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    It is time to renew!

  

   

   

  Domingo M. BraileI

  IEditor-in-Chief - BJCVS

   

   

  Dear friends,

  It is with great satisfaction that we deliver one more issue of the Brazilian Journal of Cardiovascular Surgery (BJCVS).

  This has been a special year for all of us of the Editorial Board, besides celebrating our 30th anniversary we are deeply restructuring the BJCVS.

  In July 2015, during a meeting of the Board of the Sociedade Brasileira de Cirurgia Cardiovascular (SBCCV), we decided that the administrative system of the BJCVS should be directly managed by the SBCCV, which allowed a deep and systemic view of the journal and, measures could be taken, to reorganize the edition system and the administrative process.

  After a year under this new management system, we can say that things are being organized. The change in nomenclature was formalized, the BJCVS can now be found on the Thomson Reuters website by its name in English: Brazilian Journal of Cardiovascular Surgery. All of you can access the website and enjoy the performance of your article in this database, from which the impact factor (IF) is calculated.

  You just need to enter the link: http://goo.gl/VBhrgi, click "Sign in Web of Sciences", fill out the form or do log in, with your name and password.

  On the next page, go to "Basic Search", type the journal name in English and select the index: Publication Name and "SEARCH" The articles appear in chronological order from the newest to the oldest, but there is a floating box that allows several possibilities.

  Browsing the page, you will find a lot of important information, such as number of citations and viewing statistics.

  As we want that BJCVS become known in many different strata, we updated our presence in all indexing bases. All failures in the editorial processes were identified and remedied by implementing a work schedule involving the chief editor, associate editors, reviewers, authors and the entire team of the BJCVS and SBCCV, with the responsibility of strict adherence to deadlines.

  A checklist to optimize productivity was prepared, ensuring the reduction of time between manuscript submission and article publication.

  Aimed at internationalization, we are working to bring the BJCVS to international standards and, from July, the authors must submit their manuscripts through the "ScholarOne" system, a platform used by the major journals in the world, a tool with a simple interface that will make it easier for authors and to editorial board, as well as allowing speeding up the entire review process. The BJCVS has now a blog with interviews, publication of interesting articles and works related to cardiovascular surgery together with tips for publications.

  Despite many positive changes, there are still challenges to be overcome, such as to incentive the graduation and post-graduation institutions, encourage the authors to publish their scientific productions in the BJCVS, steadying our scientific and educational nature, among other important actions. We are convinced that all efforts made until now and those still to come, will bring good medium-term results, as the increased visibility of the BJCVS, with increased number of readers and citations, and consequently, increase of the "Thomson Reuters", IF. We would like to give special thanks the Board of the SBCCV that, at all times, are partners in our great fight, and in particular, the Editorial Board of the BJCVS, the authors, volunteers and reviewers, who work with primacy to give for the readers what is best in scientific production of our specialty.

  We are proudly working to pave the way for the next 30 years of the BJCVS; after all, we are still the only Scientific Journal on Cardiovascular Surgery, with IF in the Southern Hemisphere!

  We expect that the same enthusiasm permeates all our partners, because the most visible part of the work of each of us focuses on the BJCVS, our visiting card around the world!

  Kind regards

  
    Domingo M. Braile

      Editor-in-Chief - BJCVS
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    Brazilian registry of cardiovascular surgery in adults fully operational

  

   

   

  Walter J. GomesI,*, MD, PhD; Renato A. K. KalilII, MD, PhD; Fabio B. JateneIII, MD, PhD

  IEscola Paulista de Medicina, Universidade Federal de São Paulo (UNIFESP), São Paulo, SP, Brazil

  IIInstituto de Cardiologia do Rio Grande do Sul, Fundação Universitária de Cardiologia, Porto Alegre, RS, Brazil

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

   

   

  The Sociedade Brasileira de Cirurgia Cardiovascular (SBCCV) has taken great pleasure and pride in announcing that the Brazilian Registry of Cardiovascular Surgery in Adults (The Bypass Registry) is currently fully operational and the inclusion has exceeded 1500 patients in the first nine months of operation. This success is the aftermath of the serious, diligent and willful work of the Brazilian cardiovascular surgeons involved in the project.

  The establishment of the Brazilian Registry of Cardiovascular Surgery in Adults sets a long-standing need for fundamental understanding of the real figures for the country pertaining to the cardiovascular surgery practice and as a result to develop strategies for improvements in quality and excellence.

  The Project is an enterprise of the SBCCV along with the HCor Research Institute and aims to document the practice of cardiovascular surgeries throughout the national territory, in centers of all Brazilian states, including public (university and non-university) and private hospitals. Surgical procedures included in the registry encompass coronary artery bypass surgery, valve surgery, aortic surgery, atrial fibrillation procedures, heart transplantation, mechanical circulatory support, and congenital heart defects in adults.

  With the SBCCV increasingly being introduced to the international community of cardiovascular surgery and being recognized, steps still need to be traversed in order to reach the quality standards of first world countries.

  The Registry is a database designed to collect a multiplicity of clinical parameters of patients undergoing cardiovascular surgery in Brazil, and uniquely this study will followed up late the patients, from discharge extending for assessment in 30 days, 6 months and 12 months to evaluate cardiovascular events in the medium- and long-term.

  The project also will require effort, goodwill and willingness of the participating centers and those in charge of data collection, since, currently, the project is funded solely by SBCCV and consequently budget constraints apply.

  The stored data is a classified information (only the institution itself is to have access to their own data) and analyzed together to develop best practices in cardiovascular surgery in Brazilian hospitals. It will be examined to plan future improvement of clinical practice programs, improve quality, optimize outcomes and serve as a base for clinical studies, to determine resource utilization, and others. Such information is not available today in a database that includes all kind of patients, since the only available database is that of the public health system. We hope that this could provide basis for health policy planning at local, regional and national levels.

  Data from new centers are to be added, as the inclusion process is open and active. Our initial fourteen centers are expanding and we reiterate the invitation to centers from all over the country to join and participate in this endeavor. Come be part of the BYPASS PROJECT.

  Thank you all.

   

   

   * E-mail: wjgomes.dcir@epm.br
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    The role of age in the abdominal aortic aneurysm repair

  

   

   

  Henrique MuradI, MD, PhD; Felipe Francescutti MuradII, MD, PhD

  IUniversidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil

   IIServiço de Cirurgia Vascular do Hospital Federal de Ipanema do Ministério da Saúde, Rio de Janeiro, RJ, Brazil.

   

   

  Age is a factor to be considered in any minimally invasive new surgical procedure like endovascular aneurysm repair (EVAR). There is a growing policy of using less invasive procedures looking for rapid recovery, less blood transfusion, less surgical trauma, less morbidity and less mortality. The two major questions that need to be answered when we are faced with endovascular treatment of aneurysms (AAA) are: 1. Can we offer surgical treatment to older patients, otherwise not candidates for surgery, with low surgical mortality and morbidity?; 2. Are the results equivalent to those obtained with the open procedure, so we can offer EVAR even to younger patients?

  Those questions are issued in the paper "Is age a determinant factor in EVAR as a predictor of outcomes or in the selection procedure? Our experience"[1]. The authors have conducted a retrospective study of 171 patients submitted to EVAR for the treatment of AAA divided in three groups: under 70 years of age (55 patients), between 70 and 80 (65 patients) and over 80 years of age (51 patients). The surgical mortality was 1.2%. They had no 30-day deaths in the groups under 70 and between 70 and 80 years of age, but there were 2 deaths in the group over 80 years of age. They have found no statistically difference on surgical mortality, incidence and type of endoleak, aneurysm sac behavior or reinterventions among the groups.

  The majority of patients had high surgical risk (ASA was III and IV in 84.6% of patients); in the group of the patients over 80 years of age, the surgical mortality was 3.9% and the median survival in this age group was 8.3 years. They have clearly demonstrated that old age per se is not a contraindication for the EVAR treatment of AAA.

  Taking into account the younger patients, there are some considerations to be done. Even though there is at least one 38 years old patient, we don't know the median age of the 55 patients belonging to this group. Some patients were followed up for twelve years, but this time period could be too short to evaluate the long-term result in a patient in their forties. The mortality and reintervention rate were not different between the groups. Reintervention could be a problem due to the risk of death, but that was not the case in this group of patients. In Altaf et al.[2] study, with 165 patients less than 65 years of age submitted to AAA repair, being 97 EVAR and 68 open surgeries, they found almost 40% late mortality in 6 years, surgical procedure mostly from non-aneurismal causes. They suggest that young patients with AAA have a shorter life expectancy than the age-matched population without AAA. Probably AAA in younger age is a marker for more aggressive vascular disease.

  There is still a question to be answered: What is the procedure to be used in low risk patients with AAA under 50 years of age?

  Patients under 70 years of age had less erectile dysfunction than the other groups, but no conclusion could be drawn from it, because the authors didn't performed any study addressed to this kind of dysfunction in the postoperative period. Koo et al.[3] studying a small number of patients (26 open repair and 21 EVAR) between 1 and 2 years after AAA repair, found greater increase in the sexual dysfunction in the open group than in the EVAR group, but the numbers are small and all the patients started with high preoperative sexual dysfunction. Probably this is due to the fact that EVAR does not interfere with the parasympathetic nervous system.
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    ABSTRACT

    INTRODUCTION: Primary graft dysfunction is a major cause of mortality after heart transplantation.

    OBJECTIVE: To evaluate correlations between donor-related clinical/ biochemical markers and the occurrence of primary graft dysfunction/ clinical outcomes of recipients within 30 days of transplant.

    METHODS: The prospective study involved 43 donor/recipient pairs. Data collected from donors included demographic and echocardiography information, noradrenaline administration rates and concentrations of soluble tumor necrosis factor receptors (sTNFR1 and sTNFR2), interleukins (IL-6 and IL-10), monocyte chemoattractant protein-1, C-reactive protein and cardiac troponin I. Data collected from recipients included operating, cardiopulmonary bypass, intensive care unit and hospitalization times, inotrope administration and left/right ventricular function through echocardiography.

    RESULTS: Recipients who developed moderate/severe left ventricular dysfunction had received organs from significantly older donors (P=0.020). Recipients from donors who required moderate/high doses of noradrenaline (>0.23 µg/kg/min) around harvesting time exhibited lower post-transplant ventricular ejection fractions (P=0.002) and required longer CPB times (P=0.039). Significantly higher concentrations of sTNFRI (P=0.014) and sTNFR2 (P=0.030) in donors were associated with reduced intensive care unit times (< 5 days) in recipients, while higher donor IL-6 (P=0.029) and IL-10 (P=0.037) levels were correlated with reduced hospitalization times (< 25 days) in recipients. Recipients who required moderate/high levels of noradrenaline for weaning off cardiopulmonary bypass were associated with lower donor concentrations of sTNFR2 (P=0.028) and IL-6 (P=0.001).

    CONCLUSION: High levels of sTNFRI, sTNFR2, IL-6 and IL-10 in donors were associated with enhanced evolution in recipients. Allografts from older donors, or from those treated with noradrenaline doses >0.23 µg/kg/min, were more frequently affected by primary graft dysfunction within 30 days of surgery.

    Keywords: Heart Transplantation. Tissue Donors. Biomarkers. Norepinephrine. Primary Graft Dysfunction.

  

   

   

  INTRODUCTION

  Heart failure is one of the major causes of hospitalization worldwide, particularly for individuals aged 65 years and above. In cases where the condition becomes clinically refractory, heart transplantation appears to be the best therapy with satisfactory outcomes having been established during the last decades[1]. However, the number of heart transplants performed annually has leveled off over the last 20 years mainly because of the chronic shortage of viable donated organs. This situation has led transplant centers to accept hearts from marginal donors in an effort to expand the pool of organs available to severely ill patients on the priority waiting list, and the strategy has yielded satisfactory results[2].

  The principal criteria for rejecting heart donors, apart from age and other harvesting-related issues, are systolic dysfunction and myocardial hypertrophy on echocardiography since they represent key risk factors for post-transplant outcome[3]. However, appropriate clinical management of the potential organ donor can often alleviate such problems, thereby increasing the number of eligible donors and optimizing organ function for the purposes of transplantation[4]. Nevertheless, despite careful assessment and treatment of potential donors, primary graft dysfunction (PGD) still occurs in approximately 20% of cases and is one of the major causes of mortality after heart transplantation even when quality donors are involved[5].

  Donor-specific clinical or biochemical markers that can be used to predict the quality of a cardiac graft have yet to be firmly established. However, some evidence suggests that increased levels of procalcitonin, cardiac troponin T (cTnT) and B-type natriuretic peptide (BNP) may be independent predictors of PGD[6,7]. In addition, the inflammatory status of the potential donor, as evaluated from cytokine levels, appears to influence the quality of the allograft, while doses of inotropic agents (catecholamines such as noradrenaline, adrenaline, dopamine or dobutamine) administered at the time of harvesting represent an important risk factor for PGD[8-12].

  Most of the practices and guidelines relating to the management of donor organs follow predefined physiological and biochemical parameters in order to improve graft function and patient survival, while more novel approaches include non-conventional variables such as the measurement of plasma cytokines to determine the inflammatory status of the donor[11]. However, the quality of the allograft may depend on the interaction between pro- and antiinflammatory cytokines and on the clinical characteristics of the donor, including age, doses of inotropic agents administered, comorbidities, functional and structural alterations of the cardiac muscle as assessed by echocardiography.

  In consideration of the above, the aims of the present study were to evaluate potential donor-related clinical (age, doses of noradrenaline received), echocardiographic (left ventricular ejection fraction and right ventricular function) and laboratory markers of allograft function and/or postoperative PGD, and to determine the association between these markers and the early outcomes of recipients.

   

  METHODS

  The study was approved by the local Research Ethics Committee (protocol no. ETIC 0517.0.203.000-10), and was performed according to the principles of the Declaration of Helsinki. The aims and objectives of the investigation were explained carefully to all potential participants, or their legally authorized representative where appropriate, who were then invited to sign the document of written informed consent to take part in the study.

  Patients

  The prospective study involved a paired population comprising 43 donors and 43 recipients who underwent heart transplantation at the University Hospital, Federal University of Minas Gerais, between January 2012 and November 2013. All donors and recipients included in the study were aged 18 years or more and were pairwise compatible for the transplant procedure. Pairs were excluded from the study either when informed consent could not be obtained from both potential participants or when the donated organ could not be harvested for whatever motive.

  Assessment of Donors and Recipients

  Potential heart donors were evaluated with regard to demographic data and clinical and biochemical parameters collected. In addition, various other measurements were performed, including systolic and diastolic arterial pressures (along with the mean of the two values), ventilation parameters [fraction of inspired oxygen (FiO2) and oxygen saturation levels], echocardiographic data [left ventricular ejection fraction (VEF) and anatomical, structural and functional information], times of hospitalization and diagnosis of brain death, and doses of noradrenaline administered. Information regarding the usage and doses of noradrenaline was obtained at the time of admission to hospital. In addition, these data, along with those relating to pressure and ventilation, were collected 48 h and 24 h prior to harvesting, at the preoperative stage immediately before transportation to the operating theatre, at the initiation of harvesting and prior to aortic clamping.

  A sample (10 mL) of arterial blood for biochemical analysis was taken from each donor around the time of organ harvesting, transferred to a sterile vial containing heparin (Becton & Dickinson, Franklin Lakes, NJ, USA) and centrifuged at 3000 rpm for 10 min. Five 1 mL aliquots of plasma were separated from each sample, labeled with the names of the donor and the recipient, transported in ice and stored in the freezer at -70ºC until required for analysis. Frozen samples were subsequently thawed at room temperature and the concentrations of soluble tumor necrosis factor receptors 1 and 2 (sTNFR1 and sTNFR2, respectively), interleukin-6 (IL-6), IL-10 and monocyte chemoattractant protein-1 (MCP1) were measured using sandwich enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA), while those of C-reactive protein (CRP) and cTnI were determined using VIDAS® QCV and Troponin I ultra (TNIU) assay kits (bioMérieux, São Paulo, SP, Brazil), respectively.

  Recipients were evaluated with regard to demographic data and clinical and biochemical parameters collected. Parameters relating to the surgical procedure [cardiopulmonary bypass (CPB), aortic clamping, ischemia and operating times), left VEF, right ventricular function, usage of inotrope/vasodilator medication during and after transplantation, occurrence of PGD, and hospitalization and intensive care unit (ICU) times were recorded. Data relating to the usage of inotropes/vasodilators were obtained immediately before induction of anesthesia, 10 min after withdrawal of CPB, immediately before to transfer to ICU, after one, six, 24 and 48 h in ICU and seven days after surgery.

  Data Analysis and Definitions

  Clinical and biochemical data pertaining to donors were associated with recipient outcomes assessed as mortality, left/ right ventricular dysfunction on echocardiography, requirement of high doses of inotropes and/or circulatory support with intra-aortic balloon pump for maintenance of cardiac output, together with CPB, hospitalization, operating and ICU times. Graft dysfunction was defined as the need for circulatory support (intra-aortic balloon) and/or intravenous administration of high levels of catecholamines (noradrenaline) for withdrawal of CPB, and the presence of moderate or severe postoperative ventricular systolic dysfunction (left or right) on echocardiography.

  Noradrenaline doses were defined as low (< 0.23 µg/kg/ min), moderate (0.24 to 0.46 µg/kg/min) or high (>0.46 µg/ kg/min). The heart transplant team rejected all allografts from donors who had received noradrenaline doses considered excessively high (>0.69 µg/kg/min) during their permanence in the allocation centers, except in cases where time and clinical conditions allowed restoration of cardiac function. Left ventricular dysfunctions were defined as absent (VEF >60%), mild (VEF <  60 to >45%), moderate (VEF < 45 to >30%) or severe (VEF <  30%). Right ventricular dysfunctions (absent, mild, moderate or severe) were defined by subjective analysis of the echocardiographic data. ICU and hospitalization times of < 5 and < 25 days, respectively, were considered favorable clinical evolutions (suitable outcomes).

  Surgical Procedures

  All transplants were performed by the same surgical team using the bicaval anastomosis technique and following identical procedures for the induction and maintenance of anesthesia (as appropriate) and surgery[4,13]. Cardioplegia in the donor was performed using 20 mL/kg of Celsior® cardioplegic infusion (Genzyme Polyclonals, Champagne au Mont D'Or, France) at 4ºC. The excised heart was soaked in 200 mL of cardioplegic solution at 4ºC and transferred to a plastic bag, the temperature of which was maintained during transportation by ice contained in two outer plastic bags. During the implant, the heart received intermittent cardioplegia every 30 min with 10 mL/kg of Celsior cardioplegic infusion.

  Statistical Analysis

  Descriptive statistics were expressed in terms of mean, standard deviation of the mean, maximum, minimum, median and percentage values. The Student t test, or the non-parametric Mann-Whitney test where appropriate, was employed to compare two independent groups with respect to the variable of interest. Comparison between categorical variables was performed using the X2 test or the Fisher exact test. The significance of differences was established at the 5% probability (P < 0.05) level. Pearson's correlation coefficient was used to evaluate the relationship between two variables of interest. All analyses were performed using SPSS software version 21.0 (IBM, Armonk, NY, USA).

   

  RESULTS

  Characteristics of Donors

  The majority of donors (74.4%) were males with mean age around 30 years (range 18 - 54 years). Traumatic brain injury (TBI) caused by a traffic accident was the most common cause of death, followed by hemorrhagic stroke, TBI caused by a gunshot wound, and ischemic stroke. Only 7% of donors had a history of alcoholism and 2.3% of tobacco dependence. Additionally, 95% of donors received hormonal therapy including enteral administration of levothyroxine (1.5 µg/kg) and intravenous administration of methylprednisolone (15 mg/kg) every 24 h immediately after diagnosis of brain death (Table 1).

  
    

    [image: Table 1. Characteristics of donors and recipients, and preoperative manometric data of recipients.] 

  At the initiation of harvesting, 69.8% of donors exhibited mean arterial pressure in the range 60 to 80 mmHg, while 16.3% presented pressure above 80 mmHg. Furthermore, at the start of harvesting, 44.2% of the donors required more than 40% FiO2 in the mechanical ventilator to maintain adequate arterial oxygen supply (>90%) (Table 2).
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  The majority of donors (89.4%) received noradrenaline at some stage during hospitalization (Figure 1). Relatively low doses of noradrenaline (< 0.23 µg/kg/min) were administered during hospitalization to most of the donors (54.3%), while 28.1% received moderate doses (>0.23 to < 0.46 µg/kg/min), 7% required high doses (>0.46 µg/kg/min), and 10.6% did not receive noradrenaline. Independent of dose, the highest frequency of administration of noradrenaline (72.1%) was at the time of admission to hospital, while the use of this inotropic agent was much less frequent (55.5%) immediately before surgery, particularly during preparation of the patient for harvesting (administration of hormone therapy and adjustment of clinical management).
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  The left VEF values of the donors varied between 52% and 80% (mean 66.2±6.2%) with a median value of 65%, and only three (6.9%) donors exhibited left VEF values below the optimum level of > 60%.

  Characteristics of Recipients

  Of the 43 recipients, 55.8% were males with mean age around 45 years, mean weight of 62.3 kg and mean height of 1.64 m (Table 1). The pulmonary vascular resistance (PVR) values before and after administration of sodium nitroprusside were 3.2 and 2.6 Wood units, respectively, whereas the mean hemoglobin concentration was 12.5 g/dL at the time of pre-transplant cardiac manometry. The most prevalent etiologies of myocardiopathy among the recipients were Chagas disease (46.5%) followed by ischemia and idiopathic causes. Only one patient underwent retransplant by virtue of cardiac allograft vasculopathy that had evolved over a period of 10 years (Table 1).

  The majority of recipients (76.7%) were hospitalized priority patients who had received continuous administration of dobutamine to preserve hemodynamic stability. Ten (39.3%) of these patients (representing of 23.2% of the total number) were in critical state in the ICU and had received high doses of dobutamine or noradrenaline combined with dobutamine to maintain a minimally adequate cardiac output. Despite the gravity of these patients, only three (6.9%) had endotracheal intubation while in the ICU at the time of transplant.

  In the post-transplant period, four patients required the insertion of an intra-aortic balloon pump. In one case the device was considered necessary because of the development of PGD with left ventricular dysfunction prevalence, while three patients died due to secondary graft dysfuntion. None of these four patients had isolated right ventricular dysfunction. The left VEF values of the recipients in the first week after transplant varied between 20% and 85% (mean 65.4±11.9%) with a median value of 69%. Only eight recipients (18.6%) presented abnormally low VEF values. The vast majority of recipients had received noradrenaline and/or dobutamine during anesthesia induction and after withdrawal of CPB (Table 3). During transplant, the mean CPB time was 121 min, whereas the mean times of ischemia of the transplanted organ and aortic clamping were 126 and 86 min, respectively.
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Statistical Analysis of Recipient Outcomes

The recipients with moderate to severe left ventricular dysfunction (VEF < 45%) on echocardiography after transplant had received organs from donors who were significantly older (P=0.020; Table 4). Furthermore, the recipients of organs from donors who required moderate to high doses of noradrenaline (>0.23 µg/kg/min) before harvesting exhibited significantly lower VEF values after transplant (P=0.002).
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As shown in Table 5, when plasma levels of sTNFR1 and sTNFR2 in donors were significantly higher (P=0.014 and P=0.030, respectively), the corresponding recipients remained in ICU for shorter periods (< 5 days). Similarly, when IL-6 was significantly higher (P=0.029) in donors, the hospitalization times of recipients were shorter (< 25 days). Furthermore, when donors exhibited significantly lower plasma concentrations of sTNFR2 and IL-6 (P=0.028 and P=0.001, respectively), the recipients required moderate/high doses of noradrenaline (> 0.23 µg/kg/min) after being weaned off CPB and during the postoperative period.
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Recipients of organs from donors who had received moderate/high doses of noradrenaline (> 0.23 µg/kg/min) during hospitalization remained connected to the CPB pump for significantly longer periods (P=0.039) in comparison with those that had received organs from donors not been medicated in this manner (Table 6). Recipients presenting moderate/severe ventricular dysfunctions (left or right) on echocardiography after transplant experienced significantly longer operating and CPB times (P=0.038 and P=0.022, respectively) compared with those who were not affected by PGD (Table 6).
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Most of the recipients (79.2%) of organs from donors who had not received noradrenaline or who had received at a low dose (<  0.23 µ/kg/min) remained in ICU for a maximum of five days, whereas the majority of patients (66.7%) transplanted with organs from donors who had received moderate/high doses of noradrenaline (> 0.23 µ/kg/min) remained in ICU for more than five days (P=0.004; Table 7).
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DISCUSSION

PGD often complicates heart transplantation in the immediate postoperative period, affecting 10% to 40% of allografts depending on the definition adopted, and constitutes the main cause of death. Indeed, PGD is responsible for 40% of deaths within 30 days of transplantation and 18% between 31 days and one year[14]. PGD is caused by multiple factors involving problems associated with the heart donor, the organ recipient and surgical management[15]. The discovery of donor-related biomarkers that could serve as predictors of allograft quality would facilitate the selection of potential donors and reduce the frequency of postoperative PGD and mortality of recipients.

It has been previously shown that recipients of allografts from older donors (>50 years) exhibit reduced 1 month, 1 year and 5 year survival rates[16]. Additionally, Lund et al.[17] have demonstrated that transplants from older donors were associated with progressively reduced survival rates of recipients at 1, 5, 10 and 20 years postoperatively, however, this report did not disclose aspects relating to early morbidity and mortality, particularly during hospital confinement. Nevertheless, donor age is considered a notable predictor of mortality as well as of post-transplant complications, such as cardiac allograft vasculopathy[16,18]. It is important to emphasize that the present study focused on donor-related factors influencing allograft function and clinical evolution of patients within the 30 days period after transplantation. As shown in this study, the frequency of moderate/severe left ventricular dysfunction was higher in recipients of organs from older donors, and such circumstances may determine the future survival of these patients.

Intravenous administration of relatively high levels of vasoactive catecholamines, especially noradrenaline, to the donor prior to harvesting or to the recipient during and after transplant has been considered a predictor of PGD[2,5,12]. The cut-off point for noradrenaline infusion employed in our study was 0.23 µg/kg/min, and rates above this limit were considered to jeopardize the function of the allograft in the recipient. Earlier reports have described that noradrenaline diffusion rates between 0.06/0.08 and 0.8 µg/kg/min are acceptable[11,12,19]. However, it is acknowledged that the inotrope cut-off point represents only one of the clinical parameters of the quality of heart donors to be considered in evaluating the complex transplant process. Administration of higher levels of noradrenaline to donors alone does not contraindicate heart transplantation, since it is not clear that this approach leads to increased mortality despite its association with PGD. The judicious acceptance of the effectiveness of noradrenaline doses > 0.23 µg/kg/min might be fundamental for expanding the number of donor candidates without increasing recipient mortality, as shown by our study in which 37.2% of the donors received moderate/high levels of this medication. Noradrenaline has been elected the vasoactive amine of choice in emergency hospitals and ICUs to treat hypotension refractory to volume in donors, in spite of its well-known deleterious effects on cardiomyocytes and the potential risk of PGD in recipients[12]. Our results indicate a significant correlation between administration to donors of noradrenaline doses > 0.23 µg/kg/min and the occurrence of left ventricular dysfunction in recipients, as well as protracted CPB and ICU times. Moreover, our findings suggest a tendency towards increased frequency of right ventricular dysfunction in transplanted patients who received organ from donors treated with moderate/high noradrenaline doses.

Earlier reports have suggested that high levels of the cardiac markers TNF-α, IL-6, cTnT, procalcitonin and BNP are correlated with the administration of high doses of inotropic agents and with some degree of PGD[2,5-8,12,20]. However, the results presented herein indicate that higher plasma levels of sTNFR1 and sTNFR2 in donors signal a reduction in ICU time for recipients, while enhanced concentrations of plasma cytokines IL-6 and IL-10 in donors are associated with reduced hospitalization time for recipients. The inflammatory response of donors/recipients can be beneficial to some extent, and a balance between pro- and anti-inflammatory cytokines may be important for the immune system to provide protection against PGD[21]. Independent of the mechanism of action (feedback loop, down regulation or cross regulation), the modulator function of the soluble cytokine receptors and/or of pro- and anti-inflammatory proteins are well known[22,23]. Moreover, it is possible to hypothesize that the cytokine receptors of the allograft in recipients exhibiting intense inflammatory responses will rapidly reach saturation[24] and, for this reason, such patients tend to be more resistant to post-transplant inflammation and have a more successful postoperative evolution (i.e. reduced ICU and hospitalization times).

It is likely that PGD, with its associated high morbidity and mortality, will remain a common complication because of the increasing dependence on marginal donors. It is possible to prevent or minimize PGD by careful matching donors and recipients, and effective management of donor heart preservation. In this context, the search for reliable markers of allograft quality must continue and, according to the evidence gathered so far, a focus on pro- and anti-inflammatory cytokines together with their receptors would appear to represent a promising approach.

Study Limitations

One of the limitations of this study is that the donor population was pre-selected and all of the organs employed in the transplant procedures were considered to be of good quality. Another limitation was related to the both logistical and legal technical difficulties of obtaining blood samples prior to organ harvesting. In this context, it would have been helpful to analyze blood samples from rejected donors in order to determine if there were differences in the concentrations of cardiac markers. Nevertheless, the results presented herein demonstrated that moderate/high doses of noradrenaline (> 0.23 µg/kg/min) negatively influenced the function of the allograft in the recipient. Furthermore, our study provided extra information about the possible protective roles of pro- and anti-inflammatory cytokines and cytokine receptors (sTNFR1, sTNFR2, IL-6 and IL-10) on the transplanted allograft and the clinical benefits exerted on the recipients.

 

CONCLUSION

High levels of sTNFR1, sTNFR2, IL-6 and IL-10 in donors were associated with enhanced evolution in recipients. Allografts from older donors, or from those treated with noradrenaline doses >0.23 µg/kg/min, were more frequently affected by PGD within 30 days of surgery.
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    ABSTRACT

    INTRODUCTION: Endovascular aneurysm repair (EVAR) was introduced as a less aggressive treatment of abdominal aortic aneurysms (AAA) for patients ineligible for open repair (OR).

    OBJECTIVE: To analyze EVAR's incorporation impact in the treatment of infra-renal abdominal aortic aneurysms in our institution.

    METHODS: A retrospective study of the patients with diagnostic of infra-renal AAA treated between December 2001 and December 2013 was performed. The choice between EVAR and OR was based on surgeon's experience, considering patient clinical risk and aneurysm's anatomical features. Patients treated by EVAR and by OR were analyzed. In each group, patient's and aneurysm's characteristics, surgical and anesthesia times, cost, transfusion rate, intraoperative complications, hospital stay, mortality and re-intervention rates and survival curves were evaluated.

    RESULTS: The mean age, all forms of heart disease and chronic renal failure were more common in EVAR group. Blood transfusion, surgical and anesthesia times and mean hospital stay were higher for OR. Intraoperative complications rate was higher for endovascular aneurysm repair, overall during hospitalization complication rate was higher for open repair. The average cost in endovascular aneurysm repair was 1448.3€ higher. Re-interventions rates within 30 days and late re-intervention were 4.1% and 11.7% for endovascular aneurysm repair versus 13.7% and 10.6% for open repair.

    CONCLUSIONS: Two different groups were treated by two different techniques. The individualized treatment choice allows to achieve a mortality of 2.7%. Age >80 years influences survival curve in OR group and ASA >IV in EVAR group. We believe EVAR's incorporation improved the results of OR itself. Patients with more comorbidities were treated by endovascular aneurysm repair, decreasing those excluded from treatment. Late reinterventions were similar for both techniques.

    Keywords: Aortic Aneurysm, Abdominal. Endovascular Procedures. Vascular Surgical Procedures. Health Risk.

     

  

   

   

  INTRODUCTION

  Abdominal aortic aneurysms (AAA) is a relatively common disease. Its prevalence increases with age. The main risk factors are age older than 65 years, male gender and smoking history[1]. As the aneurysm size increases, there is the risk of rupture[2]. Although some patients may present vague symptoms such as abdominal or back pain, the majority of aneurysms remain asymptomatic until rupture[3], which has a mortality rate about 85%[4]. The goal of treatment is to exclude the aneurysm before rupture occurs[5].

  Treatment by open repair (OR) is practiced since 1951. In the 90s, endovascular aneurysm repair (EVAR) was introduced as a less invasive method[6], originally developed for patients considered ineligible for OR[7]. Its introduction aimed to improve the care provided to the patient offering a therapeutic possibility with less surgical aggression initially without thinking that could compete with OR. Older patients with major comorbidities previously excluded from treatment have become candidates for EVAR allowing a reduction in the number of patients without conditions for treatment over the years. But the selection of the treatment method to each patient is not always clear and is based on the results of randomized studies, national/ international series and individual choice based on surgeon's opinion, considering patient clinical risk and aneurysm features.

  There is strong evidence of OR's durability, but there are few long-term results for EVAR. So, there is still an uncertainty concerning EVAR's durability and its overall long-term efficacy when compared to OR[8]. This lack of knowledge about the future behavior implies a greater need for clinical and imaging surveillance which could represent higher costs.

  Several studies compared EVAR to OR particularly regarding the perioperative and long-term mortality, re-intervention rates and cost-effectiveness, sometimes with diverging results.

  The Clinical Practice Guidelines of the European Society of Vascular Surgery suggest that vascular surgical referral centers must have an operative mortality for elective OR less than 5% and for EVAR less than 2%[9].

  Having regard to selection of the best treatment to be used for each patient and knowing that these treatment methods are complementary and not competitive, the purpose of this study is to analyze the impact of EVAR's incorporation in the treatment of infra-renal AAA in our institution.

   

  METHODS

  A retrospective study of the patients with the diagnostic of infra-renal AAA treated in our institution between December 2001 and December 2013 was performed. Patients with the diagnosis of infra-renal AAA with diameter equal or superior to 5cm and patients with infra-renal AAA with diameter inferior to 5cm but with iliac aneurysms with diameter equal or superior to 3cm were included in our study.

  The choice between EVAR and OR was individualized for each patient, based on surgeons' opinion, considering patient clinical risk and aneurysm's anatomical features.

  During this period, a total of 292 patients were treated in our institution with the diagnostic of infra-renal AAA, 171 (58.6%) by EVAR and 121 (41.4%) by OR.

  We analyzed the group of patients treated by EVAR and by OR and, for each group, we studied patient's and aneurysm's characteristics, surgical and anesthesia average times, need for blood transfusion, intraoperative complications, mean hospital stay, re-intervention rates (within 30 days and after), mortality rate (during hospitalization and within 30 days) and survival curves. We studied costs associated to EVAR and to OR and the relation between costs and age and costs and American Society of Anesthesiologists (ASA) classification.

  The mean follow-up time was 32.4 months. The follow-up was performed with computerized tomography (CT) in the 3rd and 9th month after treatment and then yearly or every time it seems clinically relevant.

  The statistical method used evaluates the normal distribution of the continuous variables using the Kolmogorov-Smirnov test. The comparison between two groups of patients was based on Student's t test for variables that approximately followed a normal distribution and the Mann-Whitney-Wilcoxon test in the event that the assumptions of normality or equality of variances were not observed. Comparison of more than two groups was based on analysis of variance and the Kruskal-Wallis test, when the assumptions of normality and homogeneity of variances were absent.

   

  RESULTS

  The mean age was 74.1±8.9 years in the EVAR group and 69.6±8.7 years in the OR group, this variable proved to have statistical relevance (P<0.001). The treatment performed according to the age group was also studied (Figure 1). In this sense, the patients were divided into three groups: with age up to 70 years, between 70 and 80 years and above 80 years. For each group, respectively, the treatment was EVAR in 31.6%, 38.6%, 29.8% and OR in 47.1%, 43%, 9.9%. A statistically significant relationship was observed (P<0.001) with the younger group most often treated by OR and the older one most often by EVAR.
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  In relation to gender, 94.2% of patients in the EVAR group were male and 5.8% were female. In OR group, 95% were male and 5% were female. There was no relationship with statistical significance among variables (P=0.478).

  Regarding the presence of aortic atherosclerotic disease risk factors we studied hypertension, diabetes mellitus, dyslipidemia, cerebrovascular disease, peripheral arterial disease and active/ non-active smoking. No statistically significant relationship was observed for high blood pressure (84.2% in the EVAR group vs. 87% in the OR group, P=0.610), non-active smoking (58.8% in EVAR vs. 57% in OR; P=0.807), dyslipidemia (67.6% in EVAR vs. 61.4% in OR, P=0.134), diabetes mellitus (18.2% in EVAR vs. 11.4% in OR, P=0.134) and peripheral arterial disease (18.2% in EVAR vs. 19.3% in OR, P=0.877). A statistically significant relationship was observed for active smoking (16.5% in EVAR vs. 31.5% in OR, P=0.004) and for cerebrovascular disease (19.4% in EVAR vs. 10.5% in OR, P=0.048).

  Associated diseases (heart, lung or kidney diseases) were studied for each group. Regarding the presence of cardiac disease studied were higher in the EVAR group with a statistically significant relationship with ischemic cardiac disease present in 53% of the patients in the EVAR group vs. 40.4% of those in OR group (P=0.039), valvular disease present in 27% of those submitted to EVAR vs. 4.4% of those in the OR group (P<0.001), dysrhythmia present in 37.2% in the EVAR vs. 12.4% in the OR group (P<0.001) and cardiac insufficiency present in 45.1% of the patients in the EVAR group vs. 20.2% in the OR group (P<0.001). Regarding pulmonary disease, chronic obstructive pulmonary disease (COPD) was present in 24.1% of patients in the EVAR group and in 26.8% in the OR group, no statistically significant relationship was observed (P=0.672) and respiratory failure was present in 5.6% of the patients in the EVAR group vs. 0.9% in the OR group, an almost statistically significant relationship was observed (P=0.051). Regarding renal disease, a statistically significant relationship was observed for the presence of chronic renal insufficiency (21.3% of patients treated by EVAR vs. 8.8% in OR, P=0.007) but wasn't observed for chronic renal insufficiency in hemodialysis replacement therapy (1.8% of the patients in the EVAR vs. 0 in the OR group, P=0.274) or chronic renal insufficiency in kidney transplantation replacement therapy (2.5% of those in the EVAR vs. 0.9% in the OR group, P=0.651).

  As regards the ASA physical status classification our patients were in one of three categories: ASA II (mild systemic disease), ASA III (severe systemic disease) or ASA IV (systemic disease threatening life). The frequency was, respectively, 15.6%, 71.3% and 13.1% in the EVAR group and 30.3%, 62.4% and 7.3% in the OR group. A statistically significant relationship was observed (P=0.001) with patients classified as class II more commonly treated by OR and class IV by EVAR.

  Aneurysm characteristics were also studied. Regarding the anatomical type divided into aortic, bilateral aorto-iliac, right aorto-iliac and left aorto-iliac this was respectively 65.5%, 11.7%, 15.2% e 7.6% in the EVAR group and 80.2%, 9.0%, 8.1% e 2.7% in the OR group. A statistically significant relationship was observed (P=0.045) with aortic aneurysms treated most commonly by OR and aorto-iliac aneurysms (right and left) by EVAR.

  Regarding the aneurysm etiology, divided into degenerative, inflammatory and other etiology, was respectively 93.5%, 5.3% and 4.1% in the EVAR group and 97.3%, 2.7% and 0 in the OR group, no statistically significant relationship was observed (P=0.092). The aneurysm etiology was also studied dividing into only two etiologies degenerative and inflammatory, which represent respectively 97.5% and 2.5% in the EVAR group vs 97.3% and 2.7% in the OR group, no statistically significant relationship was observed (P=0.001).

  Aneurysm morphology, divided into fusiform and saccular was respectively 94.7% and 5.3% in the EVAR group vs. 72.3% and 27.7% in the OR group, a statistically significant relationship was observed (P<0.001) with saccular aneurysms most commonly treated by OR.

  As regards the aneurysm diameter, it was 62.4±14.8 mm in the group treated by EVAR and 64.8±15.7 mm in the OR group. No statistically significant relationship (P=0.201) was observe.

  Blood transfusion was needed in 23.1% in the EVAR group vs. 77.6% in the OR group, a statistically significant relationship was observed between these variables (P<0.001).

  The mean anesthesia time was 174.4±63.2 minutes in the EVAR group and 292.6±79.5 minutes in the OR group, a statistically significant relationship was observed between these variables (P<0.001). The mean surgical time was 102.7±48.4 minutes in the EVAR group and 190.1±61.5 minutes in the OR group, a statistically significant relationship was observed between these variables (P<0.001).

  Regarding EVAR's intraoperatory complications, we considered endoleaks requiring additional treatment, arterial dissection/thromboses or other situations that require some additional intervention. In OR group, we considered vascular or visceral damage. Intraoperative complications rate was 23.4% in the EVAR group and 14.4% in the OR group, a statistically significant relationship was observed (P<0.001). The overall rate of complications during hospitalization was higher in the OR group (38% in the OR group vs. 10.8% for EVAR), with a statistically significant relationship (P<0.001).

  We analyzed the costs associated with an EVAR and OR procedures (Table 1). The average cost in EVAR was 1.448,3€ higher in comparison to OR. When we studied the relation between costs and age (Table 2) and costs and ASA classification (Table 3), no statistically significant relation was observed regarding age, but for both groups a statistically significant relation was observed between costs and ASA classification with patients classified ASA IV or above implying a significant higher cost in EVAR and in OR.
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  The mean duration of hospitalization was 6.3±7.1 days for the EVAR group and 12.9±16.6 days for the OR group, a statistically significant relationship was observed between these variables (P<0.001).

  The overall mortality during hospitalization with the use of both techniques was 2.7% (1.2% in the EVAR group and 5% in the OR group), no statistically significant relationship was observed (P=0.07). Mortality within 30 days was 1.2% in the EVAR group and 5% in the OR group. We also studied the survival curves for EVAR and for OR (Figure 2). The median survival was 8.5 years with a standard deviation of 0.5 (95% CI - 7.6 to 9.5) in the EVAR group and 8.2 years with a standard deviation of 0.4 (95% CI- 7.3 to 9.0) in the OR group. We analyzed relation between survival curves and ASA classification and age. We found that in EVAR group the median survival in the group classified as ASA II was 5.2 years with a standard deviation of 0.4 (95% CI - 4.4 to 6), in the group classified as ASA III was 9.4 years with 0.5 standard deviation (95% CI - 8.4 to 10.5) and in the group classified as ASA IV or higher was 4.6 years with a standard deviation of 0.8 (95% CI - 3.2 to 6.1), a statistically significant relation was observed with patients classified as ASA IV or more having a lower mean survival (Figure 3), no statistically significant relation was observed in the OR group. When we analyzed the relation between age and survival curves we realized that, in the OR group (Figure 4) the median survival for patients under 70 years was 8.7 years with a standard deviation of 0.6 (95% CI - 7.6 to 8.9), in the group between 70 and 80 years was 7.5 years with a standard deviation of 0.6 (95% CI - 6.3 to 8.7) and in the group of patients older than 80 years was 4 years with a standard deviation of 0.9 (95% CI - 2.2 to 5.8), statistically significant relationship was observed patients older than 80 years has a lower mean survival in comparison to younger groups, in EVAR group no statistically significant relationship was observed.
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  Regarding re-intervention rate within 30 days was 4.1% for EVAR and 13.7% for patients treated by OR. Concerning EVAR, 28.6% of complications were related to type 1 endoleak, 14.3% thrombosis with need for an axillary-femoral bypass and 57.1% wound complications. With regard to the OR, of all the re-interventions within 30 days, 24.7% represented drain of retroperitoneal haematoma, 18.9% exploratory laparotomy, 18.9% revascularization surgery, 6.6% colectomy, 13% wound surgery and 18.9% incisional hernia repair. With a mean follow-up of 32.4 months our protocol follow-up involves CT in the 3rd and 9th month after treatment and then yearly besides, CT was also performed every time it seems clinically pertinent. After 30 days, re-intervention rate was 11.7% for EVAR and 10.6% for OR, no statistically significant relation was observed between these variables (P=0.56). Concerning EVAR, of all the re-interventions after 30 days, 72.6% were related to type 1 endoleak, 4.8% to type 2 endoleak, 9.5% to type 3 endoleak and 9.5% because of endograft branch thrombosis. In the OR group, 90.9% were for incisional hernia repair and 9.1% (1 case) correction of a false aneurysm.

   

  DISCUSSION

  From an overall assessment of this population, we conclude that the characteristics of patients treated by EVAR and by OR are different. Patients treated by EVAR are generally older and with more associated diseases. To point out that when we studied chronic renal insufficiency in replacement therapy we haven't observed any relation probably due to the small number of patients treated. In fact only 3 patients on hemodialysis were treated and all of them were treated by EVAR. Only 5 renal transplant patients were treated, 4 by EVAR and 1 by OR. These observations are in agreement with our results when we studied ASA classification. "The Dutch Randomised Endovascular Aneurysm Management Trial", 2005, (DREAM trial) and the "Anevrysme de l'aorte abdominale, Chirurgie versus Endoprothese" (ACE trial) are two randomized studies that also studied ASA classification in patients included (Table 4). In these studies, the majority of patients selected for treatment belonged to class II of ASA classification (mild systemic disease). In contrast, the majority of patients treated in our institution belong to class III (severe systemic disease). Additionally, in DREAM trial there were no patients classified as class IV and they represent only 1.3% of the patients treated, all of them by EVAR, in ACE trial. It could be explained with the fact that in DREAM trial only patients eligible for both treatments were included, this can eventually have conditioned that some patients classified as ASA IV were considered not eligible for OR and so not included in the trial. The ACE trial only included relatively good-risk patients and all patients classified as ASA IV were treated by EVAR. These results reinforce EVAR as an option for patients with ASA classification III or IV whom can now be treated with less risk[10].
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  Regarding to gender, our results demonstrate the equal offer of both techniques to both genders and point out the higher prevalence of the disease in male gender as described in the literature.

  When we studied the aneurysm's etiology (divided into degenerative, inflammatory and others) no statistically significant relationship was observed but it should be noted that all aneurysms classified as other etiologies were treated by EVAR. As for aneurysm size measured by its diameter no differences were observed in both groups proving that the therapeutic indication is independent of the technique used.

  Regarding blood transfusion necessity we observed a clear advantage in the EVAR. We observed almost a reversal in necessities with 76.4% in the EVAR group not requiring transfusion vs. 77.6% in the OR group requiring blood transfusion. At a time when the availability of blood is scarce this is of great importance. It also opens a door for those who for religious reasons do not accept transfusion of blood products.

  As regards time consumption in the operating room and surgeon's time consumption measured respectively by the duration of anesthesia and the surgery time there was a clear advantage in the treatment by EVAR with reduction of both times. Relatively to the overall hospital stay there was also a clear advantage in the EVAR group (6.6 days less than for OR). At a time when reducing inpatient bed is expected, EVAR can be useful. The average cost in EVAR was 1.448,3€ higher in comparison to OR. ASA classification equal or higher than 4 was associated with higher costs in both groups.

  Prospective randomized trials as "The United Kingdom Endovascular Aneurysm Repair Trial 1" (EVAR 1 trial), "Open versus Endovascular Repair Veterans Affair Cooperative Study" (OVER trial) and the already cited ACE and DREAM trials have also recognized a reduced in the need for transfusion, shorter surgical time and shorter duration of hospitalization among patients treated by EVAR when compared to those treated by open repair[11-13].

  Regarding complications (intraoperative and during hospitalization) only the first shows a tendency to be more numerous in the EVAR group (Figure 5). The overall rate of complications during hospitalization was significantly higher in the OR group and we concluded that most of these complications were medical and whose treatment was also medical. Actually OR showed a rate of complications during hospitalization of 38%, but the rate of re-interventions within 30 days was only 13.7% which points out that most of the complications did not require re-intervention. In comparison, the EVAR had a lower rate of complications during hospitalization (10.8%) and a lower rate of re-interventions within 30 days (4.1%).
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  Regarding mortality, the use of both techniques allowed to reach a global mortality during hospitalization of 2.7% (1.2% in the EVAR group and 5% in the OR group). Although not statistically significant, the mortality difference of the two groups tends to be significant (P=0.07). Considering that the EVAR group has a greater clinical risk as we have already concluded, we can infer benefit in terms of early mortality that this technique arrived. The Table 5 shows the mortality rates obtained in our institution and those published in some prospective randomized studies (EVAR 1, DREAM, OVER and ACE trials). Our mortality rates are similar of those obtained in those prospective randomized trials. In 2011, Mani et al.[14] have published "Treatment of Abdominal Aortic Aneurysm in Nine Countries 2005-2009: A Vascunet Report", where the biggest international registration of patients with the diagnosis of AAA treated was analyzed. This registration involves nine countries record (seven nationally - Denmark, Hungary, Italy, Norway, Sweden, Switzerland and the United Kingdom and two regional - Australia and Finland). Part of the results is shown in Table 6 where we made a comparison with the results obtained in our institution. We can conclude that our findings are similar to those published in this international series.
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  Long-term mortality rate associated with the two techniques has been widely studied. The EVAR 1, DREAM and OVER trials were in agreement in getting an early benefit in the perioperative mortality with EVAR but this benefit is lost during follow-up and no differences exist between the two groups in the long-term treatment. In the EVAR 1 trial the authors consider that the loss of this initial benefit throughout the study is at least in part, due to late endograft ruptures. The authors also believe that EVAR is associated with a higher rate of graft complications, more re-interventions and higher cost. A similar conclusion was presented in the DREAM and ACE trials. In contrast, the OVER trial revealed no significant difference in re-intervention rates in the both groups. In our institution the re-intervention rate after 30 days was not significantly different between the two groups corroborating the OVER trial and going against EVAR 1, DREAM and ACE trials.

   

  CONCLUSION

  The selection of the treatment method to be used is not clear. At one extreme, we have a young patient with low clinical and anatomic risk and a complex aneurysm anatomy for which OR is the election. At the other extreme, we have an elderly patient with high clinical/anatomical risk with good aneurysm anatomy and EVAR is the election. But in most situations in clinical practice these characteristics are mixed and hinder the decision.

  Our study showed that the two groups have different clinical conditions that make a comparison difficult. The EVAR group is a presents major clinical risk as demonstrated and it can lead to increased mortality during follow-up of these patients not necessarily related to its AAA.

  Assessing the institutional impact of the EVAR's introduction in the treatment of patients with infra-renal AAA, we conclude that this method allowed the achievement of an overall during hospitalization mortality of 2.7% (1.2% for EVAR and 5% for OR), allowing us to achieve the objectives set by the European Society of Vascular Surgery which states that reference centers must have, for elective procedures, a mortality rate lower than 2% for EVAR and less than 5% for OR. We also believe that by offering EVAR for these patients with more comorbidities (that would eventually be treated by OR if EVAR had not been introduced), we improved the results of OR itself. We also concluded that age older than 80 years influences the survival curve in the OR group and ASA classification equal or above 4 influences the survival curve in the EVAR group.

  Treatment by EVAR has been pointed out as having higher costs in part by the higher rate of re-interventions and our study contradicted this aspect and reinforced the confidence in a cost-containment strategy.
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    ABSTRACT

    INTRODUCTION: Antiplatelet therapy after coronary artery bypass graft (CABG) has been used. Little is known about the predictors and efficacy of clopidogrel in this scenario.

    OBJECTIVE: Identify predictors of clopidogrel following CABG.

    METHODS: We evaluated 5404 patients who underwent CABG between 2000 and 2009 at Duke University Medical Center. We excluded patients undergoing concomitant valve surgery, those who had postoperative bleeding or death before discharge. Postoperative clopidogrel was left to the discretion of the attending physician. Adjusted risk for 1-year mortality was compared between patients receiving and not receiving clopidogrel during hospitalization after undergoing CABG.

    RESULTS: At hospital discharge, 931 (17.2%) patients were receiving clopidogrel. Comparing patients not receiving clopidogrel at discharge, users had more comorbidities, including hyperlipidemia, hypertension, heart failure, peripheral arterial disease and cerebrovascular disease. Patients who received aspirin during hospitalization were less likely to receive clopidogrel at discharge (Ps0.0001). Clopidogrel was associated with similar 1-year mortality compared with those who did not use clopidogrel (4.4% vs. 4.5%, P=0.72). There was, however, an interaction between the use of cardiopulmonary bypass and clopidogrel, with lower 1-year mortality in patients undergoing off-pump CABG who received clopidogrel, but not those undergoing conventional CABG (2.6% vs 5.6%, P Interaction = 0.032).

    CONCLUSION: Clopidogrel was used in nearly one-fifth of patients after CABG. Its use was not associated with lower mortality after 1 year in general, but lower mortality rate in those undergoing off-pump CABG. Randomized clinical trials are needed to determine the benefit of routine use of clopidogrel in CABG.

    Keywords: Myocardial Revascularization. Coronary Artery Bypass. Blood Platelets.

  

   

   

  INTRODUCTION

  Antiplatelet therapy is beneficial in secondary prevention following coronary artery bypass graft (CABG) surgery; however, there is no consensus about when to initiate therapy, how to dose, or the optimal combination of agents[1-4]. Clopidogrel also reduces ischemic events and mortality in patients with coronary and peripheral arterial disease[5-8]. While the use of aspirin after CABG surgery is widespread[2,4,9,10], clopidogrel, the most commonly used P2Y12 inhibitor, in addition to aspirin, has been used less often than aspirin alone[11].

  Although it has been shown that antiplatelet therapy improves the patency of venous grafts[2,4,12], little is known about which patients are receiving clopidogrel after CABG surgery or about its association with patient outcomes. In this large single-center study we described the clinical and surgical characteristics and predictors of patients receiving clopidogrel following CABG surgery, determined the rates of clopidogrel use after 1 year, and compared the 1-year risk-adjusted mortality in patients receiving and not receiving clopidogrel.

   

  METHODS

  Study Patients

  We evaluated 6588 patients undergoing CABG surgery between 2000 and 2007 at Duke University Medical Center (Durham, NC, USA). A total of 815 patients were excluded for concomitant valve surgery, 177 were excluded for in-hospital reoperation for bleeding or anticoagulation complications, 188 died prior to discharge, and 4 additional patients who had undergone CABG surgery within 9 days were excluded, resulting in a final sample size of 5404. Patients undergoing urgent or elective procedures were included. This study was approved by the Duke University Health System Institutional Review Board. The requirement for individual consent was waived. All patients undergoing surgical procedures signed an informed consent form according to the data collected during hospitalization which can be used in research.

  Surgical Procedures

  On- and off-pump CABG procedures were performed during the study period, including both urgent and elective procedures. All patients were operated by the same group of surgeons that consists of 19 professionals. After median sternotomy, patients underwent conventional CABG surgery with the use of internal mammary arteries whenever possible. When performed on pump CABG, standard cardiopulmonary bypass was used, typically with both anterograde and retrograde cold blood cardioplegia.

  Clinical Follow-Up

  Discharge clopidogrel use was determined by in-hospital medication records, that was found in the electronic medical record, and was defined as administration at any time the day after surgery through the date of discharge. The files were accessed by the institution's research group. In addition to clinical data collected during patient visits, medication use and survival were determined using self-administered mailed questionnaires and telephone follow-up for those who did not return questionnaires. Deaths reported by Duke hospitals, the National Death Index, and the Social Security Death Index were used to confirm or supplement the follow-up surveys for mortality information. These actions were also performed by the institution's research group. Operative mortality was defined as death occurring within 30 days of the index procedure or before discharge.

  Statistical Analyses

  Summary statistics were expressed as medians (25th, 75th percentiles) for continuous variables and numbers (percentage) for categorical variables. Baseline and in-hospital patient characteristics for those who did and did not receive in-hospital clopidogrel following CABG surgery were compared using the Wilcoxon rank sum test for continuous variables and chi-square or Fisher's exact tests for categorical variables. Because of recent findings demonstrating differences between patients undergoing on- and off-pump CABG surgery[13], unadjusted Kaplan-Meier rates for 1-year survival are shown for the 4-level stratification of patients who did and did not receive clopidogrel and had on-pump versus off-pump CABG surgery.

  Multivariable logistic regression was used to determine the association between baseline and in-hospital demographics and clinical factors with in-hospital clopidogrel use following CABG surgery. All variables as well as their interactions with on- and off-pump CABG surgery were considered for inclusion using backward elimination with a requirement of alpha <0.05 for retention (Tables 1 and 2).
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  Cox proportional hazards analysis was performed to evaluate the association between post-CABG clopidogrel use and 1-year mortality. We adjusted for covariates identified in the PRoject of Ex-vivo Vein graft ENgineering via Transfection IV (PREVENT IV) trial mortality model[13], developed in a similar CABG population, and included the most closely related variables available in our dataset. In addition, we also adjusted for aspirin use after CABG surgery, warfarin use at discharge, on- and off-pump CABG-surgery, in-hospital cerebrovascular accident and renal failure. Adjusted survival curves are shown for the clopidogrel effect in the multivariable Cox mortality model. The model was repeated with the inclusion of the interaction of clopidogrel with on- and off-pump CABG surgery; adjusted survival curves for this interaction are shown.

  For the multivariable logistic and Cox models, continuous and ordinal variables were tested for linearity over the log hazard and were transformed as necessary to meet this modeling assumption. The proportional hazards assumption was checked for each variable in the mortality model and there were no deviations of concern. Statistical analyses were performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC, USA).

   

  RESULTS

  Study Population and Baseline Characteristics

  Total of 5404 patients who underwent CABG surgery from 2000-2007 where evaluated. Among these patients, 931 (17.2%) received clopidogrel after CABG surgery. Patients who received clopidogrel, 789 were alive with complete medication information after 1 year and 314 (39.8%) were still taking clopidogrel. Among the patients not taking clopidogrel after surgery, 8.9% (345/3868) were taking it after 1 year. One-year mortality was related to the use of clopidogrel at any time in hospital postoperative evolution. The above data add information about using this medication after discharge.

  Patient baseline characteristics are shown in Table 1. When compared with patients who did not receive clopidogrel, those who did were younger and had more comorbidities including hyperlipidemia, hypertension, peripheral arterial disease, and cerebrovascular disease but less heart failure in the prior 2 weeks. They were also more likely to have undergone prior percutaneous coronary intervention (PCI) or CABG surgery. Post-CABG clopidogrel users were also more likely to have received clopidogrel in the preoperative period. Overall, aspirin was used in 98.1% of patients after CABG surgery (96.7% with and 98.4% without clopidogrel after CABG surgery).

  Surgical Characteristics

  The main surgical procedure characteristics are shown in Table 2. Patients who did not receive clopidogrel more often underwent elective surgery (29.2% vs. 19.4%) while those receiving clopidogrel more often underwent urgent procedures (65.3% vs. 74.9%). Clopidogrel users were more likely to have bad quality grafts than patients who did not receive clopidogrel. The hospital length of stay was similar among the 2 groups.

  In the overall population, 4716 (87.3%) patients had left saphenous vein grafts harvested, 1161 (21.5%) had right saphenous vein grafts harvested, and 785 (14.5%) had saphenous vein grafts from both left and right legs harvested (Table 2). A total of 4875 (90.2%) patients had a left internal thoracic artery graft, 188 (3.5%) had a right internal thoracic artery graft, and 123 (2.3%) had both internal thoracic artery grafts. Left radial grafts were used in 305 (5.6%) patients, 50 (0.9%) patients had a right radial artery graft, and 17 (0.3%) had both a right and left radial artery graft. While right saphenous vein grafts and left radial artery grafts were more commonly used in patients discharged with clopidogrel, left saphenous vein grafts and left internal thoracic artery grafts were more often used in patients discharged without clopidogrel (Table 2).

  Predictors of Clopidogrel Use

  The predictors of clopidogrel use are shown in Table 3. Patients who had worse target artery or graft quality, left main disease, prolonged perfusion time, clopidogrel before surgery, or prior PCI were more likely to receive clopidogrel after CABG surgery. Advanced age, internal mammary artery graft, elective surgery, and aspirin use before surgery or at discharge were associated with a lower probability of clopidogrel use following CABG surgery.
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  1-Year Mortality

  Clopidogrel use was associated with similar 1-year mortality (4.7% vs. 4.5%, adjusted hazard ratio [HR] 1.08, 95% confidence interval [CI] 0.73-1.59; P=0.70) compared with those not using clopidogrel (Table 4, Figure 1). However, there was an interaction between use of cardiopulmonary bypass and clopidogrel, with lower 1-year mortality with clopidogrel in patients undergoing off-pump CABG surgery (adjusted HR 0.47, 95% CI 0.19-1.13), but not in those undergoing on-pump CABG surgery (adjusted HR 1.35, 95% CI 0.89-2.05; P interaction=0.032) (Figure 2).
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  DISCUSSION

  Our study has 2 main findings. First, at Duke University Medical Center, postoperative clopidogrel is used in almost one-fifth of the patients undergoing CABG surgery. These patients tend to be sicker and have more comorbidities than those who do not receive clopidogrel after surgery. We also identified several key factors associated with clopidogrel use after CABG surgery. Second, clopidogrel use was associated with similar 1-year mortality compared with those patients not using it. However, there was an interaction between the use of cardiopulmonary bypass and clopidogrel, with lower 1-year mortality with clopidogrel among patients undergoing off-pump CABG surgery and higher 1-year mortality with clopidogrel among those undergoing on-pump CABG surgery.

  Previous studies have demonstrated the benefit of antiplatelet agents, particularly aspirin, after CABG surgery, although there is no consensus on when to initiate and what dose should be used. Moreover, these studies do not directly show the impact of therapy on mid- and long-term mortality[3,4,7]. There are published reports of controlled trials showing benefit of different antiplatelet therapies, including aspirin alone[9,14], aspirin plus dipyridamole[14-16], and aspirin plus sulfinpyrazone[17]. More recent studies have demonstrated improved graft patency with the use of clopidogrel[7,12]. While the success of the surgical procedure is most critical to the patency of a graft, understanding the relationship between clopidogrel use and mortality and other hard clinical outcomes is critical.

  Clopidogrel use in patients with acute coronary syndromes demonstrates benefit[5,6,18]. Treatment with clopidogrel reduced the risk of myocardial infarction and recurrent ischemia, with a trend toward lower rates of cerebrovascular accident and death from cardiovascular causes[5,6,19]. Antiplatelet therapy with aspirin has led to improvements in vein graft patency when started early after CABG[4,7,20]. The combination of clopidogrel and aspirin after off-pump CABG surgery was previously suggested to reduce cardiac events and mortality[12] as well as improve graft patency in a single-center trial of 249 patients (91.6% for aspirin plus clopidogrel vs. 85.7% for aspirin alone; P=0.043) [7].

  While it remains unknown why some patients received clopidogrel and others did not, our study identified several factors associated with clopidogrel use following CABG surgery: target vessel quality, graft quality, age, congestive heart failure, cerebrovascular accident, prior myocardial infarction, prior PCI, prior CABG surgery, and aspirin use at hospital discharge. The strongest predictor of clopidogrel use after CABG surgery was worse target artery quality. Importantly, almost every patient (98.1%) received aspirin after the CABG surgery and this was significantly associated with less use of clopidogrel during the hospital stay. Whether the patients were treated on or off pump, it appears that clopidogrel was generally chosen for younger patients (perhaps balancing bleeding risks) with poor target artery quality, cerebrovascular disease, and previous coronary interventions. Without randomized data on clopidogrel use following CABG surgery, our study provides insights about potential factors associated with its use that might help physicians decide when to use clopidogrel in this clinical setting.

  In a subgroup analysis from the PREVENT IV study, in which all patients received aspirin at hospital discharge, clopidogrel use was associated with a trend for higher rates of occluded vein grafts during 12-18 months (49% vs. 39%; adjusted odds ratio 1.26; P=0.08) and with similar composite rates of death, myocardial infarction, or revascularization (27% vs. 24%; adjusted HR 1.10; P=0.38) in 5 years compared with those without it[13]. This study found a significant interaction between use of cardiopulmonary bypass and clopidogrel. Similarly, in our study, the administration of clopidogrel during the hospital stay was not associated with overall 1-year mortality in patients undergoing CABG surgery, even in those cases where an emergency or urgent surgery was needed. In patients undergoing off-pump surgery, we found that clopidogrel use was associated with higher 1-year survival; however, in patients undergoing on-pump surgery, clopidogrel use was associated with higher 1-year mortality.

  Studies show different conclusions regarding the results found when the techniques compared with and without cardiopulmonary bypass[21-23]. On the other hand, several investigators have indicated that off-pump CABG surgery may increase the risk of thrombosis due to augmented thrombotic activity[24,25]. There is a well-known phenomenon of thrombotic activity following major general surgery and it is expected after major procedures[25]. In fact, Mariani et al.[25] demonstrated that thrombotic activity is increased in the first 24 hours after off-pump surgery. Clopidogrel appeared to have a role in decreasing clotting and protecting the patency of anastomoses. In on-pump surgery, there is a well described decrease in platelet function that could bring benefits for graft patency[26,27]. This benefit does not occur in off-pump surgery where platelet function tends to be closer to normal, leaving more room for benefit of an antiplatelet agent such as clopidogrel. It is known that extracorporeal circulation leads to a decrease in blood coagulation activity, mainly due to consumption of factors and reduction of platelet activity[26]. This could have a protective impact on patients undergoing on-pump CABG surgery. In this situation, the pharmacological activity of clopidogrel may not have as much of a role and this may have contributed to our findings.

  In the Clopidogrel in Unstable angina to prevent Recurrent ischemic Events (CURE) trial, patients randomized to clopidogrel in addition to aspirin had a 20% reduction in cardiovascular death, myocardial infarction, or cerebrovascular accident in the 9th month in the follow-up period. Among patients who underwent CABG surgery, the apparent benefit of clopidogrel was tempered by a higher major bleeding rate among clopidogrel-treated patients (9.6% vs. 7.5%, respectively). Importantly, these patients were already on clopidogrel when undergoing CABG surgery and did not start clopidogrel for the first time after surgery. Based in large part on the CURE trial data, the current American College of Cardiology/American Heart Association/Society of Thoracic Surgeons guidelines recommend withholding therapy for 5 days among acute coronary syndrome patients requiring CABG surgery[28].

  At the present time, there are not adequate randomized clinical trial data to determine whether adding clopidogrel to aspirin prevents adverse clinical outcomes (death, myocardial infarction, cerebrovascular accident, unstable angina, or recurrence of angina) after CABG surgery. Despite this, clopidogrel is widely but inconsistently prescribed in patients after CABG surgery with stable coronary disease[18], a practice supported primarily by subgroup analyses and observational data[12,29-31]. In our study, clopidogrel was used more often in patients with poor graft quality, which suggests that cardiologists and cardiac surgeons might be using clopidogrel after CABG surgery in patients with worse coronary disease. While also observational, the data we present do not support a beneficial effect of dual antiplatelet therapy following CABG surgery, although there may be some benefit in the off-pump setting.

  Limitations

  Our study has several limitations to consider. First, this is an observational study and one cannot account for unmeasured confounders. Thus, a cause and effect relationship between clopidogrel use and mortality cannot be assessed. Second, this is a single-center study and caution should be taken when generalizing our results to other institutions or settings. Third, while target artery quality was measured, other intraoperative technical factors were not measured and may play a role in identifying candidates for dual antiplatelet therapy after CABG surgery. Fourth, discharge clopidogrel was determined using inhospital medication records and it was defined as administration at any time the day after surgery through the date of discharge. Therefore, the term "clopidogrel at discharge" is not consistent and does not necessarily means clopidogrel use at the time of discharge. In addition, we did not have information on 1-year medication use for all patients. We demonstrated that only around one-third of the patients who were discharged on clopidogrel were on it for 1 year, and less than 10% of patients who did not receive clopidogrel at discharge were on it for 1 year. Unfortunately, we did not collect the reasons for stopping and starting clopidogrel following CABG surgery. Nonetheless, this is one of the few studies that was able to describe medication use in 1 year, which provides important insights about adherence and medication persistence.

   

  CONCLUSION

  At our institution, clopidogrel was used in almost one-fifth of patients following CABG surgery. Its use was not associated with improved overall 1-year survival, yet may have some benefit among those receiving off-pump CABG. Adequately powered randomized clinical trials are needed to determine whether there is a role for routine or selected use of clopidogrel or newer antiplatelet agents after CABG surgery.
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    ABSTRACT

    INTRODUCTION: Optimal surgical management for acute type A aortic dissection (AAAD) remains unclear. The in-hospital mortality rate is still high (15%), and the intraoperative bleeding is an independent risk factor for hospital mortality.

    OBJECTIVE: The aim of our study was describe a new method for aortic anastomosis in the repair of AAAD and report the hospital mortality and bleeding complications.

    METHODS: Between January 2008 and November 2014, 24 patients, 16 male, median age 62 years, underwent surgical treatment of AAAD. The surgical technique consisted of intussusception of a Dacron tube in the dissected aorta, which is anastomosed with a first line of 2-0 polyester everting mattress suture and a second line of 3-0 polypropylene running suture placed at the outermost side. Open distal anastomosis was performed with bilateral selective antegrade cerebral perfusion in 13 (54.1%) patients.

    RESULTS: Cardiopulmonary bypass and aortic clamping time ranged from 75 to 135 min (mean=85 min) and 60 to 100 min (mean=67 min), respectively. The systemic circulatory arrest ranged from 29 to 60 min (mean=44.5 min). One (4.1%) patient required reoperation for bleeding, due to the use of preoperative clopidogrel. The postoperative bleeding was 382-1270 ml (mean=654 ml). We used an average of 4.2 units of red blood cells/patient. There were two (8.3%) hospital deaths, one due to intraoperative bleeding and another due to mesenteric ischemia. The average length of stay in the intensive care unit and hospital was 44 hours and 6.7 days, respectively.

    CONCLUSION: This new method for surgical correction of AAAD was reproducible and resulted in satisfactory clinical outcomes.

    Keywords: Aortic Diseases. Aorta, Thoracic. Hemorrhage. Cardiovascular Surgical Procedures.

  

   

   

  INTRODUCTION

  Acute type A aortic dissection (AAAD) is a cardiovascular emergency with a high potential for death. Rapid surgical treatment is indicated to prevent fatal complications. Despite improved surgical techniques and perioperative care, mortality remains high, between 15% and 30%[1,2].

  Bleeding from anastomotic sites, especially sites of aorta-to-artificial graft and graft-to-graft anastomoses, is one of the major factors leading to increase in the operative time, rate of blood transfusion and surgical mortality in aortic surgery[3]. This type of bleeding may become uncontrollable because of severe coagulopathy, mainly induced by deep hypothermia, a long cardiopulmonar bypass (CPB) time[4,5] or fragile aortic walls by acute aortic dissection[6].

  A lot of methods have been reported to prevent this bleeding, such as anastomosis techniques to reinforce a suture line, glues for anastomosis or wrapping methods, such as the Cabrol shunt[3,6-11]. However, these techniques are not always perfect and are also complex to be performed for every anastomosis during a tough operation.

  The aim of our study was describe a new method for aortic anastomosis in the repair of AAAD and report the hospital mortality and bleeding complications, in three different institutions.

   

  METHODS

  A total of 24 patients from three medical centres (Örebro University Hospital/Sweden; Anis Rassi Hospital/Brazil and Hospital Evangélico Goiano/Brazil) underwent repair of AAAD with a new method for aortic anastomosis between January 2008 and November 2014.

  A preoperative diagnosis of aortic dissection was performed by using computed tomography angiography or transesophageal echocardiography (TEE).

  Continuous data are presented as means [standard deviation (SD); range]. Categorical data are presented as proportions.

  Technique

  Cardiopulmonary bypass was established with venous drainage from the right atrium and return into the axillary or brachiocephalic artery. The systemic temperature was lowered to 32ºC. In patients whose open distal anastomosis was performed the temperature was lowered to 25ºC and bilateral antegrade cerebral perfusion (10 ml/kg/min) was established, via axillary or brachiocephalic artery and left carotid artery. The aorta was cross clamped and opened 1.0 cm above the sinotubular junction.

  An appropriate Dacron tube graft, which is usually a little smaller than the diameter of the aortic stump, was selected. The last 3 cm of the end of the graft was everted (Figure 1). Twelve mattress sutures of 2-0 polybutylate-coated braided polyester (Ethibond, Ethicon Inc., Somerville, NJ, USA) was passed through an extraluminal circumferential felt strip, the dissected aorta and the graft (Figure 2). A second line of 3-0 polypropylene (Prolene, Ethicon Inc., Somerville, NJ, USA) running sutures was placed at the outermost side (Figure 3). This technique was used for all distal and proximal anastomoses of the aorta (Figure 4), except for the proximal anastomosis of an aortic root replacement.

  
    

    [image: Fig. 1 - Eversion of the Dacron graft.]

  
    

    [image: Fig. 2 - First line of mattress suture passed through an extraluminal circumferential felt strip, the dissected aorta and the graft.]

  
    

    [image: Fig. 3 - Second line of 3-0 polypropylene running suture.]

  
    

    [image: Fig. 4 - Final aspect.]

  Plication of the aortic valve was performed if needed. Substitution of the aortic root with a composite graft (Bentall-DeBono operation) was performed in cases with compromised aortic roots.

   

  RESULTS

  During the study period, 24 consecutive patients underwent surgery for acute ascending aortic dissection. The preoperative data for all patients are shown in Table 1.

  
    

    [image: Table 1. Preoperative patient characteristics (N=24).]

  Cardiopulmonary bypass and aortic clamping time ranged from 75 to 135 min (mean+SD = 85.4±12.7 min) and 60 to 100 min (mean±SD = 67.5±6.8 min), respectively.

  In 13 (54.1%) patients, we used an open distal anastomosis at 25ºC with bilateral antegrade cerebral perfusion (10 ml/kg/min). The systemic circulatory arrest ranged from 29 to 60 min (mean±SD = 44.5±4.7 min). One (4.1%) patient presented a postoperative cerebrovascular accident and was discharged with a persistent right hemiplegia.

  Bentall-DeBono operation was performed in 10 (41.6%) patients due to a compromised aortic root with severe aortic valve insufficiency. In one (4.1%) patient, additional coronary bypass grafting was performed because of a right coronary ostium disruption due to the dissection.

  One (4.1%) patient required reoperation for bleeding, since he was making use of clopidogrel preoperatively. The postoperative bleeding was 382-1270 ml (mean±SD = 654±128 ml). We used an average of 4.2 units of red blood cells/patient (Table 2).

  
    

    [image: Table 2. Perioperative data.]

  There were two (8.3%) hospital deaths, one due to intraoperative bleeding (uncontrolled coagulopathy) and another due to mesenteric ischemia. The average length of stay in the Intensive Care Unit (ICU) and hospital was 44 hours and 6.7 days, respectively. Postoperative data are summarized in Table 3.

  
    

    [image: Table 3. Postoperative data.]

   

  DISCUSSION

  There is a consensus that AAAD is an urgent surgical disease, given the high mortality in patients who receive medical treatment. The International Registry of Acute Aortic Dissections (IRAD) data have further confirmed this statement: in this registry, which includes aortic centers around the world using different policies regarding diagnosis and management, the overall surgical mortality was 23.9%, whereas patients treated medically had an in-hospital mortality of 58.1%[1,12]. Others have also confirmed that surgical results remain suboptimal, showing a mortality rate from 15% to 30%[1,12].

  Major complications after surgery for AAAD - bleeding or infection requiring reoperation, renal and respiratory failure, temporary and permanent neurological dysfunction, organ dysfunction, and multisystem organ failure - are worthwhile studying if their prevalence is relatively high and if they substantially influence surgical outcomes, that is, early or late mortality[13].

  Persistent oozing and bleeding after aortic anastomosis can occur during aortic surgery. This type of bleeding may become uncontrollable because of severe coagulopathy, mainly induced by deep hypothermia and a long cardiopulmonary bypass time[4,5], or fragile aortic walls by acute aortic dissection[6]. A lot of methods have been reported to prevent this bleeding, such as anastomosis techniques to reinforce a suture line, glues for anastomosis or wrapping methods[3,6-11].

  With our new surgical technique of intussusception of a Dacron graft in the dissected aorta we had 8.3% hospital mortality (1 intraoperative bleeding; 1 mesenteric ischemia) and 4.1% reoperation for bleeding (one patient in use of clopidogrel).

  Chiappini et al.[14] published a large series of 487 consecutive patients with AAAD treated surgically with an in-hospital mortality rate of 22%. Post-operative complications included re-operation for bleeding in 115 (23.8%) patients.

  Hansson et al.[15] demonstrated that the 30-day mortality in patients operated for AAAD on dual antiplatelet therapy was 30.4% compared with 13% in patients with no or single antiplatelet therapy (P=0.038).

  In our study, cardiopulmonary bypass time ranged from 75 to 135 min (mean=85 min) and the postoperative bleeding was 382-1270 ml (mean=654 ml). We used an average of 4.2 units of red blood cells/patient. None of our patients used > 20 units of blood transfusion.

  In our study, cardiopulmonary bypass time ranged from 75 to 135 min (mean=85 min) and the postoperative bleeding was 382-1270 ml (mean=654 ml). We used an average of 4.2 units of red blood cells/patient. None of our patients used > 20 units of blood transfusion.

  Stamou et al.[19] compared the early and late clinical outcomes of open distal anastomosis under deep hypothermic circulatory arrest (DHCA) with distal aortic clamping on hypothermic cardiopulmonary bypass (ACPB) during a repair of AAAD. Early postoperative complications, such as cerebrovascular accident and renal failure were comparable between the two groups. A comparable five-year actuarial survival was also observed with both techniques[19]. We performed an open distal anastomosis with bilateral antegrade cerebral perfusion in 13 (54.1%) patients, and one patient presented a postoperative cerebrovascular accident in the early postoperative period.

  The substitution of the aortic root with a composite graft (Bentall-DeBono operation) was performed in 41.6% of our patients. Bekkers et al.[20]. reported long-term results and incidence of reoperations after surgery for AAAD. Late survival was comparable for patients with preserved native valves versus patients with various types of valve replacement. Aortic valve preservation in patients presenting with severe aortic insufficiency was associated with an increased risk of aortic valve reoperation.

  Study Limitations

  The main limitation of our study is because it is a nonrandomized trial, with a small sample size. Investigation of the causes of late mortality, late reoperations on the remaining dissected aorta (aortic arch, descending aorta), as well as the fate of the false lumen were beyond the scope of our study and need to be the focus of future reports.

   

  CONCLUSION

  This new surgical technique of intussusception of a graft for surgical correction of AAAD was feasible, reproducible and resulted in satisfactory early outcomes. Future investigations with a larger number of patient, late follow up and randomized methodology may confirm our findings.
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    ABSTRACT

    OBJECTIVE: We investigated the effects of pedicled and semiskeletonized left internal mammary artery (LIMA) harvesting techniques on postoperative drainage in patients subjected to off-pump CABG, ignoring other advantages or disadvantages of those techniques.

    METHODS: The present study comprises a total of 160 subjects that underwent coronary artery bypass surgery in our clinic. Data were collected consecutively and retrospectively. An attempt was made to have similar groups in terms of demographic characteristics. Patients that underwent off-pump coronary artery bypass surgery by two surgical teams which differed only in LIMA harvesting technique were dichotomized and compared according to these techniques. The first group (Group 1) consisted of patients in whom LIMA was harvested with surrounding tissues using the pedicled technique. The second group (Group 2) consisted of patients in whom LIMA was harvested using the semiskeletonized technique, with the veins separated from surrounding connective tissues.

    RESULTS: The mean amount of drainage in the first 24 hours was 706.1±234.2 ml vs. 591±258.8 ml (Group 1 vs. Group 2; P=0.005), the mean amount of drainage in the second 24 hours was 270±133.6 ml vs. 189.4±140.4 ml (Group 1 vs. Group 2; P<0.001), and the mean amount of total drainage was determined to be 976.1±306.9 ml vs. 781.2±335.5 ml (Group 1 vs. Group 2; P<0.001).

    CONCLUSION: It was observed that semiskeletonized LIMA presents reduced amount of postoperative drainage in the first and second 24-hour periods and total amount of drainage than pedicled LIMA, independent of pleural integrity.

    Keywords: Coronary artery disease. Coronary artery bypass, off-pump. Internal mammary-coronary artery anastomosis. Tissue and organ harvesting. Drainage.

  

   

   

  INTRODUCTION

  Many vascular structures in the body are used as conduits in coronary artery bypass grafting (CABG) surgeries. Left or right internal mammary artery, radial arteries, and great saphenous vein are frequently used as vascular structures. The left internal mammary artery (LIMA) is the most commonly used one because of its long patency, ease of application, and graft-coronary match[1,2].

  Mediastinal bleeding and bleeding in the LIMA bed after CABG, as well as bleeding/drainage monitored via the tubes placed in the surgical site, are important complications that could be life threatening. The bleeding itself could be life threatening and the blood products that are to be given may lead to serious complications. Is there a relationship between LIMA harvesting technique and postoperative drainage/bleeding? In general, there are two harvesting techniques. The first is the pedicled LIMA harvesting. In this technique, LIMA is excised together with the surrounding tissues. The LIMA that comprises intrathoracic fascia, veins around the artery, adipose tissue and sometimes muscular tissue is called a pedicled LIMA. The second is the skeletonized/ semiskeletonized LIMA harvesting. In this technique, LIMA is separated from the surrounding tissue and only the artery is excised. The LIMA that is excised separately from accompanying veins is called skeletonized whereas LIMA that is excised together with accompanying veins is called semiskeletonized.

  The fact that it is within the surgical site and it generally requires opening of the left thoracic space during harvesting have raised some questions. The effect of using LIMA on postoperative drainage and the effect of pleural membrane damage during this procedure on postoperative drainage have been a matter of concern. Studies conducted to find out an answer to these questions demonstrated that drainage is in fact less prevalent during bypass surgeries performed without using LIMA[3]. Likewise, it was reported that drainage is less prevalent when pleural integrity has been preserved during LIMA harvesting[3-6].

  Arterial spasm and arterial injury can be less common with pedicled harvesting, in which arterial contact is minimum or none. Nevertheless, shorter LIMA is obtained as the tortuous structure has been preserved together with surrounding tissue. The likelihood of arterial spasm and injury is enhanced in the skeletonized or semiskeletonized LIMA harvesting technique. This harvesting technique provides a longer LIMA with less injury to the thoracic wall.

  In the present study, effects of pedicled and semiskeletonized LIMA harvesting techniques on postoperative drainage were investigated in patients undergoing off-pump CABG surgery.

   

  METHODS

  Clinical Characteristics of Patients

  The present study comprised a total of 160 subjects who underwent CABG in our clinic. Data were collected consecutively and retrospectively. Approval was obtained from the Ethics Committee. An attempt was made to keep the groups (Group 1, n=65; Group 2, n=95) similar in terms of demographic characteristics.

  All patients were questioned about their medical history and underwent detailed physical examination. In the preoperative period, standard preoperative laboratory analyses, pulmonary function test (Spirobank Spirometry, MIR medical International Research Product), transthoracic echocardiography (TTE) (Acuson, Mountain View, Acuson Sequoia C256), and bilateral carotid artery Doppler ultrasonography (Toshiba XARIO prime ultrasound) were performed in the Cardiovascular Surgery (CVS) clinic.

  In the preoperative period, clopidogrel (if any) was discontinued 5 days prior to the surgery and acetylsalicylic acid was discontinued one day prior to the surgery in patients with coronary artery stenosis who would undergo off-pump (beating-heart) CABG.

  In order to form two homogenous groups, patients who underwent LIMA-Left anterior descending artery CABG were not included in our study. Those were few patients who did not impact the amount of postoperative drainage. We faced surgical hemorrhage in a patient who was examined for postoperative drainage. Therefore, those patients were excluded from our study. Sternal wound infection was not seen in neither group.

  Postoperative pleural effusions have not been taken into consideration in the study so as not to cause confusion with the evaluation of effusions that occur after the drains are removed.

  Surgical Procedure

  Initial isolated CABG surgery was performed in all patients participating in the study. Fentanyl, midazolam and pancuronium bromide were administered for the induction of anesthesia. Standard median sternotomy was performed. LIMA and other vascular conduits (saphenous vein and radial artery) were prepared. Patients who underwent the beating heart technique were heparinized by administering 150 IU/kg heparin sodium. Distal anastomoses were performed using Medtronic Octopus® Evolution Tissue Stabilizer and Medtronic Starfish® Heart Positioners. Whilst the LIMA was used in all cases, the right internal mammary artery was not used. Great saphenous vein and radial artery were used as grafts. Meticulous aseptic technique was implemented in the surgeries. During surgery, the beginnings of ascending aorta and aortic arch were precisely examined by manipulation. The procedure was changed in patients in whom plaque was detected by manipulation, and they were excluded from the study. Unnecessary use of electrocautery was avoided. Hematocrit and hemoglobin values were monitored every 20 minutes after the induction of anesthesia until the end of surgery. Intraoperative blood transfusion was performed when hematocrit values reached 20%. Full vascularization was performed during CABG surgery. Mediastinum and chest drains were placed subxiphoidally. Proximal aortic anastomoses were performed using side clamps. At the end of surgery, an appropriate dose of protamine hydrochloride (Protamin® ampoule 1000 IU/1 ml) was administered to keep the activated coagulation time (ACT) level at 140-150s. Surgical data are shown in Table 1.
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  LIMA Harvesting Technique

  Following the exclusion of left hemithorax through the sternum, the LIMA was explored up to bifurcation distally and up to the subclavian vein branch proximally and removed with the help of electrocautery. Great branches (thicker than 1 mm) were separated from the middle with the help of electrocautery by placing metal arterial clips both in the LIMA and the sternum side. For smaller branches, the clip was placed only in the LIMA side and the sternum side was electrocauterized. In the pedicled harvesting technique, LIMA was excised including thoracic fascia, adipose tissue, veins around LIMA, lymphatic tissue and partial muscular tissue by being separated from the branches 1 cm distance from both sides. In the semiskeletonized harvesting technique, the chest wall was separated from the thoracic fascia so that there was 1 cm left around the LIMA. LIMA then became visible and was separated from its branches with the help of a clip and electrocautery, preserving the veins around it and partially including the adipose tissue. Thoracic muscular tissue was not damaged in any way in the semiskeletonized technique. Arterial and venous tissues, which were made clear of the surrounding adipose tissue as much as possible, were explored and released. In both techniques, electrocautery was used at low voltage. After harvesting, LIMA was wrapped in papaverine-impregnated gauze and thoracic bleeding was checked.

  The left pleura was standardly opened either while preparing LIMA during surgery or just after the LIMA had been prepared. Inserting mediastinal and left pleural drains through the subxiphoid area is a standard procedure in our clinic.

  Postoperative Care

  After completion of the surgical procedure, patients were admitted to the CVS intensive care unit (ICU). They were monitored in the ICU for hematocrit and hemoglobin at 4-hour intervals. The criterion for blood transfusion in the ICU was a hematocrit value of 28%.

  In the postoperative period, 300 mg/day acetylsalicylic acid (Coraspin 300®) was commenced together with enteral nutrition. Cefazolin sodium (Cefamezin®-IM/IV), which is used as the standard prophylactic antibiotic in our clinic, was given at a dose of 1 g at 30 min before surgery and every 8 hours after surgery for 72 hours. Blood glucose regulation in diabetic patients was strictly provided after surgery with insulin glargine 100 IU/ ml (Lantus® flacon) and human soluble regular insulin 100 IU/ ml (Humulin-R® flacon). Insulin infusion was not avoided when required. Blood glucose concentration was kept below 200 mg/ dl in all diabetic patients.

  Patients stayed at ICU for 48 hours and then they were admitted to the CVS clinic in the third 24-hour period after the drains (thoracic and mediastinal drains; they were kept until the drainage became serous and amount of drainage in the last 5 hours was 50 cc) and arterial catheters were removed. Central vascular line was closed on postoperative day 4 in the CVS clinic. The patients were discharged on postoperative days 6 to 11.

  Study Groups

  Patients underwent off-pump CABG by two surgical teams and were dichotomized according to two different LIMA harvesting techniques. The first group (Group 1) consisted of patients in whom LIMA was harvested together with surrounding tissues using the pedicled technique. The second group (Group 2) consisted of patients in whom LIMA was harvested with the veins separated from surrounding connective tissues using the semiskeletonized technique.

  In order to form a homogenous group, dialysis patients or those with creatinine levels higher than 2 g/dl, patients in whom aortic pathology was detected during surgery and thereby the surgical procedure had to be changed, patients that underwent emergency surgery, patients that underwent redo-CABG, and patients that underwent LIMA-left anterior descending artery (single vascular disease patients) CABG were not included in the study. Moreover, patients that underwent valvular and CABG in the same session, that needed postoperative intra-aortic balloon counterpulsation support, and the cases that were exposed to postoperative exploration for any reason were also excluded to form more homogenous and similar groups.

  Subject Characteristics

  Age of all study participants ranged from 27 to 89 years old (mean ± standard deviation 64±4 years old). Of those subjects, 95 (59.4%) were male and 65 (40.6%) were female. There were 114 (71.3%) subjects with hypertension, 61 (38.1%) smokers, and 49 (30.6%) patients with chronic obstructive pulmonary disease (COPD). It was observed that 70 (43.8%) patients had type 2 diabetes and 12 (7.5%) had peripheral artery disease (PAD). Data are shown in Tables 1 to 3, according to groups.

   [image: Table 2. Operative data, according to Groups 1 and 2.]
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  Statistical Analysis

  Statistical analyses were done using SPSS 15 (SPSS Inc., Chicago, IL, USA). Statistical significance of nonparametric data comparison between groups was analyzed by Chi-Square Test and Fisher's Exact Test (because observed values were below the expected values). Whilst the parametric data were represented as minimum, maximum and mean ± standard deviation, statistical significance of parametric data between the groups was analyzed by independent Student t-test. The result was considered statistically significant if two-tailed P value was smaller than 0.05 (P<0.05).

   

  RESULTS

  Group Characteristics

  In Group 1, male subgroup, the mean age was 63.6±9.1 years old; mean body mass index (BMI) was 28.2±3.4 kg/m2 and mean preoperative ejection fraction (EF) was 57.8±7.8%. Average grafts per patient was 2.6±0.7; 34 (89.5%) patients received saphenous vein graft and 10 (26.3%), radial artery graft. In this Group, 4 (10.5%) patients presented history of cerebrovascular accident (CVA) before surgery; 1 (2.6%) patient had right carotid artery stenosis (70%< lesion<100%) and 1 (2.6%), left carotid artery stenosis (70%< lesion<100%). There were 24 (63.2%) smokers, 25 (65.8%) patients with hypertension, 10 (26.3%) with COPD, and 2 (5.3%) with PAD. The mean amount of drainage in the first 24 hours was 735.5±229.5 ml, and in the second 24 hours was 288.1±148.1 ml, with mean total drainage of 1023.6±321.8 ml.

  In the Group 1, female subgroup, the mean age was 67.6±9.8 years old; mean BMI was 31±5.4 kg/m2 and mean preoperative EF was 50.3±8.1%. The mean number of bypass grafting in CABG was 2.8±0.9; 26 (96.3%) patients received saphenous vein graft and 4 (14.8%), radial artery graft. Two (7.4%) patients had history of CVA before surgery and none had right or left carotid artery stenosis superior to 70%. It was observed that there was 1 (3.7%) smoker, 23 (85.2%) patients with hypertension, 10 (37%) with COPD, and 2 (7.4%) with PAD. The mean amount of drainage in the first 24 hours was 664.8±238.9 ml, in the second 24 hours was 244.4±107.7 ml, with mean total drainage of 909.2±276.6 ml.

  In the Group 2, male subgroup, the mean age was 62.6±9.7 years old; mean BMI was 27.7±3.7 kg/m2; and mean preoperative EF was 52.5±7.7%. Average grafts per patient were 2.4±1; 49 (86%) patients received saphenous vein graft and 13 (22.8%), radial artery graft. Regarding clinical history, 2 (3.5%) patients had history of CVA before surgery and right or left carotid artery stenosis superior to 70% weren't observed in this group. There were 28 (49.1%) smokers, 38 (66.7%) patients had hypertension, 16 (28.1%) COPD, and 7 (12.3%) PAD. In the first 24 hours the mean amount of drainage 648.2±253.7 ml, and in the second 24 hours, 196.4±142.6 ml, with mean total drainage of 845.6±325.4 ml.

  In the Group 2, female subgroup, the mean age was 65.4±7.8 years; mean BMI was 31±5.2 kg/m2; and mean preoperative EF was 53.6±10.6. The mean number of grafts per patient was 2.4±1; in 36 (84.7%) patients saphenous vein graft was used and in 9 (23.7%), radial artery. CVA and carotid artery stenosis up to 70% wasn't observed in this subgroup. Medical history of this subgroup included: 8 (21.1%) smokers, 28 (73.7%) patients with hypertension, 13 (34.2%) with COPD, and 1 (2.6%) with PAD. The mean amount of drainage in the first 24 hours was 505.2±245.4 ml, and in the second 24 hours was 178.9±138.3 ml, with mean total drainage of 684.2±331 ml.

  The Figures 1 to 3 present data regarding drainage volume and its association with age.
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  DISCUSSION

  LIMA is the most commonly preferred arterial graft in CABG surgery due to its long patency, suitability for coronary artery anastomosis, and because it does not require proximal anastomosis[1,2]. LIMA harvesting technique has always been a matter of debate for postoperative drainage. In the present study, we retrospectively investigated the effect of LIMA harvesting techniques on drainage in patients who underwent off-pump CABG. We determined that drainage was significantly lower in patients who underwent semiskeletonized LIMA harvesting as compared to patients who underwent pedicled LIMA harvesting (P<0.001).

  In the wide serial study run by Lamy et al.[7], they compared the early-phase results of patients who were subjected to off-pump and on-pump CABG. They showed that the need for drainage and blood transfusion is less in the group subjected to off-pump CABG. Because there is a difference between the off-pump and on-pump groups in terms of drainage, by taking only off-pump CABG patients we compared the effects of the LIMA harvesting techniques on drainage and proved the superiority of the semiskeletonized group.

  It was reported that skeletonized LIMA harvesting supports sternum nutrition by preserving collateral flow and reduces wound site complications[8]. There are studies reporting that skeletonized LIMA is longer and provides better free blood flow[9,10]. Moreover, it was demonstrated that postoperative chest pain is lower and pulmonary function is better with semiskeletonized LIMA harvesting[11,12].

  Kamiya et al.[13] demonstrated that sternal blood flow and oxygen saturation are better with the use of skeletonized LIMA as compared to pedicled LIMA. In their case study, Boodhwani et al.[11] used bilateral internal mammary arteries. The LIMA was harvested as skeletonized whereas the right internal mammary artery was harvested as pedicled. Measuring sternal perfusion of the patients by scintigraphy, they demonstrated higher perfusion on the skeletonized side versus the pedicled side. Sá et al.[14] conducted a meta-analysis by reviewing 22 articles and demonstrated that internal mammary arteries harvesting technique influences the occurrence of sternal wound infection, with lower rate of infection in the skeletonized IMA group. Again, in another study, Sá et al.[14] demonstrated that skeletonized internal mammary arteries harvesting reduces the incidence of mediastinitis. Sá et al.[15] reported that skeletonized LIMA harvesting should be considered in diabetic patients. Sajja[16] determined that cessation of smoking, optimal control of hyperglycemia, sterile operative condition, use of appropriate antibiotics, appropriate internal mammary artery harvesting, and sternal closure reduced mediastinitis.

  There may be considerations that better perfusion of LIMA bed could enhance postoperative drainage. Atay et al.[5] suggested that preserved pleural integrity reduces postoperative blood loss independent of LIMA harvesting technique. Göksin et al.[17] dichotomized the patients that underwent pedicled internal mammary artery harvesting according to whether pleural integrity had been preserved or not. They demonstrated lower rates of blood loss and drainage in the group in which pleural integrity had been preserved[17]. In the present study, we observed differences in drainage due to harvesting technique though the left pleura had been opened in all patients. Therefore, contrary to the study conducted by Göksin et al.[17], we can say that postoperative blood loss is influenced by the differences in internal mammary artery harvesting technique rather than pleural integrity.

  Wimmer-Greinecker et al.[18] reported that sternum pain is lower in CABG surgeries performed using skeletonized internal mammary artery. Boodhwani et al.[11] demonstrated that sternal perfusion is better and sternal pain and tenderness decreases with skeletonized LIMA harvesting. It has been said that surrounding tissues are less damaged in the skeletonized LIMA group. In addition, there are changes during harvesting, including in the pathological process, that are different from the other conduits[19].

  Many studies have mentioned benefits of skeletonized LIMA harvesting technique as compared to pedicled LIMA harvesting technique. These benefits include increase in the flow rate of LIMA[10], increase in conduit length[20], decrease in deep sternum infection[21,22], and decrease in postoperative sternal pain. Calafiore et al.[2] investigated patency rate of LIMA in patients who underwent CABG with skeletonized or pedicled internal mammary artery and reported that early and intermediate patency rates were equal.

  We have not come across any studies concerning the relationship between postoperative drainage and LIMA harvesting technique. In many recent studies, besides this issue, the connection between intact pleura and postoperative drainage was investigated. According to those studies, keeping pleura intact was the most important factor for decreasing postoperative drainage. However, in our study, the effect of LIMA harvesting technique on postoperative drainage was investigated in all CABG patients whose pleural spaces were opened.

  Study Limitations

  In the present study, all patients were Caucasians and therefore do not represent other ethnic groups. Patients with renal insufficiency, dialysis patients or redo CABG cases, among others, who would influence the similarity between the groups, were not included in the study.

   

  CONCLUSION

  In conclusion, it was observed that skeletonized LIMA is more beneficial than pedicled LIMA in terms of amount of drainage in the first 24-hour and second 24-hour postoperative and total amount of drainage, regardless of pleural integrity.
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    ABSTRACT

    OBJECTIVE: Internal iliac artery aneurysms (IIAA) are rare, representing only 0.3% of aortoiliac aneurysms. Its treatment with open surgery is complex and associated with high morbidity and mortality, which led to increasing application of endovascular solutions. In this study, we aimed to evaluate outcomes of endovascular aneurysm repair (EVAR) of IIAA in one institution.

    METHODS: We retrospectively reviewed all cases of IIAA treated with endovascular techniques between 2003 and 2014. Endpoints were morbidity, mortality, freedom from pelvic ischemic symptoms (buttock claudication, ischemic colitis, and spinal cord injury), and need for reintervention.

    RESULTS: There were 16 patients, 13 males and 3 females, with mean age of 75.1±7 years. A total of 20 IIAA (4 cases were bilateral), with mean diameter of 37.9 mm, were treated. EVAR was performed in 13 (81.3%) patients, with associated internal iliac artery's outflow occlusion in 2. Iliac branch device was used in one patient. Two patients underwent endovascular IIAA embolization alone. One patient underwent percutaneous, transgluteal, IIAA embolization. IIAA flow preservation in at least one internal iliac artery was possible in 9 (56.3%) patients. Early mortality was 7% (1 case). Early morbidity was 18.8%. Pelvic ischemic complications occurred in 1 (7%) patient with buttock claudication. Late reintervention was needed in 3 patients, none of them for IIAA related complications.

    CONCLUSION: Endovascular treatment of IIAA is technically feasible and durable. Although overall morbidity is relatively high, major complications are infrequent and perioperative mortality is low. internal iliac artery flow preservation is technically challenging and, in a significant number of cases, not possible at all.

    Keywords: Endovascular Procedures. Iliac Aneurysm. Embolization, Therapeutic.

  

   

   

  INTRODUCTION

  Internal iliac artery aneurysms (IIAA) are a rare condition. Its prevalence is estimated as 0.03%[1], representing 0.3% of all aortoiliac aneurysms and less than 20% of all isolated iliac artery aneurysms[2]. They are frequently asymptomatic and usually discovered during imaging examinations for aortic aneurysms or other conditions or at the time of rupture.

  The elective treatment is justified by historical data, that reports a risk of rupture of up to 40% with a mortality rate of 80%[3,4]. Classical open repair of IIAA is technically challenging because of aneurysm localization and its outcomes confirm that complexity, with mortality rates of 11% for elective repair and 50% for emergency repair[4].

  Those results encouraged the development of endovascular solutions to treat this pathology and, as a result, in the last two decades, endovascular techniques have become the mainstay in IIAA's treatment[5,6]. However, this form of treatment comprises many different techniques without fully known outcomes in terms of rupture and ischemic complications prevention.

  Endovascular treatment of IIAA can be based on a pure endovascular approach or a hybrid one as part of an endovascular aneurysm repair (EVAR) procedure to treat an aortoiliac aneurysm [compromising internal iliac artery (IIA) patency bilaterally], in which a bypass is performed, usually from the distal external iliac artery or the common femoral artery, to revascularize one of the internal iliac arteries[7].

  Pure endovascular techniques may be allocated in two main philosophies: with or without IIA flow preservation. While the second option is inarguably easier to perform, it can be associated with ischemic complications, especially in case of bilateral IIA occlusion. The worst of these complications include gluteal/perineal skin necrosis[8-10], colon ischemia[11-13], and spinal cord ischemia[13,14]. Despite representing a more benign complication, the incidence of buttock claudication can reach up to 28% in patients with unilateral occlusion of IIA and 42% in patients with bilateral IIA embolization[15].

  In order to achieve internal iliac arteries flow preservation, several endovascular techniques were developed, including external iliac to internal iliac artery stent grafts coupled with aorto-uni-iliac repairs, "sandwich" stent grafts, and iliac branch stent grafts (IBSGs)[16].

  Considering the low frequency of this pathology and the consequent scarcity of published data, we carried out this study to evaluate outcomes of EVAR of IIAAs performed in our institution and to assess the incidence of pelvic ischemic complications.

   

  METHODS

  We retrospectively reviewed all cases of IIAA treated with endovascular techniques between 2003 and 2014. IIAA was defined as a focal dilation of the IIA (> 150% of its normal size), measured on imaging studies or documented at surgery. Demographics, clinical characteristics, and radiologic and operative data were obtained from the medical records.

  Outcomes evaluated included mortality and cardiac, pulmonary, renal, and systemic complications. Acute renal failure in the postoperative period was defined as a change in serum creatinine of >0.3 mg/dL or the need for hemodialysis[17]. Pulmonary failure included patients requiring intubation for longer than 48 hours or respiratory failure requiring tracheostomy. Myocardial infarction was documented by elevation of biochemical markers. Pelvic ischemic complications were defined as acute colon ischemia, spinal cord infarction, skin necrosis and chronic buttock claudication. Endpoints recorded were 30-day and in-hospital mortality and major morbidity, need for reintervention and freedom from pelvic ischemic symptoms.

  Statistical analyses were performed by the SSPS software (Statistical Package for the Social Sciences, version 20.0, SSPS Inc, Chicago, IL, USA). Continuous variables were presented as mean ± standard deviation and categorical variables were shown as frequency (percentage).

   

  RESULTS

  From May 2003 to August 2014, 16 patients (13 males, 81.3%) underwent correction of 20 IIAA's. Demographic and clinical characteristics are described in Table 1. Of those patients, 13 (81.3%) had associated aortoiliac aneurysms, 1 (6.3%) patient had associated bilateral common iliac aneurysms without aortic aneurysm, and only 2 (12.5%) patients had isolated IIAAs. Four (25%) patients had bilateral IIAAs. Mean IIAA diameter was 37.9 mm (range 16-108 mm). Only one patient (with giant IIAAs) was symptomatic (constipation and hypogastric pain), all the others were incidental diagnosis.

  
    

    [image: Table 1. Patient's clinical data.]

  Institutional data reveals that IIAAs are present in 10.2% of the patients with aortic and/or iliac aneurysms[18]. We also observed that IIAAs were present in only 1.8% of the patients with aortic aneurysms whereas they were present in 45% of those with aorto-bi-iliac aneurysms (P<0.05). These data also showed that the association of IIAA and abdominal aortic aneurysm (AAA) at the time of the AAA's diagnosis was more frequent in patients aged over 70; however, this association was not statistically significant.

  The most frequent procedure was EVAR with limb extension to the EIA, which was performed in 13 (81.3%) patients. In 10 cases, only proximal coverage was performed while in 1 patient the procedure was associated with occlusion of one major branch of the IIA with a vascular plug. Another patient had his IIAA embolized with coils prior to EVAR (Figure 1) and another patient was treated with an iliac branch device (IBD); (Figura 2). Two patients underwent endovascular IIAA embolization with coils (bilaterally, in one case) without proximal coverage. One patient, who had undergone an abdominal aortic aneurysm (AAA) open repair 10 years earlier, with proximal ligation of the IAA due to a small aneurysm, presented with growth of his IIA and underwent percutaneous, ultrasound-guided, transgluteal, IIA embolization with coils (Figure 3).

  
    

    [image: Fig. 1 - Internal iliac artery aneurysm embolization prior to EVAR.]

  
    

    [image: TableFig. 2 - Left internal iliac artery aneurysm treatment and internal iliac artery revascularization with an iliac branch device.]

  
    

    [image: TableFig. 3 - Echo-guided percutaneous, transgluteal, internal iliac artery aneurysm embolization.]

  In our sample, IIA flow preservation in at least one of the IIAs was possible in 9 (56.3%) patients, while 7 (43.8%) needed bilateral IIA occlusion (2 of those underwent staged repair).

  There was one postoperative death, corresponding to a 30-day mortality of 6.3%. The patient died 3 days after endovascular embolization of a giant IIAA (108 mm), from unknown causes, while waiting for a proximal coverage procedure. Overall morbidity was 18.8%. Two patients developed acute renal failure (without the need for hemodialysis) and 1 patient, subjected to an aorto-bi-iliac EVAR, had a limb occlusion and was treated with a crossover femorofemoral bypass. Transfusional support was required in 5 patients (median of 2 units in the transfused patients). Median length of hospital stay was 6 days. Acute pelvic ischemic complications were not observed.

  Mean follow-up after IIAA repair was 69±31 months. There were 3 late reinterventions: 2 patients presented with acute limb ischemia, 1 due to EVAR limb occlusion and another due to thrombosis of a crossover femorofemoral bypass in an aorto-uni-iliac EVAR. They were treated with a crossover femorofemoral bypass and thrombectomy of the bypass, respectively. The third late reintervention was in a patient with type Ib endoleak in a aorto-bi-iliac EVAR (contralateral to the treated IIAA) who underwent an iliac limb extension and consequent coverage of the other IIA (without pelvic ischemic complications). One case of buttock claudication was observed in a patient with bilateral IIA occlusion. Of the 16 patients treated, 9 underwent regular computed tomography follow-up in our institution. Mean imaging follow-up was 37±23 months. All but one patient showed stabilization/shrinkage of their IIAAs during follow-up. The patient had been treated with an EVAR (with extension to the external iliac artery) and occlusion of one major outflow artery of the IIA with a vascular plug; his IIAA aneurysm grew from 35 mm at baseline to 57mm on the 4th year of follow-up. The patient died from cardiovascular cause before reintervention.

   

  DISCUSSION

  IIAA's natural history is poorly known. Its average growth rate is about 4 mm/year[19], similarly to that of AAAs. Several options of conventional surgery are possible: proximal ligation of the aneurysm (associated with late significant enlargement in nearly 50% of patients[20]), resection of the aneurysm with revascularization of its outflow, and proximal ligation with endoaneurysmorrhaphy. Endovascular treatment is a less invasive option that can, in many cases, be performed totally percutaneously. There are several options for endovascular treatment, the majority of them involving endoluminal occlusion of distal outflow branches (with coils or vascular plugs) in combination with aorta external iliac or common iliac to external iliac stent grafts. In some cases, proximal occlusion can be achieved with vascular plugs alone within the proximal neck. In patients with contralateral IIA occlusion or bilateral IIAAs where flow was sacrificed on one side, unilateral revascularization may be performed with iliac branch devices or open retroperitoneal bypass to the distal IIA with inflow from the distal external iliac or common femoral artery. Although classical series presented poor results with conventional therapy, a recent publication comparing efficacy and morbimortality of open and endovascular IIAA repairs showed no significant difference between them[21].

  Endovascular treatments have the disadvantage of not removing the mass effect induced by giant aneurysms.

  IIAAs are usually diagnosed in association with aortoiliac aneurysms. In fact, isolated IIAAs frequently present as large, asymptomatic aneurysms or even with rupture. Our sample follows this epidemiologic pattern and our only casualty was an isolated, large, symptomatic aneurysm. Treatment is usually recommended for IIAAs over 3 cm, however, smaller aneurysms should be addressed when treating associated aortoiliac aneurysms; this was the case in 50% of our patients. Despite those traditional indications, a recent multicenter study revealed a low incidence of rupture in IIAAs smaller than 4 cm and the authors suggest that the threshold for elective treatment might be quite safely increased to 4 cm[22].

  Despite the occlusion of 2 IIAs in 43.8% of the cases, no acute, serious, pelvic ischemic complications were observed and only one patient had buttock claudication. These results contrast with the relatively high incidence of acute or chronic ischemic complications found by other groups[15]. However, this is a small series and our group stands by the policy of preserving IIA flow in all possible cases. Technological developments in the past years, with IBDs and better covered stents, have been a major help in achieving this goal, but IIA flow preservation remains a technical challenge difficult to overcome and, in our experience, a significant proportion of patients still needs occlusion of their IIA in order to achieve IIAA exclusion.

  Our overall morbidity was relatively high; however, most of the complications were minor. Operative complications were infrequent, in contrast with classical series of open repair, which present frequent, serious, intraoperative complications with median transfusional requirements achieving up to 11 units per operation[4]. Although our transfusion rate was significant (31.3%), only one of the patients was transfused due to operative blood loss (the one with EVAR limb occlusion). The published results from other groups confirm low transfusional need with the endovascular treatment of IIAAs[23].

  Percutaneous Sono/computed tomography-guided embolization of IIAA allows intervention in patients that have previously been treated with proximal aneurysm ligation during open repair of AAA or proximal aneurysm coverage during EVAR. Several reports describe excellent technical success rates[24,25]. We describe one case in which these techniques were applied with good results.

   

  CONCLUSION

  Our results show that endovascular treatment of IIAA is technically feasible and durable. In fact, during follow-up, in 20 treated IIAAs, only one patient needed reintervention for aneurysm growth. Although overall morbidity is relatively high, major complications are infrequent and perioperative mortality is low.

  In our group's experience, IIA flow preservation is technically challenging and, in a significant number of cases, not possible at all. Nevertheless, based on larger series results, this technical endpoint should always be pursued to achieve the best clinical outcome.
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    ABSTRACT

    INTRODUCTION: Endovascular aneurysm repair (EVAR) is the therapy of choice in high risk patients with abdominal aortic aneurysm. The good results described are leading to the broadening of clinical indications to younger patients. However, reintervention rates seem higher and even with successful treatment sometimes there is growth of the aneurysm sac and rupture, meaning a failure of the therapeutic goal. This study proposes to analyse the impact of age in patients' selection and post-EVAR results.

    METHODS: The clinical records of consecutive patients undergoing endovascular aneurysm repair, between 2001 and 2013, were retrospectively reviewed. Patients were divided according to age groups (<70, 70-80 and >80 years). Gender, body mass index, aneurysm anatomic features, neck characteristics, iliac morphology, surgical indication, endograft type, anesthesic risk classification, length of stay, reinterventions and mortality were analysed and compared.

    RESULTS: The study included 171 patients, 161 (94.1%) men, and mean age 74.1±8.9 years. The age group under 70 had 32% of the patients. Only three characteristics were found different among age groups: 1) body mass index was higher in younger patients, with a considerable trend toward significance (P=0.06); 2) surgical indication, in the younger group, surgeon's and the patient's option were more proeminent (P<0.05); 3) erectile dysfunction was higher in elderly group (P<0.05). No other clinical and anatomical characteristics or final outcomes were found statisticaly different among age groups.

    CONCLUSION: The absence of statistically differences in mortality and reinterventions among age groups suggests that age by itself is not a relevant factor in endovascular aneurysm repair. Indeed, the three characteristics different in younger (obesity, sexual function and patient's choice) favor endovascular aneurysm repair.

    Keywords: Age Groups. Aortic Aneurysm, Abdominal. Endovascular Procedures.

  

   

   

  INTRODUCTION

  Since Parodi's publication in 1991 about the first endovascular aneurysm repair (EVAR)[1], this therapy has been widely used in elderly and high-risk patients. Several randomized controlled trials showed less mortality, a shorter length of stay, lower consumption of blood products, and a better short-term quality of life with EVAR[2-5]. When it comes to younger patients, it is imperative to question the procedure's durability, reintervention rates, and the probability of aneurysm sac growth and rupture. The purpose of this study is to investigate if there is any association of age during EVAR, clinical characteristics of the patients and the outcomes of the procedure compared among different age groups.

   

  METHODS

  The clinical records of consecutive patients undergoing EVAR for infrarenal abdominal aortic aneurysm (AAA) or aortoiliac aneurysms between October 2001 and December 2013 in our department were retrospectively reviewed. All surgeries took place in an operation room equipped with a Philips BV 300 C-Arm and a radiolucent table, and were performed by the same surgical team. The surgical criteria were infra-renal fusiforme AAA with diameter equal or superior to 5 cm and AAA associated with iliac aneurysms with diameter equal or superior to 3 cm, saccular aneurysms and false aneurysms. The endografts used were Talent Bi- and Uni-Iliac (suprarenal fixation, by friction) and Gore-Excluder Bi-Iliac (infrarenal fixation, by barbs); after October 2008 the Endurant Bi- and Uni-Iliac (suprarenal fixation, by hooks) were used. Patients were divided by age. The groups were: patients younger than 70 years old, 70 to 80 years old and older. Sex, atherosclerotic risk factors (hypertension, diabetes, smoke history, dyslipidemia), cerebrovascular disease, peripheral arterial disease, body mass index (BMI), anatomic features, aneurysm diameter, neck characteristics (diameter, angulation, length, calcification, thrombus), iliac morphology (tortuosity and diameter), anatomical risks, internal iliac artery aneurysm, surgical indication for EVAR, endograft type, American Society of Anesthesiologists (ASA) classification, anesthetic technique, length of stay, re-interventions, mortality, and costs were analyzed and compared. 

  Statistical Analysis

  Statistical analysis included t-tests for two independent samples, analyses of variance in the case of several groups, and chi-square tests for the comparison of categorical variables. Nonparametric tests were used when the normality or homogeneity of variances was not observed. All the analyses were performed using IBM SPSS Statistics, version 22; the statistical significance of two-sided tests was assumed to be P<0.05.

   

  RESULTS

  One hundred and seventy-one patients, of which 94.2% (161/171) were men, underwent EVAR. The mean age was 74.1 years and the median was 75, with a standard deviation of 8.9 (min.: 38; max.: 93). The under-70 age group had 32% of the patients, 38.4% were between 70 and 80 years old, and 29.7% were more than 80 years old. The median time of follow-up was 32.7±29.8 months.

  Pre-, intra-, and postoperative data are shown in Table 1. Atherosclerotic risk factors, cerebrovascular and peripheral arterial disease and BMI are shown in Table 2. Younger patients had a higher BMI, near to statistical significance (P=0.06).

  
    

    [image: Table 1. Pre, intra and postoperative data. No statistical significance. IIA, Internal Iliac Artery; CIA, Common Iliac Artery; ASA, American Society of Anaesthesiologists classification.]

  
    

    [image: Table 2. Atherosclerotic risk factors, cerebrovascular disease, peripheral arterial disease and body mass index (kg/m2), by age group.]

  Regarding erectile function, 44.6% patients, with mean age of 75.5±7.2 years, presented dysfunction pre-EVAR, compared to 55.4% patients with erectile function preserved, with a mean age of 70±8.7 years. This age difference was statistically significant (P<0.05). Grouping erectile dysfunction by age, there is an obvious tendency for it to increase with age (Figure 1). The need for blood transfusion during hospitalization was also higher in older patients, as shown in Figure 2, and this difference was statistically significant (P<0.05).

  
    

    [image: Fig. 1 - Pre-EVAR erectile dysfunction by age group; P=0.074.]

  
    

    [image: Fig. 2 - Blood transfusion during hospitalization by age group,P=0.04.]

  Indications for EVAR were divided in a high-risk profile (clinical + hostile abdomen), surgeon's option, and patient's option. In the under-70 age group, the decisions were 73.6%, 15.1%, and 11.3%, respectively; in the 70-80 age group, they were 80%, 12.3%, and 7.7%, respectively, and in the age >80 group they were 98%, 2%, and 0%, respectively. There was a statistically significant difference among the age groups and indication for EVAR: in the younger group, the surgeons' and the patients' options were more frequent. The types of endografts used are described in Table 3.
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  Anatomic risk factors for EVAR were defined as a neck angle >50º, a neck diameter >28 mm, a neck length <10 mm, calcification of >50% of the neck circumference, thrombus >50% of the neck circumference, iliac diameter >20 mm, and iliac tortuosity. In Figure 3, we divided the number of risk factors presented into 0, 1, and 2 or more risk factors by age groups. No significant relationship was found between risk factors and age groups.
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  We reported no statistical difference in the incidence and type of endoleak, as shown in Tables 4 and 5, or in aneurysmal sac behavior (Table 6).
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  Two deaths were registered on the 30th day of the follow-up period, both in the >80 age group. The global mortality rate was 1.2% (2/171).

  Figure 4 presents 12-year cumulative survival after EVAR. Estimating the effect of age, we found that survival in the youngest age group (>70 years) was higher but with no statistical significance.
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  The mean procedure cost for patients with <70 years was 11.658€, for patients between 70-80 years was 11.110,3€, and for patients with >80 years, the cost was 11.521,8€ (Table 7).
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  DISCUSSION

  It is the consensus that EVAR is indicated in elderly and high-risk patients. However, in light of good results, the indication for EVAR has been progressively extended to younger and less high-risk patients, and also to patients with added anatomical risks. So, it is fair to question if age is an important factor in choosing EVAR as the best therapeutic choice.

  EVAR growth has been overwhelming. Albuquerque et al.[6] documented a significant increase in the number of EVARs performed between 2005 and 2008, with an average rate of 84%, compared to a rate of 42.2% between 1996 and 2002. Schwarze et al.[7] reported a 162% increase for patients >85 years old between 2001 and 2006. For those younger (50-64 years old), the increase was less pronounced. Still, in 2005 and 2006, for this age group EVAR was already a commonly chosen procedure.

  A factor to consider when choosing a therapy is the life expectancy of this group of patients. Altaf et al.[8] mentioned that independently of the technique used in AAA treatment, in young patients, the mortality rate in 6 years was 40%, with most of the deaths unrelated to the aneurysm. Darwood et al.[9] stated that the group of patients with aneurysms 4-5.4 cm in diameter diagnosed by a screening in Gloucestershire had a 10-year mortality of 58%. Therefore, the survival rate of the patient with an AAA can be much lower than that of the general population.

  Mani et al.[10], using the Swedish Vascular Registry from 1987 to 2005, published a 5-year survival rate of 69% and a 10-year survival rate of 39.3% after elective correction of AAAs. Mean survival was 8.9 years (99% CI: 8.7-9.2). No significant difference in relative survival was observed among different age groups. In our study, we estimated survival curves of 9.9 years for those younger than 70 years, 7.2 years for those aged 70-80 years, and 8.3 years for the elderly, those over 80 years old.

  The published randomized trials EVAR-1[2,11], DREAM[3], and OVER[4], comparing EVAR with conventional surgery, showed that early death rates were lower with EVAR (1.7% vs. 4.7%, P=0.009; 1.2% vs. 4.6%, P=0.10; and 0.5% vs. 3%, P=0.004, respectively). EVAR-1[11] showed higher reintervention rates, all graft related (23.2% vs. 8.9%, P<0.001). The OVER study included laparotomy-related complications (incisional hernia, bowel ischemia or obstruction) and showed similar reintervention rates (22.1% vs. 17.8%, P=0.12); the time to a secondary therapeutic procedure or death was also similar (1.06 years, P=0.57).

  The ACE study showed a death rate higher with EVAR compared to conventional surgery (1.6% vs. 0.6%, P=0.09, not statistically significant) and a higher reintervention rate (16% vs. 2.7%, P<0.0001), but reinterventions for incisional repair were not recorded[5].

  In our study, a global mortality of 1.2% (very similar to the mortality rates published in the literature after EVAR) was noted. By age group, zero mortality was noted in both the <70 and 70-80 age groups, and two deaths were registered in the >80 age group (2/51, 3.9%). Although not statistically significant, the trend to lower mortality suggested the safety of EVAR in younger people.

  Reinterventions seem to be more frequent after EVAR, but the majority are minor endovascular reinterventions with relatively low 30-day mortality, as stated by Giles et al.[12]. Recently, Lee et al.[13] described a nonsignificant difference in the reintervention rate between EVAR (16%) and conventional surgery (12%) in a single center retrospective review. In our study, there was no statistical difference in reinterventions among different age groups. Indeed, the number of reinterventions was smaller in younger groups: 9.3% (<70 years old), 21.2% (70-80 years old), and 17.6% (>80 years old).

  The EVAR-2 study compared a set of patients unfit for open repair[14]. This study is the closest to our experience, as the majority of our patients submitted to EVAR had clinical contraindications for open surgery. In EVAR-2 this group was submitted to EVAR or underwent clinical follow-up. This study showed a higher death rate with EVAR compared to the EVAR-1 study (9% vs. 2.1%). However, Lim et al.[15], applying the same criteria as EVAR-2, had mortality rates much lower and similar to the remaining literature.

  The population study made by Schernerhorn et al.[16] comparing EVAR with open repair revealed a mortality rate of 1.2% vs. 4.8%, respectively. The benefits of EVAR were still present after three years of follow-up, when both procedures' results were matched. In the 64-74-year-old age, the results are comparable after the first year, while in the group of patients over 85 years old there was still an advantage for the EVAR procedure in the fourth year.

  The indication for EVAR in young patients can be questioned after Schanzer's et al.[17] publication. This analysis revealed that 5 years after EVAR, there was aneurysm sac growth over 5 mm in 41% of patients. The predisposing factors to this growth were conical aortic neck, aortic neck diameter >28 mm, neck angle >60º, iliac diameter >20 mm, and the presence of an endoleak. As younger patients had a longer life expectancy, it seems to also present a higher risk of sac growth. However, in this study, the primary determinant of AAA sac enlargement was the presence of an endoleak, and the majority of endoleaks (76%) became evident during the first year post-EVAR. Besides, analyzing additional significant predictors of AAA sac enlargement in a multivariable analysis in those over 80 years old, age was also considered one predisposing risk factor. In our study, there was no significant difference in sac enlargement between older and younger patients.

  In our study, considering the retirement age in the public sector (70 years) and life expectancy in Portugal (81 years, according to the Global Health Observatory Data Repository, 2012, http://apps.who.int/gho/data/node.main.688?lang=en), patients under 70 were considered young.

  In contrast to randomized studies, with carefully selected patients, ours is a real-life study with all consecutive patients submitted to EVAR. There is a relevant difference in ASA physical status classification among our patients and others mentioned above. We can classify our population as ASA I (0%), ASA II (15.4%), ASA III (71%), and > ASA IV (13.6%), compared to 10.6%, 65.6%, 22.5%, and 1.3%, respectively, as reported by the ACE trials[5] and 21.4%, 70.5%, 8.1%, and 0%, as described by the DREAM group[18].

  Therapeutic choice was based on a set of parameters such as the surgical risk (both clinical and anatomic), the anatomical characteristics of the aneurysm, and the surgeon's and patient's option. Winterborn et al.[19], after a semistructured telephone interview with patients with small AAAs, concluded that the majority would prefer EVAR. Their major fears were the risk of organ failure and death. The type of incision, radiation exposure, and the risk of sexual dysfunction were ranked as the least important. Another three studies placed EVAR first among patients' preferences, for whom lower short-term morbidity and mortality and a shorter length of stay took precedence over a higher risk of future reinterventions[19-21]. In our study, the surgeons' and patients' preferences for EVAR were statistically relevant in the younger group.

  Another factor was relevant among age groups, and it may have had an impact on therapeutic choice: erectile dysfunction was significantly more frequent in older patients. As described elsewhere, sexual function deterioration is more frequent after open surgery[22]. So, we can assume that for younger patients, with preserved sexual activity, EVAR could be a better solution, as long as the internal iliac artery is preserved, as it does not interfere with parasympathetic chains and has a lower risk of producing sexual dysfunction.

  During hospitalization, older patients needed a great number of blood transfusions. This difference was statistically significant and may suggest lower rates of early complications in younger patients. We haven't observed different costs between different age groups.

  Obesity is a known risk factor for open surgery, and it is associated with worse outcomes. As published in a meta-analysis, after a review of 4 studies with a total of 2440 patients, 30-day postoperative mortality was statistically higher with open surgery, as was myocardial infarction, chest infection, renal failure, and wound infection, compared to obese patients submitted to EVAR[23]. In our study, one-third of the younger group was obese and, in these patients, EVAR is favored over open surgery.

  Veith et al.[24], arguing against level 1 studies, had no doubts: in fit patients with suitable anatomy, and when performed with requisite skills, facilities, and equipment, "do it by endovascular aneurysm repair!". Their position is based on several points: first, we do it better than we did it when we started, so the actual results are better than those published 10 years ago, and we still considered level 1 evident (EVAR-1, OVER); second, endoprotheses are better, with lower migration and late failure and, finally, now we know and understand complications and we treat them in a useful time period (in EVAR-1, all endoleaks were considered complications and many complications were detected but left untreated). Also EVAR processing technical details have been improved, as recently stated by Molinari et al.[25], who concluded that as time goes by, the level of performance has increased and interventional procedures are done more efficiently, with less contrast injections and exposure to ionizing radiation.

   

  CONCLUSION

  Analyzing our experience, the absence of statistical differences between mortality and reinterventions between different age groups reveals that age itself is not a relevant factor in EVAR outcomes. Indeed, the three characteristics statistically different in younger patients (obesity, sexual function, and patient's choice) can favour EVAR. No other clinical variables, surgical reintervention, mortality or costs were statistically different among age groups. Thus, we can suggest that age is not important as association to procedure-related EVAR outcomes when compared to older patients, and thereby may not be decisive in surgeon's choice towards EVAR in a younger population; however, the limitations of the retrospective analysis must be considered.
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    ABSTRACT

    INTRODUCTION: Cardiac surgery is a highly complex procedure which generates worsening of lung function and decreased inspiratory muscle strength. The inspiratory muscle training becomes effective for muscle strengthening and can improve functional capacity.

    OBJECTIVE: To investigate the effect of inspiratory muscle training on functional capacity submaximal and inspiratory muscle strength in patients undergoing cardiac surgery.

    METHODS: This is a clinical randomized controlled trial with patients undergoing cardiac surgery at Instituto Nobre de Cardiologia. Patients were divided into two groups: control group and training. Preoperatively, were assessed the maximum inspiratory pressure and the distance covered in a 6-minute walk test. From the third postoperative day, the control group was managed according to the routine of the unit while the training group underwent daily protocol of respiratory muscle training until the day of discharge.

    RESULTS: 50 patients, 27 (54%) males were included, with a mean age of 56.7±13.9 years. After the analysis, the training group had significant increase in maximum inspiratory pressure (69.5±14.9 vs. 83.1±19.1 cmH2O, P=0.0073) and 6-minute walk test (422.4±102.8 vs. 502.4±112.8 m, P=0.0031).

    CONCLUSION: We conclude that inspiratory muscle training was effective in improving functional capacity submaximal and inspiratory muscle strength in this sample of patients undergoing cardiac surgery.

    Keywords: Training. Muscle Strength. Cardiac Surgical Procedures.

  

   

   

  INTRODUCTION

  Cardiac surgery is a procedure performed in patients with cardiovascular disease. Surgical treatment remains the therapeutic option related to better survival of individuals with coronary heart disease, as well as in patients with valvular heart diseases.

  After cardiac surgery, various complications that will require specific care, especially in the respiratory system, can be observed. These complications can lengthen the hospital stay of patients, causing increased hospital costs and becoming an important cause of morbidity and mortality[1]. Recent studies have shown that early mobilization, such as withdrawal of bed and walking, improves the functional status of the patient, reducing the length of hospital stay. The physical therapy should be applied daily in patients, thus ensuring their motor recovery[2,3].

  The surgical procedure entails reduced respiratory muscle strength. Aiming to reestablish it, some strategies should be used, such as respiratory muscle training, which aims to improve functional capacity, respiratory muscle strength and reduce imminent risks in adult patients undergoing cardiovascular surgery[4].

  Respiratory muscle strength training is one of the procedures followed, among several ones also used for respiratory therapy. The respiratory muscle strengthening promotes better efficacy in airway clearance, inspiratory pressure and maximal expiratory, and prevent fatigue of the respiratory muscles[5].

  In addition to respiratory changes in post-surgical patients, they develop reduced peripheral muscle strength which can reduce the functional capacity thereof. As a functional evaluation method is necessary the application of tests. The classic test is the 6-minute walk test (6MWT), where patients are instructed to walk as fast as they can without running, as recommended by the American Thoracic Society, in a distance of 30 meters, marked every 3 meters, with the turning point marked by a cone, and measured the total distance covered by the patient within six minutes[6]. It is a practical and low cost test that can be applied in different ages and body mass index and adequately reflects the physical capacity of patients to perform routine tasks[7,8].

  Veloso-Guedes et al.[9] compared the walk test results in a hallway with 20 and 30 meters in patients on the list liver transplantation, concluding that an 20 meters runner can be used safely and effectively as an alternative to 30 meters for 6MWD. In addition, Carey et al.[10] found that the 6MWD is inversely proportional to the severity of liver injury and a distance less than 250 meters increases the risk of death for patients on the waiting list for transplantation.

  Therefore, the aim of this study was to evaluate the influence of inspiratory muscle training on functional capacity submaximal and inspiratory muscle strength in patients undergoing cardiac surgery.

   

  METHODS

  This study is a randomized controlled trial, performed at the Inpatient Unit of the Instituto Nobre de Cardiologia/Santa Casa de Misericordia, Feira de Santana, Bahia, Brazil. The study enrolled patients aged above 18 years, of both genders and undergoing heart surgery (coronary artery bypass grafting, aortic valve and/ or mitral, atrial septal defect correction), admitted to the Intensive Care Unit (ICU) in the period from February to August 2015.

  Patients who did not understand the techniques used were excluded from the study, in addition to those who refused to participate, those who presented hemodynamic instability during evaluations or performance of inspiratory muscle training, and those who have complications and readmitted to the ICU. These parameters contraindicate muscle training. This study was approved by the Research Ethics Committee of the Faculdade Nobre in Feira de Santana/BA under the Protocol 796,580. All participants signed a written informed consent form.

  The patients underwent the evaluation, collecting demographics and medical history. In all patients we performed 6MWT, where the individual was instructed to walk as quickly as possible without running for six minutes in a hallway 30 m. After this period was evaluated the maximum number of meters that the patient could walk. For safety criteria, all patients were evaluated for hemodynamic (blood pressure, heart rate and double product) and lung function (respiratory rate and oxygen saturation), before, during and after the walk test. If there was an increased heart rate and higher blood pressure to 20% of baseline value, the test was stopped. In addition, we evaluated the inspiratory muscle strength (maximum inspiratory pressure, MIP) via an analogue manometer. During the evaluation, a maximal expiration was requested to residual volume and then a maximum and slow inspiration to total lung capacity, and this test was performed using the method with the one-way valve. The patient repeated this procedure three times and used the highest value.

  After these preoperative evaluations, the patient was referred to the operating room and then to the ICU. During this period, no researcher had an influence on the procedures adopted by the team, and the patient managed based on other protocol.

  After the patient's ICU stay, on their first day in the inpatient unit, they were divided into two groups [control group (CG) and training group (TG)]. Since the allocation of the groups was the admission order, the first patient was in the control group, the second in training, the third in control, the fourth in training, so on.

  The CG received no specific intervention, being handled in accordance with the routine of the unit. However, the TG underwent evaluation of MIP and initiated inspiratory muscle training with a pressure linear load device (Threshold® Respironics® IMT), with 40% of the MIP, performing 3 sets with 10 repetitions. This training was performed twice daily until hospital discharge, according to the study protocol.

  On the day of hospital discharge, patients in both groups were reevaluated in relation to the 6MWT and MIP in order to compare the results.

  To evaluate the data we used the chi-square test for assessing the existence of association between the qualitative variables, the Student t test to analyze intergroup, the paired Student t test for intragroup analysis and Fisher's exact test in order to decrease the error associated with the chi-square test in small samples.

   

  RESULTS

  From February to August 2015 were included 50 patients. In the TG, were allocated 11 (44%) men with a mean age of 56.4±13 years. In the CG, were included 16 (64%) men, with mean age of 57±14.7 years, admitted to the ICU of the Instituto Nobre de Cardiologia / Santa Casa de Misericordia in Feira de Santana/Bahia Brazil. Table 1 presents characteristics of patients included in the study.

  
    

    [image: Table 1.Clinical, demographic and surgical data for the group of patients undergoing cardiac surgery.]

  

  In addition, in Table 1 we can see a statistically significant difference regarding the hospital stay between the groups [6.2±1.3 (GT) vs. 8.4±2.8 (GC) days], with P=0.002.

  Other variables analyzed were the evolution of MIP among the groups and the distance covered in the walk test. Regarding the MIP in both groups, it declined significantly, from 97.5±18.2 to 69.5±14.9 (CG) and 94.2±16.2 to 83.1±19.1 (TG), but the TG had greater value at discharge compared to the CG in the same period 69.5±14.9 (CG) vs. 83.1±19.1 (GT), P=0.0073.

  The values of 6MWD for the TG was significantly higher at discharge than CG [422.4±102.8 (GC) vs. 502.4±112.8, P=0.0031]. Furthermore, there was no difference in the distance covered by the TG between preoperative period and at discharge, suggesting maintenance of functional capacity. These data are shown in Table 2.
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  DISCUSSION

  In our study we found a significant improvement in inspiratory muscle strength and functional capacity, through the 6MWT in patients undergoing cardiac surgery and exposed to an inspiratory muscle training program. In the literature, we could not find studies correlating inspiratory muscle training and physical functional performance in the postoperative period.

  Iwama et al.[11] concluded in their study with 134 patients that the 6MWT distance and predicted 6MWT variances were adequately explained by demographic and anthropometric attributes. This reference equation is probably most appropriate for evaluating the exercise capacity of Brazilian patients with chronic diseases.

  Cardiac surgery with cardiopulmonary bypass determines systemic changes that culminate with worse outcomes after surgery. Among these systemic changes, it highlights the pulmonary origin. Systemic inflammatory response is characterized by the change in lung function ranging from reduced compliance, pulmonary edema and increased shunt fraction and reduced functional residual capacity[12]. This pulmonary dysfunction leads to increased work of breathing, which also is associated with impaired complacency of the chest wall[13,14]. The impaired complacency of the rib cage results in reduction of MIP.

  In this study, all patients of the CG had reduced MIP at discharge. The TG showed similar MIP preoperatively and at discharge, as can be seen Table 2. Physical and functional performance were also higher in the group that underwent specific respiratory intervention, the opposite was observed by Carvalho et al.[15]. In that study, patients who received preoperative physiotherapy presented worse performance in the 6MWT than the CG.

  Although not the focus of this study, evidence suggests that inspiratory muscle training is able to reduce postoperative complications such as pleural effusion and pneumonia. Hulzebos et al.[16] found in a systematic review that besides reducing complications there is also shorter hospital stay time as observed in this study. However, this study is pioneer to state that the functional performance is improved in the group that took part of the inspiratory muscle training, culminating in a reduction of the hospital stay.

  In a study published in 2009, the authors evaluated the impact of MIP on the hospital stay in the postoperative period of thoracic surgery, concluding that a MIP below 75% is predictor of an increased length of hospital stay[17]. Therefore, it should be given due attention to muscle dysfunction occurred in the postoperative period of cardiac and thoracic surgery. Consequently, inspiratory muscle training appears as an important strategy in reversing the muscle weakness. The muscle weakness presents sharp drop with inspiratory muscle training, consistent with the literature.

  According to Cavenaghi et al.[18], respiratory physiotherapy is an essential part in managing patients in the postoperative period, as it contributes significantly to a better prognosis of these patients can be carried out hygiene techniques, pulmonary reexpansion and muscle training.

  Garcia & Costa[19] evaluated 60 patients divided into three groups. The first group trained once a day, the second group trained twice a day and the third group did not participate in an respiratory muscle training. Most of the sample was male and the mean age was 59±9.6 corroborating with our results. Regarding the training, the authors concluded that this procedure is effective for the reestablishment of respiratory muscle function and maintaining airway patency.

  Other studies analyze the impact of inspiratory muscle training insertion in the preoperative period. In a study performed by Ferreira et al.[20], patients were trained for two weeks prior to cardiac surgery. They noted an improvement in forced vital capacity and maximum voluntary ventilation, but with no positive impact on the inspiratory and expiratory muscle strength. In a systematic review and meta analysis, Mans et al.[21] evaluated the impact of training in 295 patients in the surgical preoperative showing that this technique improves muscle function without positive outcome on reducing the hospital stay.

  Sobrinho et al.[22] evaluated 70 patients and performing inspiratory muscle training in the same period of the previous research showing a reduction in hospital stay (8460 vs. 9970 minutes in patients who did not receive the pre-intervention training).

  A training protocol was created using a linear pressure charging device twice a day with three sets of 10 repetitions and a charge of 40% of MIP. In this study there was significant recovery on the third day after surgery the MIP measures, however, no return to preoperative values, concluding that IMT is effective for recovery of tidal volume and vital capacity in patients undergoing revascularization[23].

  Nery et al.[24] observed the presence of alterations in functional capacity in 179 patients undergoing coronary artery bypass grafting through the 6MWT. The patients were evaluated in two moments: before surgery and two years after. The average distance traveled by the group of active patients was 359±164.47 meters.

  In another study, the authors aimed the 6MWT was able to evaluate the exercise capacity of patients after liver transplantation. In this research were evaluated thirteen patients in the seventh and fourteenth days after transplantation and found that the distance was about a hundred meters more on the fourteenth day, concluding that the 6MWT is useful, cheap and safe to assess exercise capacity in that patient profile[25].

  Pedrosa & Holanda[26] evaluated 32 hypertensive and elderly women in order to compare different tests for aerobic endurance and functional mobility assessment. 6MWT, 2-minute step test (2MST) and the Timed up and go test (TUG) were compared, being verified a moderate positive correlation between the 6MWT and 2MST, thus, the authors conclude that the 6MWT can be replaced by 2MST in elderly with hypertension.

  The present study has limitations that should be considered, such as impossibility to apply morbidity surveys in the preoperative period, since the admission had occurred one day before the surgery; lack of analysis of variables as risk score, body mass index and other comorbidities that can interfere with reduced muscle force or in the evolution of muscle strength during training. Although these limitations can affect these variables, the randomization process gave equal possibilities for insertion of patients in both groups.

   

  CONCLUSION

  We can conclude that inspiratory muscle training protocol via a linear charging device generates increased MIP, which in turn was able to maximize the physical and functional performance in patients undergoing cardiac surgery.

  New research should include more representative populations, assessing risk factors for muscle dysfunction and with different protocols to assess this outcome.
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    ABSTRACT

    OBJECTIVE: Endovascular techniques to treat abdominal aortic aneurysms results in lower morbidity and mortality rates. However, dilation of the common iliac arteries prevents adequate distal sealing, which compromises the procedure success. The aim of this study is report the long-term outcomes of patients with abdominal aortic aneurysms associated with aneurysm of the common iliac artery following endovascular repair using a bifurcated bell-bottom stent graft.

    METHODS: This is a retrospective study that evaluated patients treated with bifurcated bell-bottom extension stent grafts to repair an infrarenal abdominal aortic aneurysm and who had at least one common iliac artery with dilatation > 1.5 cm for at least 12 months after the endovascular intervention.

    RESULTS: Thirty-eight patients with a mean age of 70.4±8.2 years were included. Stent graft placement was followed by dilation of the common iliac artery aneurysms in 35.3% of cases; endoleak and reoperation rates were 17.6% and 15.7%, respectively. Younger patients showed a higher rate of artery diameter increase following the procedure. The average arterial dilation was 16% in the first year, 29% in the second year, 57% in the third year and 95% from the fourth year until the end of follow-up.

    CONCLUSION: Repair of infrarenal abdominal aortic aneurysms with bifurcated bell-bottom type stents when there is common iliac artery dilation is a good therapeutic option to preserve hypogastric flow. The rate of endoleak was 17.6%, and 15.7% of cases required reoperation. Younger patients are more likely to experience dilation of the common iliac artery after the procedure.

    Keywords: Endovascular Procedures. Aortic Aneurysm. Iliac Aneurysm. Endoleak.

  

   

   

  INTRODUCTION

  Aneurysms of the common iliac arteries (CIAs) are observed in about 20-25% of all cases of abdominal aortic aneurysms (AAAs), whereas the occurrence of isolated CIA aneurysms is very rare[1].

  The literature has shown that use of endovascular techniques to treat AAAs results in lower intraoperative and short-term morbidity and mortality rates. However, dilation of one or both CIAs prevents adequate distal sealing, which compromises the success of the procedure[2,3].

  Although treatment of CIA aneurysms that coexist with AAAs has not yet been standardized[3], several endovascular techniques are available, which can be divided into those that either sacrifice or preserve hypogastric flow[4-7]. The techniques that sacrifice hypogastric flow have a disadvantage in that they can cause buttock claudication, sexual dysfunction, and ischemic colitis[8-11].

  Of the various techniques that preserve hypogastric flow, the bell-bottom technique is commonly used[12,13]. This consists of placing a bifurcated stent graft extension as far as the bifurcation of the CIA; this extension has a larger diameter in its terminal section so as to promote proper coaptation with the wall of the dilated artery. Thus, hypogastric flow can be preserved and complications from ischemia can be avoided[12]. This technique requires a shorter operation time and is associated with a lower rate of complications compared with other techniques[13]; however, more data are needed to evaluate the long-term outcomes of this procedure to treat CIA aneurysms in patients with AAAs. The aim of this study was to analyze the occurrence of endoleak, dilation, and the need for reoperation during a one-year follow-up period after the procedure.

   

  METHODS

  This is a retrospective study with a convenience sample whose was approved by the Ethics Committee of our institution (006/10).

  Patients who were treated with bifurcated bell-bottom stent grafts to repair an infrarenal AAA of atherosclerotic etiology that had > 1.5 cm dilation of at least one CIA were included. The patients were monitored for at least 12 months after the endovascular intervention.

  All patients were referred for the proposed treatment based on the diameter of the AAA, and all underwent the same surgical technique[12,13]. The CIA dilation was treated by inserting bell-bottom extensions measuring 16 mm, 18 mm, 20 mm, 22 mm, or 24 mm, according to the size of the treated artery.

  The diameters of the AAA and right and left CIAs were measured from computed tomography (CT) scan performed before and at the time of the procedure. CT scans were also performed at follow-up visits to measure the diameter of the aneurysm and document any endoleaks and the need for reoperation. These visits took place one, six, and twelve months after the procedure. After one year, patients were monitored with ultrasound every six months. In cases where the ultrasound examination showed dilation of the aneurysm or endoleaks, a new CT scan was obtained[14].

  Data on the number of comorbidities and the presence of systemic arterial hypertension, heart disease, cancer, chronic renal failure, dyslipidemia, and peripheral vascular disease and diabetes mellitus were also collected.

  Endoleaks were classified according to their origin. In type I, the anchor points may be proximal (IA) or distal (IB). Type II are caused by refilling of the aneurysmal sac from the aortic collateral vessels. Type III originate from a partial or complete decoupling or fractures of components of the modulated stent and cause persistent flow within the aneurysmal sack. Type IV endoleaks are associated with porosity of the endograft.

  The statistics used included analysis of variance (ANOVA) to compare > three groups, and Student's t test or chi-square test to compare two groups. Spearman's rank correlation coefficient was used to establish possible correlations between these age, comorbidities, and artery diameter before treatment. The correlation coefficient was classified as: strong (> 0.75), medium (> 0.5), or low (<0.5). A significance level of 5% (P<0.05) was adopted for all statistical tests..

   

  RESULTS

  Thirty-eight patients (34 men and 4 women) with a mean age of 70.4±8.2 years had bifurcated bell-bottom stent graft placement to treat an infrarenal AAA associated with dilation of at least one CIA. Eight procedures were performed on the right iliac artery, 17 on the left iliac artery, and 13 on both of the CIAs. Therefore, 21 procedures were analyzed for the right iliac artery and 30 for the left iliac artery. The average diameter of the treated arteries was 2.1±0.4 cm, ranging from 1.5 cm to 3.2 cm and the distribution of sizes of stent-grafts used was: 12% of 16 mm, 39% of 18 mm, 29% of 20 mm, 12% of 22 mm and 8% of 24 mm.

  The stent-grafts used were Talent (66%), Zenith (18%), Apollo (13%) and Anaconda (3%). There were no thrombus or significant calcification in the distal landing zone of bell-bottom extension.

  Endoleaks were observed in 9 CIAs (17.6%), consisting of 6 of the 30 left iliac arteries (20%) and 3 of the 21 right arteries (14.3%; Figure 1). There was a statistically similar distribution in frequency of endoleaks between the two arteries (x2=0.02; P=0.887). The characteristics of patients who had endoleak and/or need to be re-operated are shown in Table 1, including the five cases (55.6%) that required reoperation.

  
    

    [image: Fig. 1 - Computed tomography of the patient number 18, showing dilatation of the artery with right iliac with type IB endoleak after treatment with bifurcated stent-graft with a bell-bottom extension.]

  

  
    

    [image: Table 1. Characteristics of patients who had endoleak and/or need to be re-operated.]

  

  There was a need to reoperate in eight cases (15.7%), three of which had no leak on imaging but showed a significant increase in the diameter of the CIA. Four of the reoperations were performed on right iliac arteries (50%) and the other four on left iliac arteries (50%). No reoperation was necessary in 84.3% of the cases over a median follow-up of 25.8 months. None of the patients required additional conventional surgical procedure.

  Table 2 shows the difference in mean age and the number of comorbidities between the patients with and without endoleaks. Patients who required reoperation had a significantly lower mean age, and higher mean number of comorbidities compared with those who did not require reoperation.

  
    

    [image: Table 2. Mean and standard deviations for age and number of comorbidities of patients evolving with and without endoleaks and those with and without reoperation.]

  

  The mean time between treatment and the last CT scan for all patients was 25.8±14.9 months, and there no differences in this time between the group of patients with good outcome and the group with complications that included endoleaks, reoperation or both (Table 3). Furthermore, no difference in this interval was found in patients who required a reoperation compared with those who did not require a reoperation (36.8±23.1 and 23.7±12.2 months, respectively; P=0.160), or between cases with or without endoleaks (38.1±26.1 and 23.1±9.9 months, respectively; P=0.126).

  
    

    [image: Table 3. Means and standard deviations in time (months) elapsed between treatment and findings on last CT scan.]

  

  The distal diameter of the device used (bell bottom) showed no correlation with the outcome of the procedures (r=0.189). Although the mean diameter in procedures with good outcomes (19.0±2.2 mm) tended (P=0.074) to be lower than that in patients who developed endoleaks and/or required reoperation (20.4±1.9 mm), the distribution of frequencies of procedures with good outcomes and those with complications according to device diameter showed that diameter did not influence outcome. Likewise, no difference (P>0.05) was seen in the mean diameter of the devices used when comparing cases that had endoleaks (20.5±2.5 mm), with those that required reoperation (21.3±1.1 mm) or those that had both of these events (19.5±1.9 mm).

  Analysis of the last CT scans showed that in 33 cases (64.7%) the diameter of the CIAs repaired remained either unchanged or was reduced by up to 20% compared with the diameter obtained by CT scan prior to treatment. In the remaining 18 cases (35.3%), an increase in the diameter of the repaired arteries was found, ranging from 4% to 168% (mean, 48%±26%).

  When patients were stratified into two groups based on an enlargement of the repaired artery on the last CT scan (Table 4), there were no differences in the mean follow-up period or artery diameter before treatment between these two groups. Again, the age of patients who had enlargement of the repaired artery on the last CT scan was significantly lower than the age of patients who did not have dilation. The mean percentage dilation of the arteries was 16% in the first year, 29% in the second year, 57% in the third year, and 95% from the fourth year until the end of follow-up.

  
    

    [image: Table 4. Means and standard deviations for patient age, follow-up time, and artery diameter before treatment, in cases with dilation of repaired artery on last CT scan.]

  

   

  DISCUSSION

  There is currently no standardized treatment for CIAs, whether isolated or associated with AAAs. However, endovascular techniques that preserve hypogastric flow are associated with a reduced frequency of complications, such as buttock claudication, sexual dysfunction, and ischemic colitis[15].

  Placement of a bell-bottom stent graft is one of the endovascular techniques that preserves hypogastric flow[12] and was initially used to treat CIAs with diameters ranging from 1.5 cm to 2.4 cm. This technique has been used for a decade now, even in arteries with large diameters, and the results have compared favorably with other techniques[5,13,16,17]. However, there are few reports on the medium- and long-term outcomes of this endovascular procedure in patients with CIA aneurysms associated with AAAs.

  This study evaluated the results of 51 endovascular procedures using the bell-bottom technique to repair CIA aneurysms associated with AAAs in 38 patients. The patients were predominantly men (89%), with a mean age of 70.4±8.2 years, a mean of 2.1±1.1 risk factors, and a median follow-up of 25.8 months.

  In this sample of CIA aneurysms associated with AAAs, left common iliac artery (58.8%) was involved more often, whereas both CIAs had aneurysms in 13 patients (34.2%). A similar prevalence of bilateral involvement (32.2%) was also observed by Parlani et al.[18] in a sample of 59 patients.

  England et al.[19] evaluated the outcome of CIA aneurysms treated using this technique over a median follow-up period of 24 months (range, 1-84 months). They compared 87 arteries with a diameter of < 1.8 cm and 30 arteries ranging from 1.8-2.5 cm in diameter. The results were statistically similar for both groups of patients with respect to endoleaks following the procedure. The authors reported three cases of type IB endoleaks (2.6%); the one-year reoperation rate was 8% for the smaller-diameter arteries and 16% for the larger-diameter arteries. They suggested that treatment of dilated CIAs with a diameter > 1.8 cm is associated with an increased risk of intervention. In our study, despite a similar average follow-up period, the results showed a higher overall rate of endoleaks (17.6%) and the need for reoperation (15.7% of procedures) than in their study, with 1.9% of reoperations occurring in the first year after treatment, 3.9% in the second year, 3.9% in the third, and 5.9% after more than three years. Despite the higher rate of complications, we observed no association between a greater initial artery diameter and endoleaks and/or the need for reoperation.

  Our results also showed higher rates of type IB (7.8%) and II (9.8%) endoleaks, and a 15.7% rate of reoperation when compared with the results of Torsello et al.[16], who reported a 3.4% and 2.2% rate of late-onset type IB and type II endoleaks, respectively. In that study, both endoleak types were accompanied by artery dilation in patients whose age and initial arterial diameter were similar to those in our study. For Torsello et al.[16] , the reoperation rate at five years was 8.4%. However, Adiseshiah et al.[20] argued that type IB endoleak rates would be more frequent with this type of endovascular treatment than those reported by Torsello et al.[16], implying that the lower complication rates they observed could be attributed to the shorter follow-up time. The same factor may also explain the higher rate of endoleaks and the need for reoperation in our study, since our patient follow-up period was considerably longer.

  Kirkwood et al.[21] evaluated the results of endovascular treatment of CIAs during AAA repair performed in 671 patients at various centers, and monitored the patients annually for five years. They subdivided the study population according to the maximum pretreatment diameter of the iliac artery (> 2.0 cm and < 2.0 cm). The authors observed that iliac artery dilation after treatment was not different between these two subgroups, so that the initial diameter did not seem to affect postprocedure dilation. However, adverse events of greater severity occurred more frequently in patients whose arteries dilated after treatment, regardless of the initial diameter of the iliac artery involved. Dias et al.[15] treated AAAs with branched stent grafts to preserve hypogastric flow and reported a reoperation rate of 18% after a mean follow-up period of 20 months. We note that there is considerable variation in the endoleak and reoperation rates reported by different authors. However, as we found in this study, most authors report that there was no significant difference when comparing groups stratified on the basis of the initial aneurysm diameter and endovascular technique used. This variation is probably due to the lack of a consistent follow-up period, along with differences in patient's baseline characteristics such as age and the number of risk factors.

  In our study, endoleak rates were not associated with the mean age of patients. In contrast, reoperation rates were significantly more frequent in younger patients (mean of 65 years) and in those with a greater number of risk factors (mean of 2.9 risk factors). Furthermore, we found that patients with three associated risk factors had a significantly lower mean age (P=0.022) than those with one or two risk factors (P=0.050). We should first consider that older patients with more associated risk factors may not have had the opportunity to receive this type of treatment due to the problem of survival. Another possibility is that younger patients had longer follow-up; however, there was no significant correlation between patient age and follow-up time.

  Patients who required reoperation were monitored for an average of 36.8±23.1 months, which was statistically similar to the follow-up time of patients with a favorable outcome (23.7±12.2 months). In the case of endoleaks, whether they were re-operated or not, no significant difference in follow-up time was observed between the patients with our without endoleaks; however, it is important to recognize that the follow-up time in cases with endoleaks was significantly greater than the follow-up time in cases with good outcomes (38.1±26.1 vs. 23.1±9.9 months, P<0.001).

  According to Adiseshiah et al.[20], type IB endoleaks are more common with endovascular treatment using the bell-bottom technique in patients who are monitored long-term (i.e., with follow-up periods of > 5 years). In our study, out of the four cases with type IB endoleaks, two were observed at 11 and 14 months postoperative, and the other two were recorded at 69 months post-treatment and reflect a single patient who had bilateral involvement of their CIAs. Similarly, considering all types of endoleaks observed in this series, there was one case in the first year, two in the second year, three in the third year, and another three after approximately six years; overall, 66.7% of endoleaks were observed within the first three years following treatment. Furthermore, when analyzing endoleaks and reoperations as a subgroup of complications, we noted a significant, albeit weak, positive correlation (r=0.40) between follow-up time and the occurrence of such complications.

  In 2001, Sahgal et al.[22] analyzed changes in the diameter of 35 isolated CIA aneurysms with a follow-up period ranging from 13 to 72 months after endovascular treatment. The mean diameter of these aneurysms before treatment was 4.6±1.6 cm, and 94.3% had a mean reduction of 1.1±0.6 cm at a mean follow-up time of 31 months. The mean reduction in the first year of follow-up was 0.5 cm. The cases where aneurysm diameter increased, at 18 and 24 months post-treatment, were initially larger than 5 cm and evolved toward rupture.

  In 64.7% of our cases, the treated arteries had the same diameter or experienced a 20% reduction compared with the initial diameter, and these changes were not related to follow-up time, pretreatment arterial diameter, or patient age. In the remaining cases (35.3%), we noted an increase in the diameter of the treated arteries ranging from 4% to 168% (mean, 48±26%) compared with pretreatment. In these cases, the diameter increase averaged 16% in the first year, 29% in the second year, 57% in the third year, and 95% from the fourth year until the end of follow-up. The increase in aneurysm diameter showed a significant positive correlation with follow-up time, and a negative correlation with patient age. It should be noted that all cases of reoperation involved dilation > 40% compared with the pretreatment diameter.

  Limitations

  The design of this study does not allow the evaluation of the impact of bell-bottom stent grafts extension in a diseased artery, i.e., it was not possible to observe if the largest diameter of the extensions is associated with increased vessel dilation as a consequence.

   

  CONCLUSION

  Treatment with bifurcated bell-bottom stent grafts to repair infrarenal AAAs with associated CIA dilation is a good therapeutic option to preserve hypogastric flow, however, when 38 patients were treated with this method, 17.6% developed endoleak and 15.7% required a reoperation. In addition, this technique can lead to aneurysm enlargement after repair in 35.3% of cases. Artery dilation compared to pretreatment size was, on average, 16% within the first year, 29% during the second year, 57% at the third year, and 95% as of the fourth year, postoperatively.
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    ABSTRACT

    OBJECTIVE: This work describes the experimental validation of a cardiac simulator for three heart rates (60, 80 and 100 beats per minute), under physiological conditions, as a suitable environment for prosthetic heart valves testing in the mitral or aortic position.

    METHODS: In the experiment, an aortic bileaflet mechanical valve and a mitral bioprosthesis were employed in the left ventricular model. A test fluid of 47.6% by volume of glycerin solution in water at 36.5ºC was used as blood analogue fluid. A supervisory control and data acquisition system implemented previously in LabVIEW was applied to induce the ventricular operation and to acquire the ventricular signals. The parameters of the left ventricular model operation were based on in vivo and in vitro data. The waves of ventricular and systemic pressures, aortic flow, stroke volume, among others, were acquired while manual adjustments in the arterial impedance model were also established.

    RESULTS: The acquired waves showed good results concerning some in vivo data and requirements from the ISO 5840 standard.

    CONCLUSION: The experimental validation was performed, allowing, in future studies, characterizing the hydrodynamic performance of prosthetic heart valves.

    Keywords: Models, cardiovascular. Heart valve prosthesis. Heart rate.

  

   

   

  INTRODUCTION

  For almost sixty years, pulse duplicator systems or cardiac simulators (i.e., left ventricular models) have been designed to replicate the pressure and flow waves according to the human cardiovascular physiology[1-8]. Cardiac simulators are required for experimental evaluation of ventricular assist devices[9-11] and to allow the hydrodynamic performance testing of prosthetic heart valves[12-16].

  Although the main goal of most cardiac simulators is to mimic left ventricular and systemic circulation, pulse duplicators conception and control loop design can be different according to the experimental purpose. Once the evaluation of left ventricular assist devices is performed, for instance, based on adaptive estimation of the aortic pressure and suitable response regarding the left ventricular contractility variation[10,17-20], the operation of cardiac simulators in this case is designed to an automatic variation of cardiovascular parameters (according to the Frank-Starling mechanism), requiring a full closed-loop control. However, in terms of prosthetic heart valves testing, the cardiac simulators are used only to conduct cyclic operation with good repeatability, in some predicted ventricular conditions[12]. In this case, the cardiac simulator control system can be simplified, but the ventricular model is expected to mimic some anatomical and flow characteristics of the human heart[21,22]. Besides, optical accesses are needed in the ventricular model to apply laser velocimetry techniques (i.e., particle image velocimetry, or PIV, and laser Doppler anemometry, or LDA) in order to characterize the flow through the valves[12,13,15,23]. Pathological case studies also are possible in cardiac simulators, although a proper validation is required[7,9,20,24]. In physiological and pathophysiological conditions, different levels of stenosis can be simulated[25].

  This work describes the experimental validation of a left heart simulator at Escola Politécnica of the University of São Paulo (EPUSP), under physiological conditions and using normal prosthetic valves (with no valve thickening nor simulated stenosis), working at three heart rates (HR): 60, 80 and 100 bpm (beats per minute). In vivo data were used to analyze the responses from the cardiac simulator for each HR. This validation will allow, in future works, the hydrodynamic testing of mitral and aortic prosthetic valves based on laser velocimetry techniques.

   

  METHODS

  Parameters of Blood Rheology and Cardiac Physiology

  Ventricular parameters from a normal healthy person[26-41] were examined in order to induce the proper operation for the cardiac simulator and to determine parameters of comparison, according to Table 1.

  
    

    [image: Table 1 - Parameters for comparison.]

  

  Concerning hematocrit of 40%, shear rate of 212 sec-1, when certainly blood behaves as a Newtonian fluid[37], and at 36.5ºC, the dynamic viscosity of blood is approximately 4 mPas[38]. In the rest condition (60 bpm), the end-diastolic volume (EDV) can be considered 120 mL. Once the ventricular stroke volume (SV) is 70 mL, the end-systolic volume (ESV) varies around 50 mL[26]. The left ventricular pressure (LVP) rises up to 120 mmHg, while the aortic pressure (AoP) increases from 80 to 120 mmHg[31]. Left ventricular diastolic pressure (LVDP, related to the period of ventricular filling) begins with 0 mmHg and ends close to 16 mmHg[40]. The ejection phase length (EPL) is approximately 210 ms[31] and systole duration is close to 380 ms[27,28].

  The normal human cardiac response to exercise includes an increase of both preload and contractility when the systolic blood pressure is expected to rise[26,29]. However, this tendency is attenuated by the arterial baroreceptor function and the diastolic pressure generally remains near resting condition. Furthermore, due to exertion, there is a decrease in systemic vascular resistance and the increase in mean AoP is normally much smaller than the increment in cardiac output (CO)[30], which is achieved mainly by increasing HR (CO = SV* HR). As HR increases, a reduction in the duration of systole and diastole occurs. However, this reduction is much more pronounced in the diastole phase[27,28]. The hemodynamic parameters for 60, 80 and 100 bpm (Table 1) were established according to in vivo[27,28,39-41] and in vitro[9,10,15,19,22] data, assumptions based on laboratory values[35], the ISO 5840 standard[12] and simulated states[36].

  Cardiac Simulator

  The cardiac simulator was conceived according to the Food and Drug Administration (FDA) guidance concerning prosthetic heart valves[16] and the ISO 5840:2010 standard[12], in which cyclic operation and good repeatability are required for some predicted ventricular conditions (involving suitable adjusts of SV, ESV, HR, compliance and peripheral resistance, among others). Automatic and dynamic adaptations regarding changes in physiological parameters are not expected[12,16].

  Cardiac simulator is based on human left ventricle and systemic circulation[42]. A supervisory control and data acquisition system using LabVIEW 2011 (National Instruments Corp., Austin, TX, USA), described previously[43], was applied for ventricular operation and to acquire the ventricular signals for each HR.

  Figure 1 shows the schematic model of the left heart and systemic circulation.

  
    

    [image: Fig. 1 - Schematic model of the cardiac simulator.]

  

  According to Figure 1, n. 20, a multifunction data acquisition (DAQ) module (NI USB-6212 BNC: 16-Bit, 400 kS/s, National Instruments Corp., Austin, TX, USA) was used connected to the instrumentation and the microcomputer running the LabVIEW. The instrumentation incorporated to the cardiac simulator includes two invasive blood pressure transducers (type 257365-BXSN, Braile Biomédica Ind. Com. e Rep. S.A., São José do Rio Preto, SP, Brazil, Figure 1, n. 22) supplied by two amplifier circuits with gain of 25.36 (as proposed in the AD620 datasheet, Analog Devices Inc., Norwood, MA, USA, Figure 1, n. 21), an electromagnetic flowmeter (model 501, Carolina Medical Electronics Inc., East Bend, NC, USA, Figure 1, n. 23), and a temperature control system (model TLZ11, Coelmatic Ltda, São Paulo, SP, Brazil, Figure 1, n. 11-13), which works independently from the DAQ module. The two invasive blood pressure transducers enable the LVP and AoP signals acquisition. The flow probe (300A series, Carolina Medical Electronics Inc., East Bend, NC, USA, Figure 1, n. 6) is located in order to acquire the signals of flow rate in the aortic root (AoF).

  The left ventricular model (Figure 1, n. 1) is composed of two parts, a flexible membrane (Figure 1, n. 2) made of silicone, and the optical platform (Figure 1, n. 3), which enables the use of PIV and LDA techniques[12]. The operation of the left ventricular model is due to the flexible membrane deflection, besides the proper positioning of the aortic and mitral prosthesis to provide the correct flow direction. The linear slide table (Figure 1, n. 18) converts the rotational motion of the servomotor shaft into a linear displacement of a piston within the hydraulic cylinder (Figure 1, n. 19), connected to the work fluid reservoir (Figure 1, n. 14). Then, the shaft rotation induces volumetric changes into the work fluid reservoir. It allows controlling the work fluid pressures and, therefore, the flexible membrane deflection. Depending on the rotational direction of the servomotor shaft, it implies a ventricular inflow or ejection, according to the unidirectional flow provided by each prosthetic valve.

  The left ventricular model (Figure 1, n. 1) was designed so that the geometry, size and valves positioning were similar to the natural left heart anatomy. The volumetric capacity of the ventricular chamber (up to 220 mL) was combined with the viability of laser velocimetry applications. The optical platform (Figure 1, n. 3) is completely exposed to the atmosphere[42].

  Through the DAQ module and LabVIEW, a pulse counter input was established to quantify the rotation of the servomotor shaft via an encoder. Every shaft revolution was discretized in 1,000 pulses. Thereby, the left ventricular model operation during cardiac cycles was referred to the servo motor encoder signals, allowing knowing the residual left ventricular volume (LVV) as a function of time, which is important to establish the LVP versus LVV diagram of the left ventricular model.

  Supervisory control system allows modulating the servomotor drive parameters of the shaft rotation, such as velocity, acceleration, number of revolutions and waiting times. It allows the simulator to induce the SV, the HR and proper duration of systole and diastole, for instance. Indirectly, it also enables to establish the EDV and the ESV.

  Arterial impedance (a Windkessel model based on three elements, Figure 1, n. 7-9) is not a function of a full closed-loop control system. Therefore, manual adjustments of compliance and resistances were required. Moreover, the test fluid level in the pre-atrial reservoir (Figure 1, n. 10) determines the atrial pressure[3]. Also, air volumes can be injected into the work fluid reservoir (Figure 1, n. 14 confined air) in order to adjust the sensitivity of the flexible membrane actuation.

  Experimental Procedure

  An aortic bileaflet mechanical valve (CarboMedics Inc., Austin, TX, USA, 27 mm diameter) and a stented tricuspid mitral bioprosthesis of bovine pericardium (confidential information, 31 mm diameter) were used in the left ventricular model. The aortic and mitral valves were positioned as shown in Figure 2.

  
    

    [image: Fig. 2 - Assembly drawing of the prostheses in the left ventricular model. Prosthetic aortic valve (AV), and prosthetic mitral valve (MV).]

  

  A glycerol-water mixture with 47.6% by volume of glycerin solution in water (with normal saline solution to allow the electromagnetic flowmeter operation) at 36.5±0.5ºC was used as a blood analogue fluid. It implies a dynamic viscosity of approximately 4 mPas[44].

  The supervisory control system was configured to send parameters to the servomotor driver fixing SV, ESV, HR, and DiaD, according to Table 1. The same SysD of 360 ms was fixed for the three predicted HR. Thus, changes in HR were established by different DiaD (Table 1), which is significantly more influenced by HR[27,28].

  Regarding the data acquisition system, the flow and pressure analog inputs were established, respectively, with first order low-pass filters (Butterworth) of 10 Hz and 20 Hz[12]. The flow signals were also associated with a median filter of 100 elements, in order to reduce the signal noise from the electromagnetic flowmeter. Sample rate was 1 kHz, based on 1,000 samples.

  The arterial compliance was adjusted to near 2.2 mL/ mmHg[9] and the peripheral resistance was slightly higher as HR was increased.

   

  RESULTS

  Through LabVIEW, waves of LVP, AoP, AoF, and SV were acquired. In order to verify the cardiac simulator ability to replicate some ventricular and systemic circulation characteristics, Figures 3, 4 and 5 were obtained, respectively for 60, 80 and 100 bpm.
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  All responses from cardiac simulator (according Figures 3 to 5) were inserted in Table 1 for suitable comparison. Afterload was slightly higher as HR was increased, at a constant preload[40].

  LVP versus LVV diagram (PxV diagram) were plotted as shown in Figure 6, with each loop averaged over five consecutive cycles.
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  DISCUSSION

  Ventricular and Aortic Pressures

  Results (Table 1) show that AoP was established according to physiologic parameters[19,31,33,35]. In order to allow flow from left ventricular model into the aortic root, the LVP values during systole were slightly higher than the AoP values, for 60 and 80 bpm. Although, for 100 bpm, the LVP rose up to 165 mmHg, that seems normal for elderly population[32]. However, all the LVP were consistent according to the literature[32,39,40] and LVP waves detached from the AoP curve during the ejection phase were also observed in some cardiac simulators[9,10,45].

  The LVDP oscillated into a normal range for 60 and 80 bpm[40]. However, for 100 bpm, the values for the left ventricular end-diastolic pressure (LVEDP) were close to 28 mmHg. Analog results were reported as deficiency in the myocardial relaxation, although with LVEDP values slightly higher[46].

  Rapid variations at AoP wave were observed at the instant of the mechanical aortic valve closure, in accordance with the strong impact and the possibility of momentary partial reopening of the leaflets[5,47]. At the same time, corresponding wave oscillations were noticed in the LVP shown in Figures 3 and 4, indicating a rapid interruption of these descending pressures. However, it did not appear at 100 bpm (LVP of Figure 5), when the duration of diastole was shorter than at 60 and 80 bpm (see DiaD in Table 1). This means that, although the duration of systole was the same for the three HR, the flow dynamics regarding the isovolumetric relaxation phase (beginning of diastole) at 100 bpm affected differently the AoP wave. As a consequence, the LVP was also different.

  Pressure Versus Volume Diagram

  According to Figure 6, the PxV diagrams (each loop averaged over five consecutive cycles) demonstrate EDV of 120 mL[26]. The values of SV and ESV (Table 1) were similar to some studies including different HR[19,36].

  There were no phase in which the pressure increased without changing the intraventricular volume, as would be expected from the isovolumetric contraction (beginning of systole).

  In this cardiac simulator, the ventricular filling is not strictly passive, as in projects with a distinct design[10,11,24], but runs according to the hydraulic piston return and flexible membrane deflection - besides the air volumes injected into the work fluid reservoir, like a viscoelastic impedance adapter[5]. Anyway, some other cardiac simulators have achieved good results in this sense, regardless of the type of project[19,20,48,49], though not always using a blood analog fluid[20,48].

  Ejection Phase and Cardiac Output

  The EPL for all HR was 250 ms. Although the reference value was 210 ms[31], it is possible find in vitro studies with EPL up to 300 ms[22]. At 60 bpm, the peak flow rate in the aorta was close to 25 L/min, consistent with Dasi et al.[15], in which values of 24 L/min were found. The peak flow rate was lower as HR was increased, according lower values of SV for 80 and 100 bpm. The CO and SV waves were reciprocally consistent as a function of time (and also concerning the LVP data).

  The CO was 3.8, 4.2 and 4.9 L/min, respectively for 60, 80 and 100 bpm. These values were lower than expected by theoretical assessment (CO = SV * HR), when aortic regurgitation is neglected. However, the regurgitant volume expected in the aortic bileaflet Carbomedics valve of 27 mm at 70 bpm is about 7.5 mL/beat[23]. Thus, the CO results seemed also consistent.

  Other Features

  Although the duration of systole was 360 ms, the period from the beginning of the isovolumetric contraction until the end of the isovolumetric relaxation varied depending on HR (Figures 3 to 5). All the values were higher than those mentioned in the literature concerning natural valves, i.e., 320 ms at 70 bpm[31]. However, this duration is influenced by the strong impact of the metallic leaflets on the aortic valve closure[5,47].

  In the flow through large arteries and heart chambers, blood behaves as a Newtonian fluid, with shear rates higher than 100 sec-1 [13,37]. Although, in the vicinity of the hinges - prone to flow disturbances and recirculation -, and where the size of the flow domain is similar to the magnitude of the blood cell size, the non-Newtonian effects must be considered[14,50].

   

  CONCLUSION

  All acquired waves (i.e., LVP, AoP, and AoF responses obtained for 60, 80 and 100 bpm) showed good repeatability for the cardiovascular parameters and prosthetic valves used. Despite some limitations, the cardiac simulator is suitable for in vitro evaluation of prosthetic heart valves. Hence, the cardiac simulator was validated to these conditions, in accordance with the human physiological parameters.

  Hydrodynamic testing of prosthetic heart valves can be started, once the cardiac simulator operating parameters allow valid experimental comparisons of flow through mitral or aortic prostheses.

  Future Studies

  Since the optical accesses were provided in the ventricular model, it is possible to apply, in future works, the PIV and LDA systems[13,15,23]. These results can be used to obtain a computational model of the flow[14,15]. Further studies may also consider a development of a full closed-loop control for the simulator, where its responses should be evaluated by the PxV diagram for several physiological conditions dynamically[11,19,20,48,49,51].

  Limitations

  Some limitations of the cardiac simulator are inherent to the in vitro condition. The left ventricular model is not completely flexible and cannot simulate the twisting motion that occurs in the human heart. Furthermore, the ventricular filling is not passive. These conditions may affect the LVP, AoP and CO waves, for instance, which were also attenuated by the low-pass filters used (cut-off frequencies of 20 Hz for LVP and AoP, and 10 Hz for CO).

  Some well-known variables from the human physiological literature (regarding the natural heart valves) served as parameters for this validation experiment. However, they were not strictly met, since cardiac prostheses were used.

  In this work, we did not satisfy the requirements from the ISO 5840 concerning the report of the prosthetic valves behavior or the analysis of their hydrodynamic performance, as the quantification of both effective orifice area and regurgitant volumes[12].
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    ABSTRACT

    Mitral valve prolapse is a benign condition. Mitral regurgitation is only complicated in patients with severe mitral valve prolapse. Women with mitral valve prolapse in the absence of other cardiovascular disorders tolerate pregnancy well and do not develop remarkable cardiac complications. Nevertheless, serious complications of mitral valve prolapse, including arrhythmia, infective endocarditis and cerebral ischemic events, can be present in pregnancy. Debates remain with regard to the use of prophylactic antibiotics and ß-blockers in the pregnant women with mitral valve prolapse. The prognosis of the pregnant patients might be closely related to the pathological and (or) functional changes of the mitral valve. Non-myxomatous mitral valve prolapse poses no or little obstetric risks in terms of pregnancy, labor and neonatal complications; whereas myxomatous mitral valve prolapse is a major etiology of valvular heart disease in women of childbearing age. In the pregnant patients with mitral valve prolapse progressing into major complications, surgical interventions are considered. Medicinal treatment of such patients with ß-blockers should be a concern for the fetal safety.
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  INTRODUCTION

  Mitral valve prolapse (MVP) is defined as a prolapse of one or both mitral valve leaflets at least 2 mm beyond the long axis annular plane with or without mitral thickening[1]. MVP is characterized by elongated chordae tendineae and redundant valve leaflets, which prolapse into the left atrial cavity as the ventricle contacts. The prolapse may or may not result in mitral regurgitation (MR)[2]. It is uncommon that the patients are complicated with severe sequelae, the most frequent of which are severe MR that usually warrants a surgical correction[3]. MVP may be due to a primary connective tissue disease involving the mitral valve leaflets, the subvalvular apparatus, or the mitral annulus, or secondary to mitral valve apparatus abnomalities. Primary or idiopathic MVP is usually associated with myxomatous, redundant valve leaflets and progressive annular dilation. In contrast, patients with secondary MVP have thin leaflets, which prolapse slightly into the left atrium during systole as a result of mismatch of the anatomical relationship between the mitral valve apparatus and left ventricle. Hence, secondary MVP may be seen in secundum atrial septal defects, infective endocarditis, rheumatic mitral stenosis and calcified mitral annulus[4]. The reason of the mucopolysaccharide accumulation predilection in the mitral valve remains uncertain. MVP was also regarded as an autosomal dominant cardiac abnormality with age and sex dependent expression[5]. Nevertheless, it is believed that MVP is a result of progressive myxomatous valve changes and it may bring about chordal rupture in some patients[6]. The progression of MVP into severe MR usually occur after the age of 50 years[3]; whereas younger patients may have good exercise tolerance, and would not show any circulatory deterioration[4].

  Cardiac problems in pregnancy have been a contemporary important topic of concern[7]. The incidence of cardiac disease in the pregnant women was estimated to be 0.5%, of which mitral valve disease was more common than aortic (94.5% vs. 5.5%), and MVP was more common (39.2%) than MR (19.9%), mitral stenosis (16.9%), or combined valvular disorders (24%[8]. As reported by Nanna & Stergiopoulos[9], MVP (myxomatous changes) was a major etiology of valvular heart disease in women of childbearing age. Gelson et al.[10] reported that MVP is the most common cardiac disorder in the pregnant population, accounting for 12-17% of women of childbearing age. Women with MVP in the absence of other cardiovascular disorders may tolerate pregnancy well and do not develop remarkable cardiac complications. Although rare, more serious complications of MVP, such as arrhythmia, infective endocarditis and cerebral ischemic events, have been reported during pregnancy[4]. Debates still remain in the management of MVP in the pregnant patients. This article aimed to delve deeper into this topic.

   

  CLINICAL FEATURES

  The routine use of echocardiography has greatly facilitated the identification of MVP in young adults. Symptoms are variable, but the most frequent complaints are dizziness, palpitation and faintness[11]. Disappearance of auscultatory findings, midsystolic click and late systolic murmur of MR may pose a special problem in diagnosis of MVP during pregnancy[12]. Perhaps these changes leave many cases of MVP undetected leading to false reduction in the incidence of MVP during pregnancy[13]. Patients with MVP may have MR and benign ventricular ectopics. Anatomic findings of MVP include 1) mitral annular dilation, 2) redundant and thickened leaflets, 3) myxomatous transformation of valve substance due to collagen dissolution or disruption and severe acid mucopolysaccharide accumulation, and 4) absence of inflammatory changes[4]. However, these patients may not show any deterioration throughout pregnancy[4]. MVP with diffusely thickened, redundant leaflets (myxomatous change) are more prone to deformity, degeneration and infection compared to those with only MVP without thickened leaflets (non-myxomatous changes)[14]. Recognizing and diagnosing MVP will explain episodes of dyspnea, palpitation and chest pain during pregnancy. Most obstetric patients with MVP are in the low risk group, i.e., the non-myxomatous form, and should be expected to have excellent obstetric outcomes.

  Echocardiography is of special significance for the diagnosis of MVP. The parasternal long-axis view on transthoracic echocardiography may illustrate whether the mitral leaflets are prolapsed into the left atrial cavity by surpassing the connecting line between the annulus of the anterior and posterior leaflets[15]. Besides, obvious balloon-like changes, leaflet thickening and elongation, annular dilation, left atrial and left ventricular enlargement, and diminution, elongation, or rupture of chordae tendineae could be seen on two-dimensional echocardiography. On M-mode echocardiography, posterior displacement of mitral valve coaptation line (CD segment) is > 2 mm during late systolic phase, and > 3 mm during pansystolic phase. Meanwhile, one or two leaflets may show hammock-like changes[15]. In patients with prolapse of the anterior mitral leaflet, the mitral regurgitant flow could be seen along the posterior wall of the left atrium (Figure 1); while in those with prolapse of the posterior mitral leaflet, the mitral regurgitant flow could be seen along the anterior wall of the left atrium[16].

  
    

    [image: Fig. 1 - Transthoracic echocardiography of mitral valve prolapse.]

  

   

  MATERNAL PROGNOSIS

  The severity of prolapse depends on factors that reduce ventricular volume, which is in an inverse proportion to the extent of MVP. The smaller the ventricular volume, the greater the prolapse[2]. Although the course and the prognosis of MVP are often benign, it may be complicated infrequently by progressive MR, ruptured chordae tendineae, infective endocarditis, transient ischemic attacks, malignant arrhythmias, or sudden death[17]. There have also been a few case reports regarding more serious complications associated with MVP during pregnancy, such as cerebrovascular accident[18], thromboembolic ischemia[19] and infective endocarditis[20]. Sugrue et al.[21] reported a case of postpartum  group B streptococcal  endocarditis developed following uncomplicated spontaneous vaginal delivery. Echocardiography showed moderate to severe MR, and vegetation on the atrial surfaces of both leaflets[20]. More definitive recommendations regarding prophylaxis for MVP and uncomplicated vaginal delivery await further study[4]. Sugrue et al.[21] proposed that routine peripartum antibiotic prophylaxis was not indicated for the prevention of infective endocarditis and prophylaxis should only be given to a complicated delivery and for patients with MR. However, infective endocarditis and asymptomatic puerperal bacteremia after normal vaginal delivery are uncommon. There is evidence that antibiotic prophylaxis may increase the risk of refractory endocarditis, and recommended prophylactic regimens carry a considerable risk of drug toxicity.

   

  FETAL OUTCOME

  Several studies have examined the possible association between MVP and pregnancy outcomes. Maternal valvular heart diseases have been associated with lower Apgar scores, increased preterm delivery rate, intrauterine growth restriction and reduced birth weight in the newborn[22]. The risk to both the mother and the fetus might get exponentially increased with the complexity of the valvular disorders, such as hemodynamic status, heart function class, cyanotic manifestations and pulmonary artery hypertension[23]. Chia et al.[4] investigated pregnancy outcomes in 28 patients with echocardiographic evidence of non-myxomatous MVP, all the patients remained well during pregnancy. Tang et al.[24] examined 37 pregnancies in women with MVP with no cardiac complications or maternal mortality associated with either vaginal or cesarean delivery. Chen et al.[25] conducted a large-scale study to evaluate pregnancy outcomes of 3,104 women with MVP, and found higher rates of preterm birth and cesarean section in a multivariate model. No association between mitral valve disorder and recurrent abortions was noted. A possible explanation might be an increase in platelet activity in the presence of MR[26].

  Patients with non-myxomatous MVP showed much better prognosis than those with myxomatous MVP as evidenced by echocardiography[4]. Non-myxomatous MVP presents little or no obstetric risk in terms of pregnancy, labor and neonatal complications, with a cesarean section rate of 14.3% and excellent neonatal outcomes[4]. In terms of adverse pregnancy outcomes, Chen et al.[25] found that mothers with MVP were significantly more likely to have neonates with low body weight, preterm birth and cesarean delivery, and found that the distributions of outcomes including intrapartum complications, low Apgar scores, and congenital malformation did not differ significantly between women with and those without MVP. Women with an MVP were significantly at a 1.27- and 1.34-fold increased risk of having preterm births and cesarean deliveries, respectively. The link between MVP and preterm delivery was postulated as a result of discordant muscle traction, or lower muscle tone[25]. The discordant muscle traction, especially during pregnancy, might synchronously affect both cardiac papillary and uterine cervical muscles[25]. The characterized collagen dissolution of the mitral valve with secondary myxomatous transformation supported this hypothesis[13].

   

  TREATMENT

  The pregnancy-related cardiovascular changes often aggravate the clinical manifestations in the pregnant patients with valvular diseases. Female patients with severe valvular disorders should avoid pregnancy, due to the concern of high risks of maternal and fetal morbidity and mortality rates. In the patients with mild valvular lesions, pregnancy can be preceded under close monitoring by a sophisticated multidisciplinary team including the obstetrician, cardiologist and obstetric anesthesiologist[27]. Due to a drop in systemic vascular resistance and a decrease of left ventricular afterload, MR is often well-tolerated during pregnancy[28]. The pregnant patients with mild MR, normal left ventricular function without clinical symptoms are at low risks of pregnancy-associated complications. Asymptomatic women with non-myxomatous MVP with trivial or no MR probably do not require routine antibiotic prophylaxis and have excellent prognosis[4]; while symptomatic heart failure can be treated with nitrates, hydralazine, diuretics and digoxin[10]. Patients with arrhythmias, chest pain and palpitations often require ß-blockers, such as propranolol[13]. If the pregnant patients progress into left ventricular dysfunction, they may develop pulmonary congestion, for which a restricted activity, a low-sodium intake and medical treatment with diuretics, ß-blockers and vasodilators, are necessary. Though propranolol is the drug of choice in this condition, unfortunately, it might be of fetal hazards by readily crossing the placenta, and its safety during first trimester has been suspected. It causes an increase in uterine tone, which can potentially lead to a small infarcted placenta and a low-birth-weight infant through the ß-blocking action on the uterus. Propranolol works directly as a ß-blocker and also has a quinidine-like action. The use of propranolol at or close to the time of delivery can cause adverse neonatal effects, such as apnea, respiratory distress, bradycardia and hypoglycemia[29]. Growth retardation was noted in babies receiving atenolol in the first trimester, ß-blockers should therefore be avoided in the first trimester and cardioselective ß1-blockers, such as atenolol, are the preferred agents for the second and third trimesters, as they may interfere less with ß2-mediated peripheral vasodilatation and uterine relaxation[2]. Moreover, vasodilators should be cautiously used in the pregnant patients, concerning the potential uteroplacental hypoperfusion[9]. If vasodilators are required for symptomatic relief, hydralazine and nitrates can be used, instead[30]. Angiotension-converting enzyme inhibitors are contraindicated in pregnancy and should be avoided[30].

  The female patients with severe MR and significant symptoms, or left ventricular functional impairment, warrant a valvular operation before a planned pregnancy, favorably with a valve repair procedure. Due to the fact that MVP is often a result of elongated or ruptured chordae tendineae, correction of MVP can be resorted to chordae replacement with mold pre built bovine pericardial chords (Braile-Gregori prosthesis) in addition to the rigid prosthetic semicircular ring (Gregori-Braile ring) for correction of mitral annulus dilation, in the replace of the widely accepted valve replacement[31]. The management strategies of MR due to MVP in pregnant patients were summarized in Figure 2. Surgical treatment of severe MR should be avoided concerning the materno-fetal risks during pregnancy except for the life-threatening infective endocarditis. In such cases, vaginal delivery is the preferred mode of delivery[9] .

  
    

    [image: Fig. 2 - The management strategies of mitral regurgitation due to mitral valve prolapse in pregnant patients.] 

  

   

  ANESTHESIA

  Regional anesthesia is usually avoided because of the sympathetic denervation resulting in increased venous capacity and decreased peripheral resistance. This leads to a reduction of ventricular volume, which may increase the degree of prolapse. However, the safe use of epidural anesthesia in a patient with MVP has been reported[32]. It is quite possible that the majorities remain undiagnosed during pregnancy and undergo regional anesthesia without any untoward hemodynamic side effects[2]. Current American Heart Association guidelines stipulate that the presence of a murmur or echocardiographically demonstrated MR in patients with MVP constitutes a moderate risk of endocarditis with invasive procedures[2].

   

  CONCLUSION

  Women with MVP in the absence of other cardiovascular problems may tolerate pregnancy well. In the pregnant patients with MVP progressing into major complications, surgical interventions should be considered. Medicinal treatment in such patients with ß-blockers should be a concern for the fetal safety. In the patients with severe MR and left ventricular fuctional impairment or New York Heart Association function class III or IV, delivery should be with the aid of carefully titrated epidural anesthesia and invasive hemodynamic monitoring.
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    ABSTRACT

    The historical period called the Middle Ages, a long interval between the 5th and the 15th centuries, is still commonly known as the Dark Ages, especially in the area of health sciences. In the last decades, this "classic" view of the Middle Ages has been gradually modified with advances in historiographical studies and the history of science. During that period in Western Europe, knowledge about the human body suffered a regression in terms of anatomy and physiology, with the predominance of religious conceptions mainly about diseases and their treatments. Knowledge on the cardiovascular system and heart diseases has been classically described as a repetition of the concepts developed by Galen from the dissection of animals and his keen sense of observation. However, the Middle East, especially Persia, was the birth place of a lot of intellectuals who preserved the ancient knowledge of the Greeks while building new knowledge and practices, especially from the 8th to the 13th century. The invasion of the Arabs in North of Africa and the Iberian Peninsula and the eclosion of the Crusades resulted in a greater contact between the East and the West, which in turn brought on the arrival of the Arab medical knowledge, among others, to 12th century Europe. Such fact contributed to an extremely important change in the scientific medical knowledge in the West, leading to the incorporation of different concepts and practices in the field of cardiovascular Medicine. The new way of teaching and practicing Medicine of the great Arab doctors, together with the teaching hospitals and foundations in the Koran, transformed the Medicine practiced in Europe definitely. The objective of this paper is to describe the knowledge drawn up from the Middle Ages about the cardiovascular system, its understanding and therapeutic approach to cardiologists and cardiovascular surgeons.
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  INTRODUCTION

  The Middle Ages is the time period commonly defined between the 5th and 15th centuries, from the fall of the Western Roman Empire to the fall of Constantinople. It relates mainly to Western Europe, but it is also extended to the Byzantine Empire and the Arab kingdoms in the East. The medieval period was given this name by the intellectual people of the 16th century. Eager to revive the Ancient History and its knowledge, they defined the Middle Ages (from the Latin media aetas, medium aevum) as the period of time between theirs and the ancient ones. Quickly, it was called the Dark Ages because of religious predominance, especially by the Christians in the West, as well as the alleged delays in several areas of knowledge and the precarious living conditions of the time[1,2].

  This period fits into the models of ancient society, related to quality and expectancy of life. It is typical of pre-industrial societies, since there were high birth and death rates, which suffered variations from insurgencies or facts contrary to population growth, such as: plagues, climate change, wars and food shortages. Three great epidemics weakened Medieval Europe. The epidemics of malaria between the 3rd and 5th[1] centuries; the plague between the 6th and 8th centuries[3], reducing the population level in Europe to the lowest number since the second century; and the Black Death, between the 14th and 17th centuries, which caused the death of 1/8 to 2/3 of the European population, depending on the region[1]. Although it is difficult to have reliable statistical estimates in the period due to the precarious sources, life expectancy was between 20 and 30 years and the mortality rate was about 30 and 40 thousand individuals a year, mainly because of epidemics[4].

  Medicine in the Western Middle Ages gained new forms with the religious predominance of Christianity. Body and soul are interconnected in a complex philosophical and theological dualism. Diseases and body ailments are seen as consequences of sins inflicted to God, as the classic example of leprosy, present in the Scriptures[2,5]. Thus, the act of taking care of patients becomes an obligation of religious people (nuns, monks and clergy), the medical practice becomes an act of charity[6] and hospitals become places which provide more comfort than cure[5]. However, sick people were also treated at a distance and in fear because of the possibility of contagion, both physical and spiritual. In this context, the barber-surgeons, healers and women who manipulated herbs were increasingly required for medical treatment, even by religious people. Medical practice in the West only becomes academic when doctors are graduated from universities, from the 12th century on. Even with universities and physicians with academic knowledge, only after long efforts, between the 13th and 15th centuries, the medical profession became more valued and more required than the healers and barber-surgeons[7].

  Medicine theoretical knowledge was based on Galen's formulations (four humors) and extrapolations about anatomy and physiology of the cardiovascular system from animal dissections[8]. Galen's ideas were incorporated and considered dogmas by the Catholic Church. Faith and religious rituals were the basis to face diseases and epidemics, besides promoting rituals and attitudes which involved prejudice, "witch hunts" and hysterical behavior by the heavily present society in the Middle Ages (10th-15th centuries). Gradually, the Western world renewed its knowledge in different fields, particularly in Medicine, as a result of the scientific and cultural splendor happening in the Islamic world. Such scientific splendor comes to Europe through the knowledge generated by the Arabs, in the reading of Greek texts and new ways to conduct medical training and patient care, while in contact with the Arab world. The purpose of this review is to present the knowledge created in the Middle Ages on the cardiovascular system and also the advances in understanding diseases and approaches that emerged in the Middle Ages.

   

  THE WESTERN MIDDLE AGES AND GALEN'S VIEW

  Middle Ages and Medicine

  The Middle Ages is commonly divided into two periods: the Early and Late Middle Ages. The first period, characterized as the time interval from the 5th to the 10th century, is marked mainly by the formation of Germanic kingdoms in Europe, the expansion of Christianity, the founding of the Catholic Church as an institution, along with the organization of the Carolingian Empire (800-888) and the formation of the Christian kingdoms, arising from their fragmentation. With the emergence of the Carolingian Empire, suzerain-vassal relations are developed, as well as feudal society. The population level in Europe suffered a decline because of food shortages and the spread of the plague, being gradually restored at the end of this period due to further exploration of fields and forests for agriculture. The High Middle Ages is marked by political stability of the Byzantine Empire in the East, the rise of Islam, and the Arab expansion into Christian territories[1,9].

  On the other hand, the Late Middle Ages, the period between the 11th and 15th centuries, is marked by several social, economic and political changes in Europe. There was a strengthening of the feudal society between the 11th and 13th centuries, predominantly agrarian and stratified ones, politically defragmented and under the Church's cultural and social control. However, at the same time, there was increased population growth, development and spread of cities all over Europe, great cultural development in arts, literature, education, philosophy and science. This time is also marked by a closer contact between East and West, through the Crusades, trade relations, as well as religious and secular expeditions in order to know and absorb the knowledge of the Arab people. The final centuries of the Middle Ages (14th and 15th) are marked by political and religious crises, the plague outbreak and the European territorial expansion (commercially with Italians and territorially with the reconquered wars against Muslims), which promote and permeate great changes that mark the following centuries[1,9].

  The medical practice itself can be verified in the temporal extents of the Middle Ages. Before the 13th century, the practice of curing the body was closely connected to that of curing the soul, considering the most identified diseases as physical expressions of sins. This way, the task of taking care of the sick people is relegated to the religious, including monks, nuns and secular clergy, and to the laypeople who had practical experience on how to deal with the sick. Hospitals are institutions that took a long time to be built in medieval Europe, except for Spain, under Muslim control. It can be noticed, before the 13th century, the presence of specific places in monasteries to deal with itinerant sick people and monks, and also the houses of God (domus Del in Latin, hôtel - Dieu, maison -Dieu, hôpital or hospice in French), places where the major concern was the person's soul salvation, not the cure of the body itself. Even after the existence of hospitals, from the 13th century on, such places were considered a place to provide more comfort than the cure itself[5-7]. Doctors, as professionals, also arise after the 12th and 13th centuries, with the creation of universities and the breaking of knowledge monopoly practiced by the monks. Until then, the School of Salerno, founded in the 10th century, was one of the few learning centers in Europe for medical practices. Despite graduating from universities, doctors had to make a great effort for their academic and practical knowledge to be recognized as the only ones viable in patients' treatment, constantly fighting against the practice of healers, barber-surgeons, superstitious and quacks, until the end of the Middle Ages[7].

  Galen's Knowledge

  In the field of Medicine, specifically the one related to the knowledge of the cardiovascular system, the Middle Ages could see the hegemony of the knowledge created in the 2nd century by Claudius Galen (129 - 199?). Originally from Pergamum, a Greek city under Roman rule, Galen made use of the majestic city library, with more than 200 thousand books, to study all the philosophical, scientific and Greek Medicine literature of the time. Galen also made use of the information stored in the School of Alexandria, the main learning center of the time, where he could find the largest library of the Ancient times and complete skeletons, thereby allowing him to study the human body thoroughly. Then, he became famous in Greek Roman Medicine[8,10,11] (Figure 1).

  
    

    [image: Fig.1 - Ruins of the ancient Library of Alexandria.]

  

  Galen treated several kinds of people, from gladiators to emperors. He revolutionized the field of Medicine in his time through observations on the human body, systematization of previous medical knowledge based on such observations, experimentation and studies involving dissections of animals, like pigs and monkeys. He was an heir of Hippocrates' Humoral Theory, reaffirming the existence of four fluids, or humors, in the human body: blood, black bile, yellow bile and phlegmatic. Such humors were divided into proportions for the body and the necessary harmony among them resulted in perfect health. But, Galen associated the humoral theory to Aristotle's ideas, which stated that the basis of existence resided in four elements: water, air, earth and fire. This way, each vital organ would have the predominance of one type of humor, which in turn, would be related to a natural element. Each humor would then have its temperature related to the nature element that it corresponded to, deriving the four temperaments: blood, phlegmatic, melancholic, choleric. For Galen, all diseases of the human body were the result of a temper, which excelled the others, caused by the disharmony of humors[8,10,11] (Figure 2).

  
    

    [image: Fig.2 - Scheme of Galen's humoral theory.]

  

  Galen's theories were ahead of his time, permeating throughout the medieval period and still consulted until the middle of the 18th century. Moreover, during the Middle Ages, Galen was recognized as an indubitable name concerning the knowledge of the human body, being widely accepted by the Catholic Church and studied by religious scholars, despite being Greek-Roman and non-Christian. This is due to his heritage of Aristotelian thinking, which stated that everything had a first cause, that could be identified and solved, and everything would have an end because of this cause. His affirmation comes from this idea, valid until today, that every change in body function is the result of an injury and every injury involves a change in body function. Christianity soon adapted this idea, identifying God as the cause of all things and final salvation as the ultimate end of everything. Therefore, all things and events were in God's perfect plan, and nothing happened by chance. Another fact that facilitated such adaptation of Galen's thought, his acceptance and diffusion of Christianity, was his belief in a single deity with the power to interfere spiritually in the material world. Thus, the human body would be simply an instrument of the soul, guided by this single deity. Due to such conceptions, Galen's teachings could be accepted by the Catholic Church as well as by Arabs and Jews, making the church reject any healing practice not endorsed by Galen Medicine[6,8,10,13,14].

  Some of Galen's advances were remarkable, such as the identification of the presence of blood in the arteries rather than air, the discovery of blood circulation in veins and arteries, and the existence of two ventricles in the heart, each one responsible for a different function in the circulatory system. Based on blood circulation, Galen identified the distribution of humors around the body in addition to the fact that the heart has the function of feeding the whole body with pneuma or spirit. Blood, full of impurities, would go from the right side of the heart to the lungs to be purified by breathing and then return to the right side. As a result, he identified two major veins in the right ventricle responsible for this transport (pulmonary artery and vena cava). After purification, the blood would pass from the right side to the left by small invisible pores, there it would be again combined with air and pneuma, then it would be distributed throughout the body; here, he identified the aorta and the pulmonary veins on the left side. In addition, Galen gave great importance to the liver, which would turn digested food into blood and then send it to the heart to be filtered. Despite achieving great advancements regarding blood circulation throughout the body, Galen said that the venous and arterial systems were completely separated and not connected[11,13,14] (Figure 3).
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  In short, Galen promoted great advances concerning knowledge on the anatomy and physiology of the heart. However, he made some mistakes, most of them because of ancient knowledge reproduction and the few opportunities for human body dissection. His progress was essential and permeated a great part of the knowledge present in medieval Western Europe until the 16th century, but his mistakes were also reproduced, such as the presence of pores connecting the right and left ventricles, the separation between the blood and venous system, heart and blood function to distribute the spirit throughout the body and the humoral theory, stating that all diseases and evils would come from the disharmony between the amount of humors in each part of the body[8,13].

   

  ARAB MEDIEVAL MEDICINE: THE INFLUENCE OF QU'RAN AND THE GREAT MASTERS

  A great part of the mistaken view still present about medieval history being considered a period without scientific advances results from little knowledge on the contributions of the Late Middle Ages, in particular the contributions of Arab medieval Medicine.

  Panorama of the Arabs in the Middle Ages

  Islam has its origins in the 17th century Arabian Peninsula. Until then, the Arabs were divided into several tribes, most of them were polytheistic religious nomads, whose main common cultural trait was their language and oral traditions. Muhammad (570-632), who belonged to one of those tribes, was a caravan merchant for most of his life. From the age of 30 on, he started to receive revelations from Angel Gabriel. Those revelations were orally transmitted among the Arabs and later formed the holy book of Islam, the Qur'an (Figure 4). Strongly influenced by Persian Zoroastrianism, Judaism and Christianity, Islam was established as a new monotheistic religion, eschatological, based on the constant struggle between good and evil[9]. Muhammad managed to unify the Arabs, a fact that contributed to the subsequent creation of the Islamic Empire, divided into Caliphs, and unification of the Arabian Peninsula. The Islamic territorial expansion was fast and intense. In the 7th century, the whole Arabian Peninsula, Middle East, West India and North Africa were already dominated by Islamic Caliphs, followed by the Iberian Peninsula conquest in the 8th century[9]. Christians were able to recover territories in the Middle East which were under Arab rule, especially after Jerusalem's conquest in the First Crusade in 1099. However, Christian ruling in the Middle East lasted only until 1187, with the conquest of Jerusalem by the Arab Sultan Saladin[9,16]. The Arabs lost their control of the Iberian Peninsula after the long reconquest wars initiated by the Christians, which lasted from the 8th century to 1492, when they finally regained the territories of what is now Portugal and Spain. However, the Muslim expansion continued on, with the muslim Turks being subjugated to the Byzantine Empire, the Christian empire in the East, and earning the capital Constantinople in 1453, thereby marking the end, for many historians, of the Middle Ages[9].
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  The Philosophical and Religious Influence in Arab Medicine in the Middle Ages

  The East had always witnessed a certain advancement in Medicine compared to the West. The first school-hospitals were founded in Persia by the Nestorians, firstly founded as a Gondishapur school with a large hospital connected to it, a practice which spread all over the Middle East[8].

  The Arab medical schools could preserve ancient knowledge about medical arts, mainly the Greek one, keeping, translating and copying essential pieces of work, such as Hippocrates, Aristotle and Galen. In those schools, where we could find both Arabs and Jews as well as Christians and Muslims of various ethnicities, fragmented and dispersed knowledge of ancient authors was systematically organized and translated, producing a wide understandable and accessible medical literature in Arabic. This classic literature was constantly updated with new documents written by the Arab doctors, based on both readings and experiences of medical practice in school-hospitals. This way, as the basis of medical conceptions remained according to Hippocrates humoral theory perpetuated by Galen, and the knowledge of human anatomy remained limited due to the prohibition of human body dissection, many innovations about the knowledge of the body and disease treatments were carried out due to observation and experimentation[8,17].

  It may be pointed as a cause of such advance, the medieval Arab contact with the Hellenistic culture, especially regarding philosophy. When Islam replaced Christianity in the East after the 8th century, the tradition of reading the Greek classics could be observed in medical schools, where people were taught mathematics, philosophy, theology and jurisprudence in addition to Medicine. The result was an increasing contact with Aristotelian philosophy and the consequent enhancement of the sensible world, considered a possible world to know, contrary to what happened in the Christian West in the same period of time, where the sensible world was wrong and imperfect. Thus, for the Arabs, the body knowledge, in its anatomical and physiological form, is considered extremely important, whereas according to Christianity, until the 12th century, the body is just the place for sins and its sickness would only come from the spiritual world. However, Arab philosophy mixed with theology, and ultimate knowledge would come from God[18].

  On the other hand, even regarding the religious aspect, we notice some facts that contributed greatly to the development of Arab Medicine. The two sacred Islamic books which compose the Sacred Law, or Shariah (path), are the Qur'an (revelation given directly by Allah to Muhammad) and the Hadeeth (practical lessons pronounced by Muhammad). Here, we may see a great importance given to medical knowledge. Arab teachers and doctors encouraged and constantly searched for new knowledge and research that resulted in major discoveries based on the sacred writings. Every disease had been created by God and He had created a cure for each of them, not only cures and spiritual treatments, but also the treatment received by doctors was encouraged, since it was one of the ways whereby God provided the cure for human diseases. Most of the teachings regarding healing and disease prevention contained in the sacred books refer to lifestyle, food and personal hygiene habits, besides containing some guidelines on minor surgeries. For all that, the appreciation of doctors as healers authorized by God allowed for the construction of new knowledge about the anatomy and physiology of the human body, as well as diseases and their treatments discovered by Arab doctors[19,20].

  In addition to information on treatments and cures of diseases in general, the sacred writings bring great information about specific heart diseases, and also physiological and anatomical information. The heart is considered the center of emotions, actions, intentions, desires and knowledge, and, many times, the diseases are related to the emotional state (anger, fear, aggression, etc.) and even to the spiritual one (life in sin, blasphemy, unbelief).

  Nevertheless, besides the spiritual view, there are several references of an anatomical knowledge of the heart, like a muscle, as in the passage in which Angel Gabriel would have performed a surgery on Muhammad, extracting a blood clot from his heart. There is also reference to the knowledge of veins and arteries and their vital importance, because the sacred books say that God created man's life and could take it, cutting either his jugular vein or the Al- Watin (aorta)[19].

  Such references about medical concepts in the sacred books can be derived from the contact Muhammad had with doctors graduated from school-hospitals. Many of the Arab tribe nomads attended those hospitals, like the Gundishapur one, in order to go back to their tribes and treat the sick people there. Muhammad had great contact with the doctor al-Harith bin Kalada, who influenced him mainly on hygiene notions present in the Qur'an[9].

  Great Arab Doctors and their Contributions to Cardiovascular Medicine

  Medieval Arab Medicine culture, especially the one developed between the 8th and 13th centuries, provided the advancement of medical science knowledge at school-hospitals; this knowledge was based on ancient writings and practical experiences, supported by philosophical and religious bases[9]. Besides the general field of Medicine, there was a great development in knowledge about the heart, regarding its anatomy and physiology, diseases and their treatments. To demonstrate the scientific advancement of that time, we have chosen three Arab doctors who showed important contributions to the knowledge of the cardiovascular system: Haly Abbas (? 930-994), Avicenna, or Ibn Sina (980-1037) and Ibn al-Nafis (1210-1288) (Figure 5).
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  Haly Abbas was a Persian physician of the 10th century, who lived at a time between two great names of Arab Medicine: Rhazes and Avicenna. He was the court physician of Adud al-Dawla-Fana Khusraw (936-983), king of Persia, and also at Azodi Hospital in Baghdad, where he wrote his most important piece of work "The Complete Book of Medical Art" (Kamil al-al sina'ah -Tibbiyah), or "The Royal Book" (al-Kitab al-Maliki). It is in this encyclopedic book that we can find the greatest references by Haly Abbas concerning the knowledge of the heart, in which we notice his remarkable effort to reject some of Aristotle's and Galen's outdated ideas. On the question of the venous and arterial system, Haly Abbas made the first distinctions between veins and arteries based on their thickness, in addition to a detailed description about the descending aorta of the thoracic structure[13,21]. Yet, his greatest contribution was making one of the first mentions about a connection between the venous and arterial system, describing it in the following way in the "Royal Book": "...There are some foramina within the non-pulsating vessels [veins] that open to the pulsating vessels [arteries]..."[21].

  Furthermore, he made great advancements in the anatomical description of the heart, although not with the nomenclature being used nowadays. He described the heart as two main chambers, one on the right and another on the left, the latter being where the arteries would have their origin, and considering the liver the origin of the veins. He also recognized the existence of two atria and two auricles as well as the aortic and mitral valves, describing their characteristics and the presence of the pericardium[13,21].

  The great Arab master Avicenna promoted what we consider the biggest set of developments related to medical science, in particular on the knowledge of the cardiovascular system, and he was the most influential Arab intellectual person in both the East and the West. He was also originally from Persia. Avicenna was exceptional, having memorized the entire Persian literature at 10 years old, including the Qur'an, and becoming a famous doctor at the age of 18. He wrote more than 450 books, namely about astronomy, logic, philosophy and Medicine treaties. Avicenna wrote all this literature living a troubled life of persecution and escapes due to his political opposition to the Persian government. His major works on Medicine are: "Canon of Medicine" (al- Qanun fi al- Tibb), "The book on drugs for cardiac diseases" (Kitab al- Adviyt al- Qalbiye), and the less well-known "Book on Pulsology" (Resaley and -Ragshenasi). He made great progress in the anatomical knowledge of the heart, although he had accepted some of Galen's misconceptions, such as the existence of pores connecting the two ventricles of the heart, allowing the passage of blood from the right to the left side. He recognized the origin of the arteries on the left side of the heart and veins in the liver; moreover, he identified the difference between the thickness of the left and right ventricle walls. In addition, he was the first to mention the difference in atria and ventricles contractions, as well as the existence of capillary circulation[22-26] (Figure 6).
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  Avicenna was greatly influenced by Hippocrates' and Galen's humoral theories, and reproduced much of such theories in his writings, especially when he made descriptions of several diseases. However, even using humoral theory as a basis, it is evident the advancement of theorizing and observation of heart ailments made by Avicenna. Atherosclerosis was identified by him, though not by this name, because it was recognized that the abnormal accumulation of moods in the veins and other areas could cause obstruction, and the worst obstructions are those which happen in the arteries of vital organs, such as the brain, heart and liver. Vasovagal syncope was also observed by Avicenna, although it received the name of al- Lawa. He discovered that patients who had tiredness, fatigue and flushing suffered from a humor disharmony during the distribution of humors throughout the body through the blood. According to Avicenna, there would be a predominance of bile, warm humors in the heart, and the brain would be predominantly cold with the phlegm, cold humor. The al- Lawa would be the result of poor humor distribution around the body, with an excess of black and yellow bile, hot humors that caused brain malfunction, being sent to the brain. This would result in tiredness, fatigue and flushing, nowadays recognized as vasovagal syncope symptoms. Nevertheless, not all diseases referred to humor disharmony, such as palpitation, identified by Avicenna as a heart physiological distress caused by lesions in its external coating or in organs next to it. Palpitation, when it became acute, caused fainting, and when it became constant could cause death as well[23-25] (Figure 7).
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  Avicenna was also a pioneer in relating a patient's pulse rate with evils and internal feelings, thereby advancing in the studies of the arterial pulse and being the first to measure the wrist pulse. He identified several circulation changes related to the patient's conditions, such as age, gender, drinking and food consumption, anger, fear, pregnancy, diseases and even in relation to weather conditions. Many recent studies have proven those associations[29-32]. In the end, Avicenna also ventured into the field of Medicines to cure diseases. His book about drugs for heart ailments has countless composition forms, some of them have effect on the cardiovascular system and are currently established as the 'zarnab' drug, which is a calcium channel blocker[29].

  Finally, we present one of the less well-known Arab doctors of the 13th century, who made perhaps the most important and surprising discovery about the heart anatomy and physiology. Ibn Al-Nafis was born in 1213 in Damascus. He studied at the school-hospital in the city. Physician and professor in Egypt, he was the author of several pieces of work, the most important ones being "The Comprehensive Book on the Art of Medicine" (Kitab al-Shamilfi 'l-Sina'a al-Tibbiyya), which consisted of 300 volumes, though it was not completed, and the "Commentary on Anatomy in Avicenna's Canon" (SharhTashrih Qanun al), comprised of 80 volumes. Ibn Al-Nafis stands out for the clear criticism of Galen and Avicenna, pointing out the flaws and mistakes in their theories, which was something almost unthinkable to be done at a time when the ancient writings represented the truth. Most likely he had dissected human bodies to have his greatest achievement: the discovery of the pulmonary circulation[33-35] (Figure 8).
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  Ib-Al-Nafis described the pulmonary circulation like this: "The blood from the right chamber of the heart must arrive to the left chamber, however, there is no direct pathway between the two sides. The thick septum of the heart is not perforated and has no visible pores as some people thought (referring to Avicenna) or invisible pores (in reference to Galen). The blood from the right chamber must flow through the vena arteriosa (pulmonary artery) to the lungs, spread through its substance, be mingled with air while in the lungs, pass through the arteria venosa (pulmonary vein) to reach the left chamber of the heart to form the vital spirit"[33].

  Moreover, he was the first to describe the role of coronary arteries, which are truly responsible for nourishing the heart[33].

  The Late Middle Ages: the Arrival of Arab Medical Scientific Knowledge and its Transformations

  All this knowledge produced by the Arab masters, added to the various translations of the Greek classics into their language, reached the Christian West and changed deeply the way of teaching and practicing Medicine. The most remarkable contact between the Christian West and the Muslim East was clearly warlike. The crusades greatly marked the way of thinking of the time, causing great aversion to Islam in Europe, especially among the religious ones. However, the contact with Arab culture as a result of the Crusades conduced to a search for Arab works and their translations in order to better understand the enemy against whom the Christian West fought[17,36].

  Italy had already flourished in business since the 11th century, keeping constant trade with the East, and the Muslim-ruled Iberia was quite open to contact with the European Christians, considering they were coming from a tradition of tolerance toward Christians and Jews within their own boundaries. It was through those commercial and cultural contact centers that Arab scrolls entered the Western Christian world, being translated into Latin and influencing many intellectuals of the time[36]. Particularly noteworthy is a doctor called Constantine, the African, who worked for forty years in Syria, India, Egypt and Ethiopia before taking part in the doctors' and teachers' group at Salerno school, the first medical school in Europe. He came up with several manuscripts, extensive background and medical techniques[9]. Thus, Greek classics which were forgotten for a long time in the West, such as Hippocrates', Galen's and Aristotle's, as well as new writings made by the Arabs in the fields of philosophy, arithmetic, Medicine, among others, entered the medieval Christian area early in the Late Middle Ages. During this period of time, between the 12th and 13th centuries, Europe experienced an outbreak and growth of cities, the creation of the first universities and a greater knowledge secularization. Arab works, then, were read by intellectuals, scholars and even religious people, modifying gradually the philosophical and scientific conceptions of medieval Europe[9,36].

  The reading of Arab medical works and the change in the intellectual scene in Europe generate important transformations in Medicine at the time. Gradually, professionals who had only practical knowledge go to universities in search of greater knowledge. During the 13th and 15th centuries, the graduated doctors fought against healers and barber-surgeons, with the purpose of being recognized as the most prepared ones to deal with patients. Moreover, it is when the need for body anatomy knowledge in medical training arose in Europe. In 1240, Emperor Frederick II, of Naples, insisted that it was necessary for the surgeons to have anatomy training. However, the first milestone in the history of public dissections at universities, in terms of teaching, occurred only in 1315, in Bologna, by physician Mondino De'Luzzi; the same happened in Montpellier, only in 1376, and in Paris in 1407. Despite being discreet and facing various religious difficulties, this first step towards an observation science marked the beginning of progress made in the Renaissance in Italy, mainly in the medical field[8]. Therefore, the great names of the Renaissance, such as Leonardo Da Vinci, Michael Servetus, Andreas Vesalius and William Harvey could dissect and observe corpses, making great advances in Medicine and especially on the knowledge of the cardiovascular system[9,21,37], probably being great readers of Arab works on the subject. Michael Servetus in his "Christianismi Restitutio" work of 1553 talks about Ibn Al- Nafis' great advances regarding pulmonary circulation, compiling part of his work. But, not mentioning the Arab author, pretending to be the original author of the groundbreaking discoveries until not long after finding Ibn Al- Nafis' books[9,33-35].

   

  CONCLUSION

  Medicine and cardiovascular science in the medieval times, rather than presenting a great stagnation, received important contributions from philosophical ideas, as well as Arab medical knowledge. Arab medical science had already made great contributions in the sacred books of Islam, in particular on disease prevention and the cardiovascular system anatomy. At the same time, bright doctors and teachers, especially Avicenna, revolutionized cardiovascular knowledge, founded and taught at the first school-hospitals, and refuted the traditional knowledge present in Galen's work. During this time, when Europe remained under the aegis of the Catholic Church, it received strong and definite influence from the Arabs, such as the creation of the first medical schools and universities. That influence provided advances concerning the knowledge of the cardiovascular system produced in the Renaissance.
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    ABSTRACT

    OBJECTIVE: To complement the ISO 5840 standards concerning the duration of left ventricular systole and diastole as a function of changes in heart rates according to in vivo studies from the physiologic literature review.

    METHODS: The systolic and diastolic durations from three in vivo studies were compared with the durations of systole proposed by the ISO 5840:2010 and ISO 5840-2:2015 for hydrodynamic performance assessment of prosthetic heart valves.

    RESULTS: Based on the in vivo studies analyzed, the systolic durations proposed by the ISO 5840 standard seemed consistent for 45 and 120 beats per minute (bpm), and showed diverse results for the 70 bpm condition.

    CONCLUSION: Information on the realistic validation of the operation of left ventricular models for different heart rates were obtained.

    Keywords: Ventricular Function, Left. Heart valve prosthesis. In Vitro Techniques. Heart Rate.

  

   

   

  INTRODUCTION

  Cardiac simulators or pulse duplicator systems are required to the hydrodynamic performance analysis of prosthetic heart valves (i.e., mechanical, biological, and synthetic prostheses), in which pulsatile flow testing was established by the ISO 5840 standard and the U.S. Food and Drug Administration (FDA) draft guidance[1-4]. Therefore, the main purpose of these in vitro experiments is the realistic simulation of the left human heart, under conditions of similarity. Besides geometry and flexibility (anatomical conditions), left ventricular models are expected to operate according to physiological (or pathological) characteristics, for instance, arterial impedance, dynamic viscosity of the blood analog fluid, intraventricular and systemic pressures, end-diastolic volume, stroke volume, cardiac output (CO), heart rates (HRs) and related duration of left ventricular systole and diastole. Since these variables are changed, different mitral and aortic pressures and flow conditions are imposed through the prostheses, in which their own type, position, dimension, and dynamic behavior are implicated.

  The ISO 5840 offers some guidelines for the test apparatus requirements and specifies the procedures concerning the hydrodynamic performance testing. As minimum performance requirements for the pulsatile-flow regime, the condition of 70 cycles/min with systolic duration of 35% is required[3,5]. However, the duration of systole and diastole reduces as HR increases, but nonlinearly. Based on in vivo data, as HR increases, the reduction is much more pronounced in the diastole phase[6,7].

  The purpose of this work was to complement the ISO 5840 guidance for the experimental validation of pulse duplicator systems besides the rest condition, based on in vivo data concerning the duration of systole and diastole as a function of changes in HRs.

   

  METHODS

  The duration of left ventricular systole and diastole concerning normal healthy people in response to increasing HR were examined according to in vivo data[6-9] in order to allow a comparison with the data suggested by the ISO 5840:2010 and ISO 5840-2:2015 standards[3,5].

  It is important to note that, since the purpose of this study was to provide data that can be applied to the dynamic operation of left ventricular models, the physiological literature review was focused on electromechanical duration. Therefore, the (total) electromechanical systole (QS2) was assumed, instead of the electrical systole (QT)[9]. QS2 is the interval obtained from the Q wave on the electrocardiogram (ECG) to the second heart sound (S2) on the simultaneous phonocardiogram (PCG)[8], or the duration of both isovolumetric contraction and left ventricular ejection phases. The mechanical duration of diastole is defined as total cardiac cycle duration (RR) minus the QS2.

  The data from Husmann et al.[6], Chung et al.[8], and Boudoulas et al.[9], respectively, are based on 30 subjects (mean age, 59.9 years), 25 subjects (mean age, 24 years), and 20 males (mean age, 40 years).

  Figure 1 shows the duration of systole and diastole as a function of changes in HR according to some authors[6-9] and the recommendation of the ISO 5840 standard[3,5].

  The testing conditions suggested by the ISO 5840-2:2015 and ISO 5840:2010 were plotted. Systolic duration of 35% for 70 beats per minute (bpm) is the same for both[3,5]. Since the data from Husmann et al.[6] were explicit only for 45 and 100 bpm (with black spots), white spots were placed according a previous assessment in which the duration of the diastole declines asymptotically as HR increases[7].

   

  DISCUSSION

  Concerning the pulsatile-flow analysis, the ISO 5840 establishes the testing at 70 bpm with systolic duration of 35% as minimum performance requirements[3,5] (Figure 1, dashed line). This criteria has been adopted in several in vitro studies[10-12], yet not always: Akagawa et al.[13], for instance, performed their study at 80 bpm with a systolic duration of 40%.

  The hydrodynamic performance assessment of prosthetic heart valves including different HRs allows important information concerning the dynamic behavior of the prostheses. The ISO 5840 suggests, for instance, three simulated low, normal, and high HRs for the regurgitant volumes (reverse flow) measurement[3,5]. In this sense, besides the 70 bpm condition, left ventricular systolic duration was proposed by the ISO 5840 also for 45 and 120 bpm (respectively systolic duration of 30% and 50%) in its last release (Figure 1, dashed line, ISO 5840-2:2015), September 2015. Concerning valve substitutes implanted by transcatheter techniques, the ISO 5840-3:2013 established different systolic durations (from 50 to 35%) only as a function of 5 pediatric subpopulations (from birth to 22 years), including three simulated low, normal, and high HRs for each systolic ratio[4].

  
    

    [image: Fig. 1 - Duration of systole and diastole as a function of changes in HR according to some authors, and the ISO 5840 standard. The data from Husmann et al. were explicit only for 45 and 100 bpm (black spots).]

  

  The data concerning systolic or diastolic duration from three in vivo studies were included in Figure 1. Husmann et al.[6] found that the length of systole shortened from 400 to 360 ms, respectively, for 45 to 100 bpm. This result shows that the duration of systole lengthened from 30% to 60% of the cardiac cycle[6]. The data from Chung et al.[8] and Boudoulas et al.[9] were quite similar, specially as HR increases. The percentage duration of systole lengthened from 35% to 54% and from 36% to 54% of the cardiac cycle, respectively, in the study by Chung et al.[8] and Boudoulas et al.[9], cases with mean age of 24 and 40 years.

  According to Figure 1, the in vivo studies[6,8,9] showed diverse results if compared with the suggestion of the ISO 5840 standard for the 70 bpm condition, systolic duration of 35%[3,5]. However, specifically at 45 and 120 bpm, respectively the systolic duration of 30% and 50% (Figure 1, C and A) seemed consistent with the in vivo results.

  Regarding the hydrodynamic characterization of prosthetic heart valves including different HRs, we consider that realistic in vitro simulations should be similar with the range of systolic (and diastolic) duration according to in vivo studies[6,8,9]. Furthermore, taking into account that the wave responses from left ventricular models include their dynamics, they should be validated for the electromechanical systole and diastole intervals[9], as exposed in the methodology. However, in terms of general hydrodynamic performance evaluation, valid analyses are possible for diverse experimental setups, left ventricular models, and also specific simulated ventricular states. However, each of these variables influences the flow, and the behavior of a prosthetic valve depends on its specific simulated conditions.

  The ISO 5840:2010 also addresses the operational environment of the prosthetic heart valves for pathological conditions, in terms of arterial systolic and diastolic pressures[2,4,5]. Patients with heart disease do not generally produce normal pressure and flow responses. In this sense, left ventricular models should be validated properly, considering the in vivo pathological waveforms. For instance, patients with heart failure are characterized by an extended left ventricular systole and, consequently, a shorter interval of left ventricular diastole, in which the cardiac filling could be compromised[14].

   

  CONCLUSION

  The in vivo results from the literature review concerning systolic and diastolic duration based on the electromechanical intervals represent important information in order to realistically validate the operation of left ventricular models for different HRs.

  Based on the in vivo studies analyzed, the systolic durations proposed by the ISO 5840 standard seemed consistent for 45 and 120 bpm, and showed diverse results for the 70 bpm condition.
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    ABSTRACT

    Six months after undergoing a Fontan operation, a 7-year-old boy with right atrial isomerism and a single functional ventricle was admitted to our emergency department with cyanosis. Emergency cardiac catheterization revealed a large veno-venous fistula that began in a left hepatic vein, connected to the left accessory hepatic veins, and drained into the common atrium, resulting in desaturation. The fistula was occluded proximally with an Amplatzer septal occluder, with satisfying results; the patient's systemic arterial saturation decreased during his hospital stay. Three weeks after the first intervention, a second procedure was performed to retrieve the first device and to close the fistula distally. Multiple attempts with different types of gooseneck snares and a bioptome catheter failed to retrieve the first device, so a telescopic method was used to re-screw it. Using a Mullins long sheath and delivery sheath, the delivery cable was manipulated to fit into the slot of the end screw, and the cable was rotated gently in a clockwise direction to re-screw the device. Then, another Amplatzer septal occluder was placed at the distal end of the fistula. In conclusion, distal transcatheter occlusion of intrahepatic veno-venous fistulas might lead to better clinical outcomes in selected patients. Amplatzer septal occluder device can be retrieve without any complication within three weeks. 

    Keywords: Heart defects, congenital. Child. Fontan Procedure.

  

   

   

  INTRODUCTION

  Complex cyanotic congenital cardiac diseases are sometimes not suitable for biventricular repair[1,2]. The Fontan operation is a good palliation used in single ventricle physiology to place the systemic and pulmonary circulations in series. Unfortunately, unexpected cyanosis can occur that is often caused by decompressing veno-venous collaterals, originating from systemic veins and draining into the pulmonary veins or the pulmonary venous atrium[3]. In patients with visceral heterotaxy, there are various types of systemic venous connections, such as the drainage of hepatic veins independently of the inferior vena cava directly into the common atrium[1]. These types of hepatic venous malformations are seen in 8% of heterotaxy patients undergoing Fontan procedures[4]. Veno-venous collaterals from the hepatic system to the pulmonary venous atrium have been described in previous studies, along with techniques to eliminate them[1-6]. Herein, we describe the transcatheter treatment of a patient with right atrial isomerism and a large venous fistula from a left hepatic vein connected to the left accessory hepatic veins and drained to the pulmonary venous atrium, causing desaturation. Ethics board approval is not required for case reports in our institution.

   

  CASE

  A 7-year-old male patient diagnosed with right atrial isomerism, unbalanced complete atrioventricular septal defect, double outlet right ventricle, pulmonary stenosis, and nonobstructive total anomalous pulmonary venous connection (TAPVC) draining into the left superior vena cava was referred to our clinic. His systemic oxygen saturation was 65-70%. Diagnostic catheterization prior to undergoing a Fontan operation consisted of angiography and pressure measurements in the pulmonary arteries. A Fontan operation using a 16 mm extracardiac conduit was performed, along with TAPVC repair, and the patient's systemic oxygen saturation increased to 90% after surgery. During outpatient follow-up, the patient's saturation was in the high 80s, but six months after surgery, he was admitted to the emergency department with cardiac arrest. He was intubated, and despite with adequate ventilation and 100% FiO2, his systemic oxygen saturation was in the lower 30s, and emergency cardiac catheterization was performed on the same day. Mean Fontan pressure was 20 mmHg, and bilateral pulmonary venous return appeared appropriate, with no suggestion of significant pulmonary arteriovenous malformations; no fenestration was determined. However, an inferior vena cava angiogram revealed that a left hepatic vein originating from the inferior vena cava divided into multiple sinusoidal channels in the liver, joining together with the left accessory hepatic veins and draining into the pulmonary venous atrium. Angiographic visualization of the lateral tunnel and superior vena cava revealed poor filling of the pulmonary arteries and rapid retrograde filling of the left inferior caval vein (Figures 1A, 1B and 1C), creating a deviation in blood flow from the systemic venous return to the common atrium. An occlusion test was performed, and after 10 min of inflation, the inferior vena cava pressure decreased to 17 mmHg. An angiogram conducted during the occlusion test showed better flow to the pulmonary arteries, and systemic oxygen saturation increased from 30% to 85% (with 100% FiO2). The fistula was closed proximally with a 15 mm Amplatzer septal occluder (ASO) (AGA Medical, Golden Valley, MN) (Figure 1D, 1E and Movie-1).

  
    

    [image: Fig. 1 - A: Angiogram of the inferior vena cava: a veno-venous malformation between the inferior vena cava and the atrium is detected with a distal collector. B: Angiogram of the superior vena cava revealing poor filling of the pulmonary arteries and rapid retrograde filling of the left inferior caval vein. C: Left hepatic vein originating from the inferior vena cava, dividing into multiple sinusoidal channels in the liver, joining with the left accessory veins, and draining into the pulmonary venous atrium. D: Occlusion test with a balloon in the distal collector under the common atrium. E: Atrial septal device that performed a nearly complete occlusion of the veno-venous malformation. RHV=right hepatic vein; LHV=left hepatic vein; IVC=inferior vena cava; LAV=left accessory veins. Arrow shows multiple sinusoidal channels.]

  

  The patient was extubated two days after catheterization. His saturation was in the high 85s, but three weeks after the intervention, while still in the hospital, his saturation level decreased to 75-80%. An echocardiograph showed no residual flow through the device, which was attributed to the accessory left hepatic veins returning to the atrium. Another intervention was planned for a later date, either transcatheter or surgical, to retrieve the first device and close the major intrahepatic veno-venous fistulas distally.

  The patient was intubated prior to the procedure, and 6F sheaths were placed into the right jugular vein and femoral vein. Multiple attempts with different types of gooseneck snares and a bioptome catheter failed to retrieve the first device. Re-screwing the device was then considered, as the position of the device appeared favorable for the retrieval. A telescopic method was used to re-screw the device. A 14F Mullins sheath (USCI, Billerica, MA) was placed over the end screw of the ASO and the tip of the Mullins sheath's dilatator was cut distally, large enough to enable a 7F JR4 guiding catheter to be advanced through it. Then, the dilatator was placed at the end screw of the atrial septal defect device through the 14F Mullins sheath, and the 7F JR4 guiding catheter was advanced through until it met the end screw of the ASO. Then, the delivery cable was advanced inside the sheath close to the end screw and it was manipulated to fit into the slot of the end screw. The cable was rotated gently in a clockwise direction to re-screw the device, and the device was retrieved, using the 7F JR4 guiding sheath and 14F Mullins sheath's dilatator in the 14F primary sheath (Figure 2 and Movie-2).

  
    

    [image: Fig. 2 - A: 14F Mullins long sheath placed over the end screw of the ASO. B and C: Telescopic system introduced to the distal tip of the ASO. D and E: ASO device retrieved into the Mullins long sheath.]

  

  A 5F hydrophilic catheter and a guidewire were then advanced from the right jugular vein through the left hepatic vein and to the right atrium. A stiff exchange wire was placed into the atrium through the hydrophilic catheter. A 7F Ansel guiding sheath (Cook, Bloomington, IN) was advanced into the right atrium, and the veno-venous fistula was closed distally with a 16 mm ASO (Figure 3 and Movie-2). The patient was extubated one day after the procedure, and systemic oxygen saturation was 92-93%. Coumadin was initiated after the procedure, and the patient was discharged one week later. Four months after the procedure, the patient's saturation was 92-94%.

  
    

    [image: Fig. 3 - A: Angiogram of the left hepatic vein. B: Angiogram of the left accessory hepatic vein. C: 7F Cook Ansel guiding sheath advanced to the distal part of the left accessory hepatic vein. D: 16 mm ASO opened the atrium-hepatic vein junction. E: Angiogram of the left accessory hepatic vein after the device was released. F: No residual flow into the left hepatic vein and better flow to the pulmonary arteries. IVC= inferior vena cava; LAV= left accessory veins. Arrow shows atrium-hepatic vein junction.]

  

   

  DISCUSSION

  After the Fontan operation, there is an obligatory pressure gradient from the systemic veins to the pulmonary veins. This physiology might stimulate the enlargement of rudimentary embryologic connections from the systemic veins to the pulmonary veins or the pulmonary venous atrium, which can result in decompressing veno-venous collaterals and causing desaturation. These collaterals can include left superior vena cava to coronary sinus, hemiazygos vein entering the left superior vena cava below the level of a previous ligation, systemic to pulmonary vein connections, large coronary veins to the pulmonary venous atrium, and hepatic veins to the pulmonary venous atrium[3,5].

  One or more hepatic veins are left connected to the pulmonary venous atrium (called partial exclusion of hepatic vein) or the inferior vena cava is partitioned, with the rationale of minimizing hepatic venous congestion, thus decreasing Fontan pathway volume and pressure load and decreasing serous effusions. This method is advocated as a fenestration technique that leads to smooth postoperative recovery[2,4-6]. However, intrahepatic connections can develop between the inferior vena cava and the excluded hepatic vein and result in significant desaturation[5]. Proximal transcatheter closure of these fistulas might appear to be easier, but it excludes the all left hepatic vein from systemic venous circulation. The use of this technique should probably be restricted to patients with multiple suprahepatic veins that drain into the common atrium. Distal occlusion below the common atrium includes the hepatic veins in the Fontan circulation and limits the development of pulmonary arteriovenous malformations, however, it is more difficult to achieve and carries the potential risk of migration into the atrium. Moreover, it is possible to induce the development of other hepatic veins[1]. In the first intervention in the current case, venous pressure was 17 mmHg after the occlusion test and systemic oxygen saturation was elevated, so we decided to occlude the fistula from the proximal part. Unfortunately, however, the patient's saturation levels dropped continuously during follow-up, so another intervention was performed to close the fistula distally.

  In routine practice, various techniques using gooseneck snares and bioptomes are used to retrieve embolized occluders. Snaring may be challenging at times due to difficulties in catching the retention screw, and the possibility of device distortion is always present. Moreover, potential damage to the surrounding structures is a major concern. Surgical retrieval is probably safe in some of these situations. Re-screwing through wider diameter sheaths is difficult due to problems with approximation between the retention screw and the delivery cable. A secondary sheath with a smaller internal diameter might make it difficult to approximate the retention screw; however, advancing through a larger lumen primary sheath that has been placed close to the device can easily approximate the retention screw[7].

  The course of a veno-venous fistula can sometimes be tortuous, causing kinking of the long sheath and not allowing the device to pass through the sheath. Tofeig et al.[6] overcame this problem by front-loading the device into a 7F sheath and delivering it through a 10F long sheath. In a recent report by Kuo[3], a veno-venous fistula was closed via left transhepatic access. The femoral approach is also not suitable in most cases, due to the sharp angle between the inferior vena cava and the hepatic fistula. In our case, we preferred the transjugular approach using a kink-resistant hydrophilic long sheath.

   

  CONCLUSION

  In conclusion, unexpected desaturation after a Fontan operation in patients with heterotaxy should prompt suspicion of the presence of an intrahepatic veno-venous fistula that developed from an accessory hepatic vein connected to the common atrium. Distal transcatheter occlusion of intrahepatic veno-venous fistulas might lead to better clinical outcomes in selected patients. ASO device can be retrieved without any complication within three weeks.
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    ABSTRACT

    INTRODUCTION: To obtain the optimal anesthesia depth is not easy in cardiovascular surgery patients where the haemodynamic reserve is limited, due to reasons such as not being able to give the desired dose of anesthetic agent, or the change in the pharmacokinetics of the agent in the heart-lung machine. This study was planned to assess the contribution of bispectral index (BIS) monitoring in the depth of anesthesia.

    METHODS: The patients were divided into 2 groups, and BIS monitoring was used for each patient. Group 1 (G1 n=35): keeping the BIS monitor screen open, the anesthesia need was set. Group 2 (G2 n=35): BIS monitor was tied to the patient and the monitor screen was closed in such a way that the anaesthesist couldn't see the BIS value. When the recording time came, the data on the monitor was recorded. The need for the anesthetic agent was set according to the parameters such as haemodynamics or follow up of pupils, instead of BIS value, by titrating the anesthetic infusion doses.

    RESULTS: BIS values were similar in both groups before the induction, BIS values in both groups showed a decrease, showing no significant statistical difference (P>0.05). One patient in each group said that he dreamt, and one patient in G2 said that he had heard a noise and felt that he was taken from one place to another.

    CONCLUSION: The management should be done with clinical evaluation, haemodynamics and other monitorization methods and BIS monitoring findings together.
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  INTRODUCTION

  Adjustment of the depth of anesthesia in open heart surgery is difficult due to many factors. Deep anesthesia may cause hypotension and circulatory insufficiency[1], and for the risk of haemodynamic disturbance, keeping the anesthesia superficial may increase the risk of awakening in this patient group with a restricted haemodynamic reserve. Besides, during the heart-lung machine use, the pharmacokinetics of anesthetic drugs may change. For this reason, the same dose of drug used in different patients may be less or more[2,3]. As a result, it is difficult to control the anesthesia depth in some patients having open heart surgery, and new monitorization modalities are needed in addition to the conventional clinical data of these patients[4].

  Respiratory and haemodynamic monitoring in the anesthesia practice for cardiac surgery is considerably advanced, but there are limited modalities for brain function monitoring. BIS monitoring is a modality developed as a result of studies that aimed to assess the electroencephalography (EEG) in a simpler and more reliable manner, which digitizes the brain's electrical activity. The BIS index shows the cerebral metabolic activity. The parallelism between the BIS value and the brain glucose usage was shown by positron emission tomography (PET) studies[5,6]. The use of BIS to assess the anesthesia depth is recommended because it shows the electrical activity in the deep cortical brain layers[7,8].

  There are few studies that examine the use of BIS monitoring in cardiac anesthesia[9]. In cardiac anaesthesia, both total intravenous anesthesia (TIVA) and inhaled anaesthesia were used. BIS correlates well with measured plasma concentrations of propofol, and end-tidal anaesthetic gas (ETAG) concentrations. ETAG monitoring protocol with alarms set at 0.7-1.3 MAC reduced the incidence of awareness. TIVA is often regarded as an independent risk factor for awareness because of the risk of interruption of drug supply, and the lack of an equivalent measure to ETAG[10].

  The aim of this study is to study the effect of BIS monitoring on anesthesia depth, the use of anesthetic, analgesic and inotropic drugs, and intraoperative awareness and awakeness in patients on whom moderate hypothermia was applied to in open heart surgery.

   

  METHODS

  A total of 70 patients that will have open heart surgery were included in the study with the approval of the hospital's ethics committee. Patients who needed emergency surgery, had unstable angina pectoris history, hemodynamic instability, organ transplants, acute myocardial infarction, acute heart failure, preoperative medical and mechanical inotropic support, pulmonary embolism, renal failure and hepatic cirrhosis history were excluded from the study.

  All the patients were underwent the coronary artery bypass graft (CABG) operation. The patients were divided into 2 groups, and BIS monitoring was used for each patient. BIS monitor (Aspect Medical Systems) probe was placed on the patients' foreheads and the basal values were recorded. Group 1 (G1 n=35): keeping the BIS monitor screen open, the anesthesia need was set. Group 2 (G2 n=35): BIS monitor was tied to the patient and the monitor screen was closed in such a way that the anesthesist couldn't see the BIS value. When the recording time came, the data on the monitor was recorded. The need for the anesthetic agent was set according to the parameters such as haemodynamics or follow up of pupils, instead of BIS value, by titrating the anesthetic infusion doses. Electrocardiography (ECG), invasive arterial pressure, central venous pressure (CVP), oxygen saturation (SpO2), End-tidal CO2 (EtCO2), peripheral nerve stimulator train-of-four (TOF), and BIS monitoring were performed in all of the patients.

  For the induction of anesthesia, 4-5 µg/kg fentanyl, 0.2 mg/kg etomidate and 0.1 mg/kg vecuronium were used and the patient was intubated. Maintenance of the anesthesia was done by 4-8 mg/kg/hour propofol and 15 µg/kg/hour remifentanil. Propofol and remifentanil infusion doses were titrated to keep the BIS value between 35-45% during the operation. The haemodynamic data values were recorded preoperatively, after induction, at the time of skin incision, after sternotomy, during bypass, at the time of disconnection from the pump, and at the end of the operation.

  All the patients were subject to moderate hypothermia (28-32ºC), and membrane oxygenators were used. After cardiac cross-clamp application perfusionist initiates delivery of 10 ml/kg cardioplegia by mixing oxygenated blood with a crystalloid solution (plegisol) at a ratio of 4:1. During aortic cross-clamping, multidose cold blood cardioplegia is applied to maintain cardioplegic arrest and myocardial hypothermia. Just before aortic unclamping normothermic blood cardioplegia was applied. At the end of the operation, the patients were monitored and transferred to the cardiovascular surgery intensive care unit on mechanical ventilation support.

  One day following the operation, the patients were questioned about awakeness and awareness.

  The questions for the Awareness Score were modified from Sebel[11]

  
    1. What is the last thing you remember before you fell asleep?

    2. What is the first thing you remembered when you woke up?

    3. Do you have any memories between these two events?

    4. Did you dream during anesthesia and surgery?

    5. What is the most unpleasant thought you had during the intervention?

  

  Ethical Issues

  All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

  Informed consent was obtained from all individual participants included in the study.

  Statistical Analysis

  Observed data were entered into Microsoft Excel Workbook and analyzed using the SPSS 22 for Windows. Numerical data were analyzed using the independent sample t-test. Paired t-test was used for in-group comparison and unpaired t-test was used for comparison between groups. The categorical data were analyzed using the Chi-square test. A P<0.05 was taken to be of statistical significance. Datas were presented as mean ± standard deviation.

   

  RESULTS

  No statistically significant difference was found between the two groups, regarding the preoperative demographic characteristics such as age, weight, height and ejection fraction of the cases. Both groups had the same anesthesia, operation time, and cross-clamp time (P>0.05, Table 1).
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  Heart Rate (HR)

  The HRs were similar in both groups before the induction (76.6±14.1 beats/min in G1; 75.0±13.81 beats/min in G2) (Table 2). At the time of skin incision and sternotomy, the values were found to be less than the preoperative values (P<0.05). In G1, the HR was fast after the aorta cannula removal and until the end of the operation (P<0.05). In G2, there was no statistically significant difference (P>0.05). Intergroup comparison was statistically significant at the time of skin incision, after the thorax was closed and at the end of the operation (P<0.05).
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  Systolic (SAP), Diastolic (DAP) and Mean (MAP) Arterial Pressure

  No difference was found between G1 and G2 before induction in SAP (130.4±22.7 mmHg in G1; 140.3±23.6 mmHg in G2; P >0.05), DAP (65.1±13.0 mmHg in G1; 65.0±12.2 mmHg G2; P>0.05) and MAP (89.8±16.6 mmHg in G1; 91.7±15.4 mmHg in G2; P>0.05). SAP, DAP and MAP courses were lower during the operation, compared to preoperative values in G1 and G2 (P>0.05, Table 2). Intergroup statistical comparison showed significantly high MAP in G1 after cross-clamp removal. No significant difference was detected in the other periods of the operation (P>0.05).

  Central Venous Pressure (CVP)

  There was no difference between G1 and G2 at skin incision time CVP values (4.0±3.4 mmHg in G1; 5.0±4.5 mmHg in G2; P>0.05, Table 2). After the cross-clamp removal, the CVP difference in G1 was significantly lower than in G2 (3.6±3.4 mmHg in G1; 5.4f3.2 mmHg in G2; P<0.05). In G1, a decrease was detected in CVP until the cross-clamp was placed (P<0.05). No difference was detected until the end of the operation following the aortic clamp placement (P>0.05). The CVP values at the skin incision time in G2 coursed low until the aortic clamp was placed, and coursed high afterwards during the operation (P<0.05).

  Peripheral Oxygen Saturation (SpO2) and End-tidal CO2 (EtCO2)

  The saturation values were in adequate ranges during the whole operation, showing no statistically significant differences between the groups (P>0.05). EtCO2 values were similar in intergroup comparison (P>0.05, Table 2).

  Bispectral Index (BIS)

  BIS values were similar in both groups before the induction (97.1±1.5 in G1; 97.4±1.3 in G2; P>0.05, Table 2). With induction, BIS values in both groups showed a decrease, without significant statistical difference (P>0.05).

  Anesthetic Drug Requirement

  Intergroup comparison showed no difference in propofol use during the bypass, after the bypass and in the total dose of the drug (P>0.05). Fentanyl use was similar in both groups. The total remifentanil dose was found to be higher in G1 than in G2 (P<0.05). The used vecuronium dose was similar in both groups (P>0.05). There was no statistically significant difference between the inotropic and vasodilator agents (P>0.05). No statistical difference was found in ventilator parameters and blood gas values (P>0.05).

  Intraoperative Awareness

  When the patients were questioned for intraoperative awareness and awakeness in the postoperative period, one patient in each group said that he dreamt, and one patient in G2 said that he had heard a noise and felt that he was taken from one place to another.

   

  DISCUSSION

  One of the purposes of general anesthesia is to make the patient unconscious, leave the patient unaware of the events during the operation and make him not to remember them in the postoperative period. Awareness is the patient's being awake during the operation, having a bad dream, or remembering some major events[12]. Especially in some general anesthesia applications where muscle relaxants are used, 0.97% of awareness is reported[13]. The patient cannot express this situation at the time of operation, but only after the operation. Awareness or remembering events during the operation may cause postoperative anxiety, sleep disorders, nightmares or posttraumatic stress disorders[14].

  Awareness during anesthesia may differ according to the type and depth of anesthesia. Awareness rate is higher in situations where superficial anesthesia is used. To obtain the optimal anesthesia depth is not easy in cardiovascular surgery patients where the haemodynamic reserve is limited, due to reasons such as not being able to give the desired dose of anesthetic agent, or the change in the pharmacokinetics of the agent in the heart-lung machine. The awareness rate is reported between 0.3-4% in cardiovascular surgery[15,16]. For this reason, the search for a new monitorization method to assess the depth of anesthesia in cardiovascular surgery exists. This study was planned to assess the contribution of BIS monitoring in the depth of anesthesia.

  We reported a rapid decrease in BIS values with anesthesia induction. The BIS recording device assesses the EEG signals in the last 5-10 seconds and it renews the value every second, which allows detection of changes in the brain metabolism in 5-10 seconds. In our study, the BIS values changed between 35-45 during the operation. Especially, the BIS values at the heart-lung pump are low in both groups. The BIS values represent the

  brain metabolism, the decrease in this value is related to the anesthetic agents' doses, as well as to the other factors affecting the metabolism. Previous studies have reported that to keep the BIS values under 60 provides adequate hypnosis and decreases the intraoperative awakeness and awareness incidence[17,18]. In our study, our BIS values during the operation were lower than these values. Especially the marked decrease in BIS values at the heart-lung pump period is explained by the prominent slowing effect of hypothermia in addition to the applied anesthesia on the brain's metabolism. None of our patients experienced clinical manifestations such as cerebral emboli, carotid stenosis or cerebrovascular accident, which may cause rapid decrease in the intraoperative brain blood flow that may result in a BIS value decrease. The course of the BIS values was generally consistent with the clinical data. In the literature, it is recommended to reevaluate the situation if the BIS values are inconsistent with the clinical course.

  We used etomidate for anesthesia induction and propofol for maintenance treatment. For analgesia, fentanyl was used during the induction, and remifentanil for the maintenance treatment. With this application, adequate hypnosis and analgesia was provided. We obtained an almost similar decrease in BIS values with the induction in both groups. Remifentanil dose was slightly higher in the BIS value-known group, but this value was clinically not significant. The consciousness of the anesthesist about the BIS monitoring values of the patients didn't affect the drug doses during the anesthesia. Gan et al.[19] in their study where they used propofol/alfentanil, detected a 13-23% decrease in hypnotic drug administration with the use of BIS.

  To assess the intraoperative awareness, the patients were questioned after the operation about what they remembered from the time of operation. One patient from each group said that they had had a dream, and one patient in G2 heard a noise and felt that he was being carried from one place to another a few times. The BIS values were 50 and below in patients who had dreams and 73 at the end of the operation in the patient who had felt that he was being carried from one place to another, who was retreated with propofol and this value decreased to 31. In our study, a few patients experienced intraoperative awakeness and awareness in both groups and there was no statistically difference. This situation was explained with adequate depth of anesthesia given to our patients in both groups.

  The awareness of the anesthesist about the BIS monitor values of the patients didn't make a difference that would affect the haemodynamic values. In our patients, haemodynamic stabilization was achieved with adequate anesthetic dose, according to the clinical data. Remifentanil has a minimal cardiac depressant effect except bradycardia which can be handled easily. Propofol is used frequently in cardiac surgery[20,21]. No prominent cardiac depressant effect was seen with etomidate, propofol and remifentanil, which were used in our study. Because the number of patients with haemodynamic instability was very low in our study, we think that the BIS monitoring doesn't have an additive effect on decreasing this risk.

  As a result, BIS monitor values in cardiac surgery were consistent with the patients' clinical and haemodynamic values. The management should be done with clinical evaluation, haemodynamics and other monitorization methods. BIS monitoring is not an indispensable method, but when clinical haemodynamic values were perplex, it may be useful.
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    ABSTRACT

    INTRODUCTION: Due to late complications associated with the use of conventional prosthetic heart valves, several centers have advocated aortic valve repair and/or valve sparing aortic root replacement for patients with aortic valve insufficiency, in order to enhance late survival and minimize adverse postoperative events.

    METHODS: From March/2012 thru March 2015, 37 patients consecutively underwent conservative operations of the aortic valve and/or aortic root. Mean age was 48±16 years and 81% were males. The aortic valve was bicuspid in 54% and tricuspid in the remaining. All were operated with the aid of intraoperative transesophageal echocardiography. Surgical techniques consisted of replacing the aortic root with a Dacron graft whenever it was dilated or aneurysmatic, using either the remodeling or the reimplantation technique, besides correcting leaflet prolapse when present. Patients were sequentially evaluated with clinical and echocardiographic studies and mean follow-up time was 16±5 months.

    RESULTS: Thirty-day mortality was 2.7%. In addition there were two late deaths, with late survival being 85% (CI 95% -68%-95%) at two years. Two patients were reoperated due to primary structural valve failure. Freedom from reoperation or from primary structural valve failure was 90% (CI 95% - 66%-97%) and 91% (CI 95% - 69%-97%) at 2 years, respectively. During clinical follow-up up to 3 years, there were no cases of thromboembolism, hemorrhage or endocarditis.

    CONCLUSIONS: Although this represents an initial series, these data demonstrates that aortic valve repair and/or valve sparing aortic root surgery can be performed with satisfactory immediate and short-term results.

    Keywords: Heart Valve Diseases. Aortic Diseases. Aortic Valve Insufficiency. Aortic Valve.

  

   

   

  INTRODUCTION

  Conventional surgical treatment for aortic valve insufficiency (AI), with or without aortic root or ascending aorta (AAo) dilatation, consists of isolated aortic valve replacement (AVR) or total root replacement with the Bentall operation[1]. Although immediate surgical results are excellent, patients are exposed to the cumulative risks of late prosthetic heart valve complications, including thromboembolic events, structural (SVD) and non-structural prosthetic valve dysfunction, bacterial endocarditis and reoperations, not to say the inconvenient of permanent anticoagulation in the case of mechanical substitutes[1-3]. Frequently these procedures are performed in young patients, which is associated with excess mortality when compared to the normal age and gender matched population[4].

  In theory, AVR and/or aortic valve sparing operations can restore near normal function and hemodynamics of the aortic valve, reducing or eliminating complications associated with conventional prosthetic heart prosthesis[5]. On the other hand, aortic valve repair is associated with a steep learning curve and requires a detailed knowledge and understanding of the anatomy and functional inter-relation of all involved structures, including the aortic cusps, annulus, sinuses of Valsalva (SV), sino-tubular junction (STJ) and AAo[6-8].

  Although the theoretical principles for the conservative management of the aortic valve are well established[9], several different surgical techniques have been described due to the wide anatomical variations presented during the operations[10,11]. However, the long-term results available does not permit to demonstrate the superiority of one specific technique, making aortic repair still subjective, individually based and depending on the best surgeon judgment[12]. More recently, Lansac et al.[6] have proposed a systematic surgical approach based on well-defined anatomical criteria.

  Even taking into account these limitations, several groups have reported excellent immediate results and very encouraging durability with up to 15-20 years of follow-up[5,10]. Our experience with aortic valve repair began in 2012, and seemed appropriate to review our immediate and short-term clinical and echocardiographic outcomes, in order to compare with those reported in the international literature and define whether the application of these techniques is safe and reproducible in our midst.

   

  METHODS

  This study was submitted to the Research Ethics Committee of Instituto de Neurologia e Cardiologia de Curitiba and is registered under number 42707915.4.0000.5227 in Brazil Platform.

  From March 2012 to March 2015, 37 patients with AI ± aortic root dilatation consecutively underwent aortic valve repair at Institute of Neurology and Cardiology of Curitiba (INC Cardio) and Santa Casa de Curitiba PUCPR. The average age was 48±16 years (min=21, max=79) and 30 (81%) were male. The aortic valve was bicuspid in 20 (54%) patients and tricuspid in 17 (46%). Nineteen (51%) patients had significant dilation of the aortic root defined as a diameter greater than 45 mm. Demographic data are summarized in Table 1.
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  Preoperative evaluation included, according to the specific need in each case individually, transthoracic echocardiography (TTE) and/or transesophageal (TEE), chest computed tomography scan or coronary angiography in order to obtain the specific anatomical details involved in valvular dysfunction. Whenever anticipated the possibility of performing an aortic valve repair, all available surgical alternatives were discussed with each patient. For those who opted for a valve repair strategy, the other options were already chosen, in case a conservative approach was not feasible at the time of the operation.

  Surgical Technique

  In all cases, monitoring was performed with intraoperative TEE used to quantify and analyze the mechanisms involved in valvular insufficiency preoperatively and to ascertain adequate post-surgical valve competence.

  The operations were performed with a median thoracotomy with cardiopulmonary bypass (CPB) and moderate hypothermia at 32ºC. In cases where an open distal anastomosis was required, the systemic temperature was reduced to 25ºC for adequate cerebral protection. Myocardial protection was achieved with infusion of intermittent cold blood cardioplegic solution directly into the coronary ostia. The mean aortic clamping was 85±23 min (min=45, max=131) and the CPB was 108±28 min (min=60, max=170).

  Routinely, a wide circumferential dissection of the aortic root was performed to a level below the lowest point of the cusps insertion in the aortic annulus. This can be laborious and tricky, especially in the area of the right coronary cusp attachment, but right ventricular outflow and septal muscle should be thoroughly dissected away from the aortic wall at this region. After aortic cross-clamping, ascending aorta was circumferentially transected approximately 1 cm above the STJ, and proper exposure of the native valve was obtained. Assessment of aortic valve geometry is not easy in the empty and arrested heart. By using 3 commissural traction sutures, the axis of the aortic valve may be oriented towards the surgeon's view. Moreover, by applying a vertical and outward tension on those sutures, the cusps can be stretched, facilitating the comparison between the free margin's height and length.

  Valve analysis included meticulous observation of every anatomical structure, including the dimensions of the aortic annulus, the sinuses and STJ, and detailed inspection of the valve cusps, paying attention to its texture and the presence of fenestrations. The judicious judgment of the dimensions of the leaflets included the evaluation of its geometric height (LGH), the length of their free margins (FML) and its insertion in the aortic annulus to estimate the possible degree of prolapse in one or more cusps.

  Prolapse identification was performed by comparing the height of one leaflet with the adjacent one, and/or by measuring its effective height (ELH) with the aid of a Schaefers caliper. In the case of prolapse of 1 or 2 cusps, the reference height can be taken from the nonprolapsing cusp or cusps. Whenever identified some degree of prolapse, the same has been corrected by reducing the length of the free edge through central plication with 6-0 polypropylene sutures. When this plication was quite extensive, the excess resulting tissue in the middle of the leaflet was resected and reapproximated with interrupted sutures. Prolapse of all 3 cusps is rare in the native AV, but it occasionally can be induced after a valve-sparing procedure. In this situation, the reference used to correct prolapse can be the middle height of the commissures, or it can be determined with the Schaefer's caliper. In type 0 bicuspid valves, cusp prolapse correction is performed as for tricuspid AVs, with either a nonprolapsing cusp as the reference or restoration of the height of coaptation to the middle height of the commissures. In type 1 valves, the median raphe is addressed first. If the raphe is relatively mobile and only mildly thickened and fibrosed, it is preserved and shaved. If the raphe is restrictive or calcified, a parsimonious triangular resection of this tissue is performed. Next, the quantity of remaining cusp tissue is assessed by putting the 2 arms of a 6-0 polypropylene

  suture on the free margin of the conjoint cusp, on either side of the resected raphe. At this point, lack of cusp restriction and good valve opening are signs of the presence of adequate cusp tissue. The leaflet edges are reapproximated primarily when adequate cusp tissue is present; in the absence of adequate tissue, a triangular autologous treated or bovine pericardial patch is used for cusp restoration. Next, the free margins of both cusps are compared for the presence of any prolapse, which is corrected with free margin plication or resuspension.

  In cases with marked dilation of the aortic root (> 45 mm) , resection of all aneurysmal tissues of the SV, the STJ and AAo was performed, and the reconstruction made by the reimplantation technique described by David & Feindel[13] or the remodeling technique described by Sarsam & Yacoub[14]. In general, we have used the David reimplantation technique for patients with dilated annulus and reserved the Yacoub technique when the diameter of the aortic annulus is the normal range. However, in some instances, annular reduction with an external circumferential Dacron strip followed by an aortic remodeling graft as proposed by Lansac et al.[6] has been performed.

  For the reimplantation technique, the proximal suture line is made with 6 pledgeted sutures (3 at each interleaflet triangle and 3 below the nadir of each leaflet attachment) placed from the inside the left ventricular outflow tract, and exiting outside the aortic root and geometrically anchored at proper points in the Dacron graft. With this proximal suture line, any annular dilatation will be corrected and set to the desired diameter. Then, under tension, the commissures are resuspended inside the graft and the remnants of the aortic sinus wall are carefully sutured in a scalloped fashion with running 5-0 polypropylene sutures. At this stage, cusp heights are reassessed, as induced cusp prolapse may occur, and one or two additional stitches at the free margin may occasionally be necessary. The coronary ostia are then reimplanted in their corresponding locations with running sutures of 5-0 or 6-0 polypropylene sutures. At this stage, valve competency is visually analyzed and can be estimated by pressurizing the aortic graft with cardioplegic solution. The final step is the distal anastomosis in the ascending aorta or the proximal aortic arch.

  For the remodeling technique, the Dacron graft is trimmed proximally to create two or three tongues that will be sutured to the remnants of the aortic wall with running 5-0 polypropylene sutures. These sutures start at the base of the sinus wall running each side to the top of the commissures, taking care not to damage the valve leaflets. The coronary reimplantation and distal anastomosis are performed in the same fashion as in the David's technique. For the remodeling technique, the aortic annulus was reduced with an external Dacron strip whenever its diameter was greater than 25 mm.

  The diameter of the Dacron graft varies depending on the technique used for aortic reconstruction, but was mainly determined based on visual analysis of the valve apparatus, by estimating the sum of FML and/or by measuring the distance between the base of subcommissural triangle between the non-and left coronary cusps up to the top of this commissure on the aortic wall. In general larger grafts are used for the reimplantation technique, as smaller grafts may over correct the aortic annulus.

  The procedures performed in our patients are listed in Table 2 and illustrated in Figures 1 and 2.

  
    

    [image: Table 2. Surgical data.]
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    [image: Fig. 2 - A - Bicuspid aortic valve, with thickening of the free edges, prolapse of the fused cusp. There were significant dilation of the ring and the entire aortic root. B - Correction was made by the reimplantation technique (David), and leaflet prolapse correction, requiring plication of both cusps for adequate valve competence. C - Intraoperative echocardiogram before correction, demonstrating valve prolapse and important degree of Al. D - Intraoperative echocardiogram after correction, showing good surface of coaptation of the cusps and a competent valve.]

  

  Postoperative Clinical Evaluation

  All patients underwent control TTE before hospital discharge, and were asked to return in our clinic at 3, 6 and 12 months postoperatively, and yearly thereafter. In those who did not return, the information was obtained with the reference cardiologist or by direct telephone contact with patients. Clinical follow-up could be performed in all patients. The mean follow-up was 16±5 months (min=0.1, max=36).

  Anticoagulation was indicated only in  patients with associated mitral valve disease and/or those with atrial fibrillation, or in the case of a thromboembolic event postoperatively. The occurrence of postoperative complications were defined and reported in accordance with well established guidelines. For the functional analysis of the repaired valves, primary structural dysfunction was considered in any case with moderate or severe AR or a mean gradient greater than 40 mmHg.

  Statistical Analysis

  Statistical analysis was performed using the "Prism 6" Mac program. Continuous variables were reported as mean ± standard deviation and were compared with Student t-test when appropriate. Categorical variables were expressed as percentages and analyzed with the chi-square test. The curves of late survival and event-free survival were built with the Kaplan-Meier method.

   

  RESULTS

  Early and Late Mortality

  The 30-day mortality was 2.7% (1/37). This single death, due to uncontrollable intraoperative bleeding, occurred in a patient with AI and late aneurysmal dilatation of the aortic root after previous correction of an acute aortic dissection performed in another service a few months before.

  The incidence of immediate postoperative morbidity was low, and included four cases of postoperative AF, a case of kidney failure not requiring dialysis and one case of stroke that caused bilateral hemianopsia with partial recovery leaving no other sequelae. Two patients required drainage puncture for presenting pericardial effusion in the first 30 days of evolution. There were no reoperations due to bleeding. The length of stay in the intensive care unit varied from 1 to 5 days, with an average of 2.1 days.

  There were two late deaths. The first was during a reoperation for primary structural dysfunction of the valve repair, six months after the initial operation. Another patient died of cancer 20 months later. By the Kaplan-Meier estimate, late survival was 85% (CI 95% - 68%-95%) at 2 years of follow-up (Figure 3).
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  Clinical Follow-up, Thromboembolism, Hemorrhage and Endocarditis

  In the follow-up period, most patients showed excellent functional capacity, with 29 in functional class I, four in functional class II and only two patients, both requiring reoperation, were in class III. In the late period there was no case with thromboembolic, hemorrhagic or infectious complications.

  Reoperations

  Two patients had progressive severe AI and required reoperation. The first patient had originally tricuspid valve with severe AI associated with aneurysm of the aortic root. Surgical repair consisted of aortic root replacement with a Dacron tube by the Yacoub technique plus central plication of non-coronary cusp. Although aortic valve regurgitation was only trivial in the immediate postoperative period, he developed acute AI at six months of follow-up. During reoperation, we found rupture of the coronary leaflet in the commissural region due to abrasion of the same along the suture line in the Dacron graft. He underwent an aortic homograft root replacement, but died during this procedure. The second patient with bicuspid aortic valve underwent valve repair which consisted of external reduction of the aortic annulus with a Teflon strip extending from the trigone to trigone plus extensive plication and resection of the free margin of the fused cusp. This patient developed progressive AI, requiring reoperation at 14 months of follow-up. During reoperation, dehiscence was found in the leaflet plication suture with moderate to important thickening at the leaflet edges. The reoperation consisted of a Ross procedure, with an uneventful recovery.

  By the Kaplan-Meier curve, 90% (CI 95% - 66%-97%) of patients are free from reoperation at 3 years of follow-up (Figure 4A).
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  Functional Evaluation of the Repair

  All patients underwent at least one echocardiogram in the late period, and the average echocardiographic follow-up was 10±6 months (min=0.5, max=29). Aside from the two patients who developed moderate or severe AR and were reoperated, all the others are stable with no, trivial or mild AI. During this short period of follow-up, cusp mobility is well preserved without signs of leaflet thickening. Leaflet coaptation has been maintained with effective coaptation height > 5 mm in all patients. The mean gradient in the late postoperative period was 11±9 mmHg (min=3, max=26), with no patient with a peak gradient greater than 40 mmHg. By the Kaplan-Meier curve, 91% of the patients (CI 95% - 69%-97%) are with normal functioning aortic valve two years after the procedure (Figure 4B).

   

  DISCUSSION

  After four decades of accumulated experience, mitral valve repair is considered the procedure of choice in the surgical treatment of organic mitral regurgitation. However, its acceptance and applicability could only be widely generalized after the techniques have been standardized to allow consistent and reproducible early and late results[15-21]. Based on these concepts, and with better anatomical and physiological knowledge of the "aortic valve apparatus", several centers started using aortic valve repair with progressively more satisfactory results[6,12,16,17]. In our country, the only meaningful series of aortic valve sparing/repair operations was reported by Dias et al.[22].

  More recent studies have clarified in detail the anatomical relationships of the different structures of "aortic valve apparatus" and allowed the understanding of complex functional interrelationship between the valve and the aortic root. This has enabled the development of techniques that restore valve competence and allows physiological flow patterns in the left ventricular outflow tract and the aortic root[8,18].

  This study confirmed that aortic valve repair and/or aortic root replacement surgery sparing the native valve could be used with good immediate and short-term results in the surgical treatment of AI due to various etiologies. Early mortality reported by other centers ranged from 0.8% to 4.6%, but the comparison of results is quite difficult, given the differences in indications and clinical profile of the operated patients[11,19-22]. Our immediate mortality of 2.6% can be considered quite acceptable, given the complexity of some cases involving acute aortic dissection, reoperations and aneurysms involving the aortic arch. Our only death occurred in a patient with aneurysmal dilatation of the aortic root after previous correction of acute dissection, with important anatomical distortions and tissue fragility.

  Restore valve competence systematically still remains a challenge, especially when accumulated surgical experience is still small[6,23]. Analysis of the data reported in the literature clearly show that the success of the operation depends upon the individual expertise and the volume of cases operated. Data from the Society of Thoracic Surgeons revealed that less than 5% of the analyzed centers performed more than 16 cases operations involving the aortic root annually, and that conservative operations represent less than 20% of the operated cases[24]. These numbers suggest that aortic valve repair should be concentrated in specialized reference centers dedicated in performing these techniques in a routine basis.

  The incidence of intraoperative residual or recurrent AI with up to 1 year of follow-up can reach up to 30%, depending on the techniques employed[6,23]. Its most frequent causes are the residual prolapse of one or more cusps or failure to properly correct annular dilation over 25 mm[5,6,19,25]. In this sense, it is mandatory to have intraoperative monitoring with TEE, as the simple visual inspection or testing aortic valve with saline injection in its flaccid state often underestimate residual prolapses and are unsuitable for the determination of the ELH and the coaptation surface after procedure.

  To achieve lasting results, it is necessary that at the end of the repair procedure not only the valve is competent, but also that the valve cusps coaptation line is in a plane corresponding to approximatelly half the height of the SV[9,26]. This concept was first described subjectively by El Khoury et al.[9], and later reemphasized and objectively measurable with the concept of ELH introduced by Schaefers et al.[26]. This height can be measured during the operation with a specific caliper, and then confirmed by TEE on the beating heart after termination of CPB. With this methodology, we found the need to act aggressively to correct the FML of the leaflets in 59% of the cases, which certainly contributed to our low incidence of immediate postoperative AI, and maintenance of these results by up to 3 times years of follow-up.

  In cases with marked dilation of the aortic root, there are controversies about the best technique to be employed, reimplantation versus remodeling[13,14]. The reimplantation technique has the advantages of always correcting annular dilatation and be more hemostatic, but it is more laborious and at the end of the procedure, the valve is inserted into a straight tube without SV that prevents the physiological movement of subcommissural triangles. In theory, these geometric changes would increase stress on the valve due to abnormal opening and closing movements of the leaflets, besides allowing direct contact of the cusps to the graft wall[6,10]. Despite these considerations, David[16] demonstrated excellent long-term results with this technique, with 94% of patients free from reoperation and 74% free from moderate or severe AI after 20 years of follow-up. In addition, there is the possibility of creating neo SVs with some technical refinements such as in the David V modification or by the use of Dacron grafts that already have performed SV (Valsalva graft)[27]. On the other hand, the remodeling technique is faster, and is considered more physiological for creating new SV, avoiding some of the disadvantages of the reimplantation technique. However, this technique is more prone to bleeding, and does not correct any eventual associated annular dilatation[9,17]. Alternatively, as proposed by Lansac et al.[6], the remodeling technique may be combined with a separate external annular support ring to correct the annular dimensions, a unique strategy to have the advantages of the two previous techniques simultaneously.

  The judgment in which patients would be better served by conservative techniques is still rather speculative, since there are no randomized studies comparing the long-term results of valve repair against valve replacement with biological and/or mechanical prostheses[1,3,22]. However, some series with long-term follow-up seems to indicate that patients undergoing aortic valve repair have long-term survival approaching the normal matched population for age and gender, as opposed to conventional valve prostheses where life expectancy is reduced, especially in young patients[4,5,16,25]. In our series we had only one late death from cardiac causes, however, we will need larger series with longer follow-up to confirm these trend.

  Our clinical observations also confirm the excellent quality of life after aortic valve repair. We observed excellent functional capacity, absence of thromboembolic, hemorrhagic and infectious complications, and a significant number of patients do not require any cardiotonic and/or anticoagulant medications.

  One concern with aortic valve repair is the possible need for reoperation[6,10]. In our series, we had two reoperations for primary structural dysfunction that can be attributed to technical failures that could have been avoided if our experience with these procedures were greater. As a result of certain subjectivity and the somewhat "artistic" aspect of these operations, an initial learning curve could already be anticipated[23]. At any rate, our 90% freedom from reoperation at 24 months, compares favorably with other published studies[6,23].

  Aside from these two cases and despite the clinical and echocardiographic follow-up time is still very limited and do not allow more definitive conclusions, we have not observed increased levels of AI in the first 12-24 months of follow-up. Some demographic, anatomical and technical aspects such as age, diameter of the valve annulus, ELH post correction, commissural orientation lesser than 160º in bicuspid valves and the need to use patches to fix defects in the leaflets were described as risk factors for late AI and need for reoperation[25]. As our series is still early and has a small number of cases, we were unable to analyze the importance of these variables.

  As noted in this study, 40% of patients were aged between 20-40 years. In our service, young aortic patients were routinely treated by the Ross operation. However, the analysis of our long-term results of up to 18 years of follow-up with this operation demonstrated unequivocally that patients with AI and annular dilatation had a greater need for reoperation due to recurrent AI or aneurysmal dilatation of the pulmonary autograft[28]. It seems to us that it is precisely in this sub-group of patients, the valve repair techniques may result in less need of late reoperations, but only with the continued clinical observation is that we will have more conclusive answers.

   

  CONCLUSION

  In conclusion, the results presented here demonstrate that, despite representing an initial series, aortic valve repair and/ or aortic root replacement operations preserving the native valve can be performed safely and with satisfactory immediate and short-term results. A detailed anatomical knowledge and adherence to the technical principles of correction, always confirmed by intraoperative TEE seem essential to obtain consistent results. Continuous surveillance of patient outcomes and echocardiographic results will determine the role of these operations in patients with aortic insufficiency.
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    ABSTRACT

    INTRODUCTION: Human heart valves are used as replacement valves and have satisfactory functional results compared with conventional prostheses.

    OBJECTIVE: Characterize the profile of effective heart donors from the Human Valve Bank of the Santa Casa de Misericórdia de Curitiba and analyze the association between the profile variables.

    METHODS: It consists of a retrospective and quantitative study of electronic medical records from heart donors for heart valves. Every heart donation made to the Bank between January 2004 and December 2014 was studied.

    RESULTS: 2,149 donations were analyzed, from donors aged 0 to 71 years old, with an average of 34.9 ± 15.03 years old. Most donors were male 65.7% (n=1,411) and 34.3% (n=738) were female. Among the most frequent causes of the donors' death are trauma at 53% (n=1,139) and cerebral vascular accident at 34.2% (n=735). There was significant statistical association between the analyzed variables.

    CONCLUSION: There has been an improvement in Brazil's donation rate, being essential that the Tissue Banks work together with the State and Federal District Centers for Notification, Procurement and Distribution of Organs in order to increase the number of donors.

    Keywords: Heart Valves. Tissue Banks. Directed Tissue Donation. Statistical Analysis.

  

   

   

  INTRODUCTION

  The progress of science and biotechnology has already revealed significant results, such as the possibility of new alternatives for human tissue transplantation, providing quality of life for victims of trauma and other degenerative diseases. Human tissue used for therapeutic purposes, such as cardiovascular tissue, skin, bone, cartilage, tendons, and corneas, are available from institutions known as Tissue Banks. Those institutions have physical facilities, equipment, human resources and techniques that enable the capture, processing, preservation, storage and distribution of human tissue from living donors or cadavers for allogeneic transplants[1]. Tissue Banks are responsible for ensuring tissue quality, receptor safety and maintenance of a satisfactory level for the transplant surgeons[2].

  Among cardiovascular tissue, human heart valves have been used as a replacement valve since 1962. When compared with conventional prostheses, valve grafts show satisfactory functional results, namely: physiological hemodynamic performance with central and laminar blood flow; almost zero incidence of thromboembolism, avoiding the use of anticoagulants; and high resistance to infections. Those specifications result in better quality of life for patients postoperatively, and, in some series, higher long-term survival[3,4].

  In Brazil, cardiovascular grafts are processed and made available by the Human Valve Bank of the Hospital de Caridade da Irmandade da Santa Casa de Misericórdia de Curitiba (BVCH). BVCH is a pioneer in the country and the only one in activity so far. It was founded in 1996 with the purpose of providing cardiovascular tissue for heart surgeries throughout the Brazilian territory. The bank initiative started due to the high prevalence of valvular replacements in a low socioeconomic population without access to adequate anticoagulant therapy[4]. In view of the importance of the BVCH work, this sudy aimed to characterize the effective donor profiles from the BVCH in the period between January 2004 and December 2014.

   

  METHODS

  This is a retrospective study of electronic records of effective heart donors for valves, from January 2004 to December 2014, whose organs were received by BVCH. The chosen interval is justified due to a previous study[4] which examined the activities of the BVCH eight initial years.

  Heart retrieval for valves is held in most Brazilian states by teams registered in the Centers for Notification, Procurement and Distribution of Organs (CNCDO) and authorized by the National Transplant System (SNT). The donation process begins with the identification of the potential donor and family interview to offer them all necessary information and support regarding the decision to donate. All stages of the donation process are carried out respecting the ethical and legal principles of Law No. 9,434, of February 4, 1997[5], which provides for the retrieval of organ and body tissue for transplantation and treatment. The law supports the CNCDO for organ retrieval without previous authorization from the hospital's ethics committee. It must be noted that, currently, organ retrieval in Brazil is carried out exclusively in hospital environments.

  The family interview is conducted by the organ and tissue transplant services present at the hospital, in accordance with the CNCDO guidelines for organ retrieval or removal, and the BVCH does not take part in this stage of the process. In the past decade, obtaining permission from the family for organ and tissue retrieval was more difficult[6], but recently this scenario has changed and the number of family permissions for donations has increased[4]. Nevertheless, the number of donations in Brazil is much lower compared to countries in Asia and Europe[7,8].

  Potential donors for heart valves are those in brain death (in circumstances in which the heart cannot be used for transplantation), in cardiopulmonary arrest (CPA), and heart transplant recipients. Hearts from transplant receivers with absence of valvulopathy are also accepted, depending on the clinical and quality inspection of the organ during the processing of tissue.

  The organs must be transported following the specific protocol established by the BVCH, based on the Federal Decree 2600 of October 21, 2009[1], preferably by air. The packaging used in the transport must be triple, sterile and waterproof, closed one by one. In the primary package, a transport solution (0.9% sodium chloride) is added in sufficient quantity to maintain the organ totally immersed, at temperature between 2ºC and 8ºC. The plastic packages containing the organ are accommodated in a rigid and airtight container, which is then placed in an isothermal box containing ordinary ice.

  The information generated during the whole process, from the selection and screening of the donor to the final disposal of the cardiovascular tissue, is stored in physical and electronic means. The information available on the charts consists of sex, race, age, cause of the donor's death, city and state where the organ was retrieved.

  Statistical analysis was performed using software SPSS 20 in order to characterize the profiles of heart donors for valves in the period from January 2004 to December 2014. The variables were described as frequencies and analyzed using Chi-square test, with statistical significance level of 5% (P<0.05).

   

  RESULTS

  The BVCH received 2,149 donated hearts with an average ± standard deviaton of 195.36±34.65 hearts/year. It was observed that there has been a growth in the number of donations, except for a decline last year, as shown in Figure 1. The organs received were retrieved in 20 Brazilian States. However, the analysis of the frequency of retrieval by State showed a great discrepancy between them, as it can be seen in Figure 2.
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  Concerning age, the youngest donor was less than 1 year old and the oldest was 71 years old, with an average age of 34.9±15.03 years. The age group of 0 to 15 years old represented a lower proportion of donors at 9.3% (n=199), the group of 16 to 35 years old represented 39.2% (n=841), a total of 33.2% (n=713) comprised the group of 36 to 50 years old, donors aged 51 or more represented 18.3% (n=393), and those whose age was not reported corresponded to 0.1% (n=3) of the total number of donors (Table 1). There was predominance of male donors in all age groups, 65.7% (n=1,410) versus 34.3% (n=738) of female donors. Figure 3 illustrates the distribution of age by gender.
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  The data analyzed showed that among the donors' cause of death, trauma was the most frequent at 53% (n=1,139), followed by cerebrovascular accident (CVA) with 34.2% (n=735), adverse factors to cardiology at 7.3% (n=167), cardiovascular diseases with 1.1% (n=24), and unreported causes at 0.7% (n=14). In addition, live donors (heart transplant receivers) accounted for 3.3% (n=70) of the total donations (Figure 4).
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  The age and cause of death variables were associated with gender and it was noticed the prevalence of male donors of 46.6% (n=657) in the group aged 16 to 35 years old and 42.4% (n=312) female donors in the group of 36-50 years old (P<0.001). Besides, it was observed that trauma represented more than half of the causes of death among male donors, with 68% (n=959), and CVA was responsible for with 59.8% (n=441) of deaths among female donors (P<0.001), as shown in Table 2.

  
    

    [image: Table 2. Association analysis for age, causes of death and gender.]

  

  Causes of death were analyzed by age group and it was observed that trauma is significantly associated with donors between 16-35 years old, 81.2% (n=683), CVA was associated with donors in the 36-50 and >50 years old age groups, cardiovascular diseases and transplant receivers were associated with donors >50 years old (P<0.001), as stated in Table 3.
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  Regarding race, there was a preponderance of donors declared as white, 62.56% (n=1,334) of the total, while 22.60% (n=486) declared themselves as pardo and 9.12% (n=196) as black. An additional 5.72% (n=122) did not provide information relating to race in their records. Causes of death were also analyzed according to race and it was observed that trauma is significantly associated with donors declared as pardo, 57.6% (n=280), CVA was associated with black donors and transplant receivers with donors declared white (P<0.001), as shown in Table 4.
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  DISCUSSION

  Brazil stands out in the area of transplantation by owning one of the largest public programmes of organ and tissue transplantation in the world, working through a systematic and official protocol; however, a growing imbalance between supply and demand remains.

  The deficiency of organ donation is a universal obstacle and the donor is the most important factor in the provision of tissue for transplantation[9]. The shortage of organ donors is not primarily the result of a lack of donors, but rather the difficulty of identifying them, getting the family's consent and retrieving the organ and/or tissue in a timely manner. In this context, intrahospital transplant committees are essential in identifying the potential donor and promptly notifying the State Transplant Centers[6].

  The evolution of patients with brain death (BD) to cardiorespiratory arrest (CRA) was one of the main causes of non-completion of the donation of solid organs for transplantation in 2012, reaching 52% in some Brazilian regions[10]. It is worth mentioning that for donation of a solid organ for transplantation the potential donor should necessarily have only the diagnosis of BD. However, for human tissue donations, donors that had evolved into CRA are accepted. The number of corneal tissue donations has increased from donors who were given the diagnosis of BD and had evolved to CRA[11,12]. In the analysis of the profile of BVCH donors, it was observed that there is less family refusal in situations in which the potential donor was in CRA. It is assumed that most of the lay population believes that death occurs only with heartbeat cessation.

  In a previous study conducted about survival[4], between 1996 and 2004, BVCH received 1,041 hearts, with an average of 115 hearts/year. The progressive growth in the number of donations occurred because of the establishment of the National Transplant System in 1997. In the period of this study (2004 to 2014), BVCH received 2,149 hearts, with an average of 195 hearts/year. In the past seven years, Brazil presented a gradual and sustained growth in the number of organ and tissue donations, though below target[13]. Considering the number of organ retrievals by State, a disparity among them was noticed, which suggests a reflection not only of the teams' willingness and commitment, but also the activities of the States Transplant Centers.

  It is essential that there be an interaction between the Organ and Tissue Banks and the State Centers of Organ Donation, promoting greater organ and tissue donation[14]. It is important that these Centers collaborate more effectively with the organ retrieval centers and health authorities, training the professionals involved in the process of screening and selecting donors and retrieving tissue. Furthermore, it is necessary to support studies in the development and implementation of programmes to raise awareness of the population about organ and tissue donation.

  The results come closer to national data concerning the profile of organ and tissue donors, since each Tissue Bank has technical and legal standards to follow for selection and collection. There are also minimum and maximum ages of donors for each type of tissue; for example, the age of a heart donor for heart valves is similar to those presented, which points to a higher prevalence of 18-64 year olds[15].

  Concerning gender, there was a predominance of males, representing 65.7% of donors (n=1,411), and 60% of the effective organ and tissue donors in Brazil are male. The same pattern is found in Spain, world reference in organ and tissue retrieval, where 60.7% of donors are male[16].

  Trauma contributed highly to heart donation for heart valves. The results were similar to the literature, with a great prevalence of traumatic causes, reflecting the violence in today's society, and CVA as main cause of death[17,18]. Comparing the causes of death with gender and age of the donors, it was noted that trauma was the major cause of death of men aged between 16 and 35 years old, while CVA prevailed among women in the age group of 15 to 36 years old[19,20].

   

  CONCLUSION

  This study is presented as a pioneer for the country's transplant scenario, describing the profile of heart valve donors. The information offered can contribute to the evaluation and monitoring of the operation as well as the implementation and efficiency of the actions proposed by the transplant policy in national, state and local levels.

  The lack of training of health professionals and of population knowledge about the organ donation process directly impact the number of donors and, consequently, the number of transplants. Thus, it is essential that the Tissue Banks work together with the CNCDs in developing professional training and permanent educational programs for awareness, education and encouragement of the population since the family's refusal is one of the main obstacles for effective organ and tissue donation.

  As future work, it is recommended studies that approach issues such as tissue disposal in the pre and post-processing stages, qualified and released tissue for transplant, and tissue recipients' profile.
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    ABSTRACT

    A 76-year-old man with situs inversus totalis underwent a successful off-pump three-vessel coronary artery bypass surgery. The postoperative course was uneventful, and the patient was discharged 8 days later. At 9-month follow-up a coronary computed tomography angiography confirmed the viability of all of the grafts, and one year after the operation the patient remained asymptomatic. It comprises the fifth Brazilian case of a coronary surgery in a patient with situs inversus totalis and the first one of the country of a coronary artery bypass surgery without the use of the cardiopulmonary bypass in this condition.

    Keywords: Coronary Artery Bypass, Off-Pump. Situs Inversus. Dextrocardia.

  

   

   

  INTRODUCTION

  The situs inversus condition can be associated to levocardia or dextrocardia. In levocardia the apex of the heart is situated on the left side of the body, and in dextrocardia the apex of the heart is on the right side. Situs inversus associated to dextrocardia is also termed as situs inversus totalis, with cardiac apex and atrial chambers as well as abdominal organs being a mirror image of the normal anatomy. Situs inversus totalis is a rare condition with an incidence of 1:10.000 in the population. Individuals with this condition commonly survive long enough to develop atherosclerotic coronary artery disease (CAD), with an incidence similar to the general population, and then may also undergo interventional or surgical procedures when indicated[1]. There are very few reports about coronary artery bypass surgery in patients with this condition in the world, and less than a half dozen cases in Brazil[1-5]. As far as we know, this is the first report of an off-pump coronary artery bypass grafting in a patient with situs inversus totalis in Brazil.

   

  CASE

  This study was performed after written informed consent from the patient and approval by the Ethics Committee of the João de Freitas Regional Hospital (Arapongas, Paraná, Brazil).

  A 76-year-old man (73 kg and 169 cm) with a diagnosis of situs inversus totalis - that was found during the military service recruitment - and hypertension was admitted with a three month story of chest pain associated to dyspnea on moderate efforts despite optimized pharmacological therapy. The chest roentgenogram was normal except for dextrocardia and an abdominal computed tomography (CT) confirmed a situs inversus totalis (Figures 1A and 1B). He underwent a coronary angiography, which revealed a triple vessel coronary artery disease (Figure 1C). The patient was then referred to surgical treatment.

  
    

    [image: Fig. 1 - (A) Preoperative chest roentgenogram showing dextrocardia. (B) Abdominal CT demonstrating situs inversus totalis. (C) Coronary angiography. (D) Intraoperative view after complete revascularization.]

  

  The Surgical Technique

  After induction of general anesthesia, the procedure was initiated through a median sternotomy, with the surgeon standing on the right side of the patient to open the chest. Besides presenting with a good contractile performance, we observed that the heart presented with an exact mirror image of a normally positioned heart: the apex of the heart on the right, the right atrium on the left, the pulmonary artery on the right side of the aorta and the left ventricle on the right. Then after, with the surgeon standing on the left side of the patient, the right internal mammary artery (RIMA) was harvested in the standard manner as pedicle. The pericardium was then opened and deep pericardial traction sutures were placed to adequately expose both lateral and posterior walls of the heart. With these technical arrangements the visualization of the coronary arteries was feasible enough to perform the anastomosis without using mechanical stabilizers - careful manual stabilization plus transient and minimal inotropic support assured hemodynamic stability during the operation in this case. Three distal anastomoses were performed, the RIMA was anastomosed to the left anterior descending artery (LAD) and the two saphenous vein grafts to the first obtuse marginal branch and to the posterior descending artery (PDA, Figure 1D). The surgical procedure was performed without the use of cardiopulmonary bypass (CPB). Except for the mirror-image anatomy, the surgical technique had not been widely modified compared to a patient with situs solitus.

  The Postoperative Course

  The patient's postoperative course was uneventful, he remained stable without the need for inotropic support and was weaned from mechanical ventilation after a few hours of his arrival at the cardiac intensive care unit. There were no surgical and medical complications during his time in hospital and he was discharged home 8 days later. At a 9-month follow-up the patient had undergone a CT coronary angiography that confirmed the viability of all of the grafts (Figure 2). At a one-year follow-up the patient remained in good clinical condition and with no further complications.

  
    

    [image: Fig. 2 - Postoperative CT angiography indicating (A) RIMA anastomosed to the LAD artery (arrow); (B) Saphenous vein grafted to the PDA (arrow); (C) three dimensional front view and (D) lateral view.]

  

   

  DISCUSSION

  Dextrocardia with situs inversus totalis is a rare congenital abnormality characterized by the development of visceral organs on the opposite side of its topography, like a mirror image. Hieronymus Fabricius (1537 - 1619) was an Italian anatomist and surgeon who first described situs inversus in 1606[1,4]. The combination of a rare condition such as dextrocardia and situs inversus totalis with a cardiac disease has been reported sporadically in medical literature, generally related to congenital anomalies, and recent reports regarding to atherosclerotic CAD has emerged. Patients with this condition are so vulnerable to be affected by CAD than general population, but the few number of only recently reported cases may be resulted from advances in life expectancy of the population in combination with medical advances in diagnostic and therapeutic fields, and more importantly, with the rarity of this condition by itself[1].

  The first cases of coronary artery bypass surgery in patients with situs inversus were reported by Grey and Cooley, in 1981, and by Irving et al., in 1982[1,5]. Previously, Richardson et al., in 1974, described a case of a ventricular aneurysm resection after myocardial infarction in a patient with persistent ventricular tachycardia [1].

  The Brazilian Experience

  In 1988, Abensur et al.[1] published the first report of coronary artery bypass grafting using the RIMA in situs inversus totalis, and this case marked the first Brazilian report of coronary bypass surgery in this kind of patient. Only 14 years later, Rosa et al.[2], in 2002, reported the second case in the country, performing a triple-vessel revascularization with CPB utilizing RIMA and two saphenous vein grafts. Pego-Fernandes et al.[3] reported a case in which they performed an on-pump quintuple coronary artery bypass grafting and Saadi et al.[4] reported another case in which they performed a triple on-pump coronary bypass grafting. In these three operations, the only change in the surgical setup was the surgeon standing in the left side of the patient, not altering the rest of the scenario. On the other hand, the surgical setup in these situations may be completely modified when the complexity requires. The Brazilian experience is summarized in Table 1.
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  International Experience (Off-Pump Procedures)

  The first cases of Grey and Cooley were reported in 1981, but using the CPB circuit. Twenty years later, Tabry et al.[6] were the first to publish a case of a coronary artery bypass surgery with the off-pump technique, in which both mammary arteries (the free LIMA anatomosed to the in situ RIMA) and a saphenous vein graft were sequentially anastomosed. After that report, a few number of authors have published similar cases, with some differences in their technical options. These data are presented in Table 2.
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  Minimally Invasive Approach

  Although not widely diffused in our country, minimally invasive techniques can be employed in these cases, like demonstrated only by a couple of authors. The first report was described by Romano et al.[15], in 2010, in which they performed a right anterior small thoracotomy (11 cm in length) to access the chest and mobilize the RIMA in a skeletonized fashion. Distal anastomosis to the LAD artery was achieved by the standard beating-heart technique and the surgeon standing on the right side of the patient. The authors claimed more complete and normal view of the operative field using such technique and arrangement. Su et al.[19], in 2013, described an off-pump triple-vessel coronary bypass surgery with a partial sternotomy incision (10 cm in length), in which the surgeon performed the distal anastomosis standing on the left side of the operating table and after chose the right side to perform the proximal anastomosis because of the better exposure of the ascending aorta.

   

  TECHNICAL AND FINAL CONSIDERATIONS

  One of the most important facts in these cases is related to the best position of the surgeon on the operating table specially when considering off-pump procedures, due to the natural challenges during beating-heart operations and the mirrored operative field in the situs inversus condition. Besides of our report, we found 15 patients operated without the use of CPB. In 2 of them there was no clear mention about the surgeon side. In 5 patients, the operations were performed with the surgeon standing on the right side of the patient, in another 5 on the left side and in 3 the surgeon stood on both sides. Bonde & Campalani[8] strongly recommended performing the surgery from the left side, but some authors simply felt at ease to perform in this way[20]. Chakravarthy et al.[13] reported a series of two cases, in the first standing on the right side, but in the second case they chose to switch the positions, concluding that such cases brought extra technical problems even if standing on the left side. Chakravarthy et al.[13] and Su et al.[19] performed the distal anastomosis standing on the left side and the proximal anastomosis on the right side. Su et al.[19] experienced better exposure of the ascending aorta during the proximal anastomosis. Another authors advocated operating on the right side while feeling comfortable performing such operations[20]. Bonde & Campalani[8], Abdullah & Mazalan[10] and Chakravarthy et al.[13], even with different positions, experienced difficulties during exposure and anastomosis of the PDA with some hemodynamic instability, which obligated the first to convert the case to on-pump procedure.

  Although not using CPB, we performed a triple coronary artery bypass surgery in a patient with dextrocardia and situs inversus totalis, with the surgeon standing on the left side of the patient being the unique change in the technical arrangement for the procedure that occurred without any complication. We chose to use the RIMA once the left one would not reach properly the LAD artery and would cross over the mediastinum. We have found that using deep pericardial traction sutures with minimal inotropic support allowed to us to obtain good exposure of the lateral and posterior walls of the heart without inducing hemodynamic instability. The postoperative course was uneventful, the patient was discharged home eight days later and one year after the operation he remained in good clinical condition and no further complication. A CT coronary angiography confirmed the viability of all grafts 9 months after the surgery.
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    ABSTRACT

    Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels are reverse voltage-dependent, and their activation depends on the hyperpolarization of the membrane and may be directly or indirectly regulated by the cyclic adenosine monophosphate (cAMP) or other signal-transduction cascades. The distribution, quantity and activation states of HCN channels differ in tissues throughout the body. Evidence exhibits that HCN channels play critical roles in the generation and conduction of the electrical impulse and the physiopathological process of some cardiac diseases. They may constitute promising drug targets in the treatment of these cardiac diseases. Pharmacological treatment targeting HCN channels is of benefit to these cardiac conditions.

    Keywords: Ion Channel Gating. Cardiac Electrophysiology. Electrophysiological Processes.

  

   

   

  INTRODUCTION

  The hyperpolarization-activated cyclic nucleotide-gated (HCN) channels comprise a family of cation channels activated by hyperpolarized membrane potentials and stimulated by intracellular cyclic nucleotides. The members of the family are four human isoforms (HCN1-4). Upon hyperpolarization, all four isoforms generate a inward current (If) in the heart and in the nervous system[1-3]. The hyperpolarization-activated funny current (If) is a major determinant of cardiac diastolic depolarization and plays a key role in controlling heart rate[4]. The expression of HCN channel is age-related, the expression has difference in distinct growth stages, HCN genes are inactivated in ventricular myocytes cells following maturation whereas they expressed in these cells in the fetal and/or neonatal heart[5-8]. Three isoforms (HCN1, HCN2, HCN4) are expressed in cardiac tissues, with HCN2 and HCN4 the dominant subtypes. In the healthy adult heart, HCN channels are predominantly expressed in the conduction system, especially in the sinoatrial node, HCN4 has been determined as the principal HCN isoform in sinoatrial node cells. However, some studies demonstrate a significant expression of HCN1 and also a small amount of HCN2 beneath HCN4 in murine sinoatrial cells at the protein level, indicating that the three subunits together contribute to If in these cells[8,9]. HCN2 has long been known to be expressed in cardiac ventricular myocytes[10], and recently, the expression of HCN4 and low amounts of HCN1 and in addition a functional role of HCN3 in ventricular myocytes has been demonstrated[11,12], but the expression of HCN channels in healthy adult ventricular myocardium is generally weaker than in the conduction system, so If currents are rarely detectable in normal ventricular myocytes[13,14]. The kinetics of HCN1 is the fastest, followed by HCN2, and the slowest is HCN4[15]. cAMP can make the potential of HCN channel open probability curve more positive. HCN2 and HCN4 channels increased 10-20 mV, and HCN1 only 5 mV. HCN channel is also affected by the endocrine system. Studies have demonstrated that HCN2 and HCN4 gene transcription is controlled by thyroid hormone, so it is speculated that HCN2 and HCN4 gene down-regulation level is an important mechanism for bradycardia induced by hypothyroidism. Positive inotropic effect of thyroid hormone may be associated with up-regulation of the channel molecules[16,17].

   

  HCN AND CARDIOMYOPATHY

  A large number of studies have found that in heart failure, atrial fibrillation, myocardial hypertrophy and myocardial infarction, atrial and ventricular HCN2 and HCN4 channels gene express unusually causing atrial or ventricular myocyte If current rise or fall, and all of these may be associated with heart disease fatal arrhythmia[18]. Under normal conditions, HCN channels are poorly expressed outside the cardiac pacemaking and conduction system[11,18-20], but it changes during cardiac disease. During hypertension and heart failure, If activity is observed in the ventricular myocardium due to re-expression of HCN genes[18,21-23], several studies proved that If current density and occurrence is significantly greater in hypertrophic cardiomyocytes and end-stage failing hearts and this is directly related to the arrhythmias[18,21,24-27]. Basing on the presence of If current in ventricular myocytes isolated from severely hypertrophied rat hearts, the current arrhythmogenic role in cardiac hypertrophy and failure has been inferred[25], and its density is larger in human ventricular myocytes isolated from the hearts of patients with ischemic than in those with dilated cardiomyopathy[21]. Stillitamo et al.[18] demonstrated for the first time comparing the mRNA and protein expression of HCN subunits in the human atrial and ventricle under normal and heart failure conditions in human heart failure, an upregulation of ventricular HCN2 and HCN4 underlies the increase in functional If current, Michael et al.[28] studied the model with ventricular HCN2/4 knockout and identified the enhanced If as an important contributor to the typical electrophysiological alterations observed in the hypertrophic heart, including prolonged ventricular action potentials and lengthened QT intervals. So the overexpression of If may contribute to increased ventricular (and atrial) propensity to arrhythmias which leading to sudden death caused by ventricular tachycardia or fibrillation in heart failure and hypertrophic heart. Cardiac dysfunction is a complex and important problem for people with epilepsy. Recently, a study has showed that cardiac electrophysiology was significantly altered in adult rat models of genetic or acquired epilepsy, with slower heart rate, shorter QRS duration, longer QTc interval, greater standard deviation of RR intervals, and bradycardia, molecular analysis demonstrated significant reductions in cardiac HCN2 mRNA and protein expression in models, providing a molecular correlate of these electrophysiologic abnormalities[29].

   

  HCN AND ARRHYTHMIAS

  HCN channels are essential for cardiac pacemaker and electric conduction. The cardiac hyperpolarization activated cation current (If) is known to be present in region with primary or second pacemaker activity, which is found in non-pacemaking regions of the heart. In pacemaker regions, If is believed to contributed to spontaneous diastolic depolarization. HCN1-knockout animals display a dysfunction of the sinoatrial node resulting in sinus dysrhythmia, sinus pauses and a reduced cardiac output, demonstrating that HCN1 contributes to a stable cardiac rhythm generation[30]. Atrial fibrillation is the most common sustained tachyarrhythmia and is one of the major causes of cerebrovascular accident[31,32]. Clinical electrophysiology studies in patients have demonstrated that rapid focal activity originating from PV can trigger and maintain atrial fibrillation[33-35]. A study found that the pacing-induced spontaneous cation potential and larger If current were observed in the PVs cardiac myocytes from canine using RAP (rapid atrial pacing), and a slow diastolic depolarization in the PVs cells. Meanwhile If current densities were significantly higher. As mentioned above, delayed ventricular repolarization and prolonged QT intervals exist in hypertrophic heart, and they can promote early after-depolarizations and electrical instability, so ventricular HCN channels may play a significant role in the diseased heart by increasing the risk for severe ventricular arrhythmias[36,37]. For the patients with advanced atrioventricular block or sick sinus syndrome, pacemakers are implanted. Biological pacemakers have several advantages (improved cardiac output, no need for periodic resizing in a child during maturation, among others), so the efforts to use gene therapy to create a biological pacemaker have been ongoing for many years. And most of the efforts focused on HCN gene family of channels. Plotnikov et al.[38] has proved that HCN212 chimeric channel is noteworthy, therefore it resulted in tachycardia when overexpressed in the canine left bundle branch to achieve the desired physiological range.

   

  HCN CHANNEL BLOCKERS

  It is well known that slow heart beat is good for the heart. Therefore, HCN channels become the main target of the drug study controlling rapid arrhythmia. Recently, there are many studies about ivabradine, the first selective blocker of If current. A work done by Kuwabara et al.[39] analyzed the effect of ivabradine on survival and rhythmicity in a transgenic mouse model (dnNRSF) of dilated cardiomyophathy, and the founding is although an increased cardiac expression of If accompanied by ventricular tachyarrhythmias and sudden arrhythmic death, the survival was improved significantly when ivabradine was administrated at low doses without affecting heart rate. Ivabradine can markedly reduce If currents in the RAP (rapid atrial pacing) cells in a concentration-dependence manner[40]. It has been proved that Ivabradine can reduce heart rate without exerting negative inotropic or vasodilatory effects[41]. A recent clinical trial, the Systolic Heart failure treatment with the If inhibitor ivabradine Trial (SHIFT), showed the outcomes of patients with resting heart rates >70 bpm were significantly improved with the heart rate decreased[42]. A subgroup analysis of BEAUTIFUL trial (morbidity-mortality evaluation of the If inhibitor ivabradine in patients with coronary artery disease and left ventricular dysfunction study) suggested a specific benefit for patients with heart rates over 70 bpm[43], and echocardiography revealed that the reduction in the left ventricular systolic volume index observed in the ivabradine treatment was related to the degree of heart rate reduction, although the large study showed the composite endpoint was not significantly different between the ivabradine and the placebo groups. All of the results suggest that ivabradine improves cardiac diseases outcome depends on its reduction of heart rates. In the treatment of chronic heart failure, ß-receptor blockers are used widely, but some patients cannot tolerant ß-receptor blockers (because ß-blockers may induce asthma, negative inotropic effect and so on), thus, ivabradine maybe the alternative. Another study examined the effects of ivabradine on survival and arrhythmicity in transgenic mice (dnNRSF-Tg). In this study, ivabradine was used 7 mg/kg per day orally, and the results showed it significantly reduced ventricular tachyarrhythmias and improved survival among dnNRSF-Tg mice while having no significant effect on heart rate or cardiac structure or function. Ivabradine inhibited the abnormal automaticity induced by ß-adrenergic stimulation and prevented the increase in automaticity in dnNRSF-Tg mice[39]. It is well known that the incidence of sinoatrial node dysfunction increases with age and is accompanied by atrial fibrillation (AF) and other tachyarrhythmia[44]. AF is one of the most common arrhythmias. It is estimated that 84% of the patients with AF are over 65 years old, and the incidence rate of AF doubles every 10 years, the incidence rate of AF is 10% in people over 85 years old. It can lead to congestive heart failure, thromboembolism, and cerebrovascular accident. So the mortality rate of AF is very high[45,46]. Recent animal study showed that dogs with age-related AF induced by rapid atrial pacing administered ivabradine for intervention, and ivabradine could increase the effective refractory periods in the left atrium and left superior pulmonary vein, reduce the duration of AF after induction, and significantly decrease the inducing rate of AF (the incidence rate of AF decreased from 50% to 25%). Therefore, ivabradine has potential effects in preventing age-related AF[47]. Amiodarone is one of the most frequently used anti-arrhythmic drugs. Amiodarone was shown to inhibit HCN channel currents in oocytes and HEK-cells. To determine the effects of amiodarone under pathological conditions, a study monitored If under the amiodarone treatment in ventricular myocytes from spontaneously hypertensive rats with left ventricular hypertrophy using the whole-cell patch-clamp technique. The findings of the study showed that the incubation of myocytes with amiodarone significantly suppressed If density and downregulated HCN2 and HCN4 expression at both the mRNA and protein level. This is the first study indicating that amiodarone inhibits If under hypertrophied condition[48].

   

  PERSPECTIVES

  With the development of the study on HCN channels, the importance of HCN channels on heart diseases attracted more attention. The biological pacemaker based on HCN channels has attached much attention, and a lot of in vitro and in vivo gene transduction experiments proved the feasibility of constructing cardiac biological pacemaker, but its clinical application and safety issues is yet to be confirmed further. In order to avoid side effects of HCN channel blockers, the subtype-selective HCN channel blocker is promising.
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lable 1. Llinical, demographic and surgical data for the group
of patients undergoing cardiac surgery.

Variables T(':':"z'g)g fﬁ:gg’)‘ P
Gender 025

Male 1 16

Female 14 9
Age (years) 564+ 13 57+147 0.86°
Surgery type 0.58°

ARG B 19

Valve 7 4

Congental 0 p
Cardiopulmonary R
bypass time (min) 702+19 68+ 22 07
MV time (hours) 74+23 77+31 0.72°
Length of stay (days) | 62413 | 84+28 | 0002

CABG=coronary artery bypass grafting; MV=mechanical
ventilation
3Chi-square test; 'Student't test: Fisher's exact test
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lable 2. Intra- and inter-group analysis of the mean maximal
inspiratory pressure and distance walked in the 6MWD minutes
of patients undergoing cardiac surgery.

Preoperative

P Discharge P

MIP
Control 975+18.2 69.5£149 0.00001
Training 942+16.2 83.1£19.1 <001
P 049 0.0073

MWD
Control 4996+ 1143 4224+1028 0.0001
Training 516+ 1148 5024+1128 <001
P 060 0.0031

MIP=maximal inspiratory pressure; 6MWD=six-minute walk test
Data presented as mean + standard deviation. Student t test
for paired intragroup analysis. Student's t-test for intergroup

analysis.
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lable 1. Characteristics of patients who had endoleak ana/or need to be re-operated.

Initials | Sex (y’:gfs) Comorbidities DI:[::@ D;ﬂ":ter Endoprosthesis F&'mﬁi? Endoleak | Reoperation
M | M | 724 | SAeHD#PDD | 6 250 Talent 76 i
200 B Yes
wo | m | 7 X 68 Apolo 57
320 B Yes
v | M | 70 55 | 19R Talent % ]
| M | e TB+HD+LD 70 | 200 Talent 2 Yes
R | M | 52 | EXTBiSAHsHD 64 | 2R Apolo 36 B Ves
N | M | 72 | SAHsDMiCRF 60 | 25 Apolo P Ves
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BE | M | 65 | sAHHDiCOPD | 60 | 200 Zenith [ B Ves
v | M| & X8 95 | 260 Zenith 3 [

M=male; AAA=abdominal aortic aneurysms; CIA= aneurysms of the common iliac arteries; SAH=systemic arterial hypertension;
HD=heart disease; C=cancer; CRF=chronic renal failure; PVD=peripheral vascular disease; DM=diabetes mellitus; TB=tabagist; EX-TB=

ex-tabagist:

iver disease: COPD=chronic obstructive pulmonary disease: R

right: L=left
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Abbreviations, acronyms & symbols

AAAs = Abdominal aortic aneurysms
ClAs = Common iliac arteries
CT = Computed tomography
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Table 4. Vieans and standard deviations for patient age, follow-up time, ana artery diameter before treatment, in cases with dilation

of repaired artery on last CT scan.

Change in diameter of repaired artery

Patient age (years)

Follow-up time (months)

Artery diameter before treatment (cm)

None or reduction of up to 20% 720471 257+154 22404
Increase of between 4% and 168% 67.4+9.2 25.8+145 21403
Pvalue 0.047 0.981 0481
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Table 2. Mean and standard deviations for age and number of
comorbidities of patients evolving with and without endoleaks

and those with and without reoperation.

Endoleak Reoperation
Yes No Yes No
Age 7014107 | 705476 | 650478 | 716678
Number of 24413 | 20810 | 29+10 | 19+10

comorbidities
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lable 3. Means and standard deviations in time (months) elapsed between treatment and nindings on last L1 scan.

Without complications

With complications
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Endoleak

Reoperation

Endoleak + Reoperation

224494

3654233
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3174142

3954283

P=0063

ANOVA-
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Table 1. Patient’s clinical data.

Variables N (%)
Mean age (years) 75.1 +7 (66-90)
Male 13(81.3%)
Smoking 4(267%)
Comorbidities
Diabetes 2(133%)
Hypertension 11(733%)
Coronary heart disease 2(13.3%)
COPD 1(6.7%)
PAOD 39(14.1%)
Aneurysm
Isolated IIAA 2(125%)
Common iliac aneurysm 1(63%)
Aortoiliac aneurysm 13 (813%)
Treatment
EVAR 13(81.3%)
lIA coils embolization 1(6.3%)
1A plug occlusion 1(63%)
IBD 1(6.3%)
Coils embolization 2(133%)
Percutaneous embolization 1(6.3%)
Preservation of one IIA 9(56.3%)

COPD=chronic obstructive pulmonary disease;
PAOD=peripheral arterial occlusive disease; AA=internal
iliac artery aneurysm; EVAR=endovascular aneurysm repair;
llA=internal iliac artery: IBD=iliac branch device
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Fig. 1 — Pre-EVAR erectile dysfunction by age group; P=0.074.
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Abbreviations, acronyms & symbols

AAA = Abdominal aortic aneurysm
ASA = American Society of Anesthesiologists
BMI Body mass index

EVAR = Endovascular aneurysm repair
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Fig. 2 - Blood transfusion during hospitalization by age group,
P=004
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lable 1. Pre, intra and postoperative data. No statistical signincance. lIA, Internal lliac Artery; CIA, Common lliac Artery; ASA,
American Society of Anaesthesiologists classification.

<70years 7080 years >80years
Right Left | Bilateral Right | Left | Biateral Right | Left | Biateral
Aneurysm Aortic | porliac | Aoreolliac | Aortoliac | A% | portolliac | Aortaliac | Aortolliac | A°™€ | ortaliiac | Aorolliac | Aortoliac
jorphol
PR aoaw | 3eew | 3ss% | 30w | 41i% | 08% | sasw | 4sw | 2mew | saow | 7% | 4%
I1A Aneurysm 58% 121% 12%
Aneurysm 61.7mm (min 27 ; max 104) 61.2mm (min 30; max 106) 645 (min 25 ; max 103)
Diameter
Neck
22mm (min 16; max 30) 228 (min 18; max 33) 228mm (min 16; max 32)
Diameter
Neck Length 225 (min 10; max 70) 22.9mm (min 10; max 80) 23.6mm (min 6; max 50)
ek Straight | Conical | Inverted | Other | Straight | Conical | Inverted | Other | Straight | Conical | Inverted | Other
leck Shape
62% 28% 6% o | ol4% | 208% | 35% | s3% | 698% | 265% | 47% 0%
<50% >50% None <50% >50% None <s0% >50% None
Calcification
75% 25% 0% 683% 267% 5% 643% 262% 45%
o None | <25% | 25-50% | 50-75% | >75% | None | <25% | 25-50% | 50-75% | >75% | None | <25% | 25-50% | 50-75% | >75%
rombus
792% | 21% | 63% | 104% | 21% | 638% | 69% | 103% | 17% | 17% | 7079 | 4% | 122% | 73% | 9%
None <500 >50° None <500 >50° None <500 >50°
Angulation
245% 429% 327% 186% 475% 339% 095% 524% 381%
Small Medium Large Small Medium Large Small Medium Large
lliac Tortuosity
432% 378% 189% 333% 444% 2% 19% 381% 429%
Right CIA <20mm >20mm <20mm >20mm <20mm >20mm
Diameter 85.7% 143% 78% 21.1% 83.3% 17.7%
LeftCIA <20mm >20mm <20mm >20mm <20mm >20mm
Diameter 72% 28% 78% 21.1% 833% 17.7%
[ [ v i [ v [ [ v
ASA
26% 642% 132% 16.1% 60.4% 145% 64% 809% 127%
General local | Loco-regional | General Local  [Loco-regional | General Local | Loco-regional
Anaesthesia
38% 0% 62% 422% 47% 531% 234% 64% 702%
Length of Stay 7.2 days (min 2; max 60) 6.17 days (min 1; max 40) 554 days (min 2; max 15)
Re-intervention 93% 212% 176%
30-day Mortalty| 0% 0% 39%
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Table 2. Atherosclerotic risk factors, cerebrovascular disease, peripheral arterial disease and body mass index (kg/m?), by age group.

Age groups
<70years 70-80 years > 80 years ss

Hypertension 833% 909% 76.5% N
Active smokers 389% 7.7% 3.9% N
Former smokers 48.1% 708% 54.9% N
Dyslipidemia 66.7% 738% 608% N
Diabetes 204% 138% 216% N
Cerebrovascular disease 241% 262% 5.9% N
Peripheral arterial disease 18.5% 215% 137% N

No risk factors 25% 25% 25%
Atherosclerotic risk factors | 1-2 risk factors 326% 302% 37.2% N
association 34 risk factors 309% 415% 277%

5 or + risk factors 389% 55.6% 5.6%

<25 kg/m? 306% 34% 60.4%
BMI 25-30 kg/m” 388% 415% 33% P=006

> 30 kg/m? 306% 24.5% 17.7%

atistical significance: Y=yes: N=no
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lable 4. Presence of endoleak by age group.

Age group No endoleak With endoleak
<70 years 63% 37%
70-80 years 56.3% 43.7%
>80 years. 59.6% 404%

No statistical significance.





OPS/images/a14img11.png
lable 5. lype of endoleak by age group.

Age Group No endoleak Endoleak | or lll Endoleak Il Endoleak Il + I/Ill
<70 years, 63% 37% 25.9% 7.4%
70-80 years 56.3% 12.5% 28.1% 3.1%
>80 years 59.6% 12.8% 19.1% 8.5%

No statistical significance.
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Table 3. Type of endogralt used.

<70years 70-80years > 80years
Endurant Talent Endurant Talent Endurant Talent
Excluder Excluder Excluder
Endograft Billiac | UnHliac | Blliac |Uni-liac| Billiac |UnHliac| Billiac |UnHliac| Billiac [Unkliac| BHlliac |Unilliac
4250% | 2593% | 166% | 185% | 741% | 3629% |3231% [2154% | 462% | 462% | 2449% | 57% |2245% | 6.12% |1420%

No statistical significance.
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Fig. 3 - EVARrisk factors association by age group; no statistical
significance.
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lable 7. Mean operative costs for patients undergoing EVAR.

Mean Median Std. Deviation Minimum Maximum

EVAR <70 years 11,658 € 10,226.80 € 6,157.80 € 9,270 € 50,779.70 €
70-80 years 11,11030€ 1048470 € 2163€ 9433€ 20979 €

>80 years 1152180 € 1037130 € 475280 € 9,081.50 € 40,240.70 €

No statistical significance.
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Abbreviations, acronyms & symbols

2MST = 2-minute step test
6MWT = 6-minute walk test

CC =Cardiacsurgery

G =Control group

ICU  =Intensive care unit

MIP = Maximum inspiratory pressure
TG =Training group

TUG  =Timed up and go test
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lable 6. Aneuysmal sac behavior aiter EVAK.

<70years | 70-80years | >80 years
Sac growth 80% 11.3% 133%
Sac shrinkage

0-5mm 260% 16.1% 244%
5-10mm 300% 323% 33.3%
10-15 mm 60% 145% 178%
15-20 mm 80% 145% 44%
20-25 mm 80% 65% 22%
25-30mm 80% 16% 22%
>30 mm 60% 32% 2.2%

No statistical significance.
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years, standard deviation 0.7 (C1 95 - 85 to 11.2). The population with 70-
80years had a median survival of 72 years, standard deviation 07 (C1 95
— 58t086). The patients older than 80 years had a median sunvival of 83
\yvears, standard deviation 1 (C195-64to 10.3).





OPS/images/a24img06.png
lable 1. Distribution of heart aonors Dy age.

Gender
Age Male Female forel
n % n % n %

0-15 years 133 6.2% 66 3.1% 199 9.3%
16-35 years 657 306% 184 86% 841 39.2%
36-50 years 401 18.7% 312 14.5% 713 33.2%
=51 years 219 10.2% 174 8.1% 393 18.3%
Total 1410 65.7% 736 34.3% 2146 100.0%
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Fig. 1 - Distribution of retrieved hearts between 2004 and 2014.
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Abbreviations, acronyms & symbols

AAAD = Acute type A aortic dissection

ACPB = Aortic clamping on hypothermic cardiopulmonary
bypass
cpg = Cardiopulmonary bypass

DHCA = Deep hypothermic circulatory arrest
Intensive care unit

IRAD = International Registry of Acute Aortic Dissections
tandard deviation

TEE  =Transesophageal echocardiography






OPS/images/a24img03.png
Authors' roles & responsibilities

RMF

Conception and study design; execution of operations
and/or trials; analysis and/or data interpretation; final
manuscript approval

Manuscript writing or critical review of its content; final

Final manuscript approval

AMOSA Analysis and/or data interpretation; statistical analysis;

manuscript writing or critical review of its content; final
manuscript approval






OPS/images/a11img07.png





OPS/images/a11img08.png
Table 1. Preoperative patient characteristics (N=24).

Mean age [years (SD; range)] 58 (13;45-81)
Male/female ratio (%/%) 16/8 (66.6/334)
Prior cardiac surgery/PCl 0%/16.6% (N=4)
Hypertension 708% (N=17)
Diabetes mellitus 29.1% (N=7)
coPD 208% (N=5)
Prior myocardial infarction 8.3% (N=2)
Prior CVA 41% (N=1)
Dissection type

DeBakey type 1 91.7% (N=22)

DeBakey type 2 8.3% (N=2)
Etiology

Idiopathic 95.8% (N=23)

Marfan 41% (N=1)
Systolic LVF

Good (EF > 50%) 79.2% (N=19)

Impaired (EF < 50%) 208% (N=5)
Aortic insufficiency

None 125% (N=3)

Grade II 333% (N=8)

Grade lI-IV 54.2% (N=13)
Shock 25.0% (N=6)
Tamponade 125% (N=3)

SD=standard deviation; PCI=percutaneous coronary intervention;
COPD=chronic obstructive pulmonary disease;
CVA=cerebrovascular accident: LVF=left ventricular function
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Abbreviations, acronyms & symbols

BD Brain death

BVCH  =Human Valve Bank

CNCDO = Centers for Notification, Procurement and Distribution
of Organs

CPA = Cardiopulmonary arrest

CRA = Cardiorespiratory arrest
CVA = Cerebrovascular accident
SNT  =National Transplant System
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lable 2. Ferioperative data.

Variable Mean+SD Range
CPB (min) 8544127 75-135
Clamping time (min) 675468 60-100
SACP time (min) 445147 29-60
Blood transfusion (U) 42417 0-12
Blood loss (24h) 654+128 382-1270

CPB=cardiopulmonary bypass; SACP=selective antegrade

cerebral perfusion
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lable 3. Postoperative data.

Variable n %

Mortality 2 83
Bleeding 1 41
Mesenteric ischemia 1 41

Morbidity 8 333
Reoperation 1 41
Cerebrovascular accident 1 41
Arthythmia 4 166
Ventilation > 24h 2 83
Pnemonia 1 41
Renal dysfunction 2 83
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Table 1. The Brazilian experience with coronary artery bypass graiting in a patient with situs inversus totalis.

Authors Year | A9 | Gender | Disease | D5 Grafts Pump | Surgeon side
(years) anastomosis
RIMA,
Karigyo et al. present | 76 M EY) 3 e | 0 Left
Saadi et al 2007 78 F 3vD* 3 RIMA, On Left
Saphenous vein
Pégo-Fernandes et al® 2007 63 M 5D 5 RIMA, On Left
Saphenous vein
D RIMA,
B
Rosa et al. 2002 53 F ) 3 Saphenous vein On Left
Abensur etal™ 1988 38 M D 1 RIMA On Not
mentioned

F—female; LCA=left main coronary artery; M=male; RMA=right interal mammary artery; VD—vessel disease
*Presence of aneurysms in the left descending coronary artery
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iaogi Zhao, MD; Tianxiang Gu, MD - Department of Cardiac
Surgery ICU, The First Affiliated Hospital of China Medical
University, Shenyang, PR. China
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Table 2. The international experience with coronary artery bypass grafting in a patient with situs inversus totalis.

Age

Distal

Authors Year | Country Gender | Disease Grafts Surgeon side
years) anastomosis
Tabryetal® 2000 | usa 2 | M| 3w 4 o, Left
aphenous vein
Stamou etal?” 2003 | usa 65 F 20 2 FIVA Both
Saphenous vein
. RIMA,
Bonde & Campalani®® | 2003 UK 2 | M | 2w 2 Left
Saphenous vein
Bonanomi etal® 2004 | Usa 72 F 20 2 FIVA Not
Saphenousvein | mentioned
Abdullh & Mazalan™ | 2004 | Malysa | 5 | M | 3w 3 Saphenousvein | Right
BIMA,
o )
Kuwata etal! 2004 | Japan o [ mo| 3w 5 ool iy Left
Ennkeretal? 2006 | Germany | 82 F |uknown| 2 RIMA Left
LIVA,
Chakravarthy etal®™ | 2008 | India a oM o| 3w 2 Radialartery, Right
Saphenous vein
Chakavarthy etal®™ | 2008 | India 81 M Ev) 3 o, Both
aphenous vein
BIMA,
v )
Yamashiro etal. 2009 | Japan Bl oM o] 3w 3 ool iy Right
Romano etal"% 2010 taly, 59 F D 1 RIMA Right
Venezuela
The RIMA,
e )
Artigoni etal. 2000 | e | & | M| w0 3 Radlanery Left
BIMA,
o )
Takahashi etal. 201 | Japan s [ M| 3w 3 Sophononven | bt
Mouline &Vallely ™ | 2013 | Austala | 81 | M o 2 BIMA Not
mentioned
Suetalt 2013 | China 65 F E) 3 FIMA Both

Saphenous vein

BIMA=bilateral mammary arteries; F—female; LCA=Ieft main coronary artery; Mmale; AIMA=right internal mammary artery;

VD=vessel disease

“Conversion to on-pump technique due to hemodynamic instabilty
£ Minimally invasive technique
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Table 1. Data according to Groups 1.ana 2.

Group 1 (n=65) Group 2 (n=95) P
(Pedicled LIMA) (Semiskeletonized LIMA) values

Age (mean:SD) (year) 653295 63.729.1 0308
Gender (male) 38 (58.5%) 57 (60%) 0846"
Smoking 25 (38.5%) 36 (37.9%) 0942°
CoPD 20 (308%) 29 (30.5%) 0974
Hypertension 48 (73.8%) 66 (69.5%) 0548"
PAD 4 (6.2%) 8(84%) 0763
Preoperative stroke story 6(9.2%) 2(2.1%) 0.063F
Diabetic nondiabetic *30 (46.2%) *59 (62.1%) 0,046

oral a/d 24.(36.9%) 18 (18.9%)

parenteral a/d 11 (16.9%) 17 (17.9%)
Right carotid artery *0.356°

stenosis<%50 22(33.8%) 27 (284%)

950< stenosis<%70 *5(7.7%) *5(53%)

9% 70< stenosis<%100 *1(15%) —

stenosis=%100 _ —
Left carotid artery *F

stenosis<%50 23 (354%) 33(347%)

950< stenosis<%70 *3(46%) 7 (7.4%)

9% 70< stenosis<%100 _ —

stenosis=%100 1(1.5%) —
BMI (mean:5D) 203+46 201347 0.700"
Ejection fraction (mean+5D) 54787 52.9+89 02557

": Pvalue was presented as a result of Student-t test.

P: P value was presented as a result of Pearson's qui-square test.

F: P value was presented as a result of Fisher's Exact test.

*P value was calculated according to carotid artery stenosis <%50.

a/d=antidiabetic agent; BMI=Body Mass Index, SD=Standard deviation; PAD=Peripheral artery disease; COPD=Chronic obstructive
pulmonary disease
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Abbr

ions, acronyms & symbols

BIMA = Bilateral mammary arteries

CAD = Coronaryartery disease
CPB = Cardiopulmonary bypass
T =Computed tomography

LCA = Leftmain coronaryartery
LMA = Leftintenal mammary artery
PDA  =Posterior descending artery
RIMA  =Right internal mammary artery
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Table 2. Operative data, according to Groups 1 and 2.

Group 1 (n=65) Group 2 (n=95) B
(Pedicled LIMA) (semiskeletonized LIMA) values
Saphenous graft 60 (923%) 85 (89.5%) 0546'
Radial artery graft 14 (21.5%) 22 (232%) 0810°
LIMA graft 65 (100%) 95 (100%) "
Numbers of grafting 27408 25409 0136’
(mean+SD)

": Pvalue was presented as a result Student-t test.

P: P value was presented as a result Pearson’s qui-square test.

LIMA=Left internal mammary artery
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Abbrevi;

fons, acronyms & symbols

ACT = Activated coagulation time

BMI  =Bodymassindex

CABG = Coronary artery bypass grafting
COPD = Chronic obstructive pulmonary disease
CVA = Cerebrovascular accident

CVS = Cardiovascular surgery

EF Ejection fraction

ICU  =Intensive care unit

LIMA = Leftinternal mammary artery
PAD = Peripheral artery disease

TTE  =Transthoracic echocardiography
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Table 3. Postoperative drainage according to Groups 1and 2.

Group 1 (n=65) Group 2 (n=95) [3

(Pedicled LIMA) (Semiskeletonized LIMA) values
First 24-hour drainage (mi) 706142342 5012588 0005'
Second 24-hour drainage (ml) 270+1336 18041404 <0001"
Total drainage count (ml) 976.1:£3069 78143355 <0001"
Erythrocyte suspension (bag) 1941 12412 <0001"

™. Pvalue was presented as a result Student-t test.
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lable 3. Association analysis for age and causes of death.

Age
0-15 16-35 36-50 > 50 Pl
(n=199) (n=841) (n=713) (n=393)
Causes of death
Trauma 114 (57.3%) 683 (81.2%)* 274 (384%) 68(173%)
Cerebrovascular accident 32(161%) 98(11.7%) 348 (48.8%) 257 (654%)*
Adverse factors 49 (246%)* 45 (54%) 47 (66%) 26 (6:6%) 0000
Cardiovascular diseases 4(05%) 9(13%) 11.28%)"
Transplant receivers 3(15%) 9(1.1%) 31 (43%)" 26 (66%)"
Not informed 1(05%) 2(0.2%) 4(06%) 5(13%)
*Significant association based on the adjusted residual.
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lable 2. Association analysis for age, causes of death and gender.

Gender
Male Female e
(n=1.410) (n=736)
Age
0-15 years 133 (94%) 66 (9.0%)
16-35 years 657 (46.6%)" 184 (25.0%)
36-50 years 401 (28.4%) 312 (424%)" 0000
> 50 years 219 (15.5%) 174 (234%)"
Causes of death
Trauma 959 (68.0%)" 180 (244%)
Cerebrovascular accident 294 (208%) 441 (59.8%)"
Adverse factors 84.(6.0%) 83 (11.2%)" 0000
Cardiovascular diseases 13 (0.9%) 11(1.5%)
Transplant receivers 50 (3:6%) 17 (26%)
Not informed 10 (0.7%) 4(05%)

* Significant association based on the adjusted residual.
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Abbreviations, acronyms & symbols

AAA = Abdominal aortic aneurysm
EVAR  =Endovascular aneurysm repair
18D
A

liac branch device

iac artery
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lable 4. Association analysis for race and causes of death.

Race
White Black Pardo P-value
(n=1.345) (n=196) (n=486)
Causes of death

Trauma 713 (53.0%) 90 (45.9%) 280 (57.6%)*
Cerebrovascular accident 466 (34.6%) 88 (44.9%)* 152 (31.3%)
Adverse factors 102 (7.6%) 12(6.1%) 36 (7.4%) 0.000
Cardiovascular diseases 16 (1.2%) 1(0.5%) 5 (1.0%)
Transplant receivers 42 (3.1%)* 3(1.5%) 11(23%)
Not informed 6(0.4%) 2(1.0%) 2(04%)

* Significant association based on the adjusted residual.
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life, but all contributing to the
development of cardiovascular
surgery in Brazil.
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is to have all members as the
main characters of a great story.
They are the ones who promote
and write new chapters.

We wantto spend the nextyears
with those who make us evolve:
you, the members.

Because your story writes ours.
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lable 1. Global costs.

Mean Median Std. Deviation Minimum Maximum Percentil 25 Percentil 75
EVAR 11,404.00 € 1038770 € 448940 € 9,081.50 € 50,779.70 € 9,97930€ 11,141.70 €
Open repair 9,955.70 € 7,189.00 € 10,062.90 € 3,819.00 € 95,144.00 € 5/635.00 € 10,561.70 €
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Challenges in the past built the
present and design the future

In 2016, the Brazilian Journal of Cardiovascular Surgery

Its history comes from the Sociedade Brasiira de Cirurgia
Gardiovascular (SBCCV), which was founded in 1969,
initially as the Department of Cardiovascular Surgery of
the Sociedade Brasileira de Cardiologia (SBC). Professor
Euryclides Jesus Zerbini was the President and, Professor
Adib Jatene, the Secretary General

At the General Meeting held in 1986, the Department
of Cardiovascular Surgery became the Brazilian Society
of Cardiovascular Surgery, whose status provided for the
creation of an official publication organ.

In August of that same year, the Brazilian Journal of
Cardiovascular Surgery was founded, with Professor Adib
Jatene as the editor-in-chief until 1996, year in which
Professor Fabio Jatene took office. In 2002, Professor
Domingo M. Braile became the editor-in-chief, who has
been in office until nowadays

From 1987 to 1991, the journal was published every four
months and from 1992 until 2014, quarterly. It has been
bimonthly and published in English only since 2015, in an
effort toincreaseits reach and relevance in the international
scenario. It stands out for being the only journal on
cardiovascular surgery published regularly in Latin America,
sharing the Brazilian experiences, as well as providing open
access toall.

These 30 years followed a major development of
cardiovascular surgery in Brazil, increasing the quality of
published articles, besides raising the level of relevance of
the BICVS, which is expressed by the articles received from
various parts of the world and the indexing databases as
SCiELO, SCImago, LILACS, PubMed, Thomson Reuters and
PubMed Central, in addition to the significant number of
accesses to the journal’s website.

celebrates its 30th anniversary.

BJCVS
BRAZILIAN JOURNAL OF
CARDIOVASCULAR SURGERY

REVISTA BRASILEIRA DE CIRURGIA CARDIOVASCULAR

The future challenge is to maintain the quality standard
achieved, increasing the level of publications and striving for
excellence. It is important to remember that our researchers
have indispensable role in this process, since they are the
ones who produce and disseminate the studies that show
the quality of the Brazilian Cardiovascular Surgery in its
various aspects.

Cirurgia
Cardiovascular
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Fig. 2 - Survival curves in EVAR and OR groups.
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lable 2. Costs and age.

Std.

Mean Median Deviation Minimum | Maximum | Percentil 25 | Percentil 75 | ES
EVAR <70 years 11658 € |1022680€ | 6,157.80€ 9,270 € 50,779.70 € | 9,867.50 € | 10,996.70 € N
70-80years | 11,11030€ | 10484.70 € 2163€ 9433 € 20979€ | 1001780€ | 11317€
>80years |11,521.80€ | 1037130€ | 475280€ | 9,081.50€ |40,240.70€ | 1000780 € | 11,06840€
Open repair | <70years | 947880€ | 621890€ |12925.10€ | 3,839.90€ 95,144 € 518950€ | 821730€ N
70-80 years | 10,836.60€ | 937080€ | 654980 € 3819€ 36,003 € 6,18040 € | 13,15580 €
>80years | 860760€ | 6,53480€ | 3911.50€ 4592 € 14,340 € 547660 € |1242440€
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lable 3. Costs and ASA classincation.

Mean Median De\?\[adl‘ion Minimum | Maximum | Percentil 25 | Percentil 75 | ES

EVAR ASAI 1135650 € 9,990 € 6,18530 € 9270€ 4024070€ | 9694.20€ | 1043180€ Y
ASAIIl 10,776.70€ | 1037130€ 1849€ 9,081.50€ | 2264320€ | 10012€ |10870.80€
ASAIV 1472520€ | 11,92620€ | 885840€ | 9,64430€ | 50,77930€ | 10631€ |1553930€

Open repair ASAI 961350€ | 6471.10€ | 743420€ | 417420€ 36,003 € 570730€ | 1036780 € Y
ASAIIl 8758 € 7,78320€ | 446980€ 3819€ 24,901.70€ | 5557.30€ | 1082920€
ASAIV 21,72980€ | 9,76220€ | 3046490€ | 476150€ 95,144 € 6,653.10€ | 23,607.20€
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lable 5. Intraoperative/during hospitalization mortality rate.

Patients treated by EVAR (%)

Patients treated by Open Repair (%)

Qur Institution 12 5

EVAR1 17 47
DREAM 1.2 46
OVER 05 30
ACE 13 06
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Table example:
Cardiovascular Risk Factors in Study Group

Cardiovascular Risk Factors

Number of Patients

Percentage of

Hypertension (>140 mm Hg systolic and >90 mm Hg diastolic) m 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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Fig. 4 — Survival curves in OR group according to age group.
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Table 4. ASA classincation of the patients treated.

ASA| - Healthy ASA I - Mild ASAlll=Severe | ASAIV—Systemic
Patient Systemic Disease | Systemic Disease | Disease Threatening
) %) (%) Life (%)
EVAR _ 156 713 131
Our Institution
OR _ 303 624 73
EVAR 216 696 82 _
DREAM trial
OR 253 60.9 138 .
EVAR 107 66.0 227 13
ACE trial
OR 80 59.7 322
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Table 6. Results obtained from Mani et al."* regarding treatment of abdominal aortic aneurysm in nine countries 2005 e 2009: A
Vascunet Report 2011 and in our institution.

National Regional
Denmark | Hungary |  ltaly Norway | Sweden |Switzerland K‘l:‘;iidm Australia | Finland ms{iz{m
A 2500 269 9107 2707 4134 1814 8789 1814 293 292
B | 2005-2009 | 2008-2009 | 2007-2009 | 2005-2008 | 2005-2009 | 2005-2008 | 2005-2009 | 2005-2009 | 2007-2009 | 2001-2013
C 71 683 726 722 721 708 736 7465 711 740
D 238 175 49 29 439 374 494 56 147 586
E NR 6.2 NR 6.5 64 NR 71 6.5 64 6.24!
F 12 43 09 03 19 26 18 13 23 12
G 4 23 22 27 32 36 53 38 44 5

bl e, 3 0 oo s e e T e e O

reported

—mean age (years); D=EVAR rate (%); E=mean aneurysm diameter (cm), F=operatory
—for the group of patients treated by EVAR; NR=not
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass graft

a Confidence interval

CURE = Clopidogrel in unstable angina to prevent
recurrent ischemic Events

HR = Hazard risk

[l = Percutaneous coronary intervention

PREVENTIV = Project of Ex-vivo Vein graft ENgineering via
Transfection IV
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lable 2. Operative and postoperative characteristics according to clopidogrel use after CASG.

Variable AllPatients | NoClopidogrel | Clopidogrel at PValue
(N=5404) at Discharge Discharge
(N=4473) (N=031)
Surgery type, no. (%)
Elective 1487 (275) 1306 (29.2) 181 (194)
Emergent 299 (5.5) 246 (5.5) 53(57) <0001
Urgent 3618 (67.0) 2921 (653) 697 (74.9)
Left or right IMA, no. (%)* 4940 (914) 4141(926) 799 (85.8) <0001
SVG harvested endoscopically, no. (%)* 4948 (98.0) 4129 (98.1) 819(97.7) 048
On-pump surgery, no. (%)* 4614 (854) 4061 (908) 553 (594) <0001
Cross-clamp time, median (25, 75")* 60 (39,80) 6143,80) 44(0,78) <0001
Perfusion time, median (25", 75")* 109 (83, 135) 110 (88, 134) 94(0,135) <0001
Number of grafts, no. (%)
1 280(5.2) 199 (44) 8187
2 820(152) 636(14.2) 184(19.8) <0001
3 2363 (43.7) 1982 (443) 381(409)
24 1941 (359) 1656 (37.0) 285 (306)
Worst target artery quality, no. (%)*
Good 2094 (39.2) 1843 (41.6) 251(27.7)
Fair 2298 (430) 1898 (42.8) 400 (442) <0001
Poor 946(177) 692 (156) 254 (28.1)
Worst graft quality, no. (%)*
Good 3916 (736) 3359 (76.0) 557 (61.6)
Fair 1206 (22.7) 911(206) 295 (326) <0001
Poor 202(38) 150 34) 52(58)
Type of graft, no. (%)
Left saphenous vein 4716 (87.3) 3953 (884) 763 (82.0) <0001
Right saphenous vein 1161 (215) 907 (203) 254 (27.3) <0001
Both left & right saphenous veins 785 (145) 614(13.7) 171 (184) <0001
Left internal thoracic artery 4875 (90.2) 4090 (91.4) 785 (844) <0001
Right internal thoracic artery 188 (3.5) 156 (3.5) 3234 094
Both left & right internal thoracic arteries 123(23) 104(23) 1920 060
Left radial artery 305 (56) 201 (45) 104(11.2) <0001
Right radial artery 50(09) 37(08) 13014 0.10
Both left & right radial arteries 17(03) 12(03) 5(0.5) 020
Length of stay, median (25, 75")* 9(7,12) 97,12 907,12 067
Patient discharged on warfarin, no. (%)* 208 (38) 178 (40) 30632 027
Aspirin after surgery and before discharge, no. (%)* | 5303 (98.1) 4403 (98.4) 900 (96.7) <0001
MI occurs after surgery and before discharge, no. (%)* 13(02) 5(0.1) 8(09) <0001
Cerebrovascular accident after surgery and before 1221 91(20) 21(23) 067
discharge, no. (%)*
Atrial fibrillation before discharge, no. (%)* 930(17.2) 794(17.8) 136 (146) 002

“Included in multivariable model for mortality.
IMA=internal mammary artery; Mi=myocardial infarction; SVG=saphenous vein graft
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Table 3. Multivariable associations with clopidogrel use aiter CABG (N=4887).

Variable Chi-square OR (95% Cl) Pvalue
Worst target artery quality, OR for 1 category increase 671,789 1.70(1.50,1.94) <00001
Left or right IMA 197,168 055(042,072) <00001
Worst graft quality, OR for 1 category increase 160,361 1.36(1.17,1.58) <00001
Age, OR for 10-year increase 134,104 086 (0.79,093) 0.0003
Left main disease 127628 140 (1.16,1.69) 00004
Mi before discharge 115,781 1085 (2.75,42.82) 0.0007
Surgery type (reference is elective)
Emergency 1.33 (088, 1.99)
127,735 00017
Urgent 1.52(1.21,1.92)
Ejection fraction, OR for 10% increase
Linear spline 267, OR for off pump 410(248,677)
98,291 00017
Linear spline 267, OR for on pump 175 (1.23,249)
Linear spline <67 47,879 092 (0.85,099) 00287
Number of grafts, OR for off pump 108 (0:88,132)
88,668 00029*
Number of grafts, OR for on pump 0.75 (066, 0.86)
Aspirin at discharge 83,606 046 (027,078) 00038
Pre-CABG clopidogrel 76374 1.52(1.13,2.04) 0.0057
Perfusion time, OR for 30-minute increase 74737 1.13(1.04,124) 0.0063
SVG harvested endoscopically, OR for off pump 466(1.33,16.33)
73470 00067*
SVG harvested endoscopically, OR for on pump 067 (036, 1.26)
Congestive heart failure 72,702 071 (055,091) 00070
Pre-CABG aspirin 69,593 077 (063,093) 0.0083
History of hypertension 58,004 1.32 (1,05, 1.65) 00160
History of PCI 55437 131(105,1.63) 00185
Cross-clamp time, OR for 30-minute increase 53,599 1.18(1.03,1.35) 00206
Cerebrovascular accident before discharge, OR for off pump 024(005,1.16)
51,980 00226*
Cerebrovascular accident before discharge, OR for on pump 168 (0.96,2.94)
Atrial fibrillation before discharge 51469 076 (0.59, 0.96) 00233
Discharge warfarin, OR for off pump 163 (060,443)
40,785 00434*
Discharge warfarin, OR for on pump 050 (0.28,090)
History of cerebrovascular disease 40,576 1.28(1.01,1.62) 00440

*P value for interaction term of variable with on/off-pump.

Cl=confidence interval; IMA=internal mammary artery; Mi=myacardial infarction; OR=odds ratio; PCl=percutaneous coronary

intervention; SVG=saphenous vein graft
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Table 1. Baseline characteristics according to clopidogrel use after LABG.

Variable ‘:',ﬁ‘ﬁ;s Nig?zﬂfgfl aCtk[))?s‘glfrsé PValue
(N=4473) (N=931)

e nen 2 2 A GETH A GETH FESTH 003
Female sex no. (%" 1503205 | 1276085 | 317(40) <0001
White race, no. (%) 430075 | 3413074 | _717084) 051
Weight, median (25", 75", kg 5 735 55 (a5 e 013
Medical history, no. %)

Hypertension ©72091) | 3499082 | 773(830) 0001

Diabetes melltus* 1984(367) | 16320368 | 352(78) 045

Smoking status

Current 148595 | 1242099 | 24375)
Former 1431084) | 1127072 | 304(44) <0001
Never dMs@20 | 1779429 | 336681)

Hyperlipidemia 38430710 | 3136001 | 707(759) <0001

Chronic lung disease® 611(113) =713 13013 089

‘Any prior MI* 2738(07) | 2252503 | 486(522) 030

Recent MI (30 days) 1670(42) | 139748 | 273631 043

Prior PCI 838 (155) 5 {14 175 1 0002

Prior CABG 238 44) 17740) 4 fosi <0001

Prior valve procedure 3607) i T 093

CHF within prior 2 weeks* 865 (160) 746 {1857 12201211 0008

History of cerebrovascular disease® 720(133) 5760128 144 (1551 003

History of peripheral vascular disease” 900 (167) Faiiadi g 004

Patient currently on dialysis e W gLy 154151 043

Renal falure’ 5610 40113 BEa 056

Cardiogenic shock during the procedure 15(03) e am 009
Presenting features

Creatinine (most recent in past 60 days), median (25", 75" 10(09,12) | 10(09,12) | 10(09-12) 035

GFR (most recent in past 60 days), median (257, 75%)* 7763,92) 77639 | 78(63-93) 024

EF (most recent in past 60 days), median (25", )" 5140,71) S1@068) | 51@3-75) 0002

Number of vessels > 50% stenosed, no. (%)

o 1904) 17i41 I3

1 296 (55) 21548) 5 <0001
2 964(173) FeE {1750 e ety

3 4125063 | 3458073) | 667(716)

Left main disease > 50%,no. (%) 1534084) | 12520800 | 282(303) 016
Preoperative antiplatelet agents, no. (%)

Aspirin administered prior to CABG, 3426634 | 2844(636) | 582(628) 054

Clopidogrel administered prior to CABG 400 7.4) 297 (66) 111 <0001

“Included in multivariable model for mortality.
CABG=coronary artery bypass grafting; CHF=congestive heart failure; EF=ejection fraction; GFR=glomerular fitration rate;
Ml=myocardial infarction: PCl=percutaneous coronary intervention






OPS/images/a10img09.png
One-year mortality (%)

[ 60 120 180 240 300 360
Days after hospital discharge

—— off-pumplwith clopidogrel == on-pump with clopidogrel
- off-pumplwithout clopidogrel ~ - ~ on-pump /without clopidogrel

Fig. 2 - One-year mortality according to the clopidrogel use dfter
on-pump and off-purmp CABG.
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lable 4. Kaplan-Meier rates for 1-year mortality according clopidogrel use versus not stratined Dy off and on pump surgeries.

Alive Death Total
Off pump
No clopidogrel, no. (%) 392 (95.1) 20(49) 412
Clopidogrel, no. (%) 368 (97.4) 10(26) 378
Total 760 30 790
On pump*
No clopidogrel, no. (%) 3877°(955) 183 (45) 4060
Clopidogrel, no. (%) 521'(944) 31(56) 552
Total 4398 214 4612

*One on-pump patient without and one on-pump patient with clopidogrel after CABG were censored before the 1-year follow-up
period. These patients are not included in the alive counts after 1 year but are reflected in the Kaplan-Meier rate.
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Fig. 1 — One-year mortality according to the clopidrogel use after
CABG.
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Fig. 4- Cardiac simulator signals at 80 bpm. Left ventricular pressure
(LVP), aortic pressure (AoP) and flow rate in the aortic root (Aof). The
time axis for each waveform starts from the beginning of systole.
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Fig. 3 - Cardiac simulator signals at 60 bpm. Left ventricular
pressure (LVP), aortic pressure (AoP) and flow rate in the aortic root
(AoF). The time axis for each waveform starts from the beginning
of systole.
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.6 - PxV diagrams obtained for different HR (each loop averaged
over five consecutive cycles).
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Fig. 5 - Cardiac simulator signals at 100 bpm. Left ventricular pressure
(LVP), aortic pressure (AoP) and flow rate in the aortic root (Aof). The
time axis for each waveform starts from the beginning of systole.
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Fig. 1 - Schematic model of the cardiac simulator. Left ventricular
model (1) flexible membrane (2), optical platform made of acrylic apt
to laser velocimetry applications (3), mitral valve (4), aortic valve (5),
flow probe (6), characteristic resistance (7), adjustable compliance
(8). adjustable peripheral resistance (9), pre-atrial reservoir (10),
digital thermostat (11), temperature sensor (12), heater (13), work
fluid reservoir (14), microcomputer to run the supervisory control
and data acquisition system (15), servomotor drive (16), servomotor
(17), linear slide table (18), hydraulic cylinder (19), DAQ module (20),
signal conditioners (21), invasive blood pressure transducers (22),
and flowmeter (23).
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Abbreviations, acronyms & symbols

BNP  =B-type natriuretic peptide
PB  =Cardiopulmonary bypass

CRP  =Creactive protein
AT =Cardiac troponinT

FIO,  =Fraction of inspired oxygen
L = Interleukins

icu Intensive care unit

MCP1  =Monocyte chemoattractant protein-1

PGD = Primary graft dysfunction
PVR  =Pulmonary vascular resistance

STNFR1_ = Soluble tumor necrosis factor receptors 1
STNFR2. = Soluble tumor necrosis factor receptors 2
I raumatic brain injury

TN =Troponin ultra

VEF ntricular ejection fraction
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Table 1 - Parameters for comparison.

60 bpm 80 bpm 100 bpm
Param. Ref. cs Ref. cs Ref. cs
SV [mL] 70 70 625 625 55 55
EDV [mL] 120 120 120 120 120 120
ESV [mL] 50 50 575 575 65 65
CO [U/min] 42 38 5 42 55 49
EPL [ms] 210 250 - 250 - 250
AoP [mmHg] 80-120 80-120 125 104-127 100-140 118-132
LVP [mmHg] 0-120 4125 - 2150 - 2165
LVDP [mmHg] 016 4-10 - 218 - 228
SysD [ms] 380 360 360 360 358 360
DiaD [ms] 618 640 390 3% 242 240
DynVisc [mPas] 4 4 4 4 4 4
TEC 365 365405 365 365405 365 365405

Hemodynamic parameters (Param) of referencel® for the comparison with the cardiac simulator (CS) responses: ventricular stroke
volume (SV), end-diastolic volume (EDV), end-systolic volume (ESV), cardiac output (CO), ejection phase length (EPL), aortic pressure
(AoP), left ventricular pressure (LVP), left ventricular diastolic pressure (LVDP), systole duration (SysD), diastole duration (DiaD), and
dynamic viscosity of blood (DynVisc) in the physiological temperature (T).
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Fig. 2 - Assembly drawing of the prostheses in the left ventricular
model. Prosthetic aortic valve (AV), and prosthetic mitral valve (MV).
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lable 1. Characteristics of donors and recipients, and preoperative manometric data of recipients.

Variable Recipients (N = 43) Donors (N=43)
Male [n (%)] 24(55.8) 32(744)
Age (years) 448120 30,1104
Weight (kg) 623189 69.7+107
Height (m) 16409 17:0.1
Body mass index (kg/m?) 223+27 23624
Body surface area (m?) 17402 18402
PVR (Wood units; before/after sodium nitroprusside) 32+23/26+13 -
Cardiac output (L/min) 31209 -
Cardiac index (L/min/m?) 1.8+14 -
TPG (mmHg; before/after sodium nitroprusside) 82+48 B
Eurotransplant heart donor score (mean) - 13
Hospitalization time (days; before transplant) 224+144 6.6+4.7
Use of intra-aortic balloon (n) 4 -
Cause of encephalic death [n (%)]

Traumatic brain injury (motorcycle/car accident) - 17395)

Hemorrhagic stroke R 13(302)

Traumatic brain injury (firearm projectile) - 8(186)

Ischemic stroke - 2(47)

Other - 3(7.0)
Alcoholism - 3(7.0)
Tobacco addiction - 1(23)
Hormonal therapy [n (%)]

Levothyroxine R 41(953)

Methylprednisolone - 41(953)

Insulin - 34(79.1)
Left ventricular ejection fraction (%) *654+11.9 66.246.2
Etiology of cardiomyopathy [n (%)]

Chagas disease 20 46.5)

Ischemia 10(23.2)

\diopathy 7(162)

Valve diseases 2(46)

Other 4(92)

PVR=pulmonary vascular resistance; TPG=transpulmonary pressure gradient *After transplant
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Fig. 1 — Frequency of donors who received inotrapic support (nor-
adrenaline) at different stages during hospitalization.
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lable 4. Association between age of donor and right and left
ventricular dysfunction in recipient after heart transplant.

Outcome of recipient Age ofdonor | Pvalue
Right ventricular dysfunction
Absent/mild 2947 £10.79(2850) | 0498
Moderate/severe 31.55 +10.21 (33.00)
Left ventricular dysfunction
Absent/mild (> 45%) 2868 +9.94 (27.50) 0.020*
Moderate /severe (< 45%) | 39.50 + 9.65 (39.00)
Mortality
No 29421047 (2850) | 0151
Yes 36.50 + 8.58 (38.00)

Data presented as mean + standard deviation (median)

* Mean values significantly different (P<0.05) according to

Mann-Whitney test.
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lable 5. Dutcomes of recipients distributed according to the levels of potential cardiac markers in aonors.

Outcomes of recipients
Potential ] Moderate/high levels of
biomarker in ICU time Hospitalization time noradrenaline
donors (>0.23 ug/kg/min)
< Sdays(n=24) | > 5days(n=15) | < 25days (1=32)[ > 25days(=10) | No(n=27) Yes (n=16)
P=0014* P=0679 P=0.108
6218474243651 | 5002.76+2002.69 | 5952.36+434.11 | 5594.06+2345.63 | 6422.48+234289 | 491371+2139.24
vl ETss Yy e 491684) ol (4469.48)
P9 P=0.030* P=0.545 P=0.028*
239.84+250.16 11797+14161 209.78+205.96 12961423787 254.65+238.06 80.41+80.04
‘Lé/ . (158.10) (87.64) (158.10) (62.53) (164.10) (60.99)
ml
I P-0053 P=0029" P=0001*
24361427332 11145417368 23450425801 64.93+99.15 251.61+267.89 101.27+137.26
‘U/O . (13345) (3108) (13345) (14.95) (19825) “742)
mi
P9 P=0078 P=0037* P=0079
83377047 645346943 82.89+71.06 70.73+67.34 91.85+68.56 5741465.71
MC/P‘L (61.06) (3541) (61.06) (6135) (64.89) (24.15)
Hm P=0.528 P=0727 P=0.092

STNFR=soluble tumor necrosis factor receptor; IL=interleukin; MCP=monocyte chemoattractant protein 1; CRP=Creactive protein; CTni=cardiac troponin |

Data presented as mean + standard deviation (median).

*Mean values significantly different (P<0.05) according to Mann-Whitney test.
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lable 2. Clinical characteristics of donors at various stages

during transplant procedure.

Variable n (%)
Mean arterial pressure 48 h prior t
harvesting (mmHg)
4059 5(116)
60-80 31(720)
>80 7(163)
Mean arterial pressure at initiation of
harvesting (mmHg)
40-59 6(139)
60-80 30 (69.8)
>80 7(163)
Mechanical ventilation - FiO, 48 h prior
to harvesting (%)
—a0 32 (744)
41-60 5(116)
61-80 403)
Mechanical ventiation - FIO, at initiation
of harvesting (%)
=40 23 (53.5)
41-60 7(163)
61-80 12(27.9)
Use of inotropic agents at admission
Noradrenaline 31(72.1)
Dobutamine 1(23)
Use of inotrope/vasodilator immediately
before harvesting
Noradrenaline 24(55.8)
Sodium nitroprusside 247

FiO_~fraction of inspired oxygen
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Table 3. Clinical characteristics of recipients at various stages

during transplant procedure.

Variable n (%)

Use of inotrope/vasodilator at anesthesia

induction
Noradrenaline 13(302)
Dobutamine 33(767)
Dopamine 1023)
Adrenaline 123)
Sodium nitroprusside 3(70)

Use of inotrope/vasodilator after withdrawal

of CPB
Noradrenaline 15 (349)
Dobutamine 42(977)
Adrenaline 3(70)
Sodium nitroprusside 14 326)

Use of inotrope/vasodilator 24 h after surgery
Noradrenaline 16(37.2)
Dobutamine 38 (884)
Dopamine 123)
Sodium nitroprusside: 6(14)

Use of inotrope/vasodilator 1 week after

surgery
Noradrenaline 123)
Dobutamine 15 (349)
Dopamine 123)
Sodium nitroprusside: 1023)
Operating time (h) 50+13
CPB time (h) 2007
Aortic clamping time (h) 14303
Ischemia time (h) 21205
ICU time (days) 6956

CPB=cardiopulmonary bypass; ICU=intensive care unit





OPS/images/a19img05.png
Fig.3 - Galens Tripartite Scheme, explaining how the blood
circulated through the body™
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Pregnant patients
with MVP

Mild-moderate MR

Severe MR

» Symptomatic

> Asymptomatic > Symptomatic > Symptomatic omat
I > Normal LV function) | > Heart failure > Heart failure | | - 1ieart failure
» With IE
Medical treatment * -
No need for e.g., nitrates Valve repair Mitral valve
treatment hydralazine, before pregnancy replacement
diuretics & digoxin

> Vaginal delivery (preferred) (91.9%)
> Cesarean section (8.1%)

> Epidural anesthesia

2-The management strategies of mitral regurgitation due to mitral valve prolapse in pregnant patientst®02,
fective endocarditis; LV=left ventricle; MR=mitral valve requrgitation; MVP=mitral valve prolapse
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AAA = Abdominal aortic aneurysm

COPD = Chronic obstructive pulmonary disease
CT  =Computerized tomography

EVAR = Endovascular aneurysm repair

OR  =Openrepair
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lable 6. Outcomes of recipients distributed according to clinical characteristics of donors and recipients.

Outcomes of recipients

Donors

Recipients

Required moderate/high levels of
noradrenaline (> 0.23 pg/kg/min)

Postoperative PGD on echo

No Yes No Yes
486+123 538+132 476+129 558+1.08
Operating time () ! (550 @00 G5
P=0228 P=0.038*
187+053 234+102 1.83+049 249+102
CPB time (h) (1.70) (2.09) (1.70) (213)
P=0039* P=0022*
142+027 150+029 139+027 154+028
Aortic clamping time (h) i3 (149) (128) (1.58)
P=0.248 P=0.141
202+052 224+046 209+056 214+041
Ischernia time (h) (187) 38) (1.96) (200
P=0.067 P=0512
681 +589 7.00+5.00 6.25+491 860+7.15
ICU time (days) (5.00) (5.00) (5.00) (5.50)
P=0.909 P=0349
2215+5585 7.00+500 20.86 +11.45 27.70 + 2080
Hospitalization time (days) 1158 (1950) (1500) (1950)
P=0314 P=0419

PGD=primary graft dysfunction; CPB=cardiopulmonary bypass; ICU=intensive care unit. Data presented as mean = standard deviation

(median)

* Mean values significantly different (P<0.05) according to Mann-Whitney test.
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lable 7. Outcomes of recipients distributed according to
the doses of noradrenaline administered to donors during
hospitalization.

Donors requiring moderate/high
Outcomes o recipients levels of noradrenaline (> 0.23 g/
kg/min)
No [n (%)] Yes [n (%)]
ICU time (days)*
<5 19(792) 5(333)
>5 5(20.8) 10 (66.7)
P=0.004*
Hospitalization time (days)®<
<25 21(840) 8(57.1)
>25 4(160) 6(429)
P=0124
Right ventricular dysfunction®
Absent/mild 22 (846) 9(56.2)
Moderate/severe | 4(154) 7(438)
P=0070
Left ventricular dysfunction®<
Absent/mild 23(885) 12(80.0)
Moderate/severe | 3(11.5) 3(200)
P=0651
Mortality®
No 25(926) 14 (87.5)
Yes 2(74) 2(125)
P=0621

PGD=primary graft dysfunction; ICU=intensive care unit

: Statistical differences determined using the x2 test.

" Statistical differences determined using the Fisher exact test.
“Patients who died within 48 h after surgery or for whom there
was no information available were not included.

* Mean values significantly different (P<0.05).
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Fig.1 — Distribution of the type of treatment according to age group.
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1 - A: Angiogram of the inferior vena cava: a veno-venous malformation between the inferior vena cava and the atrium is detected with
adistal collector. B: Angiogram of the superior vena cava revealing poor filling of the pulmonary arteries and rapid retrograde flling of the left
inferior caval vein. C: Left hepatic vein originating from the inferior vena cava, dividing into multiple sinusoidal channels in the liver, oining
with the left accessory veins, and draining into the pulmonary venous atrium. D: Occlusion test with  balloon in the distal collector under the
common atrium. E: Atrial septal device that performed a nearly complete occlusion of the veno-venous malformation,

RHV=right hepatic vein: LHV=left hepatic vein; IV(

ferior vena cava: LAV=left accessory veins. Arrow shows multiple sinusoidal channels.
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Fig. 1 - Duration of systole and diastole as a function of changes in HR according to some authors?, and the ISO 5840 standard. The data
from Husmann et al @ were explicit only for 45 and 100 bpm (black spots).
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Abbreviations, acronyms & symbols

ASO  =Amplatzer septal occluder
TAPVC = Total anomalous pulmonary venous connection
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Fig.8 - lllustration of the minor circulation of blood according to
Ibn al-Nafis 251
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Abbreviations, acronyms & symbols

Bpm  =Beats per minute

© = Cardiac output

ECG  =Electrocardiogram

FDA  =U.S.Food and Drug Administration
HR = Heart rate

PCG  =Phonocardiogram

Qs,  =Total electromechanical systole

ar = Electrical systole

RR =Total cardiac cycle duration
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Table 1. Demographic data ana clinical profile.

Variables n (%)
Gender
Male 30 (81%)
Female 7(19%)
Age (years)
21-40 15 (40%)
41-60 10 (27%)
>61 12(33%)
Race
White 31 (84%)
Mestice 2 (5%)
Unknown 4(11%)
Etiology
Bicuspid 17 (46%)
Rheumatic 1(3%)
Aortic root dilatation*® 19(51%)
Acute aortic dissection 1(3%)
Aortitis 1(3%)
Endocarditis 2(5%)
Associated conditions
Ascending aorta aneurysm 22 (54%)
Subaortic stenosis 1(3%)
Mitral insufficiency 4(10%)
Tricuspid insufficiency 13%)
Coronary artery disease 1 (3%)
‘Aortic insufficiency
Mild 1(3%)
Moderate 12 (32%)
Severe 24 (65%)
LV systolic dimension 41475 (30-61)

LV diastolic dimension

62+7.7 (47 - 80)

Fjection fraction

60£7.4(45-72)

NYHA functional class

| 10 (27%)
I 6(16%)
Il 5 (14%)
[\ 7(19%)
Unknown 9 (24%)
Comorbidities
Diabetes 2 (6%)
SAH 19 (51%)

*Some patients with aortic root dilatation had bicuspid aortic

valves.

LV=left ventricle; NYHA=New York Heart Association;

SAH=systemic arterial hypertension





OPS/images/a23img03.png
Authors' roles & responsi

ies

FDAC

DFFC

ACBAC

EMBF

VNC

SAVL

ADAF

Analysis and/or data interpretation; statistical analysis;
final approval of the manuscript

Analysis and/or data interpretation; statistical analysis;
final approval of the manuscript

Conception and design study; analysis and/or data
interpretation; final approval of the manuscript

Conception and design study; realization of operations
andor trials; analysis and/or data interpretation; final
approval of the manuscript

Conception and design study; analysis and/or data
interpretation; statistical analysis; final approval of the

Conception and design study; analysis and/or data
interpretation; final approval of the manuscript

Conception and design study; analysis and/or data
interpretation; statistical analysis; final approval of the
manuscript

Conception and design study; analysis and/or data
interpretation; statistical analysis; final approval of the
manuscript






OPS/images/a23img06.png
Fig. 1 - A- bicuspid aortic valve type 1 with the raphe between the left and right coronary cusp. Fibrotic thickening of the free margins and the
median raphe can be seen. Severe prolapse of the fused cusp. Aorta above the STJ with important aneurysm. B - Surgical correction included
the circumferential circular external reduction of the aortic annulus ring with Teflon strip, shaving of the fibrotic portions of the fused cusp and
prolapse correction. At the end, both cusps are at the same level and with appropricte effective heights. C - final aspect of the operation. The
ascending aorta was replaced by Dacron tube.
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lable 2. Surgical data.

Surgical procedures n (%)

Root replacement with Dacron graft
Reimplantation (David technique) 8(22%)
Remodeling (Yacoub technique) 11(30%)
Plication of one or more cusps 22 (59%)
Raphe resection 2(5%)
Free margin shaving 6(16%)
Annular reduction - trigone to trigone 6(16%)
Circumferential annular reduction 8(22%)
Patch leaflet reconstruction 1(3%)
Subcommissural plication 13%)
Ascending aorta replacement 22 (54%)

Associated Procedures
Subaortic membrane resection 1(3%)
Mitral valve repair 4(10%)
Tricuspid valve repair 13%)
Coronary artery bypass grafting 1(3%)
Left atrial ablation 1(3%)
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Abbreviations, acronyms & symbols

AAo = Aortic root or ascending aorta
Al =Rorticvalve insufficiency

AVR = Aortic valve replacement

CPB = Cardiopulmonary bypass
ELH  =Effective leaflet height

FML = Leaflet free margins length
LGH  =Leaflet geometric height

sn o-tubular junction
sv inuses of Valsalva
SVD = Structural prosthetic valve dysfunction

TEE  =Transesophageal
TTE  =Transthoracic echocardiography
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Table 2. Ferioperative hemodynamic data.

P L - e P A P e ol e
R G | 76141 | 660133 | 690130 | 7526145 | 602:283 | 234286 | 7620204 | 372241 | 80xIS6' | sa1ei34n | maeeizin
(cerebrovascuar|
accidenymin) | G2 | 750£138 | s86x1a0t | 6526122 | 7108128 | 6108257 | 4508423 | 6024333 | 7854137 | 7004157 | 7514142 | 7424133
Sap Gl | 13041227 |1076£26.0" | 11674180 | 10374244% | 754£152 | 686151 | 775427.3* | 964222.3* | 110013.3" | 10774164 | 1007218.2*
(mmHg) | G2 | 14034236 | 11724214° | 1212105* | 1062157 | 7574237 | 5924114% | 726+178" | 988206" | 11342122 | 10824127° | 10912125
wap | GI | 89sxi6 | 770210% | 8s0xis3 | 7094144 | 6504137 | 652+165% | 6074174% | 6514169 | 7124110% | 7152141 | 71541310
(mHe) | Gy | oi7xisa | 766e1s1t | 818£143 | 7agen7t | Ga0s171* | s634114° | 6134141% | 7034110% | 7s6e84 | 731x106" | 7342900
DAp Gl | 6512130 | 6141135 | 6241155 | 5504132 | 6114151 | 610+155 | 5354132 | 5464123* | 5384103* | 5265108 | 534501
(mmHg) | G2 | 650122 | s06+144* | 6514135 | S7se117 | sA7#l6r | 5434121 | S504127* | 563194 | 578205 | s50w74* | s51472°
wap |G 4084 | 3400 | a7 | w3 | u7ne | 36834 | s2:1 | szl | 5333 | sse33
(mHa) | G 50845 | 345t | 25ea2t | 28042 | 33¢2 | 5482 | 60833 | 50842 | 5ix0' | 40225
&0, | & #6136 | 21x42 | 2034 | 1320700 | tooe7rt | 183 | 15873t | 200s38% | 21985 | 234300
% ] 244830 | 252833 | p731 | 13m0t | oama | toases | 17ssest | 200ms | 21983 | 22000
spo, |Gl | o7021 | oo7:05" | 998104" | 999303 | 998303 | 07s00" | 997300" | 999301 | 1000:00" | 998104° | 907:05°
% G2 | orsria | 97105 | 007:07 | 995104 | 097404 | 96+10 | 985:00 | 08206 | 098:03 | 990:02 | 099402
BS Gl | omais | 4s7smst | s3er | 307780 | 380e119* | 4364109° | 3152100% | 3624100° | 3734140° | 3805102 | 374857
% G2 | o743 | 419503 | a00478* | 367475 | 3554135* | 3074177 | 252601 | 3214110* | 3504102* | 3655110% | 347283

Values are mean scores  standard deviation.
*means statistically significant (P<0.05),in group comparisons were made in values labelled with “and preoperative values,  in the comparison
between the groups.
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Abbreviations, acronyms & symbols

BIS
CABG
cvp
DAP
ECG
EEG
EF
ETAG
Etco,
HR
MAP
PET
SAP
SO,
TIVA
ToF

= Bispectral index

= Coronary artery bypass graft
= Central venous pressure
Diastolic arterial pressure
Electrocardiography
Electroencephalography
jection fraction

End-tidal anaesthetic gas
nd-tidal CO,

=Heart rate

= Mean arterial pressure

= Positron emission tomography
= Systolic arterial pressure

= Oxygen saturation

=Total intravenous anaesthesia

=Train-of-four
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Table 1. Fatient characteristics and operative aetails for groups.

Group 1 Group 2
Age (year) 587+114 5624104
Body height (cm) 1669+7.9 166.1+7.8
Body weight (kg) 760499 75.0£135
Ejection fraction (%) 602469 597479
Operation time (min) 2283+500 | 24814359
Anesthesia time (min) 267.4£547 | 289.1%414
Cross-clamping time (min) |  77.4+268 69.122.1
Number of anasthomoses 294086 26+04

Values are expressed as mean + standard deviation
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Abbreviations, acronyms & symbols

AoF
AoP
AV
bpm
©
DiaD
DynVisc
EDV
EPL
EPUSP
ESV
FDA
HR
LDA
LVDP.
p
v
MV
PIV
Pxv
sV
SysD

= Flow rate in the aortic root
ortic pressure
ortic valve
eats per minute

= Escola Politécnica of the University of Sao Paulo
nd-systolic volume
Food and Drug Administration

aser Doppler anemometry

eft ventricular diastolic pressure

eft ventricular pressure

= Left ventricular volume

itral valve

= Particle image velocimetry

eft ventricular pressure versus left ventricular volume
troke volume

= systole duration






