centuries teaching and medical practice were progressively challenged and replaced front of new evidence from the observational method and systematic experimentation.

  The Italian peninsula, the cradle of the Renaissance, was where were consolidated two important universities -Bolonha and Pádua- that enabled new knowledge in the academic environment, broadened the knowledge and promote the free debate of ideas, allowing that a new scientific research model, the Scientific Method, could advance over the dogmatic knowledge that influenced medical education from Galen's texts.

  Cardiology and Cardiovascular Surgery, as medical specialties that emerged centuries later, have large debts to Vesalius as he questioned and shown through his systematic study of the heart, Galen's errors concerning this organ, and formed the basis for that years later, Harvey -also a student in Pádua University- demonstrates the role of circulation involving the heart and blood vessels.

  The story of Vesalius combines a revolutionary approach to anatomy, innovative teaching method through the execution of dissection by the professor of medicine alongside the students and an innovative technique of publication. Those were made possible by the university environment of Padua in the Venetian Renaissance setting and, this way, a testament to the history of medicine of the importance and benefits between science and art, in particular with the publication of his important book "De Humani Corporis Fabrica" becoming certainly the father of modern anatomy. Besides, due to his ideas ahead of time and the content of his literary works he suffered persecution of religious and political attitude that contributed to his tragic end.

  Free will, critical thinking and freedom of expression, which still in the contemporary world faces challenges and threats, in the Renaissance period was through him that we began to consolidate a new paradigm of looking at scientific phenomena - the scientific method.

  The aim of this review is to present a summary of his career as a physician and anatomist and his important anatomical contributions as a legend of Medicine.

   

  GALEN OF PERGAMUM AND HIS INFLUENCE ON CARDIOVASCULAR ANATOMY AND PHYSIOLOGY

  Claudius Galenus, also known as Galen of Pergamum, was one of the most influential Roman physicians of Greek origin, his theories dominated the practice and medical science for over 15 centuries. Galen made important contributions to distinguish veins, arteries and the venous blood from the arterial blood, besides the concept of the brain controlling the body and the role of the kidneys in the urine formation[1,2].

  In his treatise "De usu Partium" he expresses his theory about blood circulation. According to his concept venous blood present the function of nourishing the body, as this would be secondary to the absorption of the useful part of the food and its subsequent transformation in the liver, an organ which has key role in maintaining the circulatory system[2].

  This venous blood reaches the heart and lungs, where in addition to the nutrients being consumed, a portion of it would pass through the pores in the interventricular septum and in the process it would get in touch with the pneuma from the lungs and the very center of the innate heat, leading to the formation of the arterial blood which is responsible for distributing the vital heat around the living body. Therefore, according to this view both venous and arterial blood circulate together and were governed by repelling properties by the heart and liver, and the attraction of other body organs[2].

   

  PARADIGM SHIFT IN MEDICINE

  In many societies, formerly, the dissection was a prohibited act to be performed in human bodies, animals were the only source for some of these, which provided poor anatomical knowledge or misapplication of it by trying to interpret these findings to humans. The first anatomists, properly, probably emerged only in the Hellenistic Alexandria, with Herophilus and Erasistratus, being considered the medical school founders in the region and performed dissections in public. Herophilus, in particular is considered the father of anatomy, accounting for important descriptions of the structure and functioning of nerves and vessels[3].

  Only in the mid-twelfth century, with the rediscovery of Aristotle's works, it was found that some studies were based on the dissection of animals and vivisection of these, which somehow legitimized the practice at this time, being an important driver to beginning of a new ideology that would allow less restricted execution of human dissection. Those subject to dissection varied during the historical context, from a private investigation because of a noble death, the ultimate form of humiliation for criminals during public practice, until the Renaissance in which the dissection of bodies is progressively introduced to medical universities and reaches a status of academic importance.

  The Renaissance had an important scientific milestone to Medicine fostering research on the organizer components of the human body through dissection of cadavers, process which won not only public notoriety due to the associated status, as well as its relation to teaching in universities. However, even before the descriptions made by Vesalius another important name in human history has contributed significantly to medicine in the field of anatomical research. Leonardo Da Vinci, and his numerous projects in the areas of math, engineering and aerodynamics, made several anatomical drawings with detail and often his questions with regard to the physiological functioning became the basis for numerous other researchers after him, being one of the inspirations for Vesalius.

   

  TRAJECTORY OF ANDREAS VESALIUS

  Andreas Vesalius was born on December 31, 1514 in Brussels, Belgium, being the son of a family of physicians where both his father and his grandfather had served the emperor of the Holy Roman Empire. (Figure 1)
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  After a study phase in Louvain, where he learned classical languages, went to medical degree in Paris in 1533, where he was student of the first French anatomist Johannes Quinterus of Andernach and Jacobus Sylvius. The latter was very committed to Galen's ideas, making the study of anatomy frustrating in Paris. The lack of anatomy practical classes at the University of Paris took him in with his peers to visit at night, cemeteries outside the city in search of human bones. This set of difficulties did the young man to return to Louvain in search for completing his studies in medicine[4,5].

  In 1537, after completing his bachelor's degree, he sought the University of Padua to perform his doctorate, since it was the birthplace of Renaissance science and provided the best opportunity to advance his studies in the anatomy area. The influence of many other icons of this institution -as Pietro d`Abano, Alessandro Benedetti, Ermolao Barbaro and Giorgio Valla- allowed the advent of medical humanism with critical thinking. At 23, after completing his doctorate, he was appointed Professor of Surgery at the University of Padua, which at that time was also linked to the teaching of anatomy[4-6].

  As a teacher promoted a major change in the teaching of anatomy by assuming the role of dissecting the corpses instead of assistants and barbers, common practice in major medical universities in Europe, making his lessons increasingly attractive to his students and colleagues. He liked to communicate directly with his pupils and never as an authority figure, but as someone that encourages them to examine, to perform experiments and to judge for themselves. The second major innovation promoted by the teacher Vesalius was the development of anatomical drawings with didactic purpose and six of them were published as the Tabulae Sex, with the help of artist Jan Stefan van Kalkar, a disciple of the great Italian Renaissance painter Titian. It can be said that the academic life contributed to instigate the constant search for knowledge of Vesalius as can be seen in one of his notes after students request that he prepare a draft of the venous circulation "that claim proved to be so pleasurable for doctors and students that they strongly encouraged me to describe the arteries and nerves"[4-7].

  Vesalius was gradually becoming a more critical observer and, in his "Letter of Venesection," he abandons his beliefs in traditional and authorized teachings emanated from the influence of Galen, who built a human anatomy extrapolated from the dissection of animals, especially chimpanzees, and incorporates the principle that scientific knowledge should be based solely by the facts derived from observation. According to his observations Galen's errors occurred because he never dissected a human and for thinking that the information found on dissected animals could be applied to humans, and the very words of Vesalius, Galen was "fooled by his monkeys, and compared the similarities between the human body and monkeys, barely noticed they ended in the presence of fingers and knee bend"[4-6].

  Thus, the Letter of venesection, published in 1539, is an important document that allows us to identify the transition from Vesalius knowledge of the traditional method for the method of direct observation which is consolidated in his masterpiece De Humani Corporis Fabrica, considered a pioneer mark of modern medical science. Even as a renowned teacher and anatomist he suffered strong opposition from those who still defended Galen's ideas, taking a wear in his academic life in the long run and one of the reasons for accepting to be a doctor of Emperor Charles V of Spain[4-8].

   

  THE GREAT WORK - DE HUMANI CORPORIS FABRICA

  Modern medicine can be marked by the production of the work De Humani Corporis Fabrica, published in 1543, this book is by far the largest single contribution to medical science, being a magnificent example of creative art, with a perfect combination of form, typography and illustration, as described by Saunders and O`Malley, important Vesalius' biographers. His work was so important that after a few weeks of publication was named Emperor Charles V's doctor[4,5,7-9].

  It was composed of seven volumes, and the third volume was dedicated to the vasculature in which we find a detailed description of the arteries and veins that was possibly essential for the future work of William Harvey in his description of circulation. It was also through his experiments that it was able to link the relationship between pulse and heart contraction[4,5,7-9].

  The VI volume refers to the anatomy of the heart and a small part about the lungs, this first edition despite the description of the heart to be well detailed it is not noted as exceptional to the point that is still rooted in the concepts of Galen, although refute the existence of pores that communicate the right side with the left side of the heart allowing blood to pass through the septum, a concept that helped to better understand the system[4,5,7-9]. (Figure 2)
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  The illustrations drawn attention at the time because they were larger and closer to reality than any previous publication, and were very well applied didactically, as Vesalius often correlated visual content with text.

  The second edition was published in 1555, having numerous improvements in the text, and expanded the chapter on his physiological experiments, including the report given on the effect of nerve section on laryngeal paralysis and recurrent laryngeal nerve section, besides adding the description of the venous valves and two new chapters. The illustrations were better due to the print quality in a thicker paper. In this edition, an important quote from Vesalius confirms the absence of pores invisible to the naked eye in the interventricular septum, moving away permanently from Galen's vision. A 2009 study found that there were a total of 113 copies of the second edition of De Humani Corporis Fabrica at major universities and libraries across Europe and the United States showing the rarity and historical importance that the work has even after 459 years of its publication[4,5,7-9]. (Figure 3)
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  CONTRIBUTIONS TO CARDIOVASCULAR SURGERY AND ANATOMICAL-CLINICAL CORRELATION

  Vesalius' power of observation allowed him to describe quite accurately the pericardial anatomy: "The heart as a whole is covered by a membranous envelope which is not attached to any point. This wrap is much broader than the heart and has in its interior an aqueous humor ...".

  The prototype of anatomopathological methodology was performed by Andreas Vesalius in 1557, by correlating the signs and symptoms of a patient with pathological changes consistent with aortic aneurysm revealed in postmortem examination. This kind of research allowed in 1707 in Bologna, Giovanni Morgagni to describe the possibility of diagnosis based on findings of the "Anatomy of morbid corpses", this clinicopathological project culminated in the publication of his iconic work "The Seats and Causes of Diseases Investigated by Anatomy" in which approximately 700 dissection reviews were described to accurately identify the injury giving rise to the symptoms observed in patients while they were alive, consolidating a new way of thinking and teach medicine, the anatomoclinical correlation[5,7-9].

  There has been evidence that Vesalius was preparing a third edition of his De Humani Corporis Fabrica work because they found in his works, thousands of notes and corrections of all kinds, from deletions, additions and transpositions phrases to footnotes. Particularly the first three quarters of his work contained many modifications and to this day it is not know why this third edition was never released. Still, these changes demonstrate an admirable concern for the quality of his work and a willingness to correct even the smallest details[4,5,7-9].

   

  DEATH OF ANDREAS VESALIUS AND THE RECOGNITION OF HIS LEGACY

  During his career as a doctor of the emperor he poorly attended teachings of anatomy, he rarely did dissections in Padua and Pisa, as he spent most of the time attending royalty in the Netherlands and later in Spain. With no intention of returning to academic life soon he burned many of his books including the notes he had made during the years. Remained as a doctor of Charles V and, 12 years later, his successor Philip II. After a while he regretted the incident and returned to his hometown - Brussels - with a fortune conquered by his services to the most important monarch of his time and it was then that his desire for dissections resurfaced. There are few records of its activities after 1555, but it is known that he participated in the treatment and autopsy of famous names like Ferrante Gonzaga of Mantua and Henri II of France[4,5].

  His last publication was Anatomicarum Gabrielis Falloppii Observationum Examen dated May 24, 1564, and since 1559 he moved with his wife to Spain, which stated to be a place where he had few opportunities to perform dissection and lived there until the event of his death.

  The death of Vesalius is still controversial, different sources point that he would have been the target of the Inquisition and had to exchange his penalty for a pilgrimage to the Holy Land. At the time of his departure from Madrid to his pilgrimage he clearly had a desire to return to the intellectual and scientific environment of the University of Padua according to a letter sent to his great disciple Fallopius. In return, in 1564, was the victim of a shipwreck and his body found by a goldsmith and later buried on the Greek island of Zakynthos where a tomb was found presenting an epitaph written the following sentence: "The genius lives forever, everything else is mortal - Andreas Vesalius of Brussels"[4,5].

  An important acknowledgment of the legacy of Vesalius in Cardiology was the tribute by the American College of Cardiology. It's logo created in 1965 is a modified heart figure designed by Andreas Vesalius in his Tabulae anatomicae sex. As it was chosen by Franz Maximilian Groedel, he aimed that this logo would have a strong identification with the scientific knowledge, a "learning seal"[10,11] (Figure 4).
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  The genius of Vesalius's work has been recognized not only by the scientific community, but by the different nations, whether in the form of stamps, notes, cultural or scientific events (Figure 5).
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  CONCLUSIONS

  All the works of Andreas Vesalius places him as a genius with multiple skills as an artist, naturalist, humanist and the first modern medical scientist thus included among the giants of the history of medicine. His scientific contributions and his legacy as a teacher and artist promoted a profound impact also in Cardiology and Cardiovascular Surgery.
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    ABSTRACT

    OBJECTIVE: The aim of this study was to compare protective effects of ischemic and potential protective effects of pharmacological preconditioning with omeprazole on isolated rat heart subjected to ischemia/reperfusion.

    METHODS: The hearts of male Wistar albino rats were excised and perfused on a Langendorff apparatus. In control group (CG) after stabilization period, hearts were subjected to global ischemia (perfusion was totally stopped) for 20 minutes and 30 minutes of reperfusion. Hearts of group II (IPC) were submitted to ischemic preconditioning lasting 5 minutes before 20 minutes of ischemia and 30 minutes of reperfusion. In third group (OPC) hearts first underwent preconditioning lasting 5 minutes with 100µM omeprazole, and then submitted 20 minutes of ischemia and 30 minutes of reperfusion.

    RESULTS: Administration of omeprazole before ischemia induction had protective effect on myocardium function recovery especially regarding to values of systolic left ventricular pressure and dp/dt max. Also our findings are that values of coronary flow did not change between OPC and IPC groups in last point of reperfusion.

    CONCLUSION: Based on our results it seems that ischemic preconditioning could be used as first window of protection after ischemic injury especially because all investigated parameters showed continuous trend of recovery of myocardial function. On the other hand, preconditioning with omeprazole induced sudden trend of recovery with positive myocardium protection, although less effective than results obtained with ischemic preconditioning not withstand, we must consider that omeprazole may be used in many clinical circumstances where direct coronary clamping for ischemic preconditioning is not possible.

    Descriptors: Coronary circulation. Ischemic Preconditioning, Myocardial. Omeprazole.

  

   

  
    RESUMO

    OBJETIVO: O objetivo deste estudo foi comparar os efeitos protetores de efeitos protetores isquêmicos e potenciais de pré-condicionamento farmacológico com omeprazol no coração isolado de rato submetido à isquemia/reperfusão.

    MÉTODOS: Os corações de ratos albinos Wistar machos foram excisados e perfundidos em um aparelho de Langendorff. No grupo controle (grupo I), após o período de estabilização, os corações foram submetidos à isquemia global (a perfusão foi totalmente interrompida) por 20 minutos e 30 minutos de reperfusão. Corações do grupo II (IPC) foram submetidos a pré-condicionamento isquêmico com duração de 5 minutos antes de 20 minutos de isquemia e 30 minutos de reperfusão. No terceiro grupo (OPC), corações foram submetidos a pré-condicionamento com duração de 5 minutos com 100 µM de omeprazol, e, então, submetidos a 20 minutos de isquemia e 30 minutos de reperfusão.

    RESULTADOS: A administração de omeprazol antes da indução da isquemia teve efeito protetor sobre a recuperação funcional do miocárdio especialmente em relação aos valores de pressão sistólica ventricular esquerda e dp/dt max. Também os nossos achados são de que os valores de fluxo coronário não se alteraram entre os grupos OPC e IPC no último ponto de reperfusão.

    CONCLUSÃO: Com base nos nossos resultados, o pré-condicionamento isquêmico poderia ser usado como primeira janela de proteção após a lesão isquêmica, especialmente porque todos os parâmetros analisados apresentam tendência contínua de recuperação da função do miocárdio. Por outro lado, o pré-condicionamento induzido com omeprazol apresenta tendência repentina de recuperação com proteção miocárdio positiva, embora menos efetiva da obtida com o pré-condicionamento isquêmico. Devemos considerar que o omeprazol pode ser usado em muitas circunstâncias clínicas em que o pinçamento coronariano direto para pré-condicionamento isquêmico não é possível.

    Descritores: Circulação Coronária. Precondicionamento Isquêmico Miocárdico. Omeprazol

  

   

   

  INTRODUCTION

  Myocardial preconditioning represents exposure of myocardium to sublethal stimulus in order to protect it from a subsequent normal lethal stress[1]. Myocardium can be preconditioned by two basic techniques such as ischemic and pharmacological preconditioning. Ischemic preconditioning (ICP) is a concept introduced by Murry et al. in 1986 by using canine models. He showed that single or multiple brief periods of myocardial ischemia that produce reversible myocyte injury can limit the size of the infarct and the degree of reperfusion injury after a subsequent and more prolonged period of myocardial ischemia[2].

  These protective effects of ICP on heart can be consequence of reduction in reactive oxygen species generation, delay in ATP depletion, reduction of: infarct size, apoptosis and neutrophil accumulation, as well as improvement of endothelial function and reduction of intracellular Ca++ overload[3-5]. Two different time frames have been reported for pre-conditioning, early or "classical preconditioning" phase and late or "second window" phase. Duration of first phase, which involves the activation of different membrane receptors, is from several seconds and to 3h and for second phase from 12-72 h which represents changes in gene expression leading to production cardioprotective stress proteins[4].

  Ischemia is characterized by an absolute or relative decrease in the blood supply of tissue or organ due to blockage of blood vessels. Blood vessel can be occluded by thrombus, atherosclerotic plaque, vasoconstriction or inflammation. During myocardial ischemia absence of oxygen and metabolic substrates to cardiomyocite can cause functional, structural and metabolic diseases. As a consequence, cell switches metabolism to anaerobic, resulting in accumulation of lactate and generation of acidosis. Hypoxic conditions lead to diminished intracellular concentrations of ATP (adenosine triphosphate) and CP (creatine phosphate) which results in decreased activity of ATP reliant ion pumps including Na+/K+ ATP-ase pump and exacerbation of contractile function. Inactivation of Na+/K+ ATP-ase contributes to intracellular Na+ overloading. Lower intracellular pH induces the Na+/H+ exchanger to extrude H+ and results in intracellular accumulation of Na+, which leads to activation of the 2Na+/Ca2+ exchanger in order to extrude Na+ and accumulate intracellular Ca2+[6-9]. All these facts and generation of reactive oxygen species (ROS) can lead to cell death induced by ischemic episodes[10].

  Furthermore, reperfusion is restoration of blood flow after an ischemic episode and it may result in paradoxical cardiomyocite dysfunction caused by ROS, intracellular and mitochondrial Ca++ overload and accumulation of inflammatory cells. This phenomenon is called "reperfusion injury", where prompt changes in intracellular ions and normalization of pH can occur cell death and greater damage than it can be induced by pre-reperfusion ischemia[6,8,11].

  Besides ischemic preconditioning, which represents an adaptive response triggered by a brief ischemia applied before a prolonged coronary occlusion, the same response can be induced with pharmacological agents[3-5]. Proton pump inhibitors (PPI) have been one of most important advances in the field of gastroenterology in past 15 years. These medications showed significant progress in acid-related diseases over other acid reducing medications. Most commonly used PPI are omeprazole, lansoprazole and pantoprazole[12,13]. Omeprazole was first introduced into clinical practice and it is commonly used for treatment of gastroesophageal reflux and erosive esophagitis in children. The main mechanism of action of these drugs is suppression of acid secretion by binding to H+/K+ ATP-ase known as "proton pump" or "acid pump"[14,15]. Proton pump is enzymatic pump expressed in different tissues like parietal cells where hydrochloride acid (HCl) is secreted. The main physiological effect of this pump is H+ exchange for K+ ions.

  Due to existence of proton pump in myocardial tissue, which was first proven by Nagashima et al.[16], mechanical and electrical properties can be changed by using PPI[6]. Recently proton pump inhibitors had showed protective effects in treatment of myocardial ischemia in patients with coronary artery disease and gastroesophageal reflux[17].

  Regarding all above presented data, the aim of this study was to compare protective effects of ischemic and potential protective effects of pharmacological preconditioning with omeprazole on isolated rat heart subjected to ischemia/reperfusion.

   

  METHODS

  Preparation of isolated rat hearts

  The hearts of male Wistar albino rats (n=36, 12 in each experimental group, body mass 180-200 g) were excised and perfused on a Langendorff apparatus (Experimetria Ltd,1062 Budapest, Hungary). After a short-term ketamine/xylasin narcosis, animals were killed by cervical dislocation (Schedule 1 of the Animals/Scientific Procedures, Act 1986, UK), and premedicated with heparin as an anticoagulant. After emergency thoracotomy and rapid cardiac arrest by superfusion with ice-cold isotonic saline, rapidly excised, the aortas were cannulated and retrogradely perfused under a constant perfusion pressure (CPP).

  The composition of the non-recirculating Krebs-Henseleit perfusate was as follows (mM): NaCl 118, KCI 4.7, CaCI2x2H2O 2.5, MgSO4x7H2O 1.7, NaHCO3 25, KH2PO4 1.2, glucose 11, pyruvate 2, equilibrated with 95 % O2 plus 5% CO2 and warmed to 37 ºC (pH 7.4). Immediately after the restoration of normal heart rhythm, through the created entrance to the left atrium of the heart and damaged mitral valve, the sensor (transducer BS473-0184, Experimetria Ltd, Budapest, Hungary) was inserted into the left ventricle for continuous monitoring of cardiac function (Figure 1).

  
    

    [image: Fig. 1 - Immediately after the restoration of normal heart rhythm]

  

  Physiological assay and experimental protocol

  All study groups underwent 30 min perfusion at CPP of 70 cm H2O. In control group (CG) after stabilization period, hearts were subjected to global ischemia (perfusion was totally stopped) for 20 minutes and 30 minutes of reperfusion. Twelve hearts of group II (IPC) were submitted to ischemic preconditioning lasting 5 minutes before 20 minutes of ischemia and 30 minutes of reperfusion. In third group (OPC) hearts first underwent preconditioning lasting 5 minutes with 100µM omeprazole, then submitted 20 minutes of ischemia and 30 minutes of reperfusion. In control group after 20 minutes of global ischemia during period of reperfusion (30 minutes) all cardiodynamic parameters and coronary flow were measured in intervals of 5 minute (RP1-RP7). In IPC group, after short period of ischemia (5 minutes) during period of reperfusion (10 minutes), all cardiodynamic parameters and coronary flow were measured in intervals of 1 minute (PR1-PR10), while during second period of ischemia (20 minutes)/reperfusion (30 minutes) cardiodynamic parameters and coronary flow were measured in intervals of 5 minute (RP1-RP7).

  In OPC group (after 5 minutes preconditioning with omeprazole), during period of reperfusion all cardiodynamic parameters and coronary flow were measured during second period of ischemia (20 minutes)/reperfusion (30 minutes) in intervals of 5 minute (RP1-RP7). When the flow was considered stable (three measurements of the same values), coronary flow was recorded. Only the properly performed experiments were included in the study (i.e., the groups of the hearts in which the CPP/CF relationship was studied twice in the absence of any drug).

  After placing the sensor in the left ventricle, the following parameters of myocardial function have been continuously registered:

  
    1. Maximum rate of pressure development in the left ventricle (dp/dt max)

    2. Minimum rate of pressure development in the left ventricle (dp/dt min)

    3. Systolic left ventricular pressure (SLVP)

    4. Diastolic left ventricular pressure (DLVP)

    5. Heart rate (HR)

  

  Coronary flow (CF) was measured flowmetrically.

  Drugs

  All drugs were purchased from Sigma-Aldrich Chemie GmbH, Germany.

  Statistical analysis

  For statistical analysis we examined three measured points, first point was stabilization, second was the first minute of reperfusion and third was the 30 minute of reperfusion. Values are expressed as mean ± SE. Statistical analysis was performed by ANOVA test. P values lower than 0.05 were considered to be significant.

  The experimental protocol was approved by the Faculty of Medical Sciences Ethics Committee for the welfare of experimental animals, University of Kragujevac, number 01-12149 and by Ministry of Agriculture, Forestry and Water Management, Authority for Veterinary of Serbia number 323-07-09426/2013-05.

   

  RESULTS

  Maximum Rate of Left Ventricular Pressure Development (dp/dt max)

  There were no significant differences among groups in the values of point of stabilisation and first minute of reperfusion.

  In control and IPC group there were no significant difference between periods of stabilisation an first minute of reperfusion, however there were high statistical significant increase (P<0.01**) of values of dp/dt max between these points in OPC group. Trend of values in period of reperfusion was the same in all investigated groups. Furthermore, there were statistical significant changes between control group and IPC group in values of the last point of reperfusion (P<0.05*) but in comparison with mentioned groups, OPC group has statistical different values (P<0.01**) which were very similar with values before omeprazole administration (Figures 2a, 3a and 4a).
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  Minimum Rate of Left Ventricular Pressure Development (dp/dt min)

  There were no significant differences among groups in the values of point of stabilisation and first minute of reperfusion.

  In control, IPC and OPC groups there were no significant difference between periods of stabilisation an first minute of reperfusion. Trend of values in period of reperfusion was the same in OPC, IPC and control group without any statistical difference. Furthermore, there were changes between control group and OPC group in values of the last point of reperfusion (P<0.01**) in comparison between control group with IPC group values were statistical different (P<0.05*) at the end; in comparison OPC group with IPC group values were statistical different (P<0.01**) but in OPC group values were similar with values before omeprazole administration (Figures 2b, 3b and 4b).

  Systolic Blood Pressure in the Left Ventricle (SLVP)

  There were no significant differences among groups in the values of point of stabilisation and first minute of reperfusion.

  In control and IPC group there were no significant difference between periods of stabilisation an first minute of reperfusion, however there were high statistical significant increase (P<0.01**) of values of SLVP between these points in OPC group. Trend of values in period of reperfusion was the same in OPC and control group on the other hand trend in IPC group was statistical significantly lower than in mentioned groups (P<0.05*). Furthermore, there were statistical significant changes between control group and IPC group in values of the last point of reperfusion (P<0.05*) but in comparison with mentioned groups, OPC group has statistical different values (P<0.01**) which were very similar with values before omeprazole administration (Figures 2c, 3c and 4c).

  Diastolic Blood Pressure in the Left Ventricle (DLVP)

  There were no significant differences among groups in the values of point of stabilisation and first minute of reperfusion.

  In control and IPC group there were no significant difference between periods of stabilisation at the first minute of reperfusion, however there were high statistical significant increase (P<0.05*) of values of DLVP between these points in OPC group. Trend of values in period of reperfusion was different among groups, in control group values of DLVP in period of reperfusion increased compared with period before ischemia. In IPC and OPC groups values of DLVP in period of reperfusion decreased compared with period before preconditioning. Furthermore, there were statistical significant changes between control group and IPC group. Compared with values in control group, IPC and OPC groups values were statistical different in last point of reperfusion (P<0.05*) (Figures 2d, 3d and 4d).

  Heart Rate (HR)

  There were no significant differences between IPC group and control group and also between OPC and control group, but there were significant difference between IPC and OPC at the point of stabilisation.

  In control and IPC group there were no significant difference between periods of stabilisation at the first minute of reperfusion, however there were high statistical significant drop (P<0.01**) of values of HR between these points in OPC group. Trend of values in period of reperfusion was the same in IPC and control group on the other hand trend in OPC group was the same as in mentioned groups but with statistical significant lower decrease. Furthermore, there were no changes between control group and OPC group in values of the last point of reperfusion but in comparison with IPC group those values were statistically different (P<0.05*) (Figures 2e, 3e and 4e)

  Coronary Flow (CF)

  There were no significant differences among groups in the values of point of stabilisation and first minute of reperfusion.

  In control and IPC group there were no significant difference between periods of stabilisation and first minute of reperfusion however there were high statistical significant increase (P<0.01**) of values of CF between these points in OPC group. Trend of values in period of reperfusion was the same in OPC, IPC and control group without any statistical difference. Furthermore, there were no changes among control, IPC and OPC group in last point of reperfusion (Figures 2f, 3f and 4f).

  Summary table shows all cardiodynamic parameters compared between the groups (Table 1).

  
    

    [image: Table 1. Summary table of statistically significant difference]

  

   

  DISCUSSION

  Acute myocardial infarction is leading cause of morbidity and mortality worldwide each year. Consequence of acute myocardial infarction, a diminished blood supply to the heart exceeds a critical threshold and overwhelms myocardial cellular repair mechanisms designed to maintain normal operating function and homeostasis[18]. The treatment of acute myocardial infarction has been prospering in last few decades and new methods such as preconditioning, post-conditioning and pharmacological agents have been examined to protect the heart[19,20].

  Preconditioning (PC) involves reduction of necrotic tissue mass, improvement of cardiac contractile performance after ischemia and reperfusion, and reduction of arrhythmias. Although the ischemic preconditioning is not entirely clarified, recently parts of the signal transduction cascade of ischemic preconditioning have been identified. According to different species, the organism increases the production of several chemical mediators that trigger the cardio protection process[21]. To avoid the problems which can cause ischemic preconditioning in clinical use, administration of pharmacological agents could be ideal solution. Pharmacological agents such as a cardio-selective β1-blocker and the adenosine triphosphate-sensitive potassium channel openers have been shown the ability to protect the heart but none has been widely accepted[19].

  Model of isolated rat heart is one the most convenient experimental tool for preclinical investigations of mammalian heart, and also very reliable for connection between animal and human studies. Generally, viewed morphology of the rat heart is very similar with human one[22]. Namely, structure of the left ventricular, wall thickness and properties of the papillary muscles are almost the same as in the human heart[22]. In addition, examination of nodal cells showed that they are very similar to human T cells, and begin with the functioning during the early embryogenesis[23]. Moreover, both ventricular and atrial cardiomyocites are showed to possess high percent of histological similarity[24]. In this sense, we can assume that there are significant analogy between cardiac (patho) physiological events in rat and human heart.

  In that sense, data collected from these experimental studies could be of great interest in improving knowledge about ischemic and especially pharmacological form of preconditioning.

  The present study aimed to compare potential protective effects of ischemic and pharmacological preconditioning with omeprazole on isolated rat heart subjected to ischemia/reperfusion. Considering the fact that myocardial tissues have H+/K+ - ATPase[19], we examined the effects of one of clinically most used H+/K+-ATPase inhibitor (omeprazole) in isolated rat heart.

  Proton pump inhibitors may be a particularly important in patients with intrinsic cardiac disease however their safety has not been well studied. Omeprazole was first introduced into clinical practice and it is commonly used for treatment of gastroesophageal reflux and erosive esophagitis but some studies pioneering demonstrated the protective effect of omeprazole on myocardial contractility in isolated rat hearts[25].

  Considering the fact that H+/K+-ATPase exists in myocardial tissues it could be expected that specific proton pump inhibitors might change the mechanical and electrical properties of the myocardium and might cause intracellular acidification via decreasing the extracellular H+ transport and membrane depolarization through intracellular K+ import[6,16].

  Gomes et al.[25] have shown that administration of omeprazole before ischemia induction had protective effect on myocardium function recovery and our results were very similar especially regarding to values of SLVP and dp/dt max. These results are coherent with findings in studies where only ischemic preconditioning was induced[2].

  On the other hand, in case of coronary flow (CF), in the present study there were no difference between OPC and IPC groups in last point of reperfusion (Figures 2a and 4a), which was very close to findings of Gomes et al.[25].

  It has been shown, that ischemic preconditioning can reduce the magnitude of ischemia/reperfusion injury via activation of K+ adenosine triphosphate (ATP)-sensitive (K(ATP)) channels[26]. Concerning this fact, Kersten et al.[27] found that left-ventricular pressure and coronary flow, respectively, were recovered to a greater extent after inducing ischemic preconditioning. In our study, results are very similar (Figures 2a, 2b, and 2f).

  A study evaluating animal model of frog by Gautam et al.[28], showed interesting results. They found that PPI in minimal used dose did not change heart rate, but when they increased doses twice, they noticed bradycardia. However, Gomes et al., on rat model did not show any effect on heart rate[25]. In this investigation, we found high statistical significant drop of values of HR between period of stabilisation and first minute of reperfusion in OPC group (Figure 4e).

  Birnbaum et al.[29] showed that induction of ischemic preconditioning on isolated rabbit heart leads to slower heart rate then in control group as we also demonstrated (Figures 2e and 3e).

  In our study, omeprazole decreased tension and complete inhibition of cardiac contractility (Figure 4d) and these results correlate with studies of other authors who investigated another PPI on similar models[6,30,31]. In OPC group we remarked that values of every parameter was significantly increased in first minute of reperfusion compared to point of stabilisation (Figures 4a to 4f).

  Based on findings by Murry et al.[2], we investigated ischemic preconditioning using similar procedure and we also concluded that in IPC group there was recovery of all measured parameters.

  Furthermore, based on our results it seems that ischemic preconditioning could be used as first window of protection after ischemic injury especially due to all investigated parameters showed continuous trend of recovery of myocardial function. On the other hand, after administration of omeprazole we noticed sudden trend of recovery with positive myocardium protection, although less effective than results obtained with ischemic preconditioning not withstand we must consider that omeprazole may be used in many clinical circumstances where direct coronary clamping for ischemic preconditioning is not possible.

   

  CONCLUSION

  Although there is lack of data regarding the events occurring during cellular adaptation to stressful stimuli, ischemic preconditioning may be powerful means in protection of ischemic myocardium, and the results of this investigation also confirmed the important preconditioning effect of the omeprazole in the protection against reperfusion lesions of the myocardium ischemia. However, current research on the different aspects of preconditioning seems to diverge more and the possibility of pharmacological manipulation of the pathways involved becomes reality. Therefore, this study is meant as another contribution for many other investigations, with emphasis on pharmacological preconditioning.
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    ABSTRACT

    OBJECTIVE: It was supposed that troponins in cardiac myxoma patients might be in a same fashion as in the conditions without myocardial injury. In order to verify this hypothesis, troponins in cardiac myxoma patients were discussed by presenting a comprehensive retrieval of the literature with incorporating the information of a recent patient.

    METHODS: Postoperative detections of troponin I, creatine kinase isoenzyme MB (CK-MB) and N-terminal pro-B-type natriuretic peptide revealed elevated troponin I and CK-MB and normal N-terminal pro-B-type natriuretic peptide. Postoperative troponin I and CK-MB shared a same trend, reaching a peak value at postoperative hour 2, gradually decreased on postoperative day 1, and reached a plateau on postoperative days 7 and 13. A significant correlation could be noted between the postoperative values of the two indicators (Y=0.0714X + 0.6425, r2=0.9111, r=0.9545, P=0.0116). No significant linear correlation between troponin I and N-terminal pro-B-type natriuretic peptide were found. Literature review of troponins in cardiac myxoma patients revealed the uncomplicated patients had a normal or only slightly elevated troponin before open heart surgery. However, the complicated patients (with cerebral or cardiac events) showed a normal preoperative troponin in 3 (23.1%) and an elevated troponin in 10 (76.9%) patients (χ2=7.54, P=0.0169, Fisher's exact test). The overall quantitative result of troponin I was 2.45±2.53 µg/L, and that of troponin T was 3.10±4.29 mg/L, respectively.

    CONCLUSION: Troponins are not necessarily elevated in patients with a cardiac myxoma without coronary syndrome. By contrast, patients with a cardiac myxoma with an elevated troponin may herald the presence of an associated coronary event. An old cerebral infarct does not necessarily cause an elevation of troponin or B-type natriuretic peptide, or new neurological events, but might lead to a delayed awakening.

    Descriptors: Brain. Myxoma. Natriuretic Peptides. Troponin.

  

   

  
    RESUMO

    OBJETIVO: Supunha-se que troponinas em pacientes com mixoma cardíaco poderiam estar em uma mesma forma que naqueles sem lesão miocárdica. Para verificar essa hipótese, as troponinas em pacientes com mixoma cardíaco foram discutidas, em uma revisão abrangente da literatura com a incorporação das informações de um paciente recente.

    MÉTODOS: Detecções pós-operatórias de troponina I, creatina quinase isoenzima MB (CK-MB) e peptídeo natriurético tipo B N-terminal revelaram troponina I e CK-MB elevadas e pró-peptídeo natriurético tipo B N-terminal normais. Troponina I e CK-MB no pós-operatório tiveram a mesma tendência, chegando a um valor de pico na 2a hora de pós-operatório, diminuindo gradualmente no primeiro dia pós-operatório, chegando a um patamar nos dias 7 e 13 do pós-operatório. Correlação significativa pode ser observada entre os valores pós-operatórios de dois indicadores (Y=0,6425 + 0.0714X, r2=0,9111, r=0,9545, P=0,0116). Nenhuma correlação linear significativa entre troponina I e pró-peptídeo natriurético tipo B N-terminal foi encontrada. A revisão da literatura de troponina em pacientes com mixoma cardíaco revelou que os pacientes sem complicações tiveram troponina normal ou apenas ligeiramente elevada antes da cirurgia de coração aberto. No entanto, nos pacientes com complicações (com eventos cerebrais ou cardíacos) três (23,1%) estavam com troponina normal e 10 (76,9%) com troponina elevada no pré-operatório (χ2=7,54, P=0,0169, teste exato de Fisher). O resultado quantitativo global de troponina I foi 2,45±2,53 µg/L, e o de troponina T foi 3,10±4,29 mg/L, respectivamente.

    CONCLUSÃO: As troponinas não são necessariamente elevadas em pacientes com mixoma cardíaco sem síndrome coronariana. Por outro lado, em pacientes com mixoma cardíaco a troponina elevada pode ser preditora de um evento coronariano associado. Um infarto cerebral antigo não necessariamente causa elevação de troponina, do peptídeo natriurético tipo B, ou novos eventos neurológicos, mas pode levar a um atraso no despertar.

    Descritores: Encéfalo. Mixoma. Peptídeos Natriuréticos. Troponina.

  

   

   

  INTRODUCTION

  Troponins are a type of contractile protein produced in cardiac and skeletal muscles. They are composed of troponin subunits I, C and T, with the former two subunits being highly sensitive and specific for myocardial damage, especially implicated in the diagnosis of acute coronary syndrome[1]. Dynamics of troponins have been sufficiently described as to start to increase a few hours after myocardial ischemic damage, reach a plateau after 10-15 hours, and recover gradually to the baseline level[2]. Elevations of troponins T and I were also found in patients without myocardial injury. These situations included severe renal dysfunction[3], acute neurological events (with a peak troponin I value of 3.43±3.22 µg/L)[4], hepatic cirrhosis and portal hypertension[5], stroke, pulmonary embolism and sepsis[6].

  Troponins were sporadically reported in cardiac myxoma patients. However, these results were actually anecdotal without being taken into a through investigation. It was supposed that troponins in cardiac myxoma patients might be in a same fashion as in the conditions without myocardial injury. In order to verify this hypothesis, a patient with cardiac myxoma, whose clinical and histopathological aspects have been reported elsewhere[7,8], is to be presented in terms of her serum troponin studies along with creatine kinase isoenzyme MB (CK-MB) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) by incorporating the results based on a comprehensive retrieval of the literature.

   

  CLINICAL OBSERVATIONS

  Six months prior to current admission, a 51-year-old female had abrupt loss of vision and consciousness. She was in a state of cardiogenic shock, which was revealed to be a result of multiple cerebral infarcts with a diagnosis of "top of the basilar" syndrome due to a left atrial myxoma. Later, she also developed multiple segmental embolism of her lower extremities involving the bilateral anterior tibial, bilateral posterior tibial, right popliteal and bilateral dorsal arteries. Left atrial myxoma resection was performed under cardiopulmonary bypass. During the operation, the myxoma was found to be originated from the free wall of the left atrium. The myxoma was resected en bloc, and the iatrogenic atrial free wall defect was repaired with an autologous pericardial patch. She had a delayed awakening until postoperative hour (POH) 13.5 without any new neurological sequelea. She had an uneventful postoperative course and was discharged home on postoperative day (POD) 19. Histopathology of the resected myxoma showed a glandular cardiac myxoma.

  On admission, her C-reaction protein was 41.66 (normal range, 0-10) mg/L, hypersensitive C-reaction protein was >5 (normal range, 0-1) mg/L, and CK-MB 7.6 (normal range, 0-40) U/L. Her condition was gradually stable after prolonged treatment. She was recently referred to this hospital for surgical treatment of left atrial myxoma. After admission, the diagnosis of left atrial myxoma was confirmed by echocardiography and chest computed tomography. Her preoperative troponin I and NT-proBNP values were normal.

  Postoperative detections revealed elevated troponin I and CK-MB and normal NT-proBNP (Table 1). Troponin I values were moderately elevated at POH 2 and POD 1. Postoperative CK-MB showed a same trend with cardiac troponin I, which reached a peak value at POH 2 (POD 0.08), gradually decreased on POH 24 (POD 1), and reached a plateau on PODs 7 and 13. The only difference between the two indicators was CK-MB recovered to normal values since POD 7, whereas troponin I did not, but were 0.43 µg/L and 0.32 µg/L at PODs 7 and 13 (Figure 1). A significant correlation could be noted between the postoperative values of the two indicators (Y=0.0714X + 0.6425, r2=0.9111, r=0.9545, P=0.0116) (Figure 2). Random NT-proBNP values were 243 and 448 pg/mL at POH 2 and on POD 7. No significant linear correlation between troponin I and NT-proBNP were found (Y=-0.0251X + 11.2760, r2=0.2846, r=-0.5335, P=0.6418) (Figure 3).
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  DISCUSSION

  Troponin I is a popularly recognized sensitive biomarker in the diagnosis of postoperative myocardial damage and perioperative myocardial infarction[9]. Clinical observations revealed that troponin I, CK and CK-MB values peaked between POHs 6 and 18, troponin T between POHs 18 and 42, and myoglobin at the surgical closure. The values of all markers were higher in patients undergoing coronary surgery compared to those undergoing valve surgery[10]. Yuan et al.[11] discovered significant elevated serum troponin I during the early days after the onset or surgical repair of myocardial rupture, and they advocated the troponin I was valuable in judging the prognosis of the patients with myocardial injury. Troponin I (as well as NT-BNP) can be helpful in the evaluation of the functions of the vital organs including heart subjected to perioperative drug use, such as oral prophylactic metoprolol[12] and high-dose aprotinin[13].

  Troponin levels in cardiac myxoma were reported in 18 sporadic patients[14-31], totally 19 patients including the present one (Table 2). Of them, 12 (63.2%) were troponin I and 7 (36.8%) were troponin T. Six (31.6%) patients were uncomplicated, and 13 (68.4%) were complicated (χ2=5.16, P=0.0502, Fisher's exact test). Of the complicated patients, acute myocardial infarction developed in 10 (76.9%) patients, and ventricular fibrillation arrest, pulmonary embolism, and ischemic stroke developed in 1 (7.7%) patient, each (χ2=21.17, P=0.0001, Fisher's exact test). The uncomplicated patients had a normal or only slightly elevated troponin before open heart surgery. However, the complicated patients showed a normal preoperative troponin in 3 (23.1%) and an elevated troponin in 10 (76.9%) patients (χ2=7.54, P=0.0169, Fisher's exact test). The overall quantitative result of preoperative troponin I was 2.45±2.53 (range, 0.0189-5.91; median, 1.47) µg/L (n=7), and that of troponin T was 3.10±4.29 (range, 0.31-9.37; median, 1.36) mg/L (n=4), respectively. The troponin I was somewhat higher than the baseline value of coronary artery disease patients (1.0±6 µg/L)[9] or the baseline value of the patients with coronary and/or valvular disorders (0.16±0.05 µg/L)[10] reported in the literature. The functional atrioventricular valve obstruction and embolic phenomena predisposing to myocardial infarction in the presence of a cardiac myxoma might be the explanations of the remarkable rise of the baseline troponin values[25].
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  It was proposed that troponin I levels measured on POD 1 may predict short-, medium- and long-term mortality. Troponin I levels of alive patients was 2.01 (range, 1.01-3.65) and 4.26 (range, 2.18-8.37) µg/L at POH 2 and on POD 1, while those of the deceased were 3.63 (range, 1.62-8.26) and 11.85 (range, 5.59-23.96) µg/L, respectively[14]. In a patient with a cardiac myxoma and associated coronary artery stenosis, his troponin I was 3.56 µg/L on POD 13[26]. The present patient with old cerebral infarct had an uneventful recovery after the resection of cardiac myxoma. She had compatible troponin I values during the early postoperative period to the maximal value of the survived surgical patients as reported by Croal et al.[32]. In addition, this patient had significantly decreased troponin I values on PODs 7 and 13, much lower than those of the patient reported by Stępień's et al.[26]. This could be interpreted by the associated coronary artery disease in the latter patient[26].

  Comparative studies between troponins and CK-MB have already been stated some decades ago. There were little differences among troponins I and T, and CK-MB after cardiac operation to diagnose myocardial damage[33]. However, troponins have a more prolonged release than CK-MB when the patient is subjected to myocardial damage; it is therefore more sensitive than CK-MB in indicating myocardial necrosis. A troponin I concentration <15 µg/L within PODs 1-2 was highly suggestive of the absence of perioperative myocardial necrosis[34]. The dynamic changes of troponin I and CK-MB in the present patient were quite identical. The incidental finding was a peak value at POH 2 and a gradual decrease on POD 1, contrary to a delayed peak appearing on POD 1 as reported by Croal et al.[32]. The disconformity warranted further investigations.

  NT-proBNP is a pre-propetptide synthetized in the cardiomyocytes. When it is secreted, it splits into two parts: physiologically active brain natriuretic peptide (BNP) and biologically inactive NT-proBNP. Both can be significantly elevated when the patient is with an acute or congestive heart failure[35]. The normal range of BNP was <200 pg/mL[36]. Increased BNP values were discovered to be related to acute cerebrovascular events[37]. BNP >140 pg/mL could be helpful in distinguishing cardiogenic from non-cardiogenic embolism[38]. Clinical observations revealed BNP levels were loosely correlated with New York Heart Association (NYHA) functional class[36]. In the patients undergoing cardiac surgery including one patient with atrial myxoma, BNP was 62.8±68.1 pg/mL[39]. Patients with congestive heart failure had a mean BNP concentration of 1076±138 pg/mL, while the non-congestive heart failure patients had a mean BNP concentration of 38±4 pg/mL[40]. Links between BNP and cardiac myxoma have rarely been discussed. Factors associated with high BNP levels other than congestive heart failure were age, gender, renal failure, lung disease and myocardial infarction; meanwhile, atrial myxoma was determined as a factor accounting for low BNP levels with congestive heart failure[41]. Plasma BNP level in 17 consecutive adult patients (including one patient with a left atrial myxoma) during the perioperative period were detected. Plasma BNP remained unchanged until 12, 24 and 48 hours after the termination of cardiopulmonary bypass, which were 149.5±43.0 pg/mL, 175.2±93.6 pg/mL and 146.2±59.4 pg/mL, respectively[42]. In a patient with right heart enlargement and severe pulmonary hypertension free of congestive heart failure, her BNP was 5,613.4 pg/mL[30]. A 53-year-old man with a large left atrial myxoma presented with biventricular heart failure. His BNP was as high as 4,800 pg/mL[43]. Lack of elevations of BNP has been reported in the event of acute congestive heart failure or with ventricular inflow obstruction (hypertrophic obstructive cardiomyopathy, mitral stenosis, or atrial myxoma)[36].

  Top of the basilar artery refers to a 2-cm territory surrounding the five-forked junction at the top of the basilar artery formed by 2 posterior cerebral arteries, 2 superior cerebellar arteries and the top of basilar artery[44]. Cerebral infarction involving the rostral brainstem and cerebral hemisphere that are supplied by the distal basilar artery causes a clinical syndrome, known as rostral brainstem infarction or "top of the basilar" syndrome, characterized by visual, oculomotor, and behavioral abnormalities, often with insignificant motor dysfunction[45]. "Top of the basilar" syndrome occurs when the top of the basilar artery is subjected to thromboembolic occlusions, and results in bilateral thalamic ischemia due to occlusion of perforator vessels. Transient ischemic attack and stroke can present in 80% of patients with a cardiac myxoma[46]. Unexplained transient ischemic attack, cerebral infarction and syncope are common neurologic manifestations[47]. Clinical observations demonstrated that the patients with preoperative cerebral infarct took longer time to awaken than those without (6.5±5.0 hours vs. 4.6±2.9 hours, P<0.05)[48]. The incidence of confusion and cerebral infarction after operation in the preoperative infarct patients was higher than those without[48]. The anesthetic awareness in the present patient was 13.5 hours, even longer than reported. This phenomenon implicated that an old cerebral infarct may interfere anesthetic awareness, but not necessarily complicated with new postoperative sequelae. The normal postoperative BNP values of the present patient offered a strong support to this argument.

   

  CONCLUSION

  Troponins are not necessarily elevated in patients with a cardiac myxoma without coronary syndrome. By contrast, cardiac myxoma patients with an elevated troponin may herald the presence of an associated coronary event. An old cerebral infarct does not necessarily cause an elevation of troponin or BNP, or new neurological events, but might lead to a delayed awakening.
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  Geraldo Verginelli, the son of Angelo Verginelli and Marianna Marchetti Verginelli, was born on May 8, 1920, in the city of Campinas, located in the countryside of the state of São Paulo.

  From 1929 to 1931, he went to elementary school at Grupo Escolar Modelo and, from 1933 to 1937, he attended the prestigious "Culto à Ciência" school, where he graduated from junior high school, both schools being in Campinas. After graduation, he moved to São Paulo, where he took the Pre-Med course at Colégio Universitário, an annex of the University of São Paulo Medical School (FMUSP), during the years of 1938 and 1939. In 1940, after passing the required test for admission, he enrolled in the University of São Paulo Medical School. As both a curricular and a volunteering activity, he attended Second Surgical Rotation under Prof. Alípio Corrêa Neto at Santa Casa de Misericórdia de São Paulo, which was the teaching hospital of the Medical School at the time.

  After graduating in 1945 (Figure 1), Verginelli started his three-year surgical training, equivalent to the current medical residency, at the Clínicas Hospital of the University of São Paulo Medical School. In the first year, the rotation covered several specialties, and, in the second and third years, his rotation was under the service of Prof. Alípio Corrêa Neto. The Professor was a pioneer in the First Surgical Rotation and he divided the group into different specialties: Gastrointestinal Surgery, Thoracic Surgery, Endocrine Surgery, and Peripheral Vascular Surgery. Next, Verginelli acted as an intern and Assistant Physician. However, the specialized groups saw General Surgery patients. At last, he joined the Thoracic Surgery Group as an Assistant Physician. Thoracic surgery practice had been going through great advances, especially after the trip of Prof. Zerbini, the group's chief, to Saint Louis and Boston, when surgery for tuberculosis was integrated into the lung resection surgery. Likewise, when the decision to start performing cardiac surgeries under cardiopulmonary bypass was made, the Artificial Lung-heart workshop station was set up in the basement of the Clínicas Hospital in order to produce the equipment that made the surgery possible. The equipment was tested in a series of more than a hundred dogs. In 1957, Verginelli was one of the most active members of that experimental group. In the following year, the first surgery under cardiopulmonary bypass was performed in the Clínicas Hospital. The development of this specialty, with congenital heart disease and heart valve surgeries, was fast-paced, from valve replacement in the 1960s to coronary artery bypass grafting in the 1970s. Throughout those decades, Verginelli continued working almost full-time, becoming an important asset in the workings of the service. His reputation as a skilled, elegant, and perfectionist surgeon was established in the Clínicas Hospital. Therefore, on January 26, 1965, when the first kidney transplant was performed by Prof. Geraldo Campos Freire, Verginelli was called to take care of the vascular anatomy. He remained with this transplant team for many years.

  
    

    [image: Fig. 1 - Geraldo Verginelli at his Graduation]

  

  In addition, he participated in the first heart transplant on May 26, 1968 as well as in the following two transplants performed in 1968 and 1969. Similarly, he took part in the development of the dura mater bioprosthesis, where his contribution, in addition to his performance in the congenital heart disease surgery service, was crucial.

  He was the point of contact for younger assistants, residents, and interns. Hundreds of them, from all over Brazil, Latin America (Argentina, Ecuador, Mexico, Peru, Uruguay, and Venezuela), Portugal, Spain, and even Japan, owe much of their training to Geraldo Verginelli. He followed a routine, arriving at the Clínicas Hospital, then going to the Heart Institute (Incor) to do postoperative rounds at 7:00 am sharp.

  Afterwards, he participated in the meeting to discuss the daily surgical cases at Incor, where his presence was always a certainty, even when he started having health problems and using a wheelchair.

  When interacting with Prof. Verginelli, two other remarkable characteristics stood out: his search for propriety in the use of language and his knowledge of the "Nomina Anatomica". Regarding the former, unquestionably a legacy from Prof. Alípio Corrêa Neto, whether at formal or informal meetings, he was known for correcting inaccurate terms, such as pathology, synonyms of diseases as well as any language in disagreement with writing and style manuals. He was frequently asked to correct texts, articles, and even dissertations. As for the Nomina Anatomica, he would not compromise, not even when the term commonly used in medical language was not in accordance with the Nomina.

  Regarding academics, most of his titles and positions were obtained through civil service examinations:

  • In 1972, Medical Doctor from the University of São Paulo Medical School;

  • In 1973, Full Professor of Surgical Rotation at the University of São Paulo Medical School;

  • In 1974, Full Professor of Thoracic Surgery at the Paulista Medical School;

  • In 1978, Assistant Professor of Thoracic Surgery at the University of São Paulo Medical School.

  Those were his titles and positions. The University of São Paulo later extinguished the titles of Full Professor and Assistant Professor, which were then classified as Associate Professor. Verginelli retired as such compulsorily in 1990 at the age of 70. However, he continued to work at Incor (Figures 2, 3, and 4).
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  Prof. Verginelli was incredibly active on the scientific level. He coordinated and/or was an exhibitor in more than a hundred national and international conferences in addition to presenting more than 700 communications. He had an extensive list of publications. Besides two dissertations, he published more than 40 book chapters, almost 200 articles in Brazilian journals and about 50 articles in international journals.

  He received approximately 40 national and international awards and honors.

  Due to his almost exclusive dedication to the Thoracic Surgery Service, the Thoracic Surgery subject, the Clínicas Hospital as well as the Heart Institute, Verginelli was nominated to highly important administrative positions. At the Heart Institute, he was President of the Teaching Committee, member of the Scientific Committee, member of the Board of Directors, member of the Curators Committee of the Zerbini Foundation, and Director of the Surgery Department. The department was established in 1979, encompassing the Surgical, Bioengineering, and Experimental Surgery divisions as well as the Anesthesia Service. Subsequently, those became independent areas and the Surgery Department ceased to be a part of the Heart Institute.

  Unlike many, Prof. Verginelli was able to successfully accomplish the triple mission of assisting patients, teaching, and conducting research. While assisting patients, he was crucial to the development of cardiovascular surgery in the Clínicas Hospital of the University of São Paulo Medical School, working and assisting in all areas and specialties. In addition, he participated in the development of innovations in this and other several areas. In terms of teaching, a huge number of cardiovascular surgeons in Brazil and abroad owe much of their training to Prof. Verginelli.

  After undergoing an only partially successful hip surgery and suffering from a progressive neurological disease, Prof. Verginelli passed away on July 10, 2014.

  Paraphrasing the popular Antoine de Saint Exupéry: Those who pass us by go alone, as every individual is unique and unreplaceable. "Those who pass us by, do not go alone, do not leave us alone. They leave us a little of them and take a little of us." There are those who take a lot and those who take nothing at all. There are those who leave a lot and those who leave nothing...

  Prof. Verginelli fits the description of those that passed us by, left a lot of themselves and took a lot from us.
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  In the article "Determinants of peak VO2 in heart transplant recipients", published in the Brazilian Journal of Cardiovascular Surgery/Revista Brasileira de Cirurgia Cardiovascular 30.1, pages 9-15, the correct name of one of the co-authors is Marcelo Luiz Campos Vieira and not Marcelo Luiz Campos-Vieira.
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        	1 and 2 - Anatomy for Electrophysiologists
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          3 to 6 - ISMICS Annual Scientific Meeting

            Berlin, Germany
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            London, United Kingdom
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            Site: www.rbht.nhs.uk/cardiacmorphology

          03 to 05 - 3rd International Symposium: Perioperative Care for Seniors

            Prague, Czech Republic

            Informations: George Silvay, M.D., Ph.D.

            Phone: 212 241 8346

            Fax: 420 284 001 448

            E-mail: anesthesiologyforseniors2015@guarant.cz

            Site: www.anesthesiaforseniors2015.cz

          8 to 12 - Fundamentals in Cardiac Surgery: Part II

            Windsor, United Kingdom

            Informations: EACTS

            Phone: 212 241 8346

            Fax: 420 284 001 448

            E-mail: info@eacts.co.uk

            Site: http://www.eacts.org/academy/2015-programme/

          10 to 13 - 16th European Congress on Extracorporeal Circulation Technology

            Krakow, Poland

            Informations: Judith Moonen

            Phone: 31104527004

            E-mail: office@fecect.org

            Site: http://www.fecect.org

          10 to 13 - 11th International Conference on Pediatric Mechanical Circulatory Support Systems & Pediatric Cardiopulmonary Perfusion

            Verona, Italy

            Informations: The International Society for Pediatric Mechanical

            Cardiopulmonary Support

            Phone: (717) 531-6706

            Fax: (717) 531-0355

            E-mail: pedsabstracts@hmc.psu.edu

            Site: http://pennstatehershey.org/web/pedscpb/home

          11 to 13 - SVM 26th Annual Scientific Sessions

            Baltimore, United States

            Informations: SVM Headquarters

            Phone: 1 847-480-2961, Ext. 229

            E-mail: info@vascularmed.org

            Site: www.vascularmed.org/AM15

          17 to 20 - The New Orleans Conference

            New Orleans, United States

            Informations: Joseph Basha, CCP

            Phone: 318-623-0890

            E-mail: josephBasha@PerfusionInternational.com

            Site: http://www.TheNewOrleansConference.com

          18 - Endobronchial Ultrasound Training Course

            Toronto, Canada

            Informations: CPD Faculty of Medicine, University of Toronto

            Phone: 416.978.2719/1.888.512.8173
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            Site: http://www.cpd.utoronto.ca/ebus/

          19 to 21 - Aortic Valve Repair Summit

            Woluwe-Saint-Lambert, Belgium

            Informations: Cardiovascular Surgery Thoracic Secretariat Cliniques Universitaires Saint-Luc
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            E-mail: ccv@chir.ucl.ac.be
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          19 to 20 - 41st Annual Toronto Thoracic Surgery Refresher Course

            Toronto, Canada
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          22 and 23 - Perioperative Skills in Cardiac Surgery

            Windsor, United Kingdom

            Informations: EACTS

            Phone: 44 (0)1753 832166

            Fax: 44 (0)1753 620407

            E-mail: info@eacts.co.uk

            Site: http://www.eacts.org/academy/2015-programme/
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Table 8. The 39 atlected arteries other than cerebral artery m 138
patients.

Affected artery n (%) Reference
Extremity artery 14(359)
Brachial 1(7.1) 721
Radial 1(7.1) 7]
Ulnar 1(7.1) 721
Dorsalis pedis 1(7.1) [85]
Peroneal 1(7.1) 721
Popliteal 2(142) [80]
Tibial 2(142) [72.85]
‘Tibio-peroneal trunk 1(7.1) 721
Unknown 4(28.6) [13.76.84]
Visceral artery 133
Hepatic 1(1.7) [63]
Mesenteric 2(15.4) [16.80]
Renal 3(23.0) [55.63.80]
Splenic 3(23.0) [55.63.80]
Coronary 4(103)
Circumflex 1(25) [41]
Ramus intermedius 1025) [35]
Unknown 2(50) [63,80]
Other peripheral artery 8(205)
Carotid 3(375) [11.19.63]
Femoral 2(25) [21.80]
Tiiac, internal 2(25) [55.80]
Retinal 1(12.5) [0]
Great vessel 4(103)
‘Abdominal aorta 2(50) [60,80]
Infrarenal aorta 1025 (91

Pulmonary 1(25) [43]
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Table 9. Diagnostic means of cardiac myxoma.

Diagnostic means n (%)
TTE 79 (69.3)
TTE. TEE, 3D TEE 12(10.5)
TEE 9(7.9)
TTE, MRI 4(3.5)
Autopsy 3(26)
Computed tomography, TTE 2(18)
TTE. TEE, MRI 2(18)
Computed tomography, TTE, TEE 1(0.9)
Computed tomography angiography, TTE 1(0.9)

MRI=magnetic resonance imaging; TEE=transesophageal
echocardiography; TTE= transthoracic echocardiography
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Endnote Web®, caso contrério é 56 realizar novamente os passos descritos
em insergdo de artigos (item 3).

0 autor deve escrever set texto normalmente, e no momento em que
deve aparecer a citagio numérica, clicar em “find ", como
demonstrado na figura 7. No campo de busca o autor pode inserir qualquer
dado da referéncia em questdo. Se houver mais de um artigo em que o termo
pesquisado foi encontrado o programa apresentard ambos. Cabe ao autor dar
duplo clique no que Ihe interessar e a citagio ja pode ser vista no texto

(geralmente niimero) e na lista de referéncias bibliograficas, ambas geradas

automaticamente]

Fig. 5 - Bibliographic style display. Select “RBCCV”.
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le 7. Comparisons of site and number of cerebral infarcts.

Infarct side Single Multiple 7 P value
Left 153935  14(226) 0069 1000
Right 14(368)  6(9.7) 640 0026
Bilateral - 26 (41.9) - -
Not given 9(23.7)  16(258) 392 0089
Total 38(100)  62(100) 1152 0.001
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Fig. 4 - Research display in PUBMED database into Endnote Web site. Choose the items of interest and click “add to group”.
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Abbreviations, acronyms & symbols

cT Computed tomography
MRI Magnetic resonance imaging
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Table 10. Locations of 112 cardiac myxomas.

Location n (%)

Single 105 (93.8)
LA 93 (88.6)
w 8(7.6)
Left heart 1(1.0)
Atrium 1(1.0)
Infrarenal aorta (complete detachment to) 1(1.0)
RA 1(1.0)

Multiple 7(63)
LA RA 2(28.6)
LA,LV,RA, RV 1(143)
Multiple chambers 1(143)
LA, pulmonary vein orifice, mitral
annulus 1(143)
LA, mitral annulus 1(143)
LA RV 1(143)

Ld=left amrium; LV=left ventricle; RA=right amrium; RV=right
ventricle
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Table 11. Surgical operations 1n 98 patients with cardiac myxoma

stroke.
Surgical operation n (%)
Tsolated myxoma resection 82(83.7)
Myxoma resection with concurrent heart operation 8 (3.2)
Mitral valve repair 3(37.9)
Mitral valve replacement 1(125)
Aortic valve replacement 13125
Patent fossa ovalis/atrial septal defect closure 2(25)
Coronary artery bypass grafting 1(125)
Myxoma resection with other operation 6(6.1)
Peripheral embolectomy 2(33.3)
Peripheral embolectomy and amputation 13167
Peripheral embolectomy, fasciotomies and 13167
amputation
Decompression craniotomy 13167
Endovascular coiling of internal carotid artery 1(167)
aneurysm
No myxoma resection 2(2.0)
Embolectomies and herniation decompressive 1(50)
hemicraniectomy
Cranial decompression 1(50)
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Table 1. Main features of 704 patients included i this study.

N 704 Range or %
Age (years) 528<138 T7to84
Female/Male 158/546 22.4% /77.6%
Weight (Kg) 82.5:15.8 42t0 145
Atrial Fibrillation Paroxysmal 314  44.6%

Persistent 332 47.2%
Permanent 58  82%

With/Without Cardiopathy ~ 279/425 39.6% / 60.4%
Left Atrium diameter (mm) 39.9+6.8 2510 60
Ejection fraction 0.66:0.8 031008

RF shots 70.518.9 4010120
X-ray duration (min) 60.6:21.1 10t0 99
Number of sessions 116204 1to4

Max Esophageal displace-

ment (cm) 59208 41091
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Fig. 3 - Disc oxygenator, 1956. Source: Souza & Elias, 2006.
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Authors’ roles & responsibilities
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‘manuscript, writing of the manuscript and erifical review of|
its content

MAMS  Final approval of the manuscript; conception and design;
Manuscript writing and critical review of ifs content

WBY  Final approval of the manuscript; conception and design;
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Fig. 3 - Barium esophagography showing esophageal displacement
during RF catheter ablation of AF: In 4, the thermometer position is
satisfactory; however, in B, the thermometer is misplaced and should
not be considered for temperature conirol of the ablation. The yellow
dotted lines show the esophageal lumen contour: Enough bilateral
esophageal displacement can also be observed, allowing safe ablation.

trial fibrilation; RE=radiofiequency
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Abbreviations, acronyms & symbols

ANC
cp
cPB
L
LDH
MV
RP
TNFa

Absolute neutrophil count
Ceatrifugal pump
Cardiopulmonary bypass
Levels of interleukin
Lactate dehydrogenase
Mean corpuscular volume
Roller pump

Tumor necrosis factor-alpha
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2 - The text display after procedure described in Figure 1.
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Table 2. ELT changes with and without esophageal displacement. In 19/25 (76%) patients the RF
was interrupted due to ELT increase > 1°C during one RF delivery at least.

N 25 Range/% P
Age (years) 585+10.5 Bt073
Female/Male 817 32%/68%
Weight (Kg) 783+143 52t0 101
Atrial Fibrillation Paroxysmal 6 24%
Persistent 17 68%
Permanent 2 8%
With/Without Cardiopathy 9116 36%/64%
Left atrium diameter (mm) 40983 2910 59
Ejection fraction 06609 037100.79
RF shots 701138 441099
X-ray duration (min) 65.1£16.5 281099
Number of sessions 12205 1to3
max Esophageal displacement (cm) 6113 451092
max A T with displacement (C) 0112013 0t00.5 P00l
max A T without displacement (C) 13205 0to2
AT > 1°C without displacement 19/25 76% P00l
AT > 1°C with displacement 0 0%

ELT=esophageal luminal temperature; RF=radiofrequency
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Fig. 6 - Modern centrifugal pump module. Centripump. Source:
Braile Biomedica®
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Fig. 5 - Modern roller pump. BEC Heart Lung Machine. Source:
Braile Biomédica®
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Fig. 4 - Esophagus positioned on the left at rest showing some
restriction to be moved. Nevertheless, therewas enough displacement
for treating left pulmonary vein. In such cases, the barium
esophagography is helpfil to define the real esophagus boundaries
and to show the extension of the displaced segment.
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Table 2. Comparafive analyses of roller vs. centrifugal pumps for cardiopulmonary bypass, using markers of
inflammatory response as outcome measures.

Statistical analysis Palue
Author Marker of inflammation cp RP
Mean  standard deviation
Berki et al. [58] Fibrinogen (mg/dL) 2585160 216+148 <001RP
Mean  standard deviation
€3 (mg/dL) 3645104 411273 >0.05
C4 (mg/dL) 13730 19323 >0.05
Yoshikai et al. [59] TgA (mg/dL) 1728 19195 >0.05
1eG (mg/dL) 10114 83681 >0.05
IeM (mg/dL) 1267 780 >0.05
Mean  standard deviation
Morgan et al. [60] IL-6 (pg/dL) 320259 392257 <005 CP
Mean
IL-1B (pg/dL) - - -
IL-6 (pg/dL) 341 260 <005 CP
Ashraf et al. [64] IL8 (pg/dL) 143 150 >0.05
TNFu (pg/dL) - , .
€5b-9 (ng/mL) 765 509 <0.05 CP
ANC(x109) 815 62 <005 CP
Mean
IL-6 (pg/dL) 770 600 <001cP
Baufreton et al. [65] IL8 (pg/dL) 115 122 <005 CP
TNFa (pg/dL) 160 130 <001CP
Mean
IL-6 (pg/dL) 2044 3932 <005RP
oo |66] TNFa (pg/dL) 1648.0 12558 <0.05RP
Mean
Keyser etal. [62] Fibrinogen (mg/dL) 250 230 >0.05

ANC=absolute neutrophil count: CP=centrifugal pump; RP=roller pump.





OPS/images/a07img06.png
Fig. 5 - This patient had an old phrenic palsy and the esophagus
was adhered to the same side showing resiriction to be displaced
o the left. However, enough displacement was achieved for right
pulmonary vein ablation. Again, barium esophagography was helpful
o define the real esophagus borders and to show the extension of
the displaced segment.
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Table 1. Comparative analyses of roller vs. centrifugal pumps for cardiopulmonary bypass, using markers of
hemolysis as outcome measures.

Statistical analysis Pvalue
Author Marker of hemolysis CP RP
Mean
Flploglohin (1) 12 13 005
P Foomoodes s ol [57]  Phabelet sowk (10%s?) 99000 11846 5005
Thmsglbin G/l 19 455 005
W - st derisionn
Platelet count (10°/mm?) 13.02+6.8 9.66+3.4 <0.01 RP
Berki et al. [58] ey 36248 23,1442 <0.05RP & CP
M- sente hvisonn
LDH (U/L) 1475.9+490.5 3814.2+1125.0 >0.05
Yoshikai et al. [59]
etal. [59) Platelet count (10°/mm®) 15.8+55 14.4+41 >0.05
W - sende hvisionn
Morgan et al. 60] Hematocrit (%) 312005 324006 >0.05
o Disptplolsi (1) - - -
M- st deisorn
Platelet count (10°/mm?) 221£13 222+12 >0.05
Andersen et al. [61] Thmosglbin G/l nees 1204 005
Hematocrit (%) 32£0.01 33+0.01 >0.05
Mean
Platelet count (10°/mm®) 150000 170000 >0.05
Ceveer et al [62 Hematocrit (%) 32 34 >0.05
eyser etal. [62] LDH (UIL) 160 180 0,05
Bilirubin (mg/dL) 12 09 >0.05
Platelet count (10¥/mnr’) Bk tgess >0.05
bkt - !
Saczkowski et al. [63] Hemoglobin (mg/dL) >0.05

CP=centrifugal pump; RP=roller pump.
“Haptoglobin: after the start of CPB, the haptoglobin levels in nearly all samples exceeded the limit of quantitation
(0.1g/L) and could not be measured.
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Chart 1. The nisk categories from the stratiiication of complexity methods with some procedures.

RACHS-1

STS-EACTS (STAT) mortality score

Aristotle basic score

Category 1
PDA>30d, OS ASD, sinus venosus septal
defect, aortic coarctation>30d, PAPVC

Category 2
VSD, TOF, Glenn, OP ASD, aortic coarctation
at age<30d, ASD and VSD, repair of total
anomalous pulmonary veins at age >30d

Category 3
Fontan procedure, Systemic to pulmonary
artery shunt, mitral valvotomy or valvuloplasty,
MVR, PA banding

Category 4
Arterial switch operation with VSD closure,
atrial septectony, repair of total anomalous
pulmonary veins at age <30d

Category 5
Repair of truncus arteriosus and interrupted
arch, tricuspid valve repositioning for neonatal
Ebstein anomaly at age <30d

Category 6
Norwood operation, Damus-Kaye-Stansel
procedure

Category 1
ASD, VSD, Fontan (lateral tunnel, fenestrat-
ed), aortic coarctation repair (end to end),
TOF repair (no TAP)

Category 2
PDA, mitral plasty, Glenn, TOF (TAP), Fon-
tan (external conduit, fenestrated)

Category 3
Arterial switch operation, coarctation repair

(patch aortoplasty), AVSD repair (complete),
coarctation repair + VSD repair, Rastelli.

Category 4
Arterial switch operation and VSD repair,
Arterial switch procedure + aortic arch repair,
PA banding, systemic-pulmonary shunt
(MBTS or central), MVR, TOF-AVSD repair

Category 5
Norwood procedure, Damus-Kaye-Stansel
procedure

Category 1
ASD repair, AVSD repair
(intermediate and partial), PDA,
PAPVC repair

Category2
VSD, Glenn, Systemic to pulmo-
nary shunt (MTBS and central),
TOF (ventriculotomy, non-TAP)

Category 3
TOF (TAP), Fontan, TAPVC re-
‘pair, mitral valvuloplasty, MVR

Category 4
Senning, ASO, ASO and VSD,
DORYV (intraventricular tunnel
repair), Rastelli, Norwood

PDA=patent ductus arteriosus; OS ASD=ostium secundum atrial septal defect; PAPVC=partial anomalous pulmonary venous connection;
VSD=ventricular septal defect, TOF=tetralogy of Fallot; OP ASD=ostium primum atrial septal defect; MVR=mitral valve replacement,
Pd=pulmonary artery; TAP=transannular patch; AVSD=atrioventricular septal defect; MBTS=modified Blalock-Taussig shunt; TAPVC=total
anomalous pulmonary venous connection; ASO=arterial switch operation; DORV=double-outlet right ventricle
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Abbreviations, acronyms & symbols

AF
AEF
ED
EF
ELT
LA
LAO
PA
PV
RAO
RF
RFA
TET

Atsial ibrillation
Atrioesophageal fistula

Esophageal displacement

‘Ejection fraction

Esophageal luminal temperature

Left atrium

Left anterior oblique

Postero-anterior

Pulmonary vein

Right anterior oblique

Radiofrequency

Radiofrequency catheter ablation
Transesophageal echocardiography fransducer
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“Analysis and/or interpretation of data; statistical analysis,
final approval of the manuscript; design and study design;
conduct of the operations and/or experiments; writing of the
‘manuscript or critical eview of ifs content
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final approval of the manuscript; design and study design;
conduct of the operations and/or experiments; writing of the
‘manuscript or critical eview of ifs content
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Conduct of operations and/or experiments
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tions and/or experiments

Conduct of operations and/or experiments
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Fig. 3 - Save the page for Internet Explorer (34) or for Firefox (3B) and choose txt format.





OPS/images/a21img05.png
=S l

“«©»
. DY
SO ATIGUOO TS

WEBQUALIS

WEBQUALSS

Contatar Coordenadores. Tela inical

LTt Por o do erkico | Por Classicagio e de Avalagho | Lata Congleta

s otz (ORI

SsH. Titlo irea de Avaiagio
01027638 | Revista Brastera de Crurgia Cardiovascula (impresso) CIENCIAS BIOLOGICAS I

01027638 | Revita Brasiera de Crurga Cardionaseuiar impress) EnFERIAGEN

01027535 Revita EraersdeCrurga Grdorascur (meesse) EDUCAGRD FiSCA

01027838 | Revista Basiera de Cruiga Cardonascular impresse) ‘SAUDE COLETVA

Reveta Brasiera de Crurga Cargorasculr (impresso) 8 WEDICHIA

01027638 | Revita Brasieea de Crurga Cardionascular impress) INTERDISCIPUNAR

01027538 | Revisto Basiera de Crungia Cardonasculr impresse) CIENCIAS BOLOGICAS |

01027838 | Revista Brasiera de Crurga Cardonascular impresso) BIOTECHOLOGIA

01027538 | Revita Basiera de Cruugia Cardionascular (impresse) CIEMCLAS BOLOGICAS 1

Revt Brasiera de Crurga Cardorascubr (impresso) ENGENHARIAS I

« « 2

@ Exportar POF

sncira o, Cuner 2 Bz L Lota 09, CEP 70040020 - Brasia OF
P CORAUIA0001.08 -Copyight 2010 Capes Todss o Sratos wiar Voo 31y

Fig. I - WebOualis classification for the Brazilian Journal of Cardiovascular Sureery.





OPS/images/a21img07.png
Authors’ roles & responsibilities

IRCB Bibliographic research. data collection. writing
RCO Bibliographic research. data collection. writing
PBA. ‘Writing and English version

cac Guidance, theme proposition. general review






OPS/images/a21img06.png
Abbreviations, acronyms & symbols

GSM
F
151
ICR
sc1
SR
SNIP
WoS

Google Scholar Metrics

Tmpact Factor

Tnstitute for Scientific Information
Journal Citation Report

Science Citation Index

SCImago Joural Rank

Source Normalized Impact per Paper
Web of Science






OPS/images/a08img04.png
100%

%
s
%
"6
% 2 w5
"4
s
2 w3
% w2
L
s
2%
10%
o

RACHS-1 STAT ABC

Fig. 1 - Distribution of procedures in the categories of the three
methods of stratification of complexity: RACHS-1, STS-EACTS (STAT)
and Aristotle Basic (ABC). RACHS-1 (Categories 1,2,3,4,5 and 0);
STS-EACTS (STAT) (1,2,3,4 and 5 categories); Aristotle basic (ABC)
(categories 1,2,3 and 4). We did not have procedures in categories 5
and 6 according to RACHS-1, as well as the category 5 STAT.
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Table 2. Journal ranking — SJR mdex.

Rank Title STR

1 Joumal of the American College of Cardiology 9179
2 Circulation 8202
3 European Heart Journal 6.983
4 Circulation Research 6355
5 JACC: Cardiovascular Interventions 5275
6  Circulation: Cardiovascular Quality and Outcomes ~ 4.515
7 Circulation: Heart Failure 4358
8 European Jounal of Heart Failure 4347
9 Circulation: Cardiovascular Interventions 4.193
10 Circulation: Arrhythmia and Electrophysiology 3.968
11 Stroke 3.893
12 JACC: Cardiovascular Imaging 3505
13 Circulation: Cardiovascular Imaging 3.459
14 American Heart Journal 3457
15 Chest 3432
16 Circulation: Cardiovascular Genetics 3337
17 Heart Rhythm 3335
18 Arteriosclerosis, Thrombosis, and Vascular Biology ~ 3.026
19 Joumal of Heart and Lung Transplantation 2881
20 Joumnal of Cerebral Blood Flow and Metabolism 2823
21 Cardiovascular Research 2799
22 Heart 2793
23 Joumal of Cardiovascular Magnetic Resonance 2737
24 Joumal of Molecular and Cellular Cardiology 2703
25 Basic Research in Cardiology 2659
26 Current Opinion in Lipidology 2585
27 Joumnal of the American Society of Echocardiography 2.571
28 Resuscitation 2491
29 Nature Reviews Cardiology 2371
30 Joumal of Cardiovascular Electrophysiology 2351
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Fig. 2- Distribution according to the nomenclature of the procedures proposed by Aristotle score. Graph showing the variability of the reated
patients between surgical cases. To facilitate the graphical representation of the total sample, 15 different procedures grouped under 2 cases

in the entire period under “Other procedures” (<2 cases).
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Table 1. Journal ranking — Impact factor.

Rank _Title I

1 Journal of the American College of Cardiology  15.343
2 Circulation 14.948
3 European Heart Journal 14.723
4 Circulation Research 11.089
5 Nature Reviews Cardiology 10.154
6  JACC: Cardiovascular Interventions 7.440

7 JACC: Cardiovascular Imaging 6.986

8  Circulation: Cardiovascular Interventions 6.982

9  JACC: Cardiovascular Imaging 6752

10 European Journal of Heart Failure 6577

11 International Journal of Cardiology 6.175

12 Heart 6.023

13 Basic Research in Cardiology 5.955

14 Circulation: Heart Failure 5.945

15 Cardiovascular Research 5.808

16 European Heart Journal Supplements 5.640

17 Journal of Heart and Lung Transplantation 5611

18 Circulation: Arthythmia and Electrophysiology ~ 5.417

19 Circulation: Cardiovascular Genetics 5337

20 Journal of Molecular and Cellular Cardiology 5218

21 Journal of Cardiovascular Magnetic Resonance  5.112

22 Circulation: Cardiovascular Quality and Outcomes 5,040

23 Heart Rhythm 4918

24 American Heart Journal 4555

25 Journal of Cardiovascular Computed Tomography ~ 4.506

26 Clinical Research in Cardiology 4.167

27 AJP: Heart and Circulatory Physiology 4012

28 Heart Failure Reviews 3.991

29 Journal of Thoracic and Cardiovascular Surgery ~ 3.991
30 Joumal of the American Society of Echocardiography  3.987
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Table 1. Characteristics of patients.

Variables N %
Gender

Male 198 55.0
Female 162 450
Age

< 3 months 27 75
3-6 months 36 10.0
6-12 months 52 144
1-12 years 208 578
12-18 years 37 103
Weight®

<8Kg 122 341
8-16Kg 129 36.0
>16 Kg 107 299
Cardiopulmonary bypass

Yes 268 744
No 92 256
Total 360 100.0
(1)=information unavailable for two patients
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Table 4. H-index comparative analysis.

Rescarcher __Papers published ___Cifations ___heindex
A 5 1000 5

B 10 100 10

c 100 10 10

D 1000 5 5
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Table 2. Characteristics of patients.

Variables MeantSD Min QL Median 3 Max
Age (Years) 41=44 0.05 038 21 59 179
Weight (Kg) 143£118 15 6.3 102 180 61.0
Height (Cm) 91.7£318 30.0 68.0 840 112.0 1720
SD=standard deviation; Q1=first quartile; O3=third quartile
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Table 3. Journal ranking —SNIP index.

Rank Title SNIP
1 Euopean Heart Journal 519
2 Circulation 462
3 Joumal of the American College of Cardiology 461
4 Chest 293
5 Stoke 271
6  Circulation Research 249
7 JACC: Cardiovascular Inferventions 249
8  European Joumal of Heart Failure 214
9 Circulation: Cardiovascular Interventions 214
10 Joumal of the American Society of Echocardiography  2.13
11 JACC: Cardiovascular Imaging 210
12 Circulation: Arrhythmia and Electrophysiology 208
13 Circulation: Cardiovascular Imaging 202
14 Circulation: Cardiovascular Quality and Outcomes  2.00
15 Circulation: Heart Failure 196
16 Nature Reviews Cardiology 196
17 Progress in Cardiovascular Diseases 184
18 Heart 183
19 Joumal of Heart and Lung Transplantation 181
20 American Heart Journal 178
21 Joumnal of Vascular Surgery 175
22 Heart Rhythm 174
23 Joumnal of Thoracic and Cardiovascular Surgery 174
24 Resuscitation 172
25 Joumnal of Cerebral Blood Flow and Metabolism 170
26 Ateriosclerosis, Thrombosis, and Vascular Biology 1.6
27 EuropeanJ. of Vascular and Endovascular Surgery ~ 1.67
28 Cerebrovascular Diseases 166
29 Cardiovascular Research 164
30 Current Opinion in Lipidology 161
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Fig. 3 - Area under the ROC curve of the categories proposed by laminating three models hospital mortality
as the endpoint. Graph of the ROC curves (Receiver Operating Characteristic) for the three models plotted
with different colors. Observe the superposition of three curves.
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Endnote Web®, caso contrdrio é 56 realizar novamente os passos descritos
em insergdo de artigos (item 3).

0 autor deve escrever set texto normalmente, e no momento em que
deve aparecer a citagio numérica, clicar em “find ", como
demonstrado na figura 7. No campo de busca o autor pode inserir qualquer
dado da referéncia em questdo. Se houver mais de um artigo em que o termo
pesquisado foi encontrado o programa apresentard ambos. Cabe ao autor dar
duplo clique no que The interessar e a citagio ja pode ser vista no texto

(geralmente niimero) e na lista de referéncias bibliograficas, ambas geradas

automaticamente]

Fig. 7 - “Insert citations” display to look up for specific paper in your local database.
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Table 5. Results regarding area under the ROC curve and comparative results between the methods
concerning the mortality outcome.

Model/Method Area uinder ROC curve CI195% P-value

RACHS-1 0.738 0.690-0.783 P'=0.9651
STS-EACTS (STAT) 0.739 0.691-0.784 P=0.9651
Aristotle (ABC) 0.766 0.718-0.808 P*=0.5054

P'=DeLong at al.™"] test - RACHS-1 x STAT; P’=DeLong at al.f™ test - RACHS-1 x ABC; P*=DeLong at
al.f test - STAT x ABC; CI=confidence interval
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Endnote Web®, caso contrério é 56 realizar novamente os passos descritos
em insergdo de artigos (item 3).

no momento em que
deve aparecer a ind citation’, como
demonstrado na B © pode inserir qualquer
dado da referéncia firtigo em que o termo
pesquisado foi enco Cabe ao autor dar
duplo clique no de ser vista no texto
(geralmente niime; icas, ambas geradas

automaticamente]

Fig. 6 - How to register password and automatic login in the Endnote Website.






OPS/images/a08img06.png
Table 3. In-hospital mortality according to the 2 groups.

Group Percentage of the Description of the Group In-hospital
total sample ‘mortality
Group 1 71.7% Procedures that had 10 or more cases in 6.69%*
the studied period
Group 2 223% Procedures that had fewer than 10 cases 32.5%
in the studied period

*Except the systemic to pulmonary shunts whose mortality was 26.82%.
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Authors’ roles & responsibilities

MABO  Analysis and interprefation of data; final approval of the man-
uscript. study design; writing of the manuscript or crifical re-
view of its content

cas Drafting of the manuseript and critical review of its content

AcB Drafting of the manuseript and critical review of its content

PHHB Manuscript writing and critical review of its content

AMPS  Analysis and interprefation of data; study design; drafiing of
the manuscript and critical review of is content

DMB Final approval of the manuscript; study design; writing of the
‘manuscript or critical review of is content
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Table 4. In-hospital mortality according to the categories of the three models of nsk stratication.

Categories Outcome; Case P-value
Death Discharge
N % N % N %
RACHS-1
1 1 13 79 988 80 100.0 PO <0.001*
2 20 114 156 886 176 100.0
3 24 273 6 727 88 1000
4 8 50.0 8 50.0 16 1000
STS-EACTS (STAT)
1 10 55 172 945 182 1000 P®<0.001%
2 11 136 70 864 81 1000
3 3 187 13 813 16 1000
4 29 358 52 642 81 1000
Aristotle
1 1 11 % 989 91 1000 P®<0.001%
2 25 122 180 878 205 1000
3 16 340 31 660 47 1000
4 1647 6 353 17 1000

(1)Ch# test
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bibliografia necesséria para o trabalho deve estar armazenada no site do
Endnote Web®, caso contrério é s6 realizar novamente os passos descritos
em insergo de artigos (item 3).

0 autor deve escrever seu texto normalmente, e no momento em que
deve aparecer a cltagio numérica, clicar em “find citation”, como
demonstrado na figura 7. No campo de busca o autor pode inserir qualquer
dado da referéncia em questdo. Se houver mais de um artigo em que o termo
pesquisado foi encontrado o programa apresentard ambos. Cabe ao autor dar
duplo clique no que The interessar e a citagio ja pode ser vista no texto

(geralmente niimero) e na lista de referéncias bibliograficas, ambas geradas

automaticamente.

Fig. 8 - “Update citations and bibliography” for updating numbers of references in the text and the total references at the end
of the article.
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Chart 2. Climical nisk factors and definitions considerated i Mattos' study.

Risk factor

Definition

Pulmonary hypertension
Refractary cardiac failure
Severe cyanosis
Acidosis

Presence of infection
Genetic syndrome
Mechanical ventilation
Prolonged hospital stay

‘Pulmonary arterial systolic pressure over two-thirds of the systemic pressure (Doppler echo)
When it was not well controlled despite adequate doses of diuretics and vasodilators
Peripheral arterial saturation <75% at rest

pH<725

clinical + radiological or laboratorial documentation

clinical grounds

When it was commenced because of a deterioration in the clinical condition

Preoperative period of hospitalization of over one week
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Abbreviations, acronyms & symbols

a Confidence Interval

EACTS ‘European Association for Cardio-Thoracic Surgery

RACHS-1 Risk Adjustment for Congenital Heart Surgery-1

STAT Society of Thoracic Surgeons-European Associa-
tion for Cardio-Thoracic Surgery

STS Society of Thoracic Surgeons
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Fig. 3 - The influence of ishemia (20 minutes)/veperfusion (30 minutes) on cardiodynamic parameters of the
isolated rat heart: 3a) dp/dtmax, 3b) dp/dtmin, 3¢) SLVP 3d) DLVP 3e) HR, 3f) CF.
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Fig. 2 - The influence of ischemic preconditioning (5 min ischemia/10 min reperfission) on cardiodynamic
parameters of the isolated rat heart during subsequent ischemia (20 minutes)/reperfiision (30 minutes): 2a)
dp/dtmax, 2b) dp/dimin, 2¢c) SLVE. 2d) DLVP. 2e) HR, 2f) CF.
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Table 1. Summary table of statistically significant difference between groups in points of mterest.

Groups Dp/dt max Dp/dt min SLVP DLVP CF Point of inerest
[mmHeg/s] [mmHeg/s] [mmHg] [mmHg]  [ml/min]
CG vs. IPC P>0.05 P>0.05 P>0.05 P>005 P>0.05 Stabilisation
P>0.05 P>0.05 P>0.05* P>0.05 P>0.05  First point of reperfusion
P>0.05% P>0.05% P>0.05* P>005*  P>0.05 Las point of reportfusion
CG vs. OPC P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 Stabilisation
P>0.05 P>0.01+* P>0.05 P>0.05 P>0.05  First point of reperfusion
P>0.05% P0.01+* P>0.01%+ P>005*  P>005 Las point of reportfusion
IPC vs. OPC P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 Stabilisation
P>0.05 P>0.01+* P>0.05* P>0.05 P>0.05  First point of reperfusion
P>0.05% P0.01+* P>0.01+ P>0.05 P>0.05  Last point of reperfusion
*Statistically significant

**High statistically significant
C

-ontrol group; IPC=ischemic preconditioning; OPC=preconditioning whit omeprazole
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Fig. 4 - The influence of preconditioning with omeprazole (5 minutes) on cardiodynamic parameters of
the isolated rat heart during subsequent ischemia (20 minutes)/reperfiision (30 minutes): 4a) dp/dimax,

4b) dp/dimin, 4c) SLVE, 4d) DLVP. 4e) HR, 4f) CF.
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Table 1. Epidemuological profile of patients and controls.

Patients Sex Age  VA(c) PSAP  Controls _ Sex Age  VA(cm) _ PSAP
P1 M 28 08 33 c1 M 26 42 E
P2 M 32 18 35 [ M 27 47 -
P3 M 42 06 54 c3 M 2 43 -
P4 M 2 11 67 c4 M 29 50 -
PS M 55 08 55

P6 M 24 1 60

P7 M 2 09 6

Mean 33 1 52,71429 27 455 -
Std. Dev 11.56 038 13.64 141 036 -

VA=valve area; PASP=pulmonary artery systolic pressure.
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Abbreviations, acronyms & symbols

cPB Cardiopulmonary bypass
cT Computed tomography
FET

Frozen elephant trunk
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Fig. 4 - Western blot analysis of RF versus control mitral valve tissue extracts.
Left. Representative blots for ET-1, ET-3, ETA and ETB receptors from control (Co)
and rheumatic (Rh) mitral valve extracts. Right. Histograms of mean £SD of pooled
data from control and rheumatic tissue.
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ETM Final approval of the manuscript, study design; writing of the
‘manuscript and erifical review of its contents
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Abbreviations, acronyms & symbols

BSA Bovine serum albumin

DMEM Dulbecco’s modified Eagle’s medivm
ET1 ‘Endothelin-1

ET3 Endothelin-3

ETA ‘Endothelin receptor A

ETB ‘Endothelin receptor B

MPS Mucopolysaccharides

PBS ‘Phosphate buffered saline

RF Rheumatic fever

RNA Ribonucleic acid

UFS Universidade Federal de Sergipe

VA Valve area
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Fig. 5 - Commemorative bill to 500 years of Vesalius (Adapted™).
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Fig. 2 - Immunostaining of sections of stenotic valve fiom a patient with rheumatic fever:
Top left. ET-1 staining associated with fibrotic regions and neovascularization.

Top middle. ETA receptor staining of fibrotic region and neovascularization.

Top right. H + E-stained section.

Lower left. No ET-3 immunostaining.

Lower middle. ETB receptor immunostaining of fibrotic region and neovascularization
Lower right. Negative control.

ET=endothelin; ETA=endothelin receptor A; ETB=endothelin receptor B






OPS/images/a16img04.png
siou
- s0u 120u
1one 2004 1004
- e o
s o .
e e o
” o “

eramhy era/mhy ATy

Fig. 3 - Results of quantitative analysis of ET-1 and ET receptors in mitral valves.

Data presented as ET/Thy ratio (percent ET/ET receptor staining associated with fibrosis) in mitral valves from patients with
RF undergoing valve replacement (n=7) and control tissue (n=4).

RF=rheumatic fever: ET=endothelin
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Fig. 1 - Immediately after the restoration of normal heart rhythm, through the created
entrance to the left atrium of the heart and damaged mitral valve, the sensor was inserted
into the left ventricle for continuous monitoring of cardiac function.
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Fig. 2 - Cover of his work De Humani Corporis Fabrica (Adapted™).
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Fig. 1 - Painting showing Andreas Vesalius in his dissection activity
(Adapted™).
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Fig. 4 - Seal of the American College of Cardiology (Adapted™).





OPS/images/a22img03.png
Fig. 3 - Illustration of Andreas Vesalius's work in an amphitheater

(Adapted™).





OPS/images/a17img01.png
Table 1. Distribution of the number of burths, prevalence of Congenital Heart Disease (CHD), birth notification
with (CHD) - SINASC/Ministry of Health (MOH) and notification percentage for Brazil, regions and federated
units in 2010.

Region/State Bom Prevalence (CHD)  Notification to % of
9:1.000 births  (CHD) SINASC/MS _ Nofification
BRAZIL 2,861,868 25,757 1377 53
North 306,422 2,758 51 18
Rondénia 25835 233 3 13
Acre 16,495 148 0 0
Amazonas 74,188 668 19 28
Roraima 9,738 88 3 34
Pari 140,687 1,266 19 15
Amapi 15,008 135 3 22
Tocantins 24471 220 4 18
Northeast 841,160 7,570 162 21
Maranhdo 119,566 1,076 14 13
Piaui 49,424 445 3 0.67
Ceard 128,831 1,159 31 27
Rio Grande do Norte 47,668 429 8 19
Paraiba 58,699 528 8 15
Pernambuco 136,591 1,229 45 37
Alagoas 54,164 487 13 3
Sergipe 34016 306 8 26
Bahia 212,201 1.910 32 17
Southeast 1,123,593 10,112 837 83
Minas Gerais 255,126 2296 99 43
Espirito Santo 51.853 467 12 26
Rio de Janeiro 215262 1,937 58 30
Sao Paulo 601,352 5412 668 12
South 369,905 3329 277 83
Parand 152,051 1.368 80 58
Santa Catarina 84,611 761 74 97
Rio Grande do Sul 133243 1,199 123 10
Midwest 220,788 1,987 50 25
Mato Grosso do Sul 40,132 361 10 28
Mato Grosso 48,929 440 6 14
Goids 87.476 787 14 18
Distrito Federal 44251 398 20 5

Source: MoH/SVS/DASIS - Live Births Information System - SINASC — 2010.
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Table 2. Distnibution of the prevalence of the eight CHD subtypes in Brazil and i the regions for the year 2010.

Region Births VSD ASD PDA  Pulm. Stenosis  T4F AoCo TGA Ao Stenosis
2.62% 1.64* 0.87* 0.5% 0.34*% 0.34% 031* 0.22¢%
BRAZIL 2,861,868 7.498 4693 2490 1.431 973 973 887 630
North 306,422 803 503 267 153 104 104 95 67
Northeast 841,160 2,204 1380 732 421 286 286 261 185
Southeast 1,123,593 2944 1.843 978 562 382 382 348 247
South 369,905 969 607 322 185 126 126 15 81
Midwest 220,788 578 362 192 110 75 75 68 49

Source: MoH/SVS/DASIS - Live Births Information System - SINASC — 2010. *Prevalence of types of CHD per 1,000 births. CHD=congenital
heart deseases; VSD=ventricular septal defect; ASD=atrial septal defect; PDA=persistent ductus arteriosus; Pulm Stenosis=pulmonary
stenosis; T4F=tetralogy of Fallot: AoCo=aortic coarctation; TGA=transposition of the great arteries; Ao Stenosis=aortic stenosis
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Abbreviations, acronyms & symbols

BNP ‘Brain natriuretic peptide

CK-MB Creatine kinase isoenzyme MB
NT-proBNP N-terminal pro-B-type natriuretic peptide
NYHA New York Heart Association

POD Postoperative day

POH Postoperative hour
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‘GERALDO VERGINELLI

Fig. 1 - Geraldo Verginelli at his Graduation from USP Medical
School.
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Table 1. 228 neurological symptoms in 104 patients.

Neurological symptom n (%)
Hemiparesis 51(49.0)
Aphasia 29 (27.9)
Conscious alteration 24(23.1)
Hemiplegia 18(17.3)
Dysarthria 17(16.3)
Ataxia 11(10.6)
Vision disturbance 10(9.6)
Dysesthesia 9(8.7)
Seizures 7(67)
Collapse 6(58)
Dizziness 6(58)
Dysphagia 4(38)
Hemianopsia 4(38)
Mental disturbance 4(38)
Transient ischemic attack 4(38)
Vertigo 4(38)
Diplopia 329
Facial paresis 329
Disorientation 2(19)
Syncope 2(19)
Nausea/vomiting 2(19)
Cognitive impairment 1(1.0)
Convulsion 1(1.0)
Epilepsy 1(1.0)
Hypomnesis 1(1.0)
Memory loss 1(1.0)
Paraparesis 1(1.0)
Ptosis 1(1.0)

Quadriparesis 1(1.0)
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Table 2. Predisposing risk actors of stroke.

Risk factor n (%)

Hypertension JENCE)
Hyperlipidemia 538
Smoking 538
Atrial fibrillation 4(3.0)
Coronary artery disease 4(3.0)
Hypertension, hyperlipidemia 323)
Hypertension, diabetes mellitus 2(15)
Alcohol 1(0.8)
Mitral regurgitation 1(0.8)
Neurosurgery for temporooccipital cavernoma 1(0.8)
Raynaud’s disease 1(0.8)
Transient ischemic attack 1(0.8)
Unknown 1(0.8)
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Abbreviations, acronyms & symbols

“AoCo “Aortic coarctation

ASD Atrial septal defect

CHD Congenital heart disease

MOH Ministry of Health

PDA ‘Persistent ductus arteriosus

T4F Tetralogy of Fallot

TGA ‘Transposition of the great arteries

vsD Ventricular septal defect
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Table 2. Preoperative troponin levels 1n the patients with a cardiac myxoma.

Year Author Age  Sex  Location of cardiac Complication TroponnI  Troponin T
(year) myxoma (g (mgL)
1. 2003 Guiertopetal [14] 90 T Left ventricular outflow A history of anterior myocar- Positive
tract myxoma dial infarction (2 years ago)
2. 2005  Demiretal [15] 55 £ Left atrial myxoma Myocardial ifarction 031
3. 2006  Balamietal. [16] 82 £ Left atrial myxoma Transient ischemic attack ~ 0.071
and acute coronary syndrome
4. 2008  Ozdogruetal [17] 38 m Left atrial myxoma Negative
5. 2009 Yadavetal [18] 62 £ Left atrial myxoma Acute unheralded neuro- 24
logical compromise, acute
pulmonary edema, severe
impairment of left ventricu-
lar function, total occlusion
of abdominal aorta
6. 2009  Dalzell etal. [19] 59 m Leftatrial myxoma,  Ventricular fibrillation arest 4.5
recurrent
7. 2010 Albouainietal [20] 70 m Left atrial myxoma Myocardial infarction 937
8. 2010  Shimadaetal. [21] 68 £ Left atrial myxoma Slightly
increased
9. 2011  Agarwaletal [22] 2 £ Left atrial myxoma Ischemic stroke (middle 48
cerebral artery and posterior
inferior cerebellar artery)
10. 2011 Vogeletal [23] 43 £ Left atrial myxoma  Systemic embolization (acute 032
posterior circulation territory
ischemia) and myocardial
infarction
1. 2011 Weissetal [24] 14 m Calcified right atrial ‘Normal
myxoma
12. 2012 Martaetal [25] 57 £ Left atrial myxoma Non-ST elevation acute 00189
‘myocardial infarction
13. 2012 Stepied et al. [26] 75 m Left atrial myxoma  Critical stenosis of several 591
coronary arteries
14. 2013 Haffner etal [27] 58 £ Left atrial myxoma Myocardial infarction 147
15. 2013 Jungetal [28] 76 £ Right atrial myxoma ‘Pulmonary embolism 038
16. 2013  Lazarosetal. [29] 35 £ Left atrial myxoma ‘Normal
17. 2013 Leoetal [30] 58 £ Left atrial myxoma ‘Normal
18. 2013 Sadeghpouretal [31] 73 £ Left atrial myxoma Acute ST segment eleva-  Very high

tion, inferolateral myocardial
infarction, multiple emboli
19. Present 51 f Left atrial myxoma with 0
glandular structures
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Table 5. The atfected cerebral artery in 54 patients.

Affected cerebral artery n (%)
MCA 35(648)
Left 21 (60)
Right 12(343)
Unknown 2(57)
Internal carotid artery 6(11.1)
Posterior cerebral artery 3(5.6) [1 (33.3) with
aneurysm and 1 (33.3)
with stenosis)]
Basilar artery 267
MCA, anterior cerebral artery 237
Internal carotid artery + vertebrobasal artery 1(1.9)
MCA, posterior inferior cerebellar artery 1(1.9)
MCA, posterior cerebral artery 1(1.9)
MCA, basilar artery 1(1.9)
Posterior inferior cerebellar artery 1(1.9)
Superior cerebellar artery 1(1.9)
MCA=middle cerebral artery.
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Fig. 3 - Linear correlation between troponin I and N-terminal
pro-B-type natriuretic peptide (NT-proBNP). NT-proBNP=N-
terminal pro-B-type natriuretic peptide.
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Table 6. Locations of cerebral mfarcts i 62 patients.

Location of infarct n (%)
Basal ganghion 28(@52)
Cerebellum 23(37.1)
Parietal 17 27.4)
Temporal 12(19.4)
Cerebral 10 (16.1)
Frontal 9(14.5)
Occipital 9(14.5)
Capsula inferna 7313)
Thalamic 6(9.7)
Frontoparietal 5@.1)
Brainstem 3(48)
Lacunar 3(48)
Pons 3(48)
Corpus callosum 2(2)
Corona radiate 1(1.6)
Frontotemporal 1(1.6)
Insular cortex 1(1.6)
Medulla 1(1.6)
Perisylvian 1(1.6)
Periventricular 1(1.6)
Sylvian fissure 1(1.6)

Watershed 1(1.6)
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Fig. 2 - Linear correlation between troponin I and creatine
kinase isoenzyme MB. CK-MB=creatine kinase isoenzyme MB.
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Table 3. Diagnostic tools for cerebral miarct in 81 patients.

Diagnostic tool n (%)
MRI 39 (d8.0)
cT 23 (28.4)
CT, MRI 7(8.6)
MRI, MRA 4(4.9)
MRA 367
Autopsy 11.2)
CT, MRA 101.2)
CT, MR, angiogram 101.2)
Computed tomographic angiography 11.2)
MRI, autopsy 101.2)

CT=computed tomography; MRI=magnetic resonance imaging;
MRA=magnetic resonance angiography.
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Table 4. Results of computed tomography and time o1 scanning, 7 (%).

Computed tomography Initial Subsequent
Positive 5(263) 20 (87.0)
Negative 14(73.7) 6(13.0)
7 85 503

P value 0.009 0.000
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Table 1. Determinations of serum cardiac biomarkers.

Postoperative day
Biomarker Normal range __Preoperation 008 1 7 13
Troponi I (ng/L) 0-0.1 0 947 374 043 032
CK-MB (UIL) 0-40 76 126 15 1 1
N-terminal pro-B-type natriuretic peptide (pg/mL) 0-900 261 243 - 448 -
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Table 1. Parameters for clinical and functional evaluations to define the degree of pulmonary impairment.

Parameters Tevel 1 Level 2 Level 3

Thoracoabdominal motion

(TxAbM) ‘Normal Normal/mixed Thoracic/paradoxical

Pulmonary auscultation Standard pre or Abnormal sound Abnormal sound
(sound |; RA+) (breathing; | |; RA++) (breathing; | | |; RA+++)

Mobility Sits with lttle help, able to Requires help to sit and walk Requires a lot of help to sit

‘walk around around and walk around

Oxygenation (SpO,) 292% 88% 2Sp0, <92% <88%

Respiratory frequency (f) £>15 <25 pm 25>f<32 >32

Forced vital capacity (FVC) >50% of pre 30% > FVC < 49% <30%

Peak flow cough (PFC) >50% of pre 30% > FVC < 49% <30%

Chest radiography ‘Normal Pronounced collapse or con- Bilateral alteration

(Tenkins, 1989) Minimum collapse/atelectasis solidation at one base
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Auc Area under ROC curve

BNP Brain natriuretic peptide
CABG Coronary artery bypass grafting
a Confidence interval
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o Left ventricle
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Table 3. Qualitative vanables of the classification system in the 3 levels of assistance.

Level 1 Level 2 Level 3 P
156 (%) 32(%) 11 (%)
TXADM (pre)
Altered 26 (17) 722 3@n 05631
TxAbM (post)
Altered 45 (29) 22 (69)* 7 (647 <0.0001
TxAbM (discharge)
Altered 30 (19) 14 (a4y 9827 <0.0001
PA (pre)
Altered 35(23) 8(25) 5(45) 02301
PA (post)
Altered 35(87) 30 (94) 11 (100) 03748
PA (discharge)
Altered 86(55) 24 (758 11.(100)* 0.0029

*P< 0.05 versus level 1
TxAbM=thoracoabdominal motion; PA=pulmonary auscultation.
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Table 4. Quantitative vanables of the classiication system ot level 3 assistance.

Level 1 (@=156)  Level2 @=32) _ Level 3 (a=11) P
Oxygenation
SpO; (pre) 967515 96:22 961222 GXT: P<0.001
SpO, (post) 948225 909:3.4% 834220+ G2 and 3: P-0.067
SpO, (discharge) 965515 0482347 042201
Respiratory Function
£(pre) 1954 1924 2126
£ (post) 2044 2345% 2847% GZG::’ m ; -
f (discharge) 2024 2224t 25261 -
FVC (L)
FVC (pre) 2.6320.89 2342085 228117 et Pe0.001
FVC (post) 18220.62* 122037% 090£0.43* T PO
FVC (discharge) 2020697 1.5040 58%F 1.0520.39% G: P<0.001
FVC (%)
FVC% (pre) 75518 72817 79435
FVC% (post) 52+14% 37£10% 30+12% GxT: P<0.001
FVC% (discharge) 58215+ 49215+ 3611 G: P<0.001
Peak Flow Cough (a=107) (a=32) (@=11)
PF (pre) 383£130 358+148 330£137 GXT: P<0.001
PF (post) 303£126% 228490* 141272% G: P<0.001
PF (discharge) 350+142f 2072127% 177290%

* P<0.05 versus preoperative period; | P<0.05 versus postoperative period.
G=group; T=time, SpO2=peripheral oxygen saturation; f=respiratory frequency; FVC=forced vital capacity;
FVC%=forced vital capacity in percentage predictive; PF=peak flow cough.
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288 patients admitted to elective valve surgery

v

199 patients included

89 excluded patients:
Associated surgeries: 10

Not revalued: 27

Deaths: 23

Vascular Brain Accident: 2
Arrhythmia: 14

Pulmonary thromboembolism: 1
Valvoplasty percutaneous: 6

Clinical deterioration: 6

v
Level 1 Level 2 Level 3
156 (78,6%) 32.(16%) 11 (55%)

Fig. I - The flowchart of patients in the study protocol.
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Table 2. Anthropometric characteristics and length of hospital stay ot the patients classied according
to level of physical assistance required.

Characteristics Level 1 Level 2 Level 3 P

N 156 (78%) 32 (16%) 11 (6%)

Sex (M/F) 52/104 10/22 29

Age (years) 46£14 53215 58+18 <0.050
Height (m) 1.6120.09 1.5920.09 1.55+0.07 00730
Body weight (kg) 6314 6613 60=11 03960
BMI (kg/m?) 24146 258+4.6 249+56 01650
ECC (min) 783427 87.5¢25 788425 0.074®
MV (min) 49534231 620.4+583 113121636 0.141®
Discharged from ICU (day) 47+3 5143 684 03289
Hospital discharge (day) 142410 1610 18129 0.099®

M=male; F~female; BMI=body mass index; ECC=extracorporeal circulation; MV=mechanical
ventilation; ICU=intensive care unit.

@Probability descriptive levels of single-factor analysis of variance

@Descriptive level of probability of non-parametric test and Kruskal-Wallis
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Fie. 4 - Percentage of radiological changes of level 3 in the pre, post and discharge of study.
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Fig. 4 - Prof. Verginelli, retired, in his room at Incor; receiving a visit
from Full Professor and Chief of the Cardiovascular Surgery
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Fig. 3 — In the Board of Directors room at Incor (Euclydes J.
Zerbini standing; seated from left to right, Seigo Tsuzuki, Director of
Bioengineering; Geraldo Verginelli, Assistant Professor; Jodo Tranchesi,
Crm’fofE’scm)rmrlmmam, Radi Macric, Assistant Profesor; Fulvio
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1able example:

Cardiovascular Risk Factors in Study Group

Cardiovascular Risk Factors Number of Patients __Percentage of Patients
Hypertension (>140 mm Hg systolic and >00 mm Hg diastolic) 1T 55
Insulin-dependent diabetes mellitus 6 30
Hypercholesterolemy ( 240 mg/dL) 12 60
Hypertriglyceridemy ( 250 mg/dL) 6 30
Cigarette smoking ( 10 cigarettes/d) 12 60
Previous contraceptive therapy 2 10
Previous myocardial infarction 11 55
Family history of cardiovascular disease 12 60
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Table 1. Pre- and mtraoperative characteristics of the patients enrolled
in the study.

Characteristic 0 (%)

Age at the time of repair in years (median) a1

Female 27 (52.9%)
Weight in Kg (median) 134

Down syndrome 19 (37.2%)
Grade TLAVVR 4(7.9%)
Grade I LAVVR 24 (47%)
Grade I LAVVR 15 (29.4%)
Grade IV LAVVR. 8(15.7%)
Atrioventricular valve abnormalities 9(17.6%)
Annuloplasty 11 (21.6%)

LAVVR=left atrioventricular valve regurgitation.
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Table 2. Associated munor heart deects™ noted before surgery.

Defect N %
Ostium secundum atrial septal defect 5 294
Common atrium 3 58
Additional ventricular septal defect 2 39
Patent ductus arteriosus 1 2
Left superior caval vein 1 2
Left atrium isomerism 1 2
Coarctation of the aorta 1 2
Subaortic stenosis 1 2

*Defects not mutually exclusive.
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Abbreviations, acronyms & symbols

ECC ‘Extracorporeal circulation
1cu Intensive care unit

PA ‘Pulmonary auscultation
PFC Peak flow cough

5pO, ‘Peripheral oxygen saturation

TxAbM ‘Thoracoabdominal motion
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Table 4. Multivanate relations between vanables and moderate or severe postoperative leit atrioventricular
valve regurgitation (LAVVR).

LAVVR<II  LAVVR>II Multivariate
n=39 n=12 OR _ 95%CI P
Abscence of Down syndrome 21 (53.8%) 11(91.7%) 84 09795 006
Grade IV Preoperative LAVVR 4 (10.2%) 4(33.3%) 025
AV valve abnormality 5(12.8%) 4(33.3%) 032

LAVVR=left atrioventricular valve regurgitation; AV=atrioventricular: CI=confidence interval; OR=odds ratio.
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Abbreviations, acronyms & symbols

AV Atrioventricular
AVSD Atrioventricular septal defect
LAVVR

Left atrioventricular valve regurgitation
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Fig. 1 - Change in left atrioventricular valve regurgitation from pre-operation to post-operation.
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Table 3. Unmivanate relations between varables and moderate or severe postoperative left atrioventricular
valve regurgitation (LAVVR).

LAVVR<Il  LAVVR>II Univariate
n=39 n=12 OR _95%CI P
Age in months (median) 533 453 097
Weight in Kg (median) 131 154 087
Abscence of Down syndrome 21(53.8%) 11(91.7%) 943 1124279 0.02
Grade IV pré-operative LAVVR 4 (10.2%) 4(33.3%) 44 0642831 007
AV valve abnormality 5(12.8%) 4(33.3%) 34 053197 019
Annuloplasty 8(20.5%) 3(25%) 07

LAVVR=left atrioventricular valve regurgitation; AV=atrioventricular; CI=confidence interval; OR=odds ratio.
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Table 3. Multivariate analysis of the risk factors and outcomes of

AVB in the PO of CABG.

Variable OR CI95% P
Age > 60 years 234 175-3.12 <0.0001
Female Gender 137 1.06-1.77 0015
Atrial Fibrillation 2.06 1.16-3.66 0.014
Previous CKD 2,05 1.49-2381 <0.0001
FC I and IV 143 1.03-1.98 0.031
Perioperative AMI 170 126-229 <0.0001
IAB 192 121-3.05 0.006
Hospitalization Time 1.01 1.00-1.02 0.01
Death 2.09 1.46-2.99 <0.0001

AMI=acute myocardial infarction; AVB=atrioventricular
block; CABG=coronary artery bypass grafting; CKD=chronic
kidney disease; FC=functional class; IAB=intra-aortic balloon;

PO=postoperative
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AVB
CABG
NYHA
PO
POHS
PPM
PUCRS
TP

Atrioventricular block

Coronary artery bypass surgery

New York Heart Association

Postoperative period

‘Postoperative Heart Surgery Unit

‘Permanent pacemaker

‘Pontifical Catholic University of Rio Grande do Sul
Temporary pacing.
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Table 1. Preoperative characteristics of the groups and univanate analysis.

Vanable Total k3 NTP OR CI95% P
3532 (100%) 288 (8.15%) 3244 (91.85%)

Age

>60 2030 (57.5%) 222 (10.9%) 1808 (89.1%) 248 190-324 <0.0001

<60 1502 (42.5%) 66 (4.4%) 1436 (95.6%)

Gender

Male 2393 (67.8%) 176 (7.4%) 2217 (92.6%) 075 0.57-0.94 0012

Female 1139 (32.2%) 112 (9.8%) 1027 (90.2%) 1.03 1.00-1.05

EF

<40 730 (20.7%) 64/(8.8%) 666 (91.2%) 11 085-145 044

> 40 2802 (79.3%) 224.(8.0%) 2578 (92.0%)

CKD (Creat>1.5)

Yes 398 (113%) 59 (14.8%) 339 (85.2%) 203 155-2.65 <0.0001

No 3134 (88.7%) 229 (7.3%) 2905 (92.7%)

DM

Yes 1129 (32.0%) 98 (8.7%) 1031 (913%) 1.09 0.87-139 0433

No 2403 (68.0%) 190 (7.9%) 2213 (92.1%)

AF

Yes 86 (2.4%) 16 (18.6%) 70 (81.4%) 238 149-3.72 <0.0001

No 3446 (97.6%) 272 (7.9%) 3174 (92.1%)

Antiarrhythmic

Agents

Yes 90 (2.5%) 12(13.3%) 78 (86.7%) 1.66 097-2385 0.069

No 3442 (97.5%) 276 (8.0%) 3166 (92.2%)

BB

Yes 2500 (70.8%) 208 (8.3%) 2292 (91.7%) 107 084-137 0575

No 1032 (29.2%) 80 (7.8%) 952 (92.2%)

Digoxin

Yes 204 (5.8%) 23 (11.3%) 181 (88.7%) 142 095-2.12 0.093

No 3328 (94.2%) 265 (8.0%) 3063 (92.0%)

Previous AMI

Yes 1600 (45.3%) 117(73%) 1483 (92.7%) 0.826 0.66-1.03 0.096

No 1932 (54.7%) 171 (8.9%) 1761 (91.1%)

NYHAFC

II and IV 453 (12.8%) 55 (12.1%) 398 (87.9%) 1.604 121-212 0.001

Tand I 3079 (87.2%) 233 (7.6%) 2846 (92.4%)

AF=arrial fibrillation; AMI=acute myocardial infarction; BB=beta-blockers; CI=confidence interval; CKD=chronic kidney disease;
DM=diabetes mellitus; EF=left ventricular ejection fraction; FC=functional class; NYHA=New York Heart ssociation; NTP=no use of

temporary pacing; OR:

Ids ratio,

tatistical significance; TP=temporary pacing
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Table 2. Trans and postoperative data ol groups and univariate analysis.

Variable Total TAHP N TAHP OR CI95% P
3532 (100%) 288 (8.15%) 3244 (91.85%)

CPBT

> 90 min 1567 (44.4%) 136 (8.7%) 1430 (91.3%) 1.08 086-135 0494

< 90 min 1965 (55.6%) 157 (8.0%) 1807 (92%)

Tclamping

> 40 min 2512 (71.1%) 208 (8.3%) 2304 (91.7%) 0978 077-125 086

< 40 min 1020 (28.9%) 87 (85%) 933 (91.5%)

Calcification Ao

Yes 350 (9.9%) 44 (12.6%) 306 (87.4%) 1639 121-222 0.001

No 3182 (90.1%) 244 (7.7%) 2938 (92.3%)

Peri AMI

Yes 555 (15.7%) 78 (14.1%) 477 (85.9%) 2155 163-284 <0.0001

No 2977 (84.3%) 210 (7.1%) 2767 (92.9%)

IAB

Yes 141 (4.0%) 29 (20.6%) 112 (79.4%) 2.69 1.90-3.80 <0.0001

No 3391 (96.0%) 259 (7.6%) 3132 (92.4%)

Death

Yes 285 (8.1%) 51(17.9%) 234 (82.1%) 2452 186-323 <0.0001

No 3247 (91.9%) 237 (73%) 3010 (92.7%)

Calcification Ao=calcification of the aorta; CPBT=cardiopulmonary bypass time; IAB=intra-aortic balloon; Peri AMI=perioperative acute
myocardial infarction; Tclamping=aortic clamping time; Others: see Table 1
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Fig. 1 - Thiobarbituric acid reactive substances (TBARS) values in cardiac tissue in the control
group (GC), Ringer Lactate (RL) and Ringer lactate with N-acetylcysteine group (RLNAC). GC
RL RINAC: RLNAC < RL. P< 0.05.
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Fig. 2 - Interleukin 6 expression in cardiac tissue for the control group (CG), Ringer Lactate group

(RL) and Ringer lactate with N-acetylcysteine group (RLNAC).
* Sionificant difference when compared to CG, (P<0.05) .
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CONCEA Council for the Control of Animal Experimentation
R Reperfusion injury

MAP Mean arterial pressure

NAC N-acetylcysteine

ROS Reactive oxygen species

TBARS ‘Thiobarbituric acid reactive substances

TNF-a ‘Tumor necrosis factor alpha
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Fig. 3 - Interleukin 10 expression in cardiac tissue for the control group (CG), Ringer Lactate
group (RL) and Ringer lactate with N-acetylcysteine group (RLNAC).
* Sionificant difference when compared to CG, (P<0.05).
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Fig. 4 - Photomicrographs of heart tissue stained with HE of animals subjected to hemorrhagic shock and fluid resuscitation
with Ringer’s lactate (RL Group, photomicrograph B) or Ringer Lactate associated with N-acetylcysteine (RLNAC Group,

photomicrography C), compared to a control group (Group GC, A photomicrograph). It is observed in A, normal myocardium;
B, myocardial damage by the presence of cardiomyocyte hipereosinophilic (more intense pink); C. myocardial preserved.
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Table 2. Un1 and multivanate analysis of the vanables n relation to mortality.

Variables P value Hazard Ratio 95%CT
Univariate model

Age <0.001 1.074 1.043-1.105
Male 0317 0.075 0.421-1323
Systemic Arterial Hypertension 0286 1.429 07422752
Chronic Obstructive Pulmonary Disease 0213 2104 0.653-6.776
Diabetes Mellitus 0.406 1332 0.678-2.616
Urgent br emergency surgery <0.001 3.882 2.184-6.900
Body mass index 0.908 1.003 0.948-1.062
Moderate or severe LV dyfunction 0.026 2.067 1.091-3.917
Previous Surgery <0.001 3.025 1.638-5.586
BNP preoperative > 382 pg/ml <0.001 389 2.082-7.270
Preoperative creatinine clearence <0.001 096 0.94-097
Extracorporeal circulation time, minutes <0.001 1.017 1.012-1.021
Multivariate model

Age <0.001 1.081 1.050-1.114
Urgent or emergency surgery 0.02 2.039 1.116-3.726
Extracorporeal circulation time, minutes <0.001 1.017 1.012-1.023
Preoperative creatinine clearence <0.001 097 0.96-0.99
BNP preoperative > 382 pg/ml 0.034 2.059 1.056-4.015

LV=Left ventricle; BNP=brain natriuretic peptide;

onfidence interval
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Fig. 2 - Kaplan-Meier’s curve for survival at 30 days postoperatively. BNP=brain natriuretc peptide
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Table 1. Baseline characteristics of patients included 1n the study
(n=488)

Variables Values
Age, years, median (Q1-Q3) 57 (49-65)
Male, n (%) 284/(58)
Systemic Arterial Hypertension, n (%) 328(67)
Chronic Obstructive Pulmonary Disease 16(3.3)
Diabetes Mellitus, n (%) 92(19)
Urgent or emergency surgery, n (%) 126 (26)
Body mass index, median (Q1-Q3) 26 (23-29)
Moderate or severe LV dysfunction, n (%) 80 (16)
Previous Surgery, n (%) 70 (14)
Preoperative serum creatinine (mg/dl) 1.1(09-13)
Preoperative creatinine clearence (ml/

min/1.73m%) 68.5 (52.6-87.4)
Preoperative BNP, pg/ml, median (Q1-Q3) 239 (80-786)
Additive EuroSCORE, median (Q1-Q3) 3(2-5)
Coronary Artery Bypass Surgery, n (%) 252(52)
Valve surgery, n (%) 236 (48)
Preparative troponin I, median (Q1-Q3) 0.1 (0.01-1.1)
Use of intra-aotic balloon, n (%) 31(6.4)
Number of coronary grafts, median (Q1-Q3) 3(2-3)
Use of extracorporeal circulation, n (%) 457 (94)
Extracorporeal circulation time, min, median

(Q1-Q3) 98 (81-120)

LV=Left ventricle; BNP=brain natriuretic peptide
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Fig. I - ROC (Receiver Operating Characteristic) curve relating preoperative serum brain
natriuretic peptide (BNP) and mortality from all causes.





