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  BJCVS HIGHLIGHT

  Several series indicated that surgical stress suppresses the immune system and that the use of cardiopulmonary bypass (CPB), cardiac arrest and ischemia contributes to this[1,2]. The most significant contributors to immune suppression are still yet to be determined. It seems that the survival of cancer patients who undergo cardiac surgery is more closely related to the progression of the tumor than the surgical procedure[3]. The reported results show a non-statistically significant increase in the risk of cancer-specific mortality for patients who underwent CPB before any diagnosis of cancer. In addition, a non-statistically significant increase was observed in the case-fatality rate for those cancer patients who underwent CPB surgery before the cancer diagnosis, and no difference was found in cancer stage at the time of diagnosis, with no impact on the relative risk of mortality. Further research is needed to know whether the transient immunosuppression associated with CPB can promote the spread and growth of pre-existing cancer cells, emphasizing that lung cancer and skin melanoma have had the most extensive association studies. In conclusion, adverse effects of CPB on cancer prognosis are expected but have not been confirmed. This editorial was motivated by the experience of an isolated case of an emphysematous, chronic smoker patient, who presented an impressive spread of an oat cell lung tumor 20 to 30 days after myocardial revascularization.

  After our traditional "highlight", we recommend an attentive reading of the editorial by Prof. Rui Almeida that marks the beginning of his presidency at the Sociedade Brasileira de Cirurgia Cardiovascular (Brazilian Society of Cardiovascular Surgery). In addition, a second exciting editorial, written by Professors Luciano Albuquerque and Walter Gomes, who give us in this edition of the Brazilian Journal of Cardiovascular Surgery (BJCVS), a magnificent analytical study about the ORBITA trial that deserves the full attention of our readers.

  Prof. Rui's reflections on training new generations of cardiac surgeons is a top priority for the future of our specialty, beginning with scientific initiation, medical residency, and class defense. It should be stressed that this has been a concern throughout the world, so we must join forces in the direction of these goals. Sure enough, BJCVS is a potent weapon for this purpose.

  The ORBITA trial, recently published in The Lancet journal, brought important responses concerning possible placebo effect in stable angina treated by percutaneous intervention. Considering the ORBITA study as the best-designed trial comparing conservative and interventional strategies in patients with stable angina, doctors Albuquerque and Gomes, based on the rigor of the design trial, emphasize that percutaneous coronary intervention has a powerful placebo effect and should have an impact in forthcomings guidelines of stable coronary disease.

   

  ARTICLES IN THIS ISSUE

  This issue of BJCVS presents a blind peer-reviewed selection of 16 articles that will surely please your readers:
 
  
    A. Two papers concerning on congenital heart disease presents and discuss: 1) the frequency of infective endocarditis in the Candida bloodstream in a children's hospital; 2) an unusual case of abdominal pain in childhood caused by a cardiac angiosarcoma.

    B. One presentation on risk factors applying an external validation of the European System for Cardiac Operative Risk Evaluation (EuroSCORE II) for risk prioritization in an Iranian population.

    C. One article on cardiac electrical stimulation presenting a survival analysis of chronic chagasic cardiomyopathy in patients under cardiac resynchronization therapy.

    D. Three articles on outcomes considering: 1) the experience of one Brazilian healthcare center with transcatheter aortic valve replacement; 2) long-term results of mitral valve repair; and 3) predictors of mortality in 10 years follow-up of surgical treatment of active infective endocarditis.

    E. One case report of a symptomatic aortic paravalvular leak: percutaneous treatment with the Amplatzer Vascular Plug III device as an alternative to surgery.

    F. One experimental paper evaluating the effects of atorvastatin and ischemic postconditioning in the prevention of ischemia and reperfusion injury.

    G. Three perioperative studies: 1) comparing the efficacy of selenium, vitamin C and n-acetylcysteine in the prevention of acute kidney injury following off-pump coronary artery bypass graft (OPCABG) surgery; 2) an analysis whether the preoperative use of beta-blockers in coronary artery bypass graft (CABG) patients with stable angina is associated to better cardiovascular survival; and 3) observations about postoperative bleeding following preoperative clopidogrel administration in patients with hemoglobin level above 110 g/L undergoing urgent CABG.

    H. One paper presenting the Freeman experience on early clinical results of the Perceval sutureless aortic valve in 139 patients.

    I. One paper asking if OPCABG for moderate chronic ischemic mitral regurgitation in the elderly is a superior option.

    J. One comparison between roller and centrifugal pump systems concerning hemolysis and inflammatory response to extracorporeal circulation during on-pump CABG.

    K. One systematic review about percutaneous lead extraction in infection of cardiac implantable electronic devices.
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  Although often overlooked, the primary goal for treating coronary artery disease is to decrease the risk of myocardial infarction (MI) and consequently reducing death, and the relief of anginal symptoms. While in the setting of acute coronary syndrome, the role of myocardial revascularization is well established, interventional procedures in patients with stable disease, especially percutaneous coronary intervention (PCI), remains controversial.

  In this context, the recently published ORBITA trial[1] in The Lancet journal, has brought important responses to this debate, involving unconventional and disruptive concepts in the field as placebo and nocebo effects. As the first blinded randomized, placebo-controlled trial to test the efficacy of drug eluting stents versus optimized medical treatment (OMT), the study enrolled 230 patients with stable angina and coronary artery stenosis ≥ 70% to receive a sham versus current PCI. During 6 weeks after the false or true procedure, both groups underwent to OMT, and the endpoints of exercise time, peak O2 consumption and control of angina were compared. Coronary lesions had mean area stenosis of 84.4%, and fractional flow reserve of 0.69. No significant difference in the primary endpoint of exercise time increment between groups (PCI minus placebo 16.6 s, 95% CI - 8.9 to 42 - P=0.2) was observed and also no deaths reported. Serious adverse events included four pressure-wire related complications in the placebo group, and five major bleeding events, including two in the PCI group and three in the placebo group. Contrary to the concepts derived from previous non-randomized studies, the authors concluded that in patients with medically treated angina and severe coronary stenosis, PCI did not increase exercise time by more than the effect of a placebo procedure.

  These apparently surprising results are supported by an impressive methodological rigor and careful conduction of the study. The measurement of the placebo effect, with the creation of the sham group, is an innovation, and the researchers were impeccable in controlling bias. Another impressive point was the strict clinical control: for 6 weeks, patients could call a cardiologist 24 hour by 7 days a week, who would evaluate their medications and make sure they were understanding side effects. And medicines were adjusted a couple of times a week to get people maximally tolerated antianginal therapy.

  As the key message, ORBITA delivered that the common clinical observation of symptomatic improvement from PCI might well contain a large placebo component.

  Previously to the ORBITA trial, the benefits of routine revascularization in stable ischemic heart disease have been questioned, in terms of death and MI rates, in several randomized studies: Medicine, Angioplasty or Surgery Study (MASS II), Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE), Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) and more recently, the ongoing International Study of Comparative Health Effectiveness with Medical and Invasive Approaches (ISCHEMIA) trial.

  In the MASS II trial[2], 611 patients with proximal multivessel disease and documented ischemia were randomly assigned to coronary artery bypass grafting (CABG), PCI, or OMT. The 10-year mortality rates in the 3 groups were 25.1%, 24.9%, and 31.0%, respectively (P=0.09). The 10-year MI rates were 10.3%, 13.3%, and 20.7%, respectively (P<0.01). Freedom from angina at 10 years was 64% with CABG, 59% with PCI, and 43% with OMT (P<0.001).

  In the COURAGE trial[3], randomization of 2.287 patients to PCI plus OMT versus OMT alone did not reduce the long-term rate of death or MI. Nor, however, did PCI worsen prognosis, and crossover to PCI for progressive symptoms or acute coronary syndrome was required in 32% of OMT patients during a median 4.6-year follow-up. Moreover, patients randomized to PCI had less documented angina, were more likely to be angina-free (despite requiring fewer nitrates and calciumchannel blockers), and had improved quality of life for up to 3 years (8.35). The reduction in angina (assessed by the Seattle Angina Questionnaire) with PCI versus OMT was most evident only in those with the greatest level of baseline angina.

  In the BARI 2D trial[4], 2.368 patients with type 2 diabetes (90% with stable ischemic heart disease) were randomized to prompt revascularization with intensive medical therapy (MT) or to intensive MT alone, with randomization stratified by intended PCI versus CABG. The 5-year rates of death (the primary endpoint) and major adverse cardiac events (MACE - death, MI, or stroke) were not significantly different with either strategy. However, patients in the CABG stratum had more advanced coronary artery disease (including more triple-vessel and proximal left anterior descending coronary artery disease) than those in the PCI stratum, and patients randomized to CABG versus intensive MT had lower 5-year rates of MACE (22.4% vs. 30.5%; P=0.01), driven by less MI (7.4% vs. 14.6%). In patients with less extensive coronary artery disease, there was no difference in MACE with PCI versus intensive MT. Compared with intensive MT, prompt revascularization resulted in significantly greater freedom from angina for up to 4 years. Most measures of quality of life through the 4-year follow-up were also improved with routine revascularization compared with intensive MT only, and revascularization was ultimately required in 42% of MT patients during follow-up.

  Of note, bare-metal stents (BMS) were used in most PCI versus MT trials, including the MASS II, COURAGE, and BARI 2D studies. In fact, first-generation drug-eluting stents (DES) may reduce recurrent ischemia compared with BMS, resulting in fewer hospitalizations for repeat revascularization. However, data from meta-analysis have been controversial to demonstrate advantage of DES in reducing late mortality or MI rate, comparing to BMS. Kirtane et al.[5] evaluated the safety and efficacy of DES among "real-world" patients and those enrolled in pivotal randomized clinical trials (RCTs) and data from 9,470 patients in 22 RCTs and from 182.901 patients in 34 observational studies were included. In RCTs, no significant differences were observed in the long-term rates of death or MI after DES or BMS use for either off-label or on-label indications. Only in real-world observational studies, with greater numbers of patients but the admitted potential for selection bias and residual confounding, DES was associated with reduction of MI and mortality,

  The specific evaluation of patients with stable coronary disease who underwent implantation of BMS or DES, even showed more intriguing results. In the Norwegian Coronary Stent Trial (NORSTENT) trial[6], 9.013 patients were randomised to receive the implantation of DES or BMS. In the group receiving DES, 96% of the patients received either everolimus or zotarolimus-eluting stents. The primary outcome was a composite of death from any cause and nonfatal spontaneous MI, after a median of 5 years of follow-up. Secondary outcomes included repeat revascularization, stent thrombosis, and quality of life. There were no significant differences in the components of the primary outcome, and quality-of-life measures did not differ significantly between the two groups. Only the rates of repeat revascularization were lower in the group receiving DES.

  On the other hand, the value of the decision making between aggressive or conservative approach of stable coronary disease, made after invasive study of coronary anatomy, has been questioned. In the ongoing International Study of Comparative Health Effectiveness with Medical and Invasive Approaches (ISCHEMIA) trial[7] (NCT01471522), the main difference in study design is to randomize patients with stable coronary disease to invasive or conservative strategies, before catheterization. This is a multicenter randomized controlled trial with a target enrollment about 5.000 patients with at least moderate ischemia on stress imaging. The primary aim is to determine whether an initial invasive strategy of cardiac catheterization and optimal revascularization (with PCI or CABG, as determined by the local heart team) plus OMT will reduce the primary composite endpoint of cardiovascular death or nonfatal MI, in stable patients with moderate or severe ischemia and medically controllable or absent symptoms, comparing with an initial conservative strategy. Enrollment began in late 2012 and is projected to end in 2017. Average follow-up will be approximately 3 years. There are currently around 300 participating sites in more than 30 countries. The ISCHEMIA Trial thus aims to address limitations of previous strategy trials by: 1) enrolling patients before catheterization, so that anatomically high-risk patients are not excluded; 2) enrolling a higher-risk group with at least moderate ischemia; 3) minimizing crossovers; 4) using contemporary DES and physiologically guided decision making (FFR) to achieve complete ischemic (rather than anatomic) revascularization; and 5) being adequately powered to demonstrate whether routine revascularization reduces cardiovascular death or nonfatal MI in patients with stable ischemic heart disease (SIHD) and at least moderate ischemia. The results of the ISCHEMIA trial will have important implications regarding global guidelines for performance and reimbursement of revascularization procedures in patients with stable coronary disease.

  However, while we wait the results of ISCHEMIA trial and other ongoing studies, the ORBITA study is the best designed trial comparing conservative and interventional strategies in patients with stable angina. The rigor with which the trial was carried out and the conclusion that PCI has a powerful placebo effect, should have impact in forthcomings guidelines of stable coronary disease.
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      "We are made wise not by the recollection of our past, but by the responsibility for our future."

      George Bernard Shaw

    

  

  A new year begins and, with it, great new challenges come along. At a time when we see our specialty with important issues, we have to focus on what can be done in the near future. This look must always be based on all the achievements made in previous years. We remind you that the changes in our Medical Residency, started more than 15 years ago by Prof. Gilberto Barbosa with an arduous effort of some selfless colleagues, coming to its approval by the final work of Profs. Fabio Jatene and Henrique Murad. We can not forget the tireless struggle to improve the conditions of treatment of patients with congenital heart disease and all those involved in this difficult task of performing pediatric cardiac surgeries, which have been declining annually in numbers, culminating in the approval of readjustments in the Unified Health System (SUS) payments. Thus, there will be an increase in the number of procedures to be performed and a large number of pediatric patients will benefit.

  All these achievements need to be settled, which will be a great challenge. However, the two major ideals of a group of surgeons - Medical Education and Professional Defense - begin to become reality.

  In Medical Education we have seen the approval, by the National Medical Residency Commission (CNRM), of our Medical Residency with direct access, without the need to perform General Surgery, and with that the consequent reduction for five years of its period. But there is much to be done. We need to re-evaluate the Training Centers (TC), and know which ones are apt to receive and adequately prepare our future cardiovascular surgeons; to adapt the unification, in all TCs, of the annual evaluation of progression of the residents, based on competences and a careful evaluation to be carried out simultaneously in all of them, being this responsibility of the Brazilian Society of Cardiovascular Surgery (SBCCV); it will also be necessary to define the annual competences for each cycle of the Medical Residency. All these implementations demonstrate the firm purpose of our Society in constantly improving the training of our professionals.

  The initial impetus for a greater demand for our specialty is based not only on this change of Residency, but also on the continuity of the support given to our Academic Leagues and, consequently, the increase in demand for the specialty. Support for Academic Leagues has been an important work developed by the SBCCV for 6 years and we have already reaped the fruits. We have developed partnerships and some very successful work fronts, such as the blog of the Brazilian Journal of Cardiovascular Surgery (BJCVS), administered by a team of engaged and committed academics. Thus, in addition to allowing contact with cardiovascular surgeons, we promote scientific initiation with the encouragement of writing articles. The idea is to identify leaders, potential reviewers and thus shape the future of the SBCCV.

  Another important point is Professional Defense. It is unacceptable that our patients do not have access to the new technologies or guarantee that the surgeries will be performed in the most appropriate and safe way. The whole environment in which these procedures are performed must have the ideal conditions, not the minimum ones, to optimize the quality of care and patient survival. In the near future, we will continue to seek solutions so that our patients can have the best form to treat their cardiovascular diseases, always based on the ethical and moral principles of our medical oath and professional codes of conduct and of our Society.

  We are aware of the fact that there are a myriad of problems that are occurring day by day and for which the solution, unlike in the operative field, is often not ours but, without a doubt, with the collective work we will reach the solution. Our union will always be the asset, so that we can achieve great victories and continue to carry out what we have all proposed from the beginning - to treat our patients with the quality they need and to have at their disposal all the professional expertise we have.

  The path is long and tortuous, both for the problems we are facing and for the diversities of this great Brazil. But we all have in common the will to change and, above all, our workforce.

  We need to adapt to the changes taking place around us and to project our future. For this, we have to adapt the SBCCV to the new times, correcting directions to make it agile and suitable to all its associates. We need, looking back and always keeping in mind the history of our society and what has been achieved until now, reinventing the SBCCV, leaving it ready for the new challenges of the 21st century. Undoubtedly, for this purpose, the words of each of the cardiovascular surgeons are important, and we will achieve this through unity and joint work, based on assistance, academicism, research and, above all, on associativism, from which our strength derives, make our specialty one of the most important in the national and international scenarios. The responsibility for the future belongs to us and therefore we will all, from now on, continue the work for a strong, dynamic and modern SBCCV.
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    ABSTRACT

    OBJECTIVE: Transcatheter aortic valve replacement has been an alternative to invasive treatment for symptomatic severe aortic stenosis in high risk patients. The primary endpoint was 30-day and 1-year mortality from any cause. Secondary endpoints were to compare the clinical and echocardiographic variation pre-and post- transcatheter aortic valve replacement, and the occurrence of complications throughout a 4-year follow-up period.

    METHODS: This prospective cohort, nestled to a multicenter study (Registro Brasileiro de Implante de Bioprótese por Cateter), describes the experience of a public tertiary center in transcatheter aortic valve replacement. All patients who underwent this procedure between October 2011 and February 2016 were included.

    RESULTS: Fifty-eight patients underwent transcatheter aortic valve replacement. The 30-day all-cause mortality was 5.2% (n=3) and after 1 year was 17.2% (n=10). A significant improvement in New York Heart Association functional classification was observed when comparing pre-and post- transcatheter aortic valve replacement (III or IV 84.4% versus 5.8%; P<0.001). A decline in peak was observed (P<0.001) and mean (P<0.001) systolic transaortic gradient. The results of peak and mean post-implant transaortic gradient were sustained after one year (P=0.29 and P=0.36, respectively). Left ventricular ejection fraction did not change significantly during follow-up (P=0.41). The most frequent complications were bleeding (28.9%), the need for permanent pacemaker (27.6%) and acute renal injury (20.6%).

    CONCLUSION: Mortality and complications in this study were consistent with worldwide experience. Transcatheter aortic valve replacement had positive clinical and hemodynamic results, when comparing pre-and post-procedure, and the hemodynamic profile of the prosthesis was sustained throughout follow-up.

    Keywords: Transcatheter Aortic Valve Replacement; Heart Valve Prosthesis Implantation; Aortic Valve Stenosis/surgery.

  

   

   

  INTRODUCTION

  Symptomatic patients with severe aortic stenosis have limited functionality and survival. For these patients, valve replacement is the treatment of choice. However, the treatment for those with high or prohibitive surgical risk was restricted to medication, as in pre-surgery era. After the advent of transcatheter aortic valve replacement (TAVR) in 2002, symptomatic patients with severe aortic stenosis and high risk have an alternative intervention option, with survival and functional improvement. Its use is nowadays spread worldwide, including in developing countries[1,2]. The TAVR experience of public tertiary health care center was described in this prospective cohort.

  The primary endpoint was a 1-year mortality due to any cause. Secondary endpoints were to compare functional classification (FC), peak and mean transaortic systolic gradient and left ventricular ejection fraction (LVEF), when comparing before and after the procedure. In addition, the present study aimed to evaluate the complications related to the procedure.

   

  METHODS

  This is a prospective cohort nestled to a multicenter national study (Registro Brasileiro de Implante de Bioprótese por Cateter)[3]. The patients included underwent TAVR between December 2011 and January 2016, at a Brazilian public tertiary health care center.

  The patient selection protocol started with individuals with severe aortic stenosis or dysfunctional biologic aortic valve being evaluated by a multidisciplinary team (formed by cardiologists, cardiac surgeons and nurses). TAVR was considered as treatment when they presented high or prohibitive surgical risk.

  The TAVR was indicated when at least one of the following criteria was present: A-patients were considered as high risk, with European System for Cardiac Operative Risk Evaluation (EuroSCORE I) equal or higher than 15%; or B-the presence of frailty (identified using subjective criteria by the TAVR team, as difficulty in walking and low body weight)[4]; or C-porcelain aorta (circumferential calcification of ascending aorta, as seen on computer tomography images) was considered as prohibitive risk for conventional valve replacement surgery.

  Eligible patients were evaluated according to New York Heart Association FC, and laboratory parameters before the TAVR procedure. The exams included blood analysis (hemoglobin, creatinine, platelets, brain natriuretic peptide (BNP), electrocardiogram, transthoracic echocardiogram (TTE) and coronariography. Peak and mean transaortic gradients, presence of aortic regurgitation, aortic valve area, left ventricle end-diastolic diameter (LVED) and LVEF (Teicholz method) were evaluated according to American Echocardiography Society[5].

  All patients were studied before TAVR by angiotomography images of total aorta, subclavian, femoral and iliac arteries, in order to evaluate eligibility and to choose the site of catheter insertion (femoral, transapical or other), the valve model and size. Exclusion criteria were incompatible size between available prosthesis and the valve ring size (according to angiotomography images), the presence of clot in the ventricle, LVEF < 20% on TTE or estimated survival less than one year.

  The valve models used were those available at the time of initial evaluation. The valve size was chosen according to valve ring size on angiotomography. Femoral artery was the preferential access. If not possible, an alternative access was obtained. TAVR was performed under general anesthesia or sedation anesthesia, and accompanied by transesophageal echocardiogram (TEE).

  TAVR to treat a dysfunctional biologic prosthetic aortic valve, was called as valve-in-valve procedure and was performed under the same criteria as listed above.

  After TAVR procedure, laboratory data was collected in the first 72 hours, electrocardiogram was performed daily, and one TTE was obtained before patient discharge, until 7 days after the procedure.

  Functional classification, electrocardiogram and TTE were registered in 30 days, six months, one year and two years after TAVR.

  Complications were registered as Valve Academic Research Consortium-2 (VARC-2) definitions[6], as the mortality causes classification. Non identified cause was considered as cardiovascular cause.

  Statistical Analysis

  Kolmogorov-Smirnov and Shapiro-Wilk tests were used to check distribution pattern. Continuous variables with normal distribution were presented as mean ± standard deviation, otherwise were presented as median and interquartile range and were submitted to Student t test or Mann-Whitney. Categorical variables were presented as frequencies (number, percentage and confidence interval) and compared through the chi-square and Fisher exact test. Friedman and Cochran Q were used for paired tests and ANOVA to repeated measures. Kaplan Meier survival curve estimated the survival rate free of events in this population and its censored cases were deaths or the last follow-up. Data were analyzed with the R® software 3.1.0 through Extension EZR 1.27 do R Commander 2.1-4. It was assumed 5% alpha error and P values ≤ 0.05 were considered significant. This study was registered in the local Research Ethics Committee, according to the Declaration of Helsinki. All participants signed a consent form.

   

  RESULTS

  Fifty-eight patients were treated with TAVR. Baseline characteristics are presented in Tables 1 and 2.
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  General anesthesia was employed in 51 (87.9%) cases. Sedation and local anesthesia were performed in 7 (12.1%) patients and TEE in 53 (91.4%) procedures. The main access was transfemoral (n=47; 81%). The alternative access used were transapical (n=7; 12.1%), transaortic (n=3; 5.2%), and subclavian artery (n=1; 1.7%). Self-expandable valve CoreValve® (Medtronic Inc., Minneapolis, MN, USA) was implanted in 40 (68.9%) patients, balloon-expandable valve SAPIEN-XT® (Edwards Lifesciences, Irvine, CA, USA) in 11 (19%) and Inovare® (Braile Biomedica, São José do Rio Preto, SP, Brazil) in seven (12.1%) cases.

  Seven (12.1%) patients had dysfunctional biological aortic prosthesis and the procedures were valve-in-valve. All of them had an Inovare® model implanted surgically via transapical access. Echocardiographic and laboratory data after TAVR are shown in Table 2.

  In this cohort, the all-cause mortality was 17.2% (n=10) within the follow-up of 1 year. The mortality within 30 days was 5.2% (n=3) and was considered related to the procedure. Two of them had apical access: their mortality causes were due to life threatening bleeding for both, beside major ischemic stroke for one of them. The third patient that immediately died after the procedure, had atrioventricular block due to contiguous complication.

  The late mortality occurred in seven cases, five of them related to cardiovascular causes and the others related to noncardiovascular causes. Among the cardiovascular causes were: one had major ischemic stroke; three of them had sudden death or non-identified cause; and one death was related to the procedure (prosthesis migration and major bleeding). The noncardiovascular related causes were sepsis and rupture of preexistent esophageal varices.

  Among the patients that died (n=10), three had moderate or severe aortic regurgitation on the echocardiogram (until seven days after TAVR). They died, each one, 10.7 and 6.5 months (moderate regurgitation) and 1.5 month (severe regurgitation) after the procedure.

  Apical access was used to treat dysfunctional bioprosthesis: seven valve-in-valve procedures, all of them using Inovare® model. Among these subgroup, two early deaths were registered (within the first day after TAVR). Both had life threatening bleeding, renal injury and received second valve during the procedure, due to related first valve failure. The first patient had also ventricular perforation and atrioventricular block. The second had also left bundle block and major ischemic stroke. One patient died after the 30th day (late mortality) related to a noncardiovascular cause. The other four valve-in-valve patients did not have any complications.

  Survival analysis is represented by Kaplan Meier curve in Figure 1. Mean follow-up time was 6.4 [1.55-12.9] months and maximum 33.8 months in this cohort.
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  Clinical evolution of FC is presented in Figure 2. The prevalence of FC III or IV pre-TAVR was 84.5% (n=49 of 58) compared to 30 days that was 14.8% (n=8 of 54; P<0.001), six months 9.1% (n=4 of 44; P<0.001); one year 10.8% (n=4 of 37; P<0.001); and two years 10.5% (n=2 of 19; P<0.001).
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  Echocardiographic evolution by transaortic gradient and LVEF analysis before and after TAVR are shown in Figure 3. Complications are presented in Table 3.
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  DISCUSSION

  This prospective cohort describes the experience of a public tertiary center in TAVR.

  The small population and the single center analysis are limitations of this study. Frailty was considered according to subjective impressions of a multidisciplinary team and may interfere on the reproducibility of selection criteria.

  Mean age in this cohort was similar to main published registries. Mean EuroSCORE was inferior comparing to previous studies. However, porcelain aorta was more prevalent in this population[7-9]. As porcelain aorta is a formal surgery contraindication and it could have impacted on EuroSCORE profile of this population[7].

  General anesthesia was preferred over sedation and local anesthesia. Although recent published studies reveal the opposite, this scenario is similar to publications of initial experiences[10].

  As published in Brazilian[3] and international literature[11,12], transfemoral was the main used access. Apical access was used in all valve-in-valve procedure (seven cases) and contributed 20% (two cases) to all-mortality in this cohort.

  In cases of dysfunctional aortic bioprosthesis, conventional valve replacement is associated with higher risk compared to the first cardiac surgery and may contraindicate the surgery intervention[13]. Valve-in-valve has shown as a safe alternative and has shown adequate hemodynamic performance[14,15]. In this cohort, valve-in-valve procedures were not analyzed apart and can interfere on results, mainly on transaortic gradients.

  Mortality was consistent with literature. Brazilian registry[3] had 30 days and one year mortality of 9.1% and 21.5%, respectively. Data presented in SOURCE registry[16] was 6.3% e 10.3% (transfemoral and transapical access, respectively); on ADVANCE trial[17] was 4.5%; on FRANCE trial[7], 12.7%; and FRANCE 2 trial[18], 9.7%; survival analysis after one year in PARTNER registry[8] was 76.9%, in SOURCE[16] was 76.1%, in FRANCE 2[18] 81.6%, and Figulla et al.[19] showed 75.9%.

  Aortic regurgitation of at least moderate level in this cohort was 14.81%. Although TEE had been performed during most procedures[20,21], these data were not available for analysis. The use of TTE data done until seven days after the procedure as the first echocardiogram after TAVR can limit comparisons among other studies echocardiogram data, since TEE or TTE done in the operating room is the standard in literature. To avoid further data interference, two cases without echocardiogram data before the discharge were excluded from the population analyzed.

  Recently, the new generation of the balloon-expandable valve system has shown less occurrence of aortic regurgitation and pacemaker implantation[22]. This cohort had clinical endpoints and complications defined by VARC-2[23]. Accordingly, results should be carefully compared to the literature, since the same criteria and definitions should have been used for comparisons.

  Hemorrhagic complications and pacemaker implantation were the main complications in this study. Comparing to literature, hemorrhagic complications were more frequent and acute renal injury occurrence was less frequent in this cohort, although there is a large variation of criteria used among different studies. Pacemaker implantation was similar to the literature, consistent to the registries which indicate that this complication is more frequent among the self-expandable valve model CoreValve® model[24-26]. In this cohort, this model was used in almost 70% of the procedures.

  The post-TAVR echocardiogram (until seven days after the procedure) data were not available in four patients. Two of them died during the procedure. The other two had post-TAVR echocardiogram registries 30 days after the procedure (one with moderate aortic regurgitation and the other without aortic regurgitation). Thus, among the 54 patients analyzed, one (1.85%) had severe, seven (12.96%) had moderate, twenty-three (42.59%) had mild and twenty-three (42.59%) did not have aortic regurgitation on the echocardiogram before hospital discharge.

  Also consistent with literature, significant, lasting clinical and echocardiographic improvement was registered[27]. FC improvement could be seen since the first follow-up appointment, changing the profile of III and IV predominance to I and II. Transaortic gradient, peak and mean, fall immediately, maintaining this pattern during follow-up, as in previous studies[21,26]. LVEF did not change significantly in this study, however, published studies show improvement in dilated cardiomyopathy after TAVR[26,27].

   

  CONCLUSION

  Mortality and complications in this study were consistent with literature. The more frequent complications in this cohort were hemorrhagic complications and pacemaker implantation. TAVR had positive clinical and hemodynamic results for this population, when comparing pre-and post-procedure. The prosthesis hemodynamic profile was sustained and LVEF did not change significantly during follow-up.
 
   

  REFERENCES

  1. Yousef A, Froeschl M, Hibbert B, Burwash IG, Labinaz M. Transcatheter aortic valve implantation: current and evolving indications. Can J Cardiol. 2016;32(2):266-9.

  2. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, et al.; PARTNER Trial Investigators. Transcatheter versus surgical aortic-valve replacement in high-risk patients. N Engl J Med. 2011;364(23):2187-98.

  3. Brito FS, Carvalho LA, Sarmento-Leite R, Mangione JA, Lemos P, Siciliano A, et al.; Brazilian TAVI Registry investigators. Outcomes and predictors of mortality after transcatheter aortic valve implantation: results of the Brazilian registry. Catheter Cardiovasc Interv. 2015;85(5):E153-62.

  4. Hemmann K, Sirotina M, Rosa S, Ehrlich JR, Fox H, Weber J, et al. The STS score is the strongest predictor of long-term survival following transcatheter aortic valve implantation, whereas access route (transapical versus transfemoral) has no predictive value beyond the periprocedural phase. Interact Cardiovasc Thorac Surg. 2013;17(2):359-64.

  5. Holmes DR Jr, Mack MJ, Kaul S, Agnihotri A, Alexander KP, Bailey SR, et al.; American Heart Association; American Society of Echocardiography; European Association for Cardio-Thoracic Surgery; Heart Failure Society of America; Mended Hearts; Society of Cardiovascular Anesthesiologists; Society of Cardiovascular Computed Tomography; Society for Cardiovascular Magnetic. 2012 ACCF/AATS/SCAI/STS expert consensus document on transcatheter aortic valve replacement: developed in collaboration with the American Heart Association, American Society of Echocardiography, European Association for Cardio-Thoracic Surgery, Heart Failure Society of America, Mended Hearts, Society of Cardiovascular Anesthesiologists, Society of Cardiovascular Computed Tomography, and Society for Cardiovascular Magnetic Resonance. J Thorac Cardiovasc Surg. 2012;144(3):e29-84.

  6. Leon MB, Piazza N, Nikolsky E, Blackstone EH, Cutlip DE, Kappetein AP, et al. Standardized endpoint definitions for transcatheter aortic valve implantation clinical trials: a consensus report from the Valve Academic Research Consortium. Eur Heart J. 2011;32(2):205-17.

  7. Eltchaninoff H, Prat A, Gilard M, Leguerrier A, Blanchard D, Fournial G, et al. Transcatheter aortic valve implantation: early results of the FRANCE (FRench Aortic National CoreValve and Edwards) registry. Eur Heart J. 2011;32(2):191-7.

  8. Lefèvre T, Kappetein AP, Wolner E, Nataf P, Thomas M, Schächinger V, et al.; PARTNER EU Investigator Group. One year follow-up of the multi-centre European PARTNER transcatheter heart valve study. Eur Heart J. 2011;32(2):148-57.

  9. Perin MA, Brito Jr FS, Almeida BO, Pereira MA, Abizaid A, Tarasoutchi F, et al. Percutaneous aortic valve replacement for the treatment of aortic stenosis: early experience in Brazil. Arq Bras Cardiol. 2009;93(3):299-306.

  10. Mayr NP, Michel J, Bleiziffer S, Tassani P, Martin K. Sedation or general anesthesia for transcatheter aortic valve implantation (TAVI). J Thorac Dis. 2015;7(9):1518-26.

  11. Webb JG, Chandavimol M, Thompson CR, Ricci DR, Carere RG, Munt BI, et al. Percutaneous aortic valve implantation retrograde from the femoral artery. Circulation. 2006;113(6):842-50.

  12. Hayashida K, Lefèvre T, Chevalier B, Hovasse T, Romano M, Garot P, et al. Transfemoral aortic valve implantation new criteria to predict vascular complications. JACC Cardiovasc Interv. 2011;4(8):851-8.

  13. Gaia DF, Couto A, Breda JR, Ferreira CB, Macedo MT, Gimenes MV, et al. Transcatheter aortic valve-in-valve implantation: a selection change? Rev Bras Cir Cardiovasc. 2012;27(3):355-61.

  14. Pasic M, Unbehaun A, Dreysse S, Buz S, Drews T, Kukucka M, et al. Transapical aortic valve implantation after previous aortic valve replacement: clinical proof of the "valve-in-valve" concept. J Thorac Cardiovasc Surg. 2011;142(2):270-7.

  15. Gaia DF, Palma JH, Ferreira CBND, Souza JAM, Gimenes MV, Macedo MT, et al. Transcatheter aortic valve implantation: results of the current development and implantation of a new Brazilian prosthesis. Rev Bras Cir Cardiovasc. 2011;26(3):338-47.

  16. Thomas M, Schymik G, Walther T, Himbert D, Lefèvre T, Treede H, et al. One-year outcomes of cohort 1 in the Edwards SAPIEN Aortic Bioprosthesis European Outcome (SOURCE) registry: the European registry of transcatheter aortic valve implantation using the Edwards SAPIEN valve. Circulation. 2011;124(4):425-33.

  17. Wood S. TAVI registry updates ADVANCE the field, raise hopes for lower stroke rates. [cited 2017 May 12]. from: http://www.theheart.org/article/1374163.do 12 June 2012

  18. Gilard M, Eltchaninoff H, Iung B, Donzeau-Gouge P, Chevreul K, Fajadet J; FRANCE 2 Investigators. Registry of transcatheter aortic-valve implantation in high-risk patients. N Engl J Med. 2012;366(18):1705-15.

  19. Figulla L, Neumann A, Figulla HR, Kahlert P, Erbel R, Neumann T. Transcatheter aortic valve implantation: evidence on safety and efficacy compared with medical therapy. A systematic review of current literature. Clin Res Cardiol. 2011;100(4):265-76.

  20. George JC, Varghese V, Dangas G, Popma JJ. Transcatheter aortic valve implantation: lessons from the PARTNER (Placement of Aortic Transcatheter Valves) trial. JACC Cardiovasc Interv. 2011;4(1):132-3.

  21. De Jaegere PP, Piazza N, Galema TW, Otten A, Soliman OI, Van Dalen BM, et al. Early echocardiographic evaluation following percutaneous implantation with the self-expanding CoreValve Revalving System aortic valve bioprosthesis. EuroIntervention. 2008;4(3):351-7.

  22. Lu Q, Pei Y, Wu H, Wang Z, Zaiping J. Transcatheter aortic valve implantation with balloon-expandable valve: early experience from China. Rev Bras Cir Cardiovasc. 2015;30(4):425-32.

  23. Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem NM, Blackstone EH, et al. Updated standardized endpoint definitions for transcatheter aortic valve implantation: the Valve Academic Research Consortium-2 consensus document. J Thorac Cardiovasc Surg. 2013;145(1):6-23.

  24. Athappan G, Patvardhan E, Tuzcu EM, Svensson LG, Lemos PA, Fraccaro C, et al. Incidence, predictors, and outcomes of aortic regurgitation after transcatheter aortic valve replacement: meta-analysis and systematic review of literature. J Am Coll Cardiol. 2013;61(15):1585-95.

  25. Amabile N, Azmoun A, Ghostine S, Ramadan R, Haddouche Y, Raoux F, et al. Incidence, predictors and prognostic value of serious hemorrhagic complications following transcatheter aortic valve implantation. Int J Cardiol. 2013;168(1):151-6.

  26. Barbanti M, Latib A, Sgroi C, Fiorina C, De Carlo M, Bedogni F, et al. Acute kidney injury after transcatheter aortic valve implantation with self-expanding CoreValve prosthesis: results from a large multicentre Italian research project. EuroIntervention. 2014;10(1):133-40.

  27. Généreux P, Head SJ, Van Mieghem NM, Kodali S, Kirtane AJ, Xu K, et al. Clinical outcomes after transcatheter aortic valve replacement using valve academic research consortium definitions: a weighted meta-analysis of 3,519 patients from 16 studies. J Am Coll Cardiol. 2012;59(25):2317-26.

   

   

  Correspondence Address:

  Fabiula Schwartz Azevedo 

  Instituto Nacional de Cardiologia - Cirurgia Cardiovascular

  Rua das Laranjeiras, 347 – Laranjeiras – Rio de Janeiro, RJ, Brazil

  Zip code: 22240-006

  E-mail: fabiulaschwartz@gmail.com

   

  Article received on June 10th, 2017.

  Article accepted on September 26th, 2017.

   

  This study was carried out at the Instituto Nacional de Cardiologia (INC), Rio de Janeiro, RJ, Brazil.

  No financial support.

  No conflict of interest

       
    [image: Abb]

  

  
    [image: Aut]

  





  DOI: 10.21470/1678-9741-2017-0087

  ORIGINAL ARTICLE

  
    Mujtaba SS, Ledingham S, Shah AR, Clark S, Pillay T, Schueler S. Early Clinical Results of Perceval Sutureless Aortic Valve in 139 Patients: Freeman Experience. Braz J Cardiovasc Surg 2018;33(1):8-14

  

  
    Early Clinical Results of Perceval Sutureless Aortic Valve in 139 Patients: Freeman Experience

  

   

   

  Syed Saleem MujtabaI; Simon LedinghamI; Asif Raza ShahI; Stephen ClarkI; Thasee PillayI; Stephan SchuelerI

  IDepartment of Cardiothoracic Surgery, Freeman Hospital, Freeman Road, United Kingdom of Great Britain and Northern Ireland.

   

  
    ABSTRACT

    OBJECTIVE: The aim of this retrospective study is to evaluate the safety and performance of the Perceval sutureless valve in patients undergoing aortic valve replacement. We report the 30-day clinical outcomes of 139 patients.

    METHODS: From January 2014 to December 2016, 139 patients underwent sutureless aortic valve replacement. Their operation notes, National Adult Cardiac Surgery Database and perioperative transoesophageal echocardiography findings were studied retrospectively.

    RESULTS: Ninety-two patients underwent isolated aortic valve replacement (group A) with Perceval valve and 47 patients had combined procedures of aortic valve replacement and coronary artery bypass grafting (group B). The patients received a size S (n=23), M (n=39), L (n=42) or XL (n=35) prosthesis. Perceval valve was successfully implanted in 135 (97.1%) patients. Mean cross-clamping time and bypass time were 40 and 63 minutes for isolated cases, while 68 and 107 minutes for combined cases. Three (2.1%) patients died within 30 days. Four patients suffered stroke and 5 patients went into acute renal failure. Median intensive care unit and hospital stay was 2 and 8.5, respectively. Four valves were explanted due to significant paravalvular leak after surgery. Five patients had permanent pacemaker as a result of complete heart block and mean postoperative drainage was 295 mL for isolated case and 457 mL for combined cases. The mean gradient across Perceval valve was 12.5 mmHg while its effective orifice area was 1.5 cm2.

    CONCLUSION: Early postoperative results showed that Perceval valve is safe. Further follow up is needed to evaluate the long-term outcome with this bioprosthesis.

    Keywords: Aortic valve stenosis; Aortic Valve/Surgery; Bioprosthesis; Heart Valve Prosthesis; Heart Valve Prosthesis Implantation/ Methods; Minimally Invasive Surgical Procedures.

  

   

  
   

  INTRODUCTION

  Severe aortic valve stenosis is a common cardiac disease among the elderly. Due to the increasing age of the patient population in the Western world, there has been an increase in the prevalence of patients with valvular heart disease eligible for aortic valve replacement (AVR)[1]. AVR is the treatment of choice for aortic valve stenosis when it is severe aortic stenosis (≤ 1 cm2/m2) and symptomatic, or asymptomatic with left ventricular dysfunction, or combined with other cardiac surgery procedure[2]. Given the increasing number of comorbidities and increasing patient age, a tendency has emerged to use biological valve implants, avoiding the need for long-term anticoagulation therapy.

  Although transapical or transfemoral aortic valve implantations (TAVIs) have been introduced for high-risk patients ineligible for conventional AVR using cardiopulmonary bypass (CPB), it has its own limitations, e.g., significantly increased costs, inability to remove the calcified aortic valve, and the high incidence of paravalvular leak (PVL), pacemaker implantation and neurological events[3].

  In last few years sutureless aortic valve bioprostheses have been developed to facilitate surgical AVR, reduce aortic cross-clamping and CPB time and curtail risk of mortality and morbidity. Sutureless aortic bioprosthesis implantation is a feasible alternative for high-risk patients with aortic valve disease[4]. The Perceval valve (Sorin Group, Saluggia, Italy) is a bioprosthetic heart valve made of bovine pericardium that allows a fast implantation through a sutureless technique. The current study reports our single-centre experiences regarding the early outcomes of Perceval valve implantation.

   

  METHODS

  The Perceval valve is a surgical bioprosthetic heart valve composed of glutaraldehyde-fixed bovine pericardium treated with homocysteic acid in order to remove the free aldehyde residues and prevent the calcification process. It is fixed in a metal cage made up of an alloy of nickel and titanium, known as nitinol. Currently, four sizes of the Perceval S aortic valve prosthesis are available: small - S (19-21 mm); medium - M (22-23 mm), large - L (24-25 mm) and extra-large XL (27 mm). Hence, Perceval S can be used for annulus sizes ranging from 19 to 27 mm.

  We performed a retrospective analysis of a consecutive series of patients (n = 139) who underwent AVR with Perceval valve between January 2014 and December 2016. They were either isolated AVR (group A, n = 92) or combined with coronary artery bypass grafting (CABG, group B, n = 47). Inclusion criteria were severe aortic valve stenosis with indication of valve replacement, patients who agreed to participate in the clinical evaluation, patients wishing to have a tissue valve, no contraindication for Perceval valve, and signed informed consent. These patients were operated by six different surgeons. During the same period, 312 patients had AVR with conventional Perimount Magna biological valve by four different surgeons.

  Patients with ascending aortic aneurysm or dissection, emergency intervention, acute endocarditis, congenital bicuspid aortic valve (Seivers type 0) or aortic annulus greater than 27 mm or less than 21 mm were excluded. The ratio between the diameter of the sinotubular junction and aortic annulus should not exceed 1.3 mm. Patients with known nickel hypersensitivity were also avoided.

  The operative risk of these patients was estimated according to the logistic European System for Cardiac Operative Risk Evaluation (logistic EuroSCORE). In this study, we have used logistic EuroSCORE as we submit patient's risk assessment as logistic EuroSCORE to National Adult Cardiac Surgery Audit (NACSA) database and it is easier to retrieve in this form. The data used in this analysis were extracted from NACSA. The audit is managed by National Institute for Cardiovascular Outcomes Research (NICOR), with clinical direction and strategy provided by the Society for Cardiothoracic Surgeons (SCTS) and the Project Board.

  Surgical Technique

  After a full median sternotomy, standard CPB was established by cannulation of the ascending aorta and the right atrium. The heart is vented through the right superior pulmonary vein. Antegrade cardioplegia is the method of choice at our institution for myocardial protection. Continuous carbon dioxide insufflation was used routinely after sternotomy until closure of the aortotomy. The ascending aorta was incised transversally 1.5 cm above the sinotubular junction in order to leave a free edge for closure of the aortotomy after implantation of the device. The aortic valve was removed, and the annulus was decalcified in the usual fashion. The aortic orifice was measured with the original sizer of the bioprosthesis.

  Three 4-0 polypropylene guiding sutures were passed at the nadir of the aortic annulus. An appropriately sized prosthesis was collapsed in a side table and placed into the manufacturer's holder.

  The three guiding sutures were passed through the three green holes arising from the annular ring of the prosthesis, which was consequently seated on the debrided annulus. Once the delivery system is in position, the stent is deployed by turning the release screw and leaving the valve in place. The delivery system and the guiding sutures are removed. The field was rinsed with warm saline, and the prosthesis was dilated at four atmospheres for 30 seconds. After closure of the aortotomy, transesophageal echocardiography (TOE) was performed to assess the correct implantation of the prosthesis and the presence of any PVL.

   

  RESULTS

  The mean age of the 139 patients was 74.3 years (range 47-86 years); 21.6% of patients were ≥ 80 years old (Table 1). The procedure success rate was 97.1%. In four (2.8%) patients Perceval valve was explanted mainly due to severe PVL, erroneous sizing or malpositioning discovered during perioperative echocardiography. In each one of these cases, a different prosthetic valve was eventually implanted. Mean crossclamping time and bypass time were 40 and 63 minutes for isolated cases while 68 and 107 minutes for combined cases.
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  Size S (annulus range 19-21 mm) was implanted in 23 (17%) of patients, size M (annulus range 21-23 mm) in 39 (28%), size L (annulus range 23-25 mm) in 42 (30%) and size XL (annulus range 25-27 mm), which was available since July 2012, was implanted in 35 (25%) of the eligible patients.

  The mean length of intensive care unit (ICU) stay was 3.4 days (range 1-32 days, median 1 day) in isolated AVR while it was 6.8 days (range 1-93 days, median 3 days) in combined cases. Hospital stay was 11.7 days (median 8, range 4-48) for isolated cases while it was 18.4 days (median 9, 4-225) for combined cases (Tables 2 and 3).
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  No cases of unanticipated adverse device effects, valve thrombosis, secondary valve dislodgement or valve-related haemolytic anaemia were reported. Five (3.6%) patients developed renal failure and were connected to continuous venovenous hemofiltration leading to recovery of renal function. Forty-six (33%) patients had postoperative atrial fibrillation, were treated with betablockers or amiodarone and returned to sinus rhythm. A total of 4 (2.8%) postoperative strokes occurred and 3 (2.1%) cases of early bleeding led to reoperation. The incidence rate of permanent pacemaker implantation was overall 3.6%.

  The mean gradient across Perceval valve was found to be higher for the smaller and lower for the larger valves. It ranges from 6-18 mmHg and its mean value was 12.5 mmHg. Similarly, its effective orifice area varies according to the valve sizes but its mean value was 1.5 cm2.

  In-hospital mortality was 2.1% (n=3). The first patient was a 70 years old man who had AVR and CABG. He was re-intubated for respiratory compromise on day 3 and aspirated during the procedure. He went into sepsis, renal failure and developed ischemic colon. Finally, he died on day 13. The next one was a 70 years old male, chronic smoker, severe chronic obstructive pulmonary disease, forced expiratory volume in 1 second (FEV1) 1.4 lit (53% predicted). He underwent uneventful surgery and ICU stay. On day 4, he had a run of ventricular tachycardia, followed by respiratory and cardiac arrest. He was intubated, resuscitated and chest was opened. There was no evidence of tamponade, at this stage he went into ventricular fibrillation and finally died despite all resuscitation attempts. The last one was a 70 years old, 47 kg frail woman with severely impaired left ventricle and severe aortic stenosis. She had uneventful surgery but died of low output syndrome and heart failure on day 14.

   

  DISCUSSION

  Magovern & Cromie[5] introduced the concept of sutureless aortic valve in the 1960s with the ball-cage-type mechanical valve for sutureless implantation. It had its own disadvantages, e.g. high incidence of PVLs, bulky size and not suitable for small annuli[6], high incidence of thromboembolism (42%) and reoperation (16%)[6]. This valve continued to be used until 1980.

  When aortic valve is replaced surgically, sutures are placed into the annulus and then through the sewing cuff of the prosthetic valve. While at sutureless aortic valve, it obviates the need to put sutures to fix the valve, and thus make the procedure faster, cross-clamp and CPB times shorter, both are independent predictors of 30 day postoperative mortality after adult cardiac surgery[7].

  High-risk patients, particularly those undergoing prolonged concomitant surgery and redo surgery, could benefit from reduced length of time of the implantation by avoiding the need to use sutures to secure the bioprosthesis within the aortic annulus. Shrestha et al.[8] also confirmed the safety and efficacy of the sutureless aortic valve in patients requiring concomitant procedures. This is important as, according to the Society of Thoracic Surgeons (STS) database, the proportion of candidates requiring concomitant CABG has risen from 5 to 25% over the past 20 years.

  The effective orifice area of the valve is more for any given valve size as there is no ring for valve anchorage. This would be particularly beneficial for patients with small aortic roots where risk of patient prosthesis mismatch is high[9].

  Sutureless valves are also advantageous in minimally invasive AVR as it is technically difficult to put annular sutures in such cases because of the limitation of working space. Sutureless valves obviate this technical difficulty.

  The durability of the Perceval valve is also an issue. Englberger et al.[10] presented the longest follow-up study for a sutureless bioprosthesis (5-year follow-up) and suggested that sutureless valves become an option for all patients with indicated biological AVR.

  The PARTNER trial showed a significantly higher incidence of PVL following TAVI than after surgical AVR at both 1 and 2 years[11]. PVL has been identified as an independent predictor of late mortality after TAVI[12]. D'Onofrio et al.[13] showed that the incidence of PVL (at least mild) was higher in a transapical TAVI group compared with a sutureless bioprosthesis group (44.7% vs. 15.8%, respectively, P=0.001). Unlike TAVI, it is technically possible to perform repositioning and to exchange the sutureless valve intraoperatively if the result is unsatisfactory.

  PVL can be the result of inadequate sizing, malpositioning or inappropriate decalcification of the annulus[14]. Recent evidence from TAVI trials has demonstrated a significant correlation between PVL and poorer outcomes. PVL was demonstrated to be a significant predictor of one-year mortality, even after multivariable adjustment.

  Unlike TAVI and similarly to conventional AVR, the sutureless AVR approach involves excision of the calcified valve and prosthesis placement under direct visualization on a still heart, which may reduce the risk of misplacement and PVL[15]. Pollari et al.[16] found shorter ICU stays, hospital stays, and intubation times in the sutureless group then in the stented group.

  Even in cases requiring explantation of Perceval, the procedure was easy and the Perceval valve was removed without technical issues, as previously described[17]. Careful patient selection and echocardiographic assessment are crucial in choosing the proper size. Correct sizing of the valve is critical to minimize PVL and this should be performed with TOE and intraoperative sizing.

  We have compared our perioperative and early postoperative results with other published series using sutureless valves (Table 4). Most of the authors have used Perceval valve except two who used Edwards Intuity and ATS 3f Enable valves. Our mean logistic EuroSCORE is less then all of the studies as we have least comorbidities. Our cross-clamp and bypass time for the isolated Perceval AVR is almost the same as for most of the studies but longer then Folliguet et al.[14], Flameng et al.[18], Cavalier trial[19] and Pollari et al.[16]. We replaced 2.8% valves for severe PVL. This rate was 1.9%, 2.1%, 1.2%, 1.6% and 0.8% for Kocher et al.[20], Martens et al.[21], Santarpino et al.[22], Shrestha et al.[8] and Cavalier trial[19], respectively. Folliguet et al.[14] explanted 4.6% valves for severe PVL.
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  Complete heart block requiring permanent pacemaker is a known complication of AVR. This incidence was 3.6% in our study which matches quite well with Santarpino et al.[22] and Flameng et al.[18] but slightly more than Gilmanov et al.[23] (2.3%). Permanent pacemaker requirement in our study was much less than all the other mentioned studies. Early 30-day mortality was 2.1% in our study, which is almost the same as all the other compared studies. In Flameng et al.[18] study, 3 (9.4%) patients died after 6-12 months of surgery. We have shown pre-discharge mean gradient across aortic valve of 12.5 mmHg and its effective orifice area of 1.5 cm2. These values correlate well with all the compared studies.

  Limitations

  The major limitation of this study is that it was based on data from a single institution and limited number of cases. Moreover, there is the lack of a control group and a randomization in its design. This study showed only early outcomes, and it remains necessary to obtain data documenting long-term performance.

   

  CONCLUSION

  Perceval valve in aortic position is safe and feasible. Sutureless AVR may become the first choice of procedure in the elderly high-risk population. Further follow-up is needed to evaluate the long-term outcome with this bioprosthesis.
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    ABSTRACT

    OBJECTIVE: To compare the early and late outcomes of off-pump coronary artery bypass grafting and coronary artery bypass graft + mitral valve repair in elderly patients with moderate chronic ischemic mitral regurgitation.

    METHODS: One hundred and fifty elderly (age > 70 years) patients with moderate chronic ischemic mitral regurgitation who underwent off-pump coronary artery bypass grafting (n=95) or coronary artery bypass graft + mitral valve repair (n=55) between January 2007 and December 2014 were studied. They were subdivided according to presence or absence of high operative risk. Peri-operative variables and early operative outcomes were retrospectively studied. Survival, mitral regurgitation grade, and functional outcomes were prospectively analysed.

    RESULTS: Both groups were comparable in terms of age (P=0.23), sex (P=0.74), left ventricle ejection fraction (P=0.6) and preoperative functional class (P=0.52). The mean number of grafts for off-pump coronary artery bypass grafting group was 3.14 and coronary artery bypass graft + mitral valve repair was 3.21. Off-pump coronary artery bypass grafting group had statistically significant better early operative outcomes i.e perioperative blood transfusions, intraaortic balloon pump usage, arrhythmias, renal dysfunction, liver dysfunction, sepsis, mean hours of ventilation, intensive care unit stay and operative mortality. On a prospective follow up of 5±2.33 years (1-9 years), coronary artery bypass graft + mitral valve repair in low operative risk subgroup had better improvements in mitral regurgitation grade than off-pump coronary artery bypass grafting. Both groups had similar improvements in functional class and cumulative survival was also comparable (63.2% vs. 54.5%).

    CONCLUSION: Off-pump coronary artery bypass grafting is a safer alternative to coronary artery bypass graft + mitral valve repair with better early operative outcomes and comparable late survival and functional outcomes in elderly patients with moderate chronic ischemic mitral regurgitation, especially those with higher operative risk.

    Keywords: Mitral Valve Insufficiency/surgery; Mitral Valve Annuloplasty; Mitral Valve/surgery; Coronary Artery Bypass; Coronary Artery Bypass, Off-Pump.

  

   

   

  INTRODUCTION

  The number of elderly patients undergoing coronary artery bypass grafting (CABG) is on the rise. The continuing improvements in myocardial infarction management, timely thrombolysis and primary percutaneous intervention techniques have saved many lives. The age of patients presenting for CABG has increased and they have very advanced disease, both anatomically and functionally. Elderly patients have a higher burden of surgical risk factors and reduced functional capacity compared to the young. The prevalence of comorbidities such as cerebrovascular diseases, diabetes mellitus, chronic obstructive pulmonary disease, renal dysfunction and peripheral arterial disease are higher in the elderly. Age is a risk factor for poor operative outcome and elderly patients have worse early evolution in comparison to the young[1].

  Optimal management strategy of moderate chronic ischemic mitral regurgitation (CIMR) has long remained controversial. It is now well understood that CIMR is a bad prognostic indicator in coronary artery disease (CAD). Mitral regurgitation begets more mitral regurgitation leading to worsening of mitral regurgitation grade and early progression to left ventricle (LV) dysfunction. Several studies have shown the association of CIMR as a negative determinant of survival in patients with CAD[2-4]. It is now an accepted strategy to surgically address severe CIMR and to do revascularization alone for mild CIMR at the time of myocardial revascularization. Management of moderate CIMR at the time of CABG is a controversial topic and data regarding the same in elderly is scanty. The addition of mitral procedure in this subset is a difficult decision because of added morbidity of cardiopulmonary bypass and cardioplegic arrest for repair. All the studies on chronic CIMR have compared on-pump CABG and CABG + Mitral valve repair (MVRep). Off pump coronary artery bypass grafting (OPCABG) has proven to be a safer alternative to on pump CABG for high risk patients[5] and this has been studied by many investigators[6,7]. This study aims at comparing the outcomes of OPCABG and CABG+MVRep in the setting of moderate CIMR in elderly.

   

  METHODS

  Study Design

  Combined retrospective and prospective observational study.

  Inclusion Criteria

  All patients (age > 70 years) who underwent surgery for CAD with moderate CIMR during the study period (January 2007 to December 2014) were included in the study.

  Exclusion Criteria

  Patients having any evidence of structural (chordal or leaflet) mitral valve disease and endocarditis were excluded from the study. Patients who underwent surgery in extremis or had an emergency surgery were excluded from the study.

  Study Groups

  Of the 150 patients, 95 (63.33%) underwent OPCABG (group I) and the remaining 55 (36.67%) underwent CABG+MVRep (group II).

  Subgroups

  Both the groups were divided into two subgroups A & B according to the presence or absence of high operative risk, respectively.

  High operative risk is defined as the presence of left ventricular ejection fraction < 30% and one or more of the following risk factors - preoperative renal dysfunction, previous stroke and chronic obstructive pulmonary disease.

  Surgical Procedures

  All patients underwent myocardial revascularization, which included a left internal mammary artery graft to left anterior descending coronary artery and great saphenous vein graft for other diseased coronary arteries. Group I underwent OPCABG & group II underwent CABG+MVRep with cardiopulmonary bypass support. In the patients who underwent MVRep, the mitral valve was inspected to rule out any structural lesion. MVRep was done using undersized complete semi-rigid ring (Carpentier-Edwards Physio I annuloplasty ring, Edwards Lifesciences, Irvine, CA, USA). All patients had a successful repair which was defined as less than mild mitral regurgitation at the end of the procedure.

  Collection of Data

  All the relevant preoperative, intra-operative and postoperative data were collected from the respective case files after acquiring permission from the institute's ethics committee. They were tabulated for comparison of the subgroups. After acquiring written informed consent, the study cohort was followed up and their functional class, mitral regurgitation grade and survival were recorded.

  Definitions

  The definition of moderate ischemic mitral regurgitation followed the guidelines of the American College of Cardiology (ACC), the American Heart Association (AHA), and the American Society of Echocardiography (ASE), and was defined as an effective regurgitant orifice area of 0.20 to 0.39 cm2, a regurgitant volume of 30 to 59 mL per beat, a regurgitant fraction of 30% to 49%, or a vena contracta width of 0.30 to 0.69 cm[8].

  
    1. Postoperative renal dysfunction: creatinine > 2mg/dl

    2. Postoperative liver dysfunction: liver enzymes & bilirubin > three times the upper limit of normal value.

    3. Sepsis: presence of positive blood culture with or without fever and raised white blood cell counts.

    4. Arrhythmia: any supraventricular or ventricular arrhythmia.

  
 
  Statistical Analysis

  The statistical calculations were performed using SPSS software v 20.0 (Chicago, IL, USA) Quantitative data was expressed as mean ± SD whereas qualitative data was expressed as a percentage. Uni-variate analysis of the continuous data was performed using Student's t-test for parametric and Mann-Whitney U-test for non-parametric variables, whereas chi-square test was used for the categorical data. The cut-off value of P<0.05 was considered for the statistical significance. Survival analysis was performed using Kaplan Meier.

   

  RESULTS

  Baseline Characteristics

  The mean age of the entire cohort was 76.1 years. Demographic and preoperative clinical characteristics of the study population are presented in Table 1. Both groups were comparable in terms of age (P=0.23), sex (P=0.74), haemoglobin (P=0.2), extent of CAD (P=0.27), left ventricular ejection fraction (P=0.6), comorbidities - previous stroke (P=0.96), diabetes mellitus (P=0.11), hypertension (P=0.85), recent myocardial infarction (P=0.19), chronic obstructive pulmonary disease (P=0.69) and renal dysfunction (P=0.09) (Table 1).
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  Operative Variables

  All patients underwent complete coronary revascularization. The mean number of grafts in the OPCABG group was 3.14 and in the CABG+MVRep group was 3.21. The mean cardiopulmonary bypass time and mean aortic cross-clamp time in group II were 96.67±20.25 and 66.33±13.14 minutes, respectively.

  Early Post-Operative Outcome

  Comparison Between Group I and II

  Irrespective of the operative risk, CABG+MVRep group (II) had higher incidence of early postoperative complications as compared to OPCABG group (I) (Table 2). The mean number of blood units transfused [I - 2.2±0.5 vs. II - 2.9±1.1 (P<0.001)], intra-aortic balloon pump (IABP) usage [I - 8.42% vs. II - 36.36% (P<0.001)], renal dysfunction [I - 8.42 % vs. II - 34.55% (P<0.001)], arrhythmias [I - 8.42% vs. II - 27.27% (P=0.004)], liver dysfunction [I - 6.32% vs. II - 21.82% (P=0.01)], new onset stroke [I - 5.26% vs. II -23.64% (P=0.002)], sepsis [I - 6.32% vs. II - 23.64% (P=0.005)], mean duration of ventilation in hours [I - 6.92±2.36 vs. II - 17.35±4.66 (P<0.001)] and intensive care unit (ICU) stay in days [I - 2.86±1.26 vs. II - 5.87±1.98 (P<0.001)], were significantly more in the CABG+MVRep group. The thirty-day mortality was also high in CABG+MVRep group [I - 2.11% vs. II - 20% (P<0.001)] (Table 2).
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  Subgroup Comparison - High Operative Risk (IA vs. IIA)

  OPCABG patients had better early operative outcomes in comparison with the CABG+MVRep patients in all the parameters studied (Table 3). The mean number of blood units transfused [IA - 2.3±0.6 vs. IIA - 3.1±0.9 (P<0.001)], IABP usage [IA - 8.57% vs. IIA - 50% (P=0.002)] renal dysfunction [IA - 11.43% vs. IIA - 45% (P=0.01)], arrhythmias [IA - 11.43% vs. IIA - 40% (P=0.03)], liver dysfunction [IA - 8.57% vs. IIA - 35% (P=0.04)], new onset stroke [IA - 5.71% vs. IIA - 30% (P=0.04)], sepsis [IA - 8.57% vs. IIA ± 2.45 vs. IIA - 18.24±4.72 (P<0.001)] and ICU stay in days [IA - 3.63±1.12 vs. IIA - 6.42±2.1 (P<0.001)], were significantly more in the CABG+MVRep group. The thirty-day mortality was also high in CABG+MVRep subgroup [IA - 2.86% vs. IIA - 25% (P=0.04)] (Table 3).
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  Subgroup Comparison - Low Operative Risk (IB vs. IIB)

  Even in the low operative risk subgroup, OPCABG patients had significantly lower incidence of blood units transfused [IB - 2.1±0.5 vs. IIB - 2.7±1.5 (P=0.005)], IABP usage [IB - 8.33% vs. IIB - 28.57% (P=0.02)], renal dysfunction [IB - 6.67% vs. IIB - 28.57% (P=0.001)], mean duration of ventilation in hours [IB - 6.76±2.25 vs. IIB - 15.76±4.13 (P<0.001)] and ICU stay in days [IB - 2.78±1.34 vs. IIB - 5.38±1.92 (P<0.001)] than the CABG+MVRep patients. The thirty-day mortality was also low in OPCABG subgroup [IB - 1.67% vs. IIB - 17.14% (P=0.01)]. Other parameters were not significantly different between the subgroups (Table 4).
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  Follow-Up Study

  In a mean follow-up period of five years, both OPCABG and the CABG+MVRep group had improvement in the mitral regurgitation grade and New York Heart Association (NYHA) class.

  Improvement in Mitral Regurgitation Grade

  CABG+MVRep was able to offer better results in terms of mitral regurgitation reduction in the low operative risk subgroup, however the results are comparable in the high operative risk subgroup (Figure 1).
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  Functional Class Improvement

  In a mean follow up period of five years, both groups had comparable improvements in their NYHA functional class irrespective of their operative risk. No statistically significant difference among the subgroups in terms of functional class improvement was found (Figure 2).
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  Survival

  In a mean follow-up period of five years, 35 patients of the entire cohort (group I - n=26, group II - n=9) died of non-cardiac cause and 12 (group I - n=7, group II - n=5) died of cardiac causes. The cumulative survival of OPCABG group was 63.2% and for the CABG + MVRep group was 54.5%. The 5-year survival was similar in both groups (Figure 3).
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  DISCUSSION

  This is probably the first study conducted in the elderly to compare the outcome of OPCABG versus CABG+MVRep for moderate CIMR. The routine use of antiplatelets, statins, beta blockers, and angiotensin converting enzyme inhibitors has greatly extended the age of CAD patients. It is now a common clinical scenario to see septuagenarians undergoing surgical myocardial revascularization. Even a healthy elderly is very different physiologically from a young as they have age-related thickening and stiffening of blood vessel walls leading to less elasticity, reduced diastolic function and poor effort tolerance compared to the young. They have reduced functional reserve of other organ systems compared to the young[9]. The incidence of cardiovascular disease increases as one's age advances. At 60-79 years, 70% will have cardiovascular disease of some form and 21% will have identifiable CAD[10]. This is reflected in our study as our cohort also has higher incidence of comorbidities.

  The morbidity and mortality of surgical myocardial revascularization in the elderly have reduced significantly. Off-pump technique has added to the safety of surgical revascularization in the elderly. OPCABG has been shown to have reduced myocardial injury, reduced renal complications, reduced blood product usage and less neurological complications than on-pump CABG[11]. OPCABG can achieve complete revascularization comparable to on-pump CABG as shown in this study (mean number of grafts 3.14 vs. 3.21)[12]. In expert hands, OPCABG can also be safely accomplished in the presence of moderate CIMR.

  CIMR involves incomplete closure of structurally normal mitral valve leaflet and is due to CAD that affects the LV geometry causing annular dilatation and tenting of the chordae tendineae[13-15]. Numerous studies have indicated association of CIMR with poor survival rates in CAD patients[16,17]. Surgical correction of moderate CIMR at the time of coronary revascularization is still an unresolved controversy[18-21]. Even in the recent ACC/AHA guidelines (2014), the level of evidence for surgical correction of moderate mitral regurgitation at the time of CABG is class IIB[22]. The addition of MVRep to CABG requires cardiopulmonary bypass with considerable length of aortic cross clamp time. Increased incidence of complications can be attributed to cardiopulmonary bypass in which, tissues and organs may suffer from regional malperfusion. The elderly with reduced functional reserve of many organ systems are more vulnerable to the complications of cardiopulmonary bypass. Extracorporeal circulation leads to various types of cellular injuries[23]. There was an increased incidence of supraventricular arrhythmias in the MVRep group, which may be due to the atrial incision for left atrial exposure. A similar trend of higher complications (24%) with CABG+MVRep group was observed by Smith et al.[24]. Randomized Ischemic Mitral Evaluation (RIME) trial[25] also reported higher complication rates in MVRep group showing that adding MVRep should be weighed against the surgical morbidity and mortality risk the patient is exposed to. In our study, we have noted that CABG+MVRep group had high rate of early operative complications. We feel that the difference in our study is more pronounced as OPCABG group is completely excluded from the complications due to cardiopulmonary bypass.

  We have documented in one of our earlier studies that mitral ring annuloplasty with CABG in a selected subgroup with severe CIMR provided mid-term improvement in mitral regurgitation grade and heart failure symptoms and it is a common practice now to repair severe CIMR at the time of revascularization[26]. There is no consensus about the benefits of repair in moderate CIMR. Chan et al.[25] in RIME trial have reported improved functional capacity and increased LV reverse remodelling with MVRep and this finding is contradicted by the observations of Smith et al.[24] who, in their trial had observed similar improvement in functional capacity and insignificant LV reverse remodelling and increased incidence of untoward events in the MVRep group. In our study, there was no significant difference in functional capacity and survival between the groups in a mean follow-up period of five years.

  On subgroup analysis, we have found that patients with lower operative risk have better improvement in mitral regurgitation grade from CABG+MVRep as compared to OPCABG. We propose that they are probably the subgroup of elderly patients who can be considered for adding MVRep along with revascularization for moderate CIMR, but at the cost of a higher early postoperative complication rate.

  Majority of the elderly patients have limited physical activity in their routine lifestyle and their life expectancy is limited. OPCABG can achieve complete revascularization, is less morbid, and provides comparable benefits in terms of functional class improvement and survival in the long term in comparison with CABG + MVRep for elderly patients with moderate CIMR.

   

  CONCLUSION

  OPCABG is recommended for moderate CIMR in elderly patients with high operative risk. CABG+MVRep can be considered for moderate CIMR in elderly patients with low operative risk, but at the cost of higher early operative complications.
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    ABSTRACT

    INTRODUCTION: Current guidelines state that patients with severe mitral regurgitation should be treated in reference centers with a high reparability rate, low mortality rate, and durable results.

    OBJECTIVE: To analyze our global experience with the treatment of organic mitral regurgitation from various etiologies operated in a single center.

    METHODS: We evaluated all surgically treated patients with organic mitral regurgitation from 2004-2017. Patients were evaluated clinically and by echocardiography every year. We determined early and late survival rates, valve related events and freedom from recurrent mitral regurgitation and tricuspid regurgitation. Valve failure was defined as any mitral regurgitation ≥ moderate degree or the need for reoperation for any reason.

    RESULTS: Out of 133 patients with organic mitral regurgitation, 125 (93.9%) were submitted to valve repair. Mean age was 57±15 years and 52 patients were males. The most common etiologies were degenerative disease (73 patients) and rheumatic disease (34 patients). Early mortality was 2.4% and late survival was 84.3% at 10 years, which are similar to the age- and gender-matched general population. Only two patients developed severe mitral regurgitation, and both were reoperated (95.6% at 10 years). Freedom from mitral valve failure was 84.5% at 10 years, with no difference between degenerative and rheumatic valves. Overall, late ≥ moderate tricuspid regurgitation was present in 34% of the patients, being more common in the rheumatic ones. The use of tricuspid annuloplasty abolished this complication.

    CONCLUSION: We have demonstrated that mitral regurgitation due to organic mitral valve disease from various etiologies can be surgically treated with a high repair rate, low early mortality and long-term survival that are comparable to the matched general population. Concomitant treatment of atrial fibrillation and tricuspid valve may be important adjuncts to optimize long-term results.

    Keywords: Mitral Valve; Mitral Valve Insufficiency; Mitral Valve Prolapse; Mitral Valve Annuloplasty.

  

   

   

  INTRODUCTION

  Mitral valve repair (MVR) is considered the best surgical option for most patients with severe mitral regurgitation (MR), including elderly patients with associated comorbidities and higher operative risks[1,2]. In fact, recent guidelines for management of valvular heart diseases indicate that asymptomatic patients with preserved left ventricular function should be redirected to "reference centers" and surgery should be considered only when the probability of the repair is high, and the operative mortality is low[3,4].

  The Society of Thoracic Surgeons (STS) database demonstrates that despite an increasing adoption of conservative operations in the last decade, the overall rate of MVR in the United States of America (USA) is still only around 70%, and probably restricted to simpler repairs involving prolapse of the posterior cusp, in most centers[5]. In Brazil, MVR is performed even more infrequently, and although the statistical estimates are somewhat imprecise, the incidence of MVR appears to be in a disappointingly range of 1520% (Hospital Information System - Ministry of Health [SIH/SUS]).

  Our surgical group, working in two different institutions, has been involved in mitral valve repair since the late 1980's. The Instituto de Neurologia e Cardiologia de Curitiba (INC-Cardio) is a new private health institution in Curitiba, and since its inception in 2004, we have had the opportunity to establish a heart valve team that enabled us not only to perform all valvular operations with intraoperative transesophageal echocardiography (TEE) control, but also to prospectively follow our patients at ambulatory level in an adequate manner. The aim of this study was to analyze our global experience with all surgically treated patients presented with any form of organic mitral valve insufficiency at this institution.

   

  METHODS

  This study was approved by the Institutional Research Ethical Committee (number 1.061.245) and registered at Plataforma Brasil (number CAAE 42.708015.2.0000.5227). We retrospectively analyzed all patients operated at INC-Cardio from January 2004 to March 2017 who had the diagnosis of organic MR as the primary indication for surgery. Patients with concomitant procedures such as tricuspid repair, ablation for atrial fibrillation (AF), and coronary artery bypass grafting (CABG) were included. However, patients with concomitant aortic valve replacement (AVR) or functional MR due to ischemic cardiomyopathy were excluded from the analysis.

  The etiology of the disease was based in echocardiographic findings and confirmed at the operation by visual inspection. Patients with degenerative disease were subdivided in fibroelastic deficiency (FD), moderate myxomatous degeneration (MD), and Barlow disease, according to the degree of myxomatous changes. Typically, patients with normally sized and thin cusps, except for the prolapsing segment, were considered FD; while those with voluminous, aneurysmal and thickened cusps, with massive annular dilatation and often displaced posterior cusp attachment, were categorized as Barlow disease. Valves with intermediary changes in this spectrum were labeled as MD. Rheumatic disease (RD) patients were included if they had pure MR or mixed lesions with at least moderate degree of MR.

  Surgical Technique

  All operations were performed by a single surgeon (FDAC), most commonly through full sternotomy or, in the last few years, using a right minithoracotomy approach in selected cases. When midline sternotomy was used, cardiopulmonary bypass (CPB) was instituted with central aortic and bicaval cannulation. We routinely employed moderate systemic hypothermia (32ºC), and myocardial protection was obtained with intermittent antegrade cold blood cardioplegia. For the minithoracotomy cases, CPB was instituted with peripheral arterial and venous femoral cannulation, and cardioplegia was performed with a single dose of Custodiol solution®.

  After gaining exposure of the mitral valve through a left atriotomy parallel to the interatrial groove, careful and systematic valve analysis was performed to identify all valve lesions producing valve dysfunction. Posterior leaflet prolapses were treated either by triangular or quadrangular resection of the prolapsing segments or by the insertion of neo-chords utilizing the "respect" concept. Whenever there was excess of posterior leaflet tissue, a sliding plasty was performed to reduce the height of the posterior leaflet in order to avoid systolic anterior motion (SAM). Anterior leaflet prolapse was preferentially corrected with the utilization of Gore-Tex neo-chords, but we also used the flipover technique or papillary muscle repositioning in some cases. In rheumatic cases, shaving and thinning of the leaflets as well as resection of scarred and fused primary and secondary chords were often necessary to increase leaflet mobility. Cusp extension of the anterior leaflet was utilized to increase surface coaptation in some cases. Mild or moderate areas of calcifications were fully debrided. In the presence of active bacterial endocarditis, all infected tissues were excised, and the resultant defects were corrected with patches of decellularized human pericardia.

  Except for patients with acute endocarditis, a Carpentier-Edwards Physio II annuloplasty ring® (Edwards Lifesciences LLC, Irvine, CA, USA) or a posterior bovine pericardium band® (Cardioprótese Ltda, Curitiba, PR, Brazil) was employed to correct annular dilatation and to stabilize the repair. Valve competence was tested with saline solution or by pressurizing the left ventricle (LV) with blood through a cardioplegia line inserted in the apex of the LV. Tricuspid annulus dilatation with or without regurgitation (TR) was corrected with Carpentier-Edwards Tricuspid Physio ring® (Edwards Lifesciences, Irvine, CA, USA) and CABG was performed with standard techniques. To ascertain an adequate repair, intraoperative TEE was performed in all patients after weaning from CPB.

  Patient Data and Clinical Follow-up

  Preoperative clinical data were obtained by reviewing hospital charts and operative notes. Early mortality was defined as any death occurring before hospital discharge or during the first 30 postoperative days. Causes of early and late deaths were determined by hospital charts review, death certificates, information from the physician who was caring for the patient at that time or communication with the patient's family. Early and late postoperative complications were reported according to well-established guidelines[6].

  Clinical follow-up was obtained at one, six, and 12 months after the operation and then annually thereafter in our outpatient clinic, with the referring cardiologist or by direct contact with the patient or his/her family. For this study, a database freeze was performed in March 2017. Clinical follow-up was obtained within two years of closure in 95% of the patients (five patients were lost to follow-up). Anticoagulation with sodium warfarin was indicated only to patients with AF, to those who had AF ablation or after an episode of cerebral embolism. Patients with RD were oriented to have lifelong oral penicillin as a secondary prophylaxis against rheumatic fever.

  Echocardiographic Analysis

  Mitral valve function was evaluated by transthoracic twodimensional Doppler echocardiography, performed by the referring cardiologist or at our outpatient clinic at yearly intervals. Whenever it was necessary, supplemental information was obtained with 2D or 3D TEE studies.

  All patients were operated with intraoperative TEE control, including 3D real time images in the last two years.

  MR was initially classified as none, trivial, mild, moderate, and severe, based on the length and area of the regurgitant jet and using American Society of Echocardiography's guidelines[7]. Valve failure was defined as recurrent significant regurgitation of more than 1+ MR (mild MR) or mitral valve reoperation.

  Statistical Analysis

  Statistical analysis was conducted with The R Project for Statistical Computing statistical software (www.cran.r-project.org/ version 3.3.1) and Graph Pad Prism Software (www.graphpad.com/guides/prism/7/). Data were presented as frequencies or means with standard deviations. The Kaplan-Meier method was used to estimate survival and freedom from morbid events, and results were considered meaningful up to 10 years. For outcomes other than death, patients were right censored in case of a late death. Age- and sex-matched Brazil general population survival estimates for the year 2013 (median year of surgery of the study cohort) were obtained from data published by the Instituto Brasileiro de Geografia e Estatística (http://www.ibge.gov.br), and statistical comparison with survival rates from the study cohort was done using a one-sample log-rank test.

  Univariable analysis was carried out with chi-square tests and log-rank test to determine the risk factors for reoperation and valve failure, and they were considered significant when P<0.05. Predictors were expressed by their hazard ratios (HR) with 95% confidence intervals (CI). Variables tested included patient's age, gender, New York Heart Association (NYHA) functional class, etiology, AF, systemic arterial hypertension, chronic obstructive pulmonary disease (COPD), diabetes, smoking, renal failure, coronary artery disease (CAD), previous cardiac operations, concomitant procedures, cross-clamp, and extended extracorporeal circulation (ECC) times.

   

  RESULTS

  From January 2004 to March 2017, our surgical group has performed 538 MVR, of which 125 were done at INC-Cardio and are the subject of this study. During this period, 133 patients were operated with a diagnosis of organic MR, and only eight (acute endocarditis = 3, advanced mitral mixed lesions = 3, and failed previous MVR done elsewhere = 2) had a mitral valve replacement, yielding an overall 93.9% global repair rate. All patients (100%) with degenerative mitral valve disease undergoing a first operation had a MVR.

  The demographics of the 125 MVR patients are summarized in Table 1. Mean patient age was 57±15 years (range: 9 - 87 years), 52 (42%) patients were males, and 23 (18%) were older than 70 years. The most common etiology was degenerative disease in 73 (58%) patients, followed by RD in 34 (27%). Preoperatively, 44 (35%) patients were in NYHA functional class III and IV, and the mean left ventricular ejection fraction (LVEF) was 67±8%. MR grade was considered severe in 115 patients (92%) and moderate in the remaining 10 (8%).
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  Operative findings, repair techniques, and concomitant procedures are listed in Table 2.
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  The mean clinical follow-up was 3.7±3.4 years (range: 0.1 - 12.4 years), with a total cumulative follow-up of 462.2 patientyears. In total, 697 echocardiograms were available for analysis. The latest echocardiogram was performed after a mean of 3.1±2.9 years (range: 0.1 - 12.3 years).

  Early and Late Mortality

  There were three early deaths with an overall early mortality of 2.4%. Among patients younger than 70 years, early mortality was 0.9% (1/102). Causes of early death were multi-organ failure in an 81-year-old patient with degenerative disease and healed bacterial endocarditis, respiratory failure in a 77-year-old patient with degenerative disease and low output syndrome in a rheumatic patient that was submitted to concomitant myocardial revascularization and AF ablation.

  In addition, six patients died in the late postoperative period. Causes of late death were sudden death (n = 2), congestive heart failure, intracranial hemorrhage, hepatic cirrhosis, and unknown, in one case each. By Kaplan-Meier analysis, estimated five and 10 years survival were 89.5% (CI 95% = 78.8% - 94.9%) and 84.3% (CI95% = 67.1% - 92.9%), respectively, which were similar to an age- and gender-matched Brazilian population (Figure 1).

  
    

    [image: Fig. 1. Late survival after mitral valve repair.]

  
 
  Risk factors for late mortality included age (HR = 3.30, CI95% = 0.85 - 12.7), associated CAD (HR = 2.48, CI95% = 0.42 - 14.2), diabetes (HR = 7.85, CI95% = 0.49 - 123.4), longer aortic crossclamp (HR = 4.07, CI95% = 1.09 - 15.1), and ECC times (HR=5.00, CI95% = 1.17-21.2) (Appendix 1).

  Clinical Follow-up

  Among the 111 survivors with known clinical status, 101 are in NYHA functional class I, nine in class II and only one in class III. This latter patient, despite a normally functioning mitral repair, developed moderate to severe tricuspid regurgitation and should undergo reoperation in the near future. During the observation period, five patients presented thromboembolic events, three were transient ischemic attacks and two were strokes. Freedom from thromboembolic events at five and 10 years was 93.1% (CI95% = 83.3% - 97.2%) (Figure 2). In addition, two patients presented with serious hemorrhagic complications, which were the cause of death in one. There were no documented cases of bacterial endocarditis.
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  By echocardiogram, late LVEF was 65.5±7.5% (range = 27 - 77), with only three being below 50%. Late diastolic dimension of the left ventricle (DDLV) was 48±6 mm (range = 37 - 74) and systolic dimension of the left ventricle (SDLV) was 31±6 mm (range = 22 - 68).

  Reoperations and Mitral Valve Dysfunction

  At discharge, only one patient had moderate MR with no further progression after six years.

  During follow-up, two patients developed severe MR and were reoperated. Mitral valve could be re-repaired in both. Mechanisms of failure were dehiscence of the posterior leaflet suture line in one case (technical failure) and progression of the disease in another, with a new prolapse of the anterior leaflet. Freedom from severe MR and/or reoperation was 95.6% (CI95% = 82.5% - 98.9%) at 5 and 10 years (Figure 3).
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  Four additional patients developed moderate MR at late follow-up, but they are asymptomatic and under careful observation. Freedom from valve failure (more than mild MR or reoperation) was 88.2% (CI95% = 74.8% - 94.7%) at 5 years and 84.5% (CI95% = 68.8% - 92.6%) at 10 years. There was no difference in freedom from valve failure between degenerative and rheumatic valves at 10 years (Figure 4). Curiously, univariable analysis revealed renal failure as the only risk factor for late mitral valve dysfunction (HR = 9.31, CI95% = 0.22-397.66) (Appendix 1).
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  Tricuspid Valve Function

  Four patients (moderate = 3, severe = 1) with preoperative TR underwent concomitant tricuspid annuloplasty during the operation. In addition, 16 patients with dilated tricuspid annulus, but with none or mild TR, also underwent "prophylactic"tricuspid repair with a Carpentier Edwards Tricuspid Physio ring®. None had more than mild TR at late follow-up. In contrast, new moderate (n = 6) or severe TR (n = 1) was detected in patients in whom the tricuspid valve was not addressed during the primary operation. Overall freedom from ≥ moderate TR was 66.1% (CI95% = 37.1 - 84.2%) at 10 years. Univariable analysis revealed RD as the only risk factor for development of late TR (HR = 6.69 [CI95% = 1.69 - 40.09] - P=0.044) (Figure 5, Appendix 1).
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  DISCUSSION

  This study demonstrates that it is possible to obtain high rates of MVR for patients with organic MR, from different etiologies, in dedicated centers[8,9]. Our repair rate of 93.9% for all-comers includes not only patients with degenerative disease, but also those with more challenging rheumatic and acutely infected valves[10,11]. This aspect seems to be very relevant, at a time when the American College of Cardiology (ACC) and other cardiological societies are making efforts to create high volume regional reference centers that fulfill excellence criteria in the surgical management of patients with MR. It is our opinion that in Brazil, where global reparability rates are still very low, special programs such as specialized fellowships and dedicated symposiums should be promoted for adequate training of surgeons, clinicians, anesthesiologists and echocardiographists.

  Several groups have documented excellent outcomes and a reparability rate ranging from 95-100% for patients with degenerative disease[12-16]. In the present series, 97.2% of degenerative valves were treated in this manner, with very acceptable early mortality and low incidence of residual regurgitation. The only two patients who had mitral valve replacement were cases with previous repairs done elsewhere and which were judged as suboptimal candidates for a second repair due to important scaring and distortion of the valve apparatus.

  On the other hand, rheumatic and/or infected valves may impose special challenges, and reports about conservative surgical treatment in these situations have demonstrated a much lower reparability rate[10,11]. We believe, however, that with proper surgical expertise and an aggressive approach, it is possible to avoid valve replacement in a substantial number of cases in this subset of patients.

  Our overall early mortality of 2.4% was acceptable in view of the wide range of pathologies treated and not limited to the more simple degenerative posterior mitral valve prolapse[8]. Our three deaths occurred only in older patients with extensive degenerative disease or in the presence of associated CAD. Mortality was 0% for patients with isolated primary mitral valve surgery, with or without concomitant tricuspid or AF, under the age of 70 years, which compares favorably with the STS database[5].

  A relevant finding of this study was the excellent long-term survival, that was similar to the age- and sex-matched Brazilian population at least for the first decade after operation. This reinforces our tendency for recommending early surgery for patients with severe MR, even for asymptomatic patients, before they reach class I guideline triggers for surgery, such as AF and pulmonary artery hypertension[17]. Although some authors feel that a "watchful waiting" policy is safe and reasonable for asymptomatic patients[18], recent studies have demonstrated that long-term survival may be compromised with that approach[19,20].

  Not only survival, but also long-term functional results were very gratifying, with most patients presenting normal functional recovery in NYHA class I and with low incidence of valve related complications. Thromboembolic events were uncommon, occurred more frequently during the first few years and had no relation with the presence of AF. However, it must be emphasized that all patients with documented AF were under anticoagulation therapy. Furthermore, 16 out of 18 patients who had AF treated by bipolar radiofrequency are in sinus rhythm as demonstrated by regular electrocardiograms and/or 24 hours Holter examination. It is also important that there were no cases of bacterial endocarditis during the observation period, even in patients that had acute or healed endocarditis as the primary reason for operation. Although this study did not intend to compare MVR with mitral valve replacement, one should expect a higher incidence of valve-related complications if these patients have had replacement as the surgical procedure[1,2,21].

  One of the caveats of reconstructive mitral surgery is the possibility of recurrent MR and eventual need for reoperations. The main reasons for recurrent MR are technical failures, disease progression and scarring after the repair[22]. In this study, because the incidence of recurrent severe MR was infrequent and the number of patients was relatively small, statistical analysis had important limitations for establishing risk factors associated with this complication. One important finding, however, was that, at least up to ten years, results in rheumatic patients were similar to those with degenerative disease. We have been very aggressive in treating rheumatic pathologies, making extensive shaving of thickened and retracted tissues, debridement of calcified areas, cutting secondary chords and even performing partial and total primary chordal replacement to increase leaflet mobility and to obtain adequate coaptation surface areas. In the presence of retracted anterior leaflets, cusp extension with decellularized pericardium has been an important maneuver for a satisfactory result[23]. With that policy, the incidence of recurrent moderate or severe MR has been low, although we often must accept smaller final effective orifice areas (around 1.8 - 2.5 cm2) in patients with mixed lesions. In our country, Severino et al.[24] and Pomerantzeff et al.[25] have also shown the apparent feasibility and advantages of MVR in rheumatic patients. On the other hand, it must be emphasized that most rheumatic patients in this study had the so-called "burn-out" disease, that is less susceptible to newer acute inflammatory bursts of rheumatic fever, besides being carefully oriented and controlled with lifelong antibiotic prophylaxis against the disease[11].

  Although still controversial, several recent reports have stressed the importance of avoiding late tricuspid regurgitation after a successful mitral operation[26-29]. It is becoming more apparent that the concept that any degree of functional tricuspid regurgitation would improve by correcting left-sided lesions only is misleading, and the occurrence of moderate to severe TR and eventual need for reintervention is not negligible[26]. This is corroborated in the present series in which approximately one third of the patients had more than mild TR late after the initial operation when the tricuspid valve was not addressed, especially in rheumatic patients. Furthemore, reoperations for isolated late TR after MVR carry a high operative risk and thus should be avoided[27]. In the initial phase of the present series, we have repaired the tricuspid valve whenever we found moderate or severe TR with symptoms of right side failure and visual right ventricular (RV) and right atrial (RA) enlargement during the operation. More recently, however, we moved towards a more aggressive approach on the tricuspid valve, and we performed tricuspid annuloplasty not only in patients with moderate or severe functional TR but also when dilatation of the tricuspid annulus was greater than 40 mm by echocardiography[30], as recommended by Chikwe et al.[26] and Dreyfus et al.[28]. Although follow-up is still short, we have not identified a single late TR after tricuspid annuloplasty with Carpentier-Edwards Tricuspid Physio ring.

  This study has several limitations. All operations were performed by a single surgeon and selection biases and individual approaches to certain pathologies may influence outcomes, and the results may not be generalized. In the first years of this experience, tricuspid valve annulus size and degree of regurgitation were not evaluated in the same systematic manner as more recently, so underestimation of TR may have occurred. Furthermore, because TR is not a terminal event and longitudinal echocardiography data are not complete, any conclusion regarding the true incidence of more than mild TR should be done with caution. Some echocardiography data regarding late function of the mitral and tricuspid valves were obtained outside our clinic and may cause some inconsistencies.

   

  CONCLUSION

  In conclusion, we have demonstrated that MR due to organic mitral valve disease, from various etiologies, can be surgically treated with a high repair rate, low early mortality and long-term survival that are comparable to the matched general population. Concomitant treatment of AF and tricuspid valve may be important adjuncts to optimize long-term results. In our opinion, however, this can only be accomplished in reference centers with a dedicated heart valve team working in a focused and systematic way in order to obtain consistent results.
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    ABSTRACT

    INTRODUCTION: Active infective endocarditis is associated with high morbidity and mortality. Surgery is indicated in high-risk conditions, and the main determinants of mortality in surgical treatment should be evaluated.

    OBJECTIVE: To identify mortality predictors in the surgical treatment of active infective endocarditis in a long-term follow-up.

    METHODS: This prospective observational study involved 88 consecutive patients diagnosed with active infective endocarditis, who underwent surgery between January 2005 and December 2015. Fifty-eight (65.9%) patients were male, the mean age was 50.87±16.15 years. A total of 31 (35.2%) patients had a history of rheumatic fever; 48 (54.5%) had had heart surgery with prosthetic valve implantation; 45 (93.8%) had biological prosthetic valve endocarditis and 3 (6.3%) mechanical prosthetic valve; 40 (45.5%) patients had the disease in their native valve. The mean EuroSCORE II was 8.9±6.5%, and the main surgical indication was refractory heart failure in 38 (43.2%) patients. A total of 68 bioprosthesis (36 aortic, 32 mitral) and 29 mechanical prostheses (12 aortic, 17 mitral) were implanted and three mitral valve plasties performed. A total of 25 (28.4%) patients underwent double or triple valve procedures. Aortic annulus reconstruction by abscess was performed in 18 (20.5%) and six (6.81%) patients had combined procedure. The mean surgery time was 359±97.6 minutes.

    RESULTS: The overall survival in up to a 10-year follow-up period was 79.5%. In the univariate analysis, the main mortality predictors were positive blood cultures (P=0.003), presence of typical microorganisms (P=0.008), most frequently Streptococcus viridans (12 cases; 25%); C-reactive protein (hazard ratio [HR] 1.034, 95% confidence interval [CI] 1.000 to 1.070, P=0.04); creatinine clearance (HR 0.977, 95% CI 0.962 to 0.993, P=0.005); length of surgery: every five minutes multiplies the chance of death 1.005-fold (HR 1.005, 95% CI 1.001 to 1.009, P=0.0307); age (HR 1.060, 95% CI 1.026 to 1.096, P=0.001); and EuroSCORE II (HR 1.089, 95% CI 1.030 to 1.151, P=0.003).

    CONCLUSION: A positive blood culture with typical microorganism, C-reactive protein, age, EuroSCORE II, total surgical time and the presence of postoperative complications were the major predictors of mortality and significantly impacted survival in up to a 10-year follow-up period.

    Keywords: Endocarditis, Bacterial; Heart Valves; Cardiovascular Surgical Procedures; Heart Valve Prosthesis Implantation; Mortality.

  

   

  
   

  INTRODUCTION

  Patients with valvulopathies, particularly those of rheumatic etiology, mitral valve prolapse with insufficiency, and degenerative aortic valve disease or those of bicuspid origin, cardiac valve prostheses, valvulopathies corrected with prosthetic materials, prior endocarditis episodes and congenital heart disease are considered at risk of developing severe infective endocarditis (IE)[1].

  The main indications for the surgical treatment of IE are refractory heart failure and annular abscess formation[2,3]. Other indications are persistent bacteremia after five to seven days of treatment with appropriate antibiotics, persistent vegetation or vegetation greater than 10 mm, severe valvular regurgitation, mycotic endocarditis and multiresistant microorganisms[3,4].

  The surgical treatment of IE involves valvular repair of lesions limited to leaflets, replacing the valve with a prosthetic or annular reconstruction with the use of a pericardial patch and Dacron prosthetic graft in cases of greater impairment, such as in the case of annular abscess[5-7].

  In terms of patients evolution with active infective endocarditis (AIE), surgery is a protective factor and has been associated with a significant reduction in mortality in the longterm follow-up of these patients when compared with patients who remained in clinical treatment[8].

  In patients with AIE in a native valve, congestive heart failure and emergency surgery are considered independent risk factors for mortality; emergency surgery is also an independent risk factor for patients with prosthetic endocarditis[2].

  The survival of patients undergoing surgical treatment of IE in the native valve is greater than that of those with prosthetic valve IE[5,7,9]. Independent postoperative mortality predictors also include paravalvular abscesses, Staphylococcus aureus as the etiologic agent and a left ventricular ejection fraction (LVEF) lower than 40%[7].

  Dohmen et al.[10] reported a significant difference in hospital mortality in relation to gender, with 23% mortality in females vs. 15% in males (P=0.01). Furthermore, age, the involvement of several valves and the need for preoperative dialysis are also major mortality risk factors[10].

  In a study of patients with aortic valve IE, dialysis patients with chronic kidney disease (CKD) and those who needed aortic annulus reconstruction had high postoperative mortality[6]. Another study of patients with IE in an isolated mitral valve showed worse event-free survival in those who had prosthetic mitral valve endocarditis; furthermore, preoperative shock, Staphylococcus aureus infection and bioprosthesis implantation were independent predictors of all-cause mortality. These outcomes were associated with the fact that bioprosthetic patients were older than the group of patients with mechanical prostheses[11].

  The need for simultaneous aortic and mitral valve intervention is common in IE and is related to increased technical difficulty. Studies have reported high postoperative morbidity and mortality in the short and long terms in these patients, with hospital mortality rates of up to 15.6% and late mortality rates of 32.2%[5].

  However, in cases of endocarditis, early intervention, i.e., within the first 48 hours of hospitalization, has resulted in significant reductions in embolic events and all-cause mortality when compared with a conventional treatment group[12].

  In-hospital mortality of AIE patients undergoing surgical treatment is high as a result of sepsis development[3]. Preoperative, intraoperative and postoperative factors are associated with worse survival. This study identifies mortality predictors in the surgical treatment of AIE in a long-term follow-up.

   

  METHODS

  This prospective observational study involved 88 consecutive adult patients with a definite or possible diagnosis of IE according to the modified Duke criteria[13] who underwent surgery between January 2005 and December 2015. The clinical follow-up was concluded in December 2016, with a loss of 9.09%. Patients under 18 years of age and those whose IE diagnosis was rejected by the modified Duke criteria were excluded. This study was approved by the Institutional Research Ethics Committee under number CAAE 62465816.2.0000.5462.

  Data collection was conducted in regard to demographic characteristics, personal pathological history, predisposing heart disease, laboratory test results, blood cultures, echocardiography, risk stratification according to EuroSCORE II, analysis of the modified Duke criteria, classifying patients as having definitive or possible diagnoses, surgical intervention characteristics and early and late postoperative progress.

  The primary outcomes were hospital mortality, late mortality and determination of the main factors associated with increased mortality. Secondary outcomes were reoperation rates due to recurrence of endocarditis in up to a 10-year follow-up period.

  All patients underwent median sternotomy with extracorporeal circulation. Hypothermic cardiopulmonary bypass was established at 32°C. All patients received central cannulation. The aorta was cross-clamped and cold blood or cold crystalloid (Custodiol®) cardioplegia was used for myocardial protection with antegrade flow. Transverse aortotomy was performed 3.5 cm above the right coronary ostium for aortic valve replacement. Radical debridement of infected tissue and aortic root abscess cavity was performed. Bovine pericardial or Dacron prosthetic graft was used for stabilization of the infected area and aortic annulus. Aortic annulus enlargement was performed using the Manouguian technique in small aortic annulus cases. The mitral valve was exposed through a right-sided left atriotomy, the basic surgical principle was radical resection of all infected valvular and subvalvular tissue, and mitral valve replacement or repair was performed when indicated. Right atriotomy was performed for the repair of the tricuspid valve (tricuspid valve annuloplasty). Associated procedure was performed in six patients, including epicardial permanent pacemaker implantation, atrioseptoplasty, ventriculoseptoplasty and subaortic membrane resection and radiofrequency ablation procedure.

  Statistical Analysis

  Categorical variables are expressed as absolute and relative frequencies and continuous variables as means, medians and standard deviations, with minima and maxima when indicated. The Mann-Whitney test was used for comparisons between groups, the Kaplan-Meier and Cox Model methods were used for survival analysis and mortality predictors, and the Log-Rank Test was used to evaluate differences between the curves. A value of P<0.05 was considered statistically significant.

   

  RESULTS

  Of the 88 patients, 58 (65.9%) were male, the mean age was 50.87±16.15 years (17-87 years) and the mean body mass index (BMI) was 24.86±3.72 kg/m2 (16.16 to 37.72 kg/m2, median 24.14 kg/m2). There was a history of rheumatic fever in 31 (35.2%) patients; prior endocarditis in four (4.5%) patients; prior cardiac surgery with prosthetic valve implantation in 48 (54.5%) patients, of whom 27 (56.30%) had the surgery at our institution and 21 (43.8%) at other centers; and 22 (45.80%) patients with intervals between prior surgery and new surgery of less than or equal to 1 year, and 26 (54.2%) patients with intervals of greater than one year. Bioprosthetic endocarditis was observed in 45 (93.8%) patients, and three (6.3%) patients had mechanical prosthetic endocarditis. The prosthesis of the majority of patients with prosthetic endocarditis was in the mitral position (23 patients; 47.9%), followed by the aortic position (20 patients; 41.7%), and there were only five (10.4%) patients with endocarditis in mitral and aortic prostheses simultaneously.

  Native valve endocarditis occurred in 40 (45.5%) patients, most often in the mitral valve (19 patients; 47.5%); 13 (32.5%) cases occurred in the aortic valve and four (10%) in the aortic and mitral valves. Personal medical history findings were as follows: systemic hypertension (SH) was observed in 13 (14.8%) patients, diabetes mellitus (DM) in 17 (19.3%), and CKD in 17 (19.3%); six (6.8%) patients were on dialysis, 18 (20.5%) had atrial fibrillation (AF), four (4.5%) were intravenous drug users and seven (8%) had a permanent pacemaker. The mean EuroSCORE II was 8.9±6.5% (1.3 to 32.8%, median 6.8%).

  Preoperative laboratory tests were as follows: mean hemoglobin, 11.19±2.26 mg/dL (6.6 to 16.8 mg/dL, median 11 mg/dL); leukocytes, 11.176±5.208 mm3 (2.300-32.500 mm3, median 10.375 mm3); mean C-reactive protein (CRP), 8.67±10.57 mg/dL (0.07 to 56 mg/dL, median 5.20); mean creatinine, 1.47±1.56 mg/dL (0.48 to 12.40 mg/L, median 1 mg/dL); mean creatinine clearance, 75.81±34.21 mL/min (7-168 mL/min, median 73 mL/min); and mean blood glucose, 108.03±40.34 mg/dl (61-331 mg/dl, median 97 mg/dL). Microbiological study revealed the following: 50 (56.8%) patients with positive blood cultures and typical microorganisms in 48 (54.5%) patients, most frequently Streptococcus viridans in 12 (25%) cases and Staphylococcus epidermidis in 10 (20.83%).

  The main preoperative echocardiography findings were as follows: mean LVEF of 60.61±10.98% (24-84%, median 64%) and pulmonary hypertension (PH) in 62 (70.5%) patients, of which 23 (37.10%) cases were mild, 22 (35.50%) moderate and 17 (27.40%) severe. There was a mean pulmonary artery systolic pressure (PASP) of 48.09±17.56 mmHg (29-91 mmHg, median 46.50 mmHg). Vegetation was found in 66 (75%) patients, with a mean size of 13.77±6.7 mm (1.9 to 35 mm, median 12 mm); 50 (75%) patients had vegetation over 10 mm, and 15 patients had two or more vegetations. A total of 11 (12.5%) patients had abscesses.

  The mean preoperative hospitalization time was 21±19.15 days (1-98 days, median 16 days). Emergency surgery (first 24 hours) was performed on five (5.7%) patients, urgent (24-48 hours) on 10 (11.4%) patients and elective (after 48 hours) on 73 (83%) patients. The principal surgical indication was refractory heart failure in 38 (43.2%) patients. There was a definitive diagnosis in 62 (70.5%) patients and a possible diagnosis in 26 (29.5%) according to the modified Duke criteria. The sample's main preoperative clinical characteristics are shown in Table 1.
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  A total of 68 (77.27%) bioprostheses (36 in the aortic position, 32 mitral), 29 (22.72%) mechanical prostheses (12 in the aortic position, 17 mitral) were implanted and three (3.4%) mitral valve plasties were performed. A total of 11 (12.5%) patients underwent procedures on the tricuspid valve, eight patients in combination with aortic or mitral surgery, and three (3.4%) had isolated tricuspid valve plasties. A total of 25 (28.4%) patients underwent double or triple valve procedures. Aortic annulus reconstruction by abscess with bovine pericardial patch or Dacron prosthetic graft was performed on 18 (20.5%) patients, aortic annulus enlargement was performed using the Manouguian technique in three (3.4%) patients and mitral valve annulus reconstruction was performed on four (4.5%). Only six (6.81%) patients had a combined procedure, epicardial permanent pacemaker implantation in three patients, atrioseptoplasty in one patient, ventriculoseptoplasty and subaortic membrane resection in one patient and surgical ablation of AF in one patient. The mean surgery time was 359±97.6 min (180-840, median 351 min)

  The mean follow-up time was 4.5±3 years (0.04 to 11.6 years), and the mean survival time was 9.06±0.54 years (7.99 to 10.30 years). The overall survival in up to a 10-year follow-up period was 79.5%. There was in-hospital mortality within 30 days in 17.05% (15 patients); the leading cause of death was sepsis, in 13 (86.7%) patients (P=0.0001); late mortality was observed in 3.45% (3 patients) due to cardiogenic shock (P=0.0001) and one patient after reoperative complications regarding mitral and aortic bioprosthesis dysfunction 7.34 years after implantation (Figure 1).
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  The mean total hospitalization time was 47.25 days (interquartile range: 25.50 to 57.75 days) and was not significant in regard to mortality (P=0.48).

  In the univariate analysis, the major mortality predictors in the preoperative period were positive blood cultures (32% vs. 6.25%, P=0.003); the presence of typical microorganisms (31.25% vs.. 7.5%, P=0.008); CRP, in which each 1 mg/dL increased the chance of death 1.034-fold (hazard ratio [HR] 1.034, 95% confidence interval [CI] 1.000 to 1.070, P=0.04); creatinine, in which each 1 mg/dL increased the chance of death 1.291-fold (HR 1.291, 95% CI 1.108 to 1.504, P=0.01); and creatinine clearance, in which each increase of 1 mL/min decreased the chance of death 0.977fold (HR 0.977, 95% CI 0.962 to 0.993, P=0.005). Other factors that demonstrated statistically significant relationships with mortality were SH (61.54% vs. 13.3%, P=0.0001); age, in which each year multiplied the chance of death 1.060-fold (HR 1.060, 95% CI 1.026 to 1.096, P=0.001), with a significant correlation between SH and age (P=0.0002); and EuroSCORE II, in which each 1% increased the chance of death 1.089-fold (HR 1.089, 95% CI 1.030 to 1.151, P=0.003).

  In the postoperative period, 45 (51.1%) patients had complications, with a significant impact on mortality (37.78% vs. 2.32%, P=0.001); sepsis was observed in 19 (21.6%) patients (89.47% vs. 1.44%, P=0.001); shock in 17 (19.3%) patients (94.12% vs. 2.81%, P=0.001), with mixed shock (cardiogenic and septic) in eight (9.1%), septic shock in seven (8%) and vasoplegic shock in two (2.3%) patients; atrial fibrillation with rapid ventricular response (AFRVR) was observed in 15 (17%) patients (0 vs. 22.78%, P=0.133); CHB in five (5.7%) patients (40% vs. 19.27%, P=0.211); ventricular arrhythmia in four (4.5%) patients (25% vs. 20.23%, P=0.791); permanent pacemaker in three (3.4%) patients (33.33% vs. 20%, P=0.465); surgical site infection in three (3.4%) patients (0 vs. 15.30%, P=0.449); embolic events in two (2.27%) patients; septic pulmonary embolism in 1 patient (100% vs. 0, P=0.003); and ischemic stroke in one patient (0 vs. 15.66%, P=0.650). The anatomopathological results with signs of IE occurred in 35 (39.8%) patients (25.71% vs. 16.98%, P=0.222) (Table 2).
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  However, other variables evaluated in the univariate analysis showed no statistically significant differences in mortality, as follows: native valve endocarditis or that in a prosthetic valve (17.95% vs. 22.44%, P=0.55); interval between prior and new surgery ≤1 year or >1 year (22.72% vs. 23.07%, P=0.95); presence of abscesses (18.18% vs. 20.77%, P=0.98%); presence of vegetation (19.70% vs. 22.72%, P=0.76); emergency, urgent and elective surgery categories (20%, 10% and 21.92%, respectively, P=0.76); the need for annular reconstruction (27.78% vs. 18.57%, P=0.263); definitive or possible diagnosis according to the modified Duke criteria (24.19% vs. 24.44%, P=0.214); valve position: mitral vs. aortic vs. tricuspid vs. mitral with aortic and tricuspid vs. mitral with aortic vs. mitral with tricuspid (33.33% vs. 17.65% vs. 20% vs. 14.29% vs. 21.88% vs. 66.67%, P=0.55); number of implanted valves single vs. double vs. triple (20.63% vs. 18.18% vs. 33.33%, P=0.87) and isolated versus combined procedures (19.51% vs. 33.33%, P=0.42).

  In the multivariate analysis, when the preoperative variables positive blood culture, presence of typical microorganisms, CRP, creatinine clearance, SH and age were compared, it was evident that SH was a risk factor (HR 5.194, 95% CI 1.268 to 21.266, P=0.022) and that creatinine clearance offered a greater mortality protection factor (HR 0.978, 95% CI 0.958 to 0.998, P=0.035) (Table 3).
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  The reoperation rate was 6.8% (6 patients) in up to a 10year follow-up period, with a mean time free of reoperation of 5.22±3.83 years (1.02-9.34 years, median 5.11 years); the causes of reoperation were recurrence of endocarditis in three (50%) patients, bioprosthetic valve dysfunction in two (33.33%) and new valve lesion in one (16.66%).

  Survival curves of patients with AIE undergoing surgical treatment with and without typical microorganisms in their preoperative blood cultures and with total surgery times less than 435 minutes and with total surgery times greater than or equal to 435 minutes are present in Figures 2 and 3, respectively.
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  DISCUSSION

  Surgical valve treatment for AIE is associated with high hospital mortality, which is a consequence of complications arising from IE, especially heart failure, persistent infection and recurrent embolism, which in turn have significant impacts on survival[14].

  In a study of 449 patients with left-sided IE, 240 patients underwent heart valve surgery. Surgical treatment was associated with high short-term mortality (in the first 14 days post-operatively) (HR 3.69, 95% CI 2.17 to 6.25, P<0.0001) and with decreased long-term mortality (HR 0.55, 95% CI 0.35 to 0.87, P=0.01)[8]. Despite the high hospital mortality, surgical treatment is considered a protective factor in long-term survival analysis when compared with clinical treatment.

  In our series, a mortality rate within the first 30 postoperative days of 17.05% and an overall mortality of 20.50% were demonstrated. These results are compatible with those reported by Casabé et al.[2] in a study of 186 IE patients, who found early mortality in 21.8% and an overall mortality of 22.6%. Machado et al.[15] found a 30-day mortality of 17%, and Gatti et al.[16] reported an in-hospital mortality of 20.3%.

  Preoperative, intraoperative and postoperative factors are associated with a worse prognosis in terms of both short- and long-term survival[17]. Our study of the major predictors of preoperative mortality revealed the presence of positive blood cultures (P=0.003) and typical microorganisms (P=0.008). Among the latter, the most frequent were Streptococcus viridans in 12 (25%) cases and Staphylococcus epidermidis in 10 (20.83%); these findings are similar to those described in the literature[2,18,19]. In this same regard, Staphylococcus aureus has consistently been defined as an independent risk factor for hospital death (odds ratio [OR] 2.6, 95% CI 1.01 to 4.20)[2,18,20,21].

  A study with patients on chronic hemodialysis undergoing aortic valve replacement for AIE found a high mortality rate of 42.2% within the first 30 days postoperatively[6]. In a study by Park et al.[17], dialysis was a predictor of mortality in 6 months. In our sample, only six (6.8%) patients had a history of CKD with hemodialysis, which showed no statistically significant association with mortality (P=0.11); however, when the creatinine and creatinine clearance variables were analyzed, statistically significant relationships were found (HR 1.291, 95% CI 1.108 to 1.504, P=0.01 and HR 0.977, 95% CI 0.962-0.993, P=0.005, respectively).

  There has been a preponderance of males in the population of patients undergoing IE surgery[2,7,15]. In our study, a predominantly male population of 58 (65.9%) could be noted, consistent with the literature findings.

  In this context, Dohmen et al.[10] evaluated long-term surgical results based on gender in patients with AIE in the aortic valve and found a significant difference in early mortality rate (15% among men and 23% among women, P=0.01). This finding was not consistent with our results, which showed no significant difference according to gender (P=0.68).

  In evaluating elapsed time before surgery, in a study comparing early (before 48 hours) and conventional surgical treatment (after 48 hours), Kang et al.[12] observed no statistically significant difference between groups in terms of mortality from all causes (P=0.59). In another study with 132 patients, Kim et al.[22] also demonstrated no statistically significant difference in the short- and long-term survival rates of up to 5 years of followup in early and conventional surgery subgroups. Similar results to those reported in our study compared emergency (within 24 hours), urgent (the first 48 hours) and elective (after 48 hours) surgeries and found no statistically significant differences in mortality (P=0.76).

  However, Casabé et al.[2] demonstrated that an urgent surgical indication was associated with a high mortality rate (P<0.001) in a prosthetic valve endocarditis subgroup with an interval of ≤1 year between the surgeries.

  Age and postoperative complications have emerged as mortality predictors[7,15,17,20,23]. These findings are in agreement with our results; in terms of age, every extra year increased the chance of death 1.060-fold (HR 1.060, 95% CI 1.026 to 1.096, P=0.001), and the presence of postoperative complications was associated with a statistically significant difference in mortality rate (37.78% vs. 2.32%, P=0.001). In our experience, a history of SH had a significant impact on mortality, both in the univariate and multivariate analyses (P<0.05); however, a significant association between SH and age could be determined (P=0.0002).

  In a study by Cresti et al.[20], septic shock and persistent bacteremia were independent mortality predictors, consistent with our results, where shock significantly increased in-hospital mortality rates (94.12% vs. 2.81% P=0.001). Preoperative hematological parameters are related to poorer prognosis in IE. In a study of 62 consecutive patients with IE procalcitonin (P=0.030) and platelet/lymphocyte ratio (P=0.008) all significantly affected mortality[24], as in our study: in terms of CRP, each 1 mg/ dL increased the chance of death 1.034-fold (HR 1.034, 95% CI 1.000 to 1.070, P=0.04).

  In current clinical practice, the EuroSCORE II is considered a useful tool in perioperative risk assessment of AIE patients and offers good predictive performance[25]. In our experience, EuroSCORE II (HR 1.089, 95% CI 1.030 to 1.15, P=0.003) was a significant predictor of mortality.

  Intraoperative factors are also related to lower survival. In this regard, one study found associations between both extracorporeal circulation time (P<0.0001) and aortic clamping time (P=0.0005)[16]; these findings agree with our experience, where length of surgery had a significant impact: every 5 minutes increased the chance of death 1.005-fold (HR 1.005, 95% CI 1.001 to 1.009, P=0.0307), and from 435 minutes, every 5 minutes increased the chance of death 3.903-fold (HR 3.903, 95% CI 1.508 to 10.100, P=0.005).

  Our study was limited by evaluating patients treated at a single center, which specializes in the treatment of cardiovascular disease and is considered a referral center; it serves a larger number of patients with cardiovascular comorbidities, among whom there is a high frequency of prior heart surgery. This frequency has an impact on surgical risk, which explains the high hospital mortality rate. However, our results are consistent with those reported by other studies. A total of 48.3% of patients with prior cardiac surgery came from other centers, making it difficult to determine the actual times between presentation of the clinical condition, diagnosis and surgical treatment.

  Because of the observational nature of the study design, the evaluation of laboratory parameters performed routinely in the institution in the care of endocarditis patients was limited, and it should be noted that there are other hematologic parameters that predict risk.

   

  CONCLUSION

  The main mortality predictors in the univariate analysis were, preoperatively, positive blood culture, typical microorganism, CRP, creatinine clearance, age, SH and EuroSCORE II; in the intraoperative period, total surgery time; and postoperatively, the presence of complications, shock, sepsis and pulmonary embolism. These factors significantly impacted short-term survival in up to a 10-year follow-up period in patients undergoing surgical treatment of AIE.

  In the multivariate analysis, when the preoperative predictors positive blood culture, typical microorganism, age, SH, creatinine clearance and CRP were compared, only SH was a risk factor for mortality, creatinine clearance was a protective factor and SH showed a significant association with age.
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    ABSTRACT

    INTRODUCTION: The European System for Cardiac Operative Risk Evaluation II (EuroSCORE II) is a prediction model which maps 18 predictors to a 30-day post-operative risk of death concentrating on accurate stratification of candidate patients for cardiac surgery.

    OBJECTIVE: The objective of this study was to determine the performance of the EuroSCORE II risk-analysis predictions among patients who underwent heart surgeries in one area of Iran.

    METHODS: A retrospective cohort study was conducted to collect the required variables for all consecutive patients who underwent heart surgeries at Emam Reza hospital, Northeast Iran between 2014 and 2015. Univariate and multivariate analysis were performed to identify covariates which significantly contribute to higher EuroSCORE II in our population. External validation was performed by comparing the real and expected mortality using area under the receiver operating characteristic curve (AUC) for discrimination assessment. Also, Brier Score and Hosmer-Lemeshow goodness-of-fit test were used to show the overall performance and calibration level, respectively.

    RESULTS: Two thousand five hundred eight one (59.6% males) were included. The observed mortality rate was 3.3%, but EuroSCORE II had a prediction of 4.7%. Although the overall performance was acceptable (Brier score=0.047), the model showed poor discriminatory power by AUC=0.667 (sensitivity=61.90, and specificity=66.24) and calibration (Hosmer-Lemeshow test, P<0.01).

    CONCLUSION: Our study showed that the EuroSCORE II discrimination power is less than optimal for outcome prediction and less accurate for resource allocation programs. It highlights the need for recalibration of this risk stratification tool aiming to improve post cardiac surgery outcome predictions in Iran.

    Keywords: Mortality; Decision Support Techniques; Risk Assessment; Cardiac Surgical Procedures.

  

   

   

  INTRODUCTION

  A growing literature shows the pervasiveness and importance of the need for reliable information on the cost-effectiveness of adult cardiac surgeries. Moreover, potential post-operative adverse events highlight the significance of perioperative clinical decision making. Various prediction models have been developed aiming to estimate risk-adjusted mortality, morbidity and length of intensive care unit stay following cardiac surgeries[1]. European System for Cardiac Operative Risk Evaluation (EuroSCORE) is a risk stratification tool which incorporates 18 variables describing patient, heart and proposed surgery to predict 30-day post operative risk of death[2]. Predictive power of EuroSCORE II has been evaluated on different samples of target population in European countries. Vast majority of these studies have reported acceptable calibration (How many patients with a risk prediction of x% have experienced the outcome?) and discrimination (Who are the patients who have experienced the outcome associated with higher risk predictions and who are those that do not?) measures in comparison to Society of Thoracic Surgeons (STS) [esp. for patients undergoing coronary artery bypass grafting (CABG) procedure[3]].

  An international evaluation study was performed by Roques et al.[4], in 2000, to assess the predictive ability of EuroSCORE II on 18676 patients from six European countries (Germany, Spain, England, France, Italy, and Finland). Despite clinical and epidemiological differences, EuroSCORE II provided acceptable predictions for all datasets (esp. for Spanish patients). Geissler et al.[5] compared six prediction models using a single-center 2-year dataset, which resulted in the best performance measures for EuroSCORE II. While previous studies published admissible application of EuroSCORE II for patients undergoing CABG[6,7], conflict reports exist for Australian samples[8].

  Similar studies in Iran reflect poor applicability of EuroSCORE II within patients undergoing different types of cardiac surgeries[9,10]. Diverse surgical techniques and potential risk factors already have been stabilized in different communities may mislead prediction models and result in erroneous interpretations. Thus, mathematical localization studies are required in different geographical borders to assure its proper predictive function before routine clinical use[11]. This study is conducted to investigate the accuracy of quantitative prioritization scores estimated by EuroSCORE II in an Iranian population.

   

  METHODS

  Participants and Setting

  A retrospective single-center cohort study was conducted to include all consecutive patients undergoing cardiac surgeries at Emam Reza hospital, Northeast Iran from January 1, 2014 to December 31, 2015. Once the patient was hospitalized a cardiologist or a general physician evaluated pre- peri- and postoperative state to fill out the pre-designed structural paper form.

  A total of 2907 patients were included and 30-day outcome was discovered using hospital information system or direct contact with patients' family. About 11.2% (N=326) of records were excluded due to major variables' missing values and all data items were rechecked to verify their consistency, reliability and integrity. In some cases (less than 3% of records) by the physicians' recommendation, the missing data were imputed with normal values.

  Statistical Analysis

  First, univariate and multivariate analysis of relevant EuroSCORE II prognostic factors were performed aiming to identify significant covariates which contributed to higher risk. EuroSCORE II was calculated and inserted in dataset using online calculator (Available at: http://riskcalc.sts.org/stswebriskcalc/#). The data were aggregated in a unique electronic dataset, summarized considering the demographic and clinical characteristics and were used for statistical analysis. The relation of each variable was addressed and the number of patients due to different values were compared to the original EuroSCORE II population. Then, the overall model performance was reported using Brier Score (A score function which measures the closeness of predictions to actual outcomes and result in a value from 0 for a perfect model to 0.25 for a non-informative model)[12]. The area under the receiver operating characteristic curve (AUC) statistic was used to indicate the discriminative ability of model (while 1 refers to perfect discrimination, a value of 0.5 shows random classification). The Hosmer-Lemeshow goodness-of-fit test was employed to test the fitness of model to data by comparing observed to predicted mortality by decile of predicted probability)[13]. Analysis were performed using Medcalc-13.3.3.0 and R-3.3.1 (Resource Selection package).

   

  RESULTS

  Patients' Baseline Characteristics

  The mean age among the total of 2581 patients was 56.3±13.88 years (minimum=17 and maximum=93). The mortality rate was 3.3% (N=84). The mean height and weight of patients were 1.64±0.1 meters and 68.4±13.4 kilograms, respectively. About 7.8% (N=201) of patients aged 75 years and older and 22.2% (N=572) were diabetic. While 6.1% (N=158) were involved with a type of chronic kidney disease, 15.1% (N=24) underwent dialysis regularly; 10.6% (N=274) were current or past smokers and 2.2% (N=56) of patients were diagnosed with COPD. Table 1 summarizes some comparable information of our patients with the original EuroSCORE II population.
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  As all procedures were elective operations, there were no urgent surgeries. Also, 23 patients undergoing valve surgery were suffering from active endocarditis, extra cardiac arteriopathy. Poor mobility was observed in 48 patients. No patient with Canadian Cardiovascular Society (CCS) class 4 or with critical preoperative state was observed. Also, none of surgeries were on thoracic aorta. Some other details are presented in Tables 1 and 2. As these patients had no mortality, these factors were excluded for regression analysis. The univariate and multivariate analysis are presented in Table 3.
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  Patients' Heart Status

  Using New York Heart Association (NYHA), 37.1% (N=957) were classified as stage III cardiac failure patients, 6.2% (N=161) patients had a previous congestive heart failure during three months before surgery, 1% (N=26) of patients had atrial fibrillation. While 61.4% of surgeries were on-pump, the rest of procedures were performed off-pump. Table 2 shows more information about biological and clinical characteristics of patients.

  Performance Measures

  As mentioned before, the overall mortality was 3.3%. When applied to the current data set, the EuroSCORE II predicted a mortality of 4.7%. This means that the current risk-adjusted mortality ratio (RAMR=observed/predicted) for the previous additive model is about 0.67 and not adequately enough for outcome prediction or resource allocation programs.

  The Brier Score lower than 0.05 indicates acceptable overall performance. However, poor discrimination may be revealed by AUC=0.667 (cut off=3.0, sensitivity=61.90, and specificity=66.24). Also, the Hosmer-Lemeshow test showed unacceptable matching of predicted probabilities to observed events (P-value<0.01) (Table 4). Performance measures of EuroSCORE II are presented in Figure 1 and Table 4.
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  DISCUSSION

  Main Finding

  Our single-center study, based on consecutive patients who underwent cardiac surgery revealed that EuroSCORE II demonstrated a moderate statistical overall performance with poor discrimination and calibration measures remain as concerning issues regarding 30-day post-operative mortality prediction after adult cardiac surgery. The analysis of ROC curve showed that the EuroSCORE II discrimination power is less than optimal (AUC=0.667) for outcome prediction and less accurate for resource allocation programs, because, references consider an AUC value more than 0.7 as an acceptable value for least useful prediction models[5]. Although, the Brier score less than 0.05 indicates good overall performance for the model[12], the Hosmer-Lemeshow test showed unacceptable matching of predicted probabilities to observed events. In general, EuroSCORE II did not predict the outcome for our population as well as it did for the European populations. Thus, recalibration process seems to be essential for Iranian population prior to daily clinical use.

  It is well known that risk assessment is central in the evaluation of the perioperative risk. The application of risk stratification tools gives an objective appraisal of risk for both physicians and patients and presents a good estimation for allocation of resources. However, some features may not be fully covered by the models including center-to-center variability in outcomes, type of surgery required and inherent complexity of some diseases[14]. On the other hand, the patient populations defer significantly between institutions and countries. Thus, the comparison of absolute numbers such as the mortality rates is not feasible. A large variety of risk scores have been developed due to differences in patient populations and comparisons of observed mortality versus expected mortality have been reported[15-17].

  Comparison to Similar Studies

  EuroSCORE was first developed in 1999 to estimate postsurgical mortality in a European population who underwent cardiac surgery (70% of procedures were CABG)[6]. A meta-analysis by Parolari et al.[18] revealed poor performance of EuroSCORE II in valve surgery, in 2010. Moreover, as the quality of medical techniques continues to improve over time, model expiration was considered as an inevitable topic in this area [2,18-20]. To address the surgical type bias in the modified version of model, reasonable number of patients who experienced CABG and valve surgeries were included in the development dataset[2]. The new version of EuroSCORE reflected acceptable discrimination power among both European and non-European samples[17,21-23]. The new model also provided more acceptable predictions for surgeries other than CABG[21-23]. However, evaluation studies in Iran reported poor performance measures for both EuroSCORE I and II[9,10]. Further studies concentrating on recalibrated version of the model published unacceptable results[2,15,21,23].

  The observed 30-day mortality rate in our sample (3.3%) was similar to those published by Roques et al.[7] (3.4%), Nashef et al.[6] (3.9%), Geissler et al.[5] (4%), and Pitkänen et al.[1] (2%). While Mir Mohammad Sadeghi et al.[9] reported similar mortality rate in Isfahan (central Iran), four years later Jamaati et al.[10] evaluated EuroSCORE II on a sample containing 12.2 mortality rate. An AUC of 66.7% in our study is lower than all similar studies including 78% by Geissler et al.[5], 77% by Pitkänen et al.[1], and 75.4% by Antunes et al.[24]. This is while similar studies in Iran confirmed the poor discriminative ability of EuroSCORE II[9,10].

  Currently, a great interest for prediction models as powerful tools for outcome prediction, cost-effectiveness strategies, reasonable resource allocation, and consequently quality control process have been growing[1,9,25].

  Due to the results of our study, despite the little differences between two populations (Tables 1 to 3) the EuroSCORE II may not be completely reliable for risk periodization or resource allocation programs in Iran. Poor performance measures for EuroSCORE II highlights the need for reformulating this risk stratification tool aiming to improve post cardiac surgery outcome predictions in Iran. It may be done by calibrating mortality risk scoring model (e.g. EuroSCORE model) for the region or creating new models with accurate localized parameter sets[11,20].

  Limitation

  Although sampling was done in one of the largest hospitals performing various cardiac procedures and the study has adequate sample size, including just one center may affect the generalizability of results to the entire country.

  Future Studies

  Regarding the key prognostic role of prediction models, further investigation of clinical risk factors and recalibration process seems to be essential on large samples of target population from different centers around country aiming to improve outcome predictions.

   

  CONCLUSION

  Our study showed that the EuroSCORE II discrimination power is less than optimal for outcome prediction and less accurate for resource allocation programs. It highlights the need for recalibration this risk stratification tool aiming to improve post cardiac surgery outcome predictions in Iran.
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    ABSTRACT

    OBJECTIVE: In contrast to unstable angina, optimal therapy in patients with stable angina is debated. Our aim was to evaluate the outcomes of patients with stable angina scheduled for isolated coronary artery bypass grafts and the effect of preoperative use of beta-blockers. Overall and cardiovascular survivals were our primary outcome. Operative mortality and postoperative complications along with subgroup analysis of diabetic patients were our secondary outcomes.

    METHODS: Retrospective evaluation of patients with stable angina scheduled for isolated coronary artery bypass grafts was included. Pre- and postoperative variables were extracted from the institution database. Survival was obtained from the National Registry.

    RESULTS: We included 282 patients with stable angina, with a mean age of 65.6±9.5 years. 26.6% were female and 38.7% had diabetes. Three-vessel disease was present in 76.6% of patients. Previous beta-blocker treatment was evident in 69.9% of patients. 10-year overall survival in the whole population was 60.5% (95% confidence interval [CI]: 50.3-70.7%). Operative mortality during the study period was 3.5%. Patients with preoperative use of beta-blocker therapy had better overall survival (9.0 years, 95%CI: 8.6-9.5) than those without treatment (7.9 years, 95%CI: 7.1-8.8 years; P=0.048). Predictors for overall survival were: hypertension, diabetes, and age. Predictors for cardiovascular survival in diabetic patients were: beta-blocker use, gender, and age.

    CONCLUSION: Coronary artery bypass grafts surgery in patients with stable angina carries low operative mortality, postoperative complications, and excellent long-term cardiovascular survival. The preoperative use of beta-blockers in diabetic patients is associated with better cardiovascular survival after coronary artery bypass grafts.

    Keywords: Coronary artery bypass; Adrenergic betaantagonists/therapeutic use; Angina, stable; Preoperative Care/methods.

  

   

   

  INTRODUCTION

  Patients with stable angina (SA) represent the largest group of patients with coronary artery disease (CAD). These patients may be treated with medical therapy alone or in combination with revascularization by either coronary artery bypass grafts (CABG) or percutaneous coronary intervention (PCI)[1]. Multiple randomized controlled trials have compared the efficacy of revascularization versus optimal contemporary medical therapy[2-4]. Although these studies have shown no difference between them, their main drawback is the restrictive recruitment strategies and unrealistic levels of medication compliance and lifestyle modification[5]. Thus, there is substantial uncertainty as to the generalizability of randomized control trials findings to routine clinical practice. On the other hand, recent metaanalysis have highlighted improved survival in patients after revascularization[6,7].

  The main arguments against CABG in patients with stable angina are operative mortality and postoperative complications. We aimed to study 5 and 10-year survivals, postoperative complications and predictors of survival in a local cohort of patients with stable angina scheduled for isolated CABG (primary outcome). Furthermore, we evaluated the effect of preoperative use of beta-blockers and performed subgroup analysis with diabetic patients (secondary outcome).

   

  METHODS

  Patients

  The study was approved by the Instituto Nacional de Cirugía Cardíaca (INCC) review board and informed consent was waived due to its retrospective nature. Patients with stable angina who underwent isolated CABG from January 2006 and December 2014 were included. Exclusion criteria used were: emergency/urgency and left main stenosis. During that period, 352 patients underwent surgery for isolated stable angina. From these, 70 patients had left main stenosis or were operated under emergency/urgency basis. We included 282 patients with stable angina who underwent isolated CABG in a non-urgent or emergent basis.

  Basal demographic characteristics, postoperative outcomes (operative mortality, hemodialysis, pneumonia, and stroke), and survival were included for each patient.

  Operative mortality was defined as death 30 days after surgery or during primary hospitalization. Postoperative complications are defined as those which arise during the first 30 days after surgery. At discharge, all patients were prescribed with the same medication protocol which is adjusted individually. Basically, all patients receive statins, beta-blockers, and aspirin. Adherence to medication could only be evaluated after one-month of surgery (when the last clinical control was performed) and 100% of patients adhered to the prescription.

  Follow-up was achieved in 100% of patients. Mortality data was obtained through the governmental agency National Resources Fund (Fondo Nacional de Recursos).

  Surgery

  A median sternotomy was performed in all patients. CABG surgery was performed with cardiopulmonary bypass (CPB) in a standardized fashion using ascending aortic cannulation and two-stage venous cannulation of the right atrium. Intermittent cold crystalloid Buckberg cardioplegia was delivered antegrade via the aortic root. Off-pump or beating heart procedures were performed achieving stabilization using Medtronic Octopus and Starfish stabilizers. Grafting was attempted on all vessels measuring 1 mm or more in diameter with a 50% or greater stenosis.

  Graft patency was measured using transit time flow measurement (TTFM) (VeriQ, Medisitim) as previously described by D'Ancona et al.[8]. Measurements were performed after weaning of CPB and with systolic blood pressure between 120-140 mmHg. Revision of anastomosis was performed when pulsatility index was higher than 5.

  Outcomes

  Overall and cardiovascular survivals were our primary outcome. Operative mortality and postoperative complications along with subgroup analysis of diabetic patients were our secondary outcome. Impact of multiple bypass using internal mammary artery (IMA) was evaluated comparing survival in patients who received one or more than one IMA bypass.

  Statistical Analysis

  Continuous variables were expressed as mean ± standard deviation (SD) and compared using Student t-test. Categorical variables were expressed as absolute numbers (%) and compared using Chi-square test. Survival was analyzed with Kaplan-Meier and log-rank test. Cox regression was used to evaluate independent predictors for overall and cardiovascular survivals. Variables with P<0.1 after univariate analysis were entered in the multivariate analysis.

   

  RESULTS

  Mean age was 65.6±9.5 years; 26.6% were female and 38.7% had diabetes. Previous percutaneous transluminal coronary angioplasty (PTCA) was present in 14.9% of patients and 76.6% of patients had three-vessel disease. Previous beta-blocker treatment was evident in 69.9% of patients (Table 1). Pre- and operative variables were similar between patients with and without beta-blockers, except for higher incidence of chronic obstructive pulmonary disease (COPD) and off-pump coronary artery bypass graft (OPCABG) in the latter group (Table 2).
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  Primary Outcome

  Overall 5 and 10-year survivals in the whole population were 85.3% (95% confidence interval [CI]: 81.0-89.6%) and 60.5% (95%CI: 50.3-70.7%), respectively. 5 and 10-year cardiovascular survivals in the whole population were 93.1% (95%CI: 90.096.2%) and 91.8% (95%CI: 88.3-95.3%), respectively. Mean overall survival (7.9 years, 95%CI: 7.3-8.7 years) in diabetic patients was significantly lower compared to non-diabetic patients (9.2 years, 95%CI: 8.7-9.7 years; P=0.004). Similar differences were obtained for cardiovascular survival in diabetic (9.3 years, 95%CI: 9.6-9.9 years) and non-diabetic patients (10.1 years, 95%CI: 9.8-10.4; P=0.038). Patients with preoperative use of beta-blocker therapy had better overall survival (9.0 years, 95%CI: 8.6-9.5) than those without treatment (7.9 years, 95%CI: 7.1-8.8 years; P=0.048). Cardiovascular survival was also improved with preoperative use of beta-blockers (10.1 years, 95%CI: 9.8-10.4 vs. 9.1 years, 95%CI: 8.4-9.8 years; P=0.03) (Figure 1). Patients with hypertension (8.5 years, 95%CI: 8.0-8.9 vs. 9.5 years, 95%CI: 8.9-10.1; P=0.011) were found to have worse long-term overall survival. More than one bypass (multiple) using IMA was associated with improved long term overall survival (9.3 years, 95%CI: 8.6-10.0 years vs. 8.3 years, 95%CI: 7.9-8.8 years; P=0.04) (Figure 2).
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  Predictors for overall survival after Cox regression analysis were: hypertension (hazard ratio [HR] = 2.60, 95%CI: 6.71-1.01), diabetes (HR = 2.07, 95%CI: 3.57-1.20), and age (HR = 1.06, 95%CI:1.03-1.09) (Table 3). Predictors for cardiovascular survival after Cox regression were: use of beta-blockers (HR = 0.43, 95%CI: 1.00-0.18), diabetes (HR = 2.36, 95%CI: 5.93-1.04), and age (HR = 1.08, 95%CI: 1.03-1.13) (Table 4).

  
    

    [image: Table 3. Predictors for overall survival in patients who underwent CABG for stable angina (n = 282).]

  

  
    

    [image: Table 4. Predictors for cardiovascular survival in patients who underwent CABG for stable angina (n=282).]

  

  Secondary Outcomes

  Operative mortality during the study period was 3.5%. The risk for postoperative complications including stroke was very low (Table 5).
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  As we mentioned previously, diabetic patients had worse overall and cardiovascular survivals. When we analyzed only these patients, we found that use of beta-blockers (HR = 0.39, 95%CI: 0.81-0.19), female gender (HR = 2.71, 95%CI: 1.28-5.74), and age (HR = 1.07, 95%CI: 1.02-1.13) were predictors for overall survival (Table 6). Due to the low number of patients, we did not perform Cox regression for cardiovascular survival.
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  DISCUSSION

  Revascularization in high-risk patients with acute coronary syndromes (ACS) (with or without ST-segment elevation) provides the best outcome with a significant reduction in death and myocardial infarction[9]. Conversely, the benefit of revascularization among patients with chronic stable CAD has been called into question[10]. Our study included patients with stable angina in whom more than 75% had three-vessel disease scheduled for isolated CABG. We were able to show that longterm overall and cardiovascular survivals after CABG in these patients were excellent. Operative mortality and postoperative complications were very low. Age, diabetes, and hypertension were found to be predictors for overall survival. Age, diabetes, and use of beta-blockers previous to CABG were found to be predictors for cardiovascular survival. In diabetic patients, the preoperative use of beta-blockers had a strong protective effect.

  CAD remains the leading cause of mortality in most industrialized countries, although age-standardized mortality related to this condition has decreased by more than 40% during the last two decades[11]. Half of this decline resulted from prevention and reduction in major risk factors, whereas the other half has been attributed to medical treatment and revascularization[12].

  Previous data has shown that the percentage of patients who are free from angina after revascularization is much higher than those who remain with medical treatment exclusively[13]. Extensive review of the literature reveals that in developed countries, adherence to therapies averages 50%[14]. Therefore, revascularization represents an important adjunct to the global treatment of a patient with stable angina.

  Long-term overall survival in our included patients was found to be similar to the data presented by the ASCERT trial[15]. Most of our patients died from non-cardiovascular causes, since the 10-year survival was 91.8%.

  Predictors for overall survival found in our study were similar as those already published[16]. Hypertension and diabetes increased 2.6 and 2 times, respectively, the risk for overall mortality. Survival curves in diabetic and non-diabetic patients after surgery are parallel until 3 years after surgery when both diverge. This may be due to the diminished long-term permeability of vein grafts in diabetic patients[17]. Even though diabetes increases 2.3 times the risk for cardiovascular survival, the 10-year cardiovascular survival is excellent (85.9%). In contrast to our findings, other authors have shown than diabetes per se is not an independent predictor for poor prognosis[18].

  The benefit of preoperative use of beta-blockers in patients undergoing CABG has been recently debated. Ferguson et al.[19] evaluated results from the Society of Thoracic Surgeons National Adult Cardiac Surgery Database, including patients who underwent surgery between 1996-1998, and they found that the preoperative use of beta-blockers is associated with an improvement in survival. Some years later, Brinkman et al.[20] used the same database, including patients operated between 20082012, and found no survival benefit of preoperative use of betablockers. Both studies differ in two main issues: preoperative use of beta-blocker (50-60% in the study by Ferguson et al.[19] and 86% in the study by Brinkman et al.[20]) and operative mortality (3% in Ferguson et al.[19] and 1% in Brinkman et al.[20]). Probably, the significantly higher preoperative use of beta-blockers and lower mortality in the study by Brinkman et al.[20] render it un-powered to show a survival benefit with beta-blockers. Rossi Neto et al.[21] have shown that the preoperative use of metoprolol is associated with lower levels of troponin I, but no data regarding survival is presented. Our study reflects the outcome of a single center where almost 70% of patients were using beta-blockers previous to CABG. The preoperative use of beta-blockers was found to be associated with improved overall survival in the unadjusted model and remained an important predictor for cardiovascular survival after adjusting for other covariates. Its use was associated with a two-fold increase in cardiovascular survival. Analyzing survival curves, the beneficial effect of the preoperative use of beta-blockers occurs in the first months after surgery. Afterwards, both curves are almost parallel. Diabetic patients were found to be the main subgroup of patients who obtained benefit from preoperative use of beta-blockers. Although the beneficial use of beta-blockers on survival of patients with chronic CAD have already been shown[22], the favorable outcome associated with preoperative use in patients scheduled for CABG is novel and has not been previously shown.

  Use of multiple arterial bypass has shown to improve survival in patients after CABG[23]. This beneficial effect has been shown specially in diabetic patients[24]. We have found that patients who received more than one arterial bypass with IMA had improved overall survival. Looking at survival curves, the beneficial effect of multiple IMA bypass starts approximately five years after surgery. This may be due to the differential permeability in venous and arterial conduits after five years. Unluckily, follow-up angiography was not performed in our patients and therefore firm conclusions regarding this issue cannot be drawn.

  Limitations

  Our study is subjected to limitations of retrospective studies, such as treatment bias and patient selection.

  Although 282 patients might seem to be a low number of procedures, we were very strict in the database selection, restricting the inclusion only to patients with stable angina (no unstable nor acute myocardial infarction [AMI] scenarios) and isolated CABG. More than 70% of our CABG cases are acute coronary syndromes.

  Due to the lack of governmental long-term follow-up of patients who underwent CABG, information regarding longterm adherence to prescription is limited. Nonetheless, we had 100% of adherence in the first month after surgery. Since survival curves in patients who took beta-blockers previous to CABG diverged mainly in the first few months after surgery and remained parallel afterwards, differences in long-term adherence to prescriptions would probably not explain these results.

  The number of patients who underwent multiple IMA bypass was too low to do further analysis regarding its beneficial effect in diabetic population.

  As a retrospective study, the strict use of beta-blockers preoperatively is uncertain and therefore this might have influenced the survival results.

   

  CONCLUSION

  CABG is associated with excellent long-term overall and cardiovascular survivals in patients with stable angina. Among the already known predictors of survival, the preoperative use of beta-blockers was found to be protective mainly in patients with diabetes. These results should reinforce the role of CABG in the global treatment of patients with stable angina.
  
   

  REFERENCES

  1. Fraker TD Jr, Fihn SD; 2002 Chronic Stable Angina Writing Committee; American College of Cardiology; American Heart Association, Gibbons RJ, Abrams J, Chatterjee K, Daley J, et al. 2007 chronic angina focused update of the ACC/AHA 2002 guidelines for the management of patients with chronic stable angina: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines Writing Group to develop the focused update of the 2002 guidelines for the management of patients with chronic stable angina. J Am Coll Cardiol. 2007;50(23):2264-74.

  2. Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, COURAGE Trial Research Group, et al. Optimal medical therapy with or without PCI for stable coronary disease. N Engl J Med. 2007;356(15):1503-16.

  3. Trikalinos TA, Alsheikh-Ali AA, Tatsioni A, Nallamothu BK, Kent DM. Percutaneous coronary interventions for non-acute coronary artery disease: a quantitative 20-year synopsis and a network meta-analysis. Lancet. 2009;373(9667):911-8.

  4. Frye RL, August P, Brooks MM, Hardison RM, Kelsey SF, MacGregor JM, et al.; BARI 2D Study Group. A randomized trial of therapies for type 2 diabetes and coronary artery disease. N Engl J Med. 2009;360(24):2503-15.

  5. Kereiakes DJ, Teirstein PS, Sarembock IJ, Holmes DR Jr, Krucoff MW, O'Neill WW, et al. The truth and consequences of the COURAGE trial. J Am Coll Cardiol. 2007;50(16):1598-603.

  6. Windecker S, Stortecky S, Stefanini GG, Costa BR, Rutjes AW, Di Nisio M, et al. Revascularisation versus medical treatment in patients with stable coronary artery disease: network meta-analysis. BMJ. 2014;348:g3859.

  7. Mancini GB, Farkouh ME, Brooks MM, Chaitman BR, Boden WE, Vlachos H, et al. Medical treatment and revascularization options in patients with type 2 diabetes and coronary disease. J Am Coll Cardiol. 2016;68(10):985-95.

  8. D'Ancona G, Karamanoukian HL, Ricci M, Schmid S, Bergsland J, Salerno TA. Graft revision after transit time flow measurement in off-pump coronary artery bypass grafting. Eur J Cardiothorac Surg. 2000;17(3):287-93.

  9. Bassand JP, Hamm CW, Ardissino D, Boersma E, Budaj A, Fernandez- Avilés F, et al. Task Force for Diagnosis and Treatment of Non-ST-Segment Elevation Acute Coronary Syndromes of European Society of Cardiology. Guidelines for the diagnosis and treatment of non-ST-segment elevation acute coronary syndromes. Eur Heart J. 2007;28(13):1598-660.

  10. Silber S, Albertsson P, Avilés FF, Camici PG, Colombo A, Hamm C, et al; Task Force for Percutaneous Coronary Interventions of the European Society of Cardiology. Guidelines for percutaneous coronary interventions. The Task Force for Percutaneous Coronary Interventions of the European Society of Cardiology. Eur Heart J. 2005;26(8):804-47.

  11. Lloyd-Jones D, Adams R, Carnethon M, De Simone G, Ferguson TB, Flegal K, et al; American Heart Association Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke statistics: 2009 update: a report from the American Heart Association Statistics Committee and Stroke Statistics Subcommittee. Circulation. 2009;119(3):480-6.

  12. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, et al. Explaining the decrease in U.S. deaths from coronary disease, 1980-2000. N Engl J Med. 2007;356(23):2388-98.

  13. Simoons ML, Windecker S. Controversies in cardiovascular medicine: chronic stable coronary artery disease: drugs vs. revascularization. Eur Heart J. 2010;31(5):530-41.

  14. World Health Organization. 2003. Adherence to long term therapies: evidence for action. [Cited 2010 June 06] Available from: http://www.who.int/chronic_conditions/en/adherence_report.pdf

  15. Weintraub WS, Grau-Sepulveda MV, Weiss JM, O'Brien SM, Peterson ED, Kolm P, et al. Comparative effectiveness of revascularization strategies. N Engl J Med. 2012;366(16):1467-76.

  16. Weintraub WS, Clements SD Jr, Crisco LV, Guyton RA, Craver JM, Jones EL, et al. Twenty-year survival after coronary artery surgery: an institutional perspective from Emory University. Circulation. 2003;107(9):1271-7.

  17. Alderman EL, Corley SD, Fisher LD, Chaitman BR, Faxon DP, Foster ED, et al. Five-year angiographic follow-up of factors associated with progression of coronary artery disease in the Coronary Artery Surgery Study (CASS). CASS Participating Investigators and Staff. J Am Coll Cardiol. 1993;22(4):1141-54.

  18. Santos KA, Berto B, Sousa AG, Costa FA. Prognosis and complications of diabetic patients undergoing isolated coronary artery bypass surgery. Braz J Cardiovasc Surg. 2016;31(1):7-14.

  19. Ferguson TB Jr, Coombs LP, Peterson ED; Society of Thoracic Surgeons National Adult Cardiac Surgery Database. Preoperative beta-blocker use and mortality and morbidity following CABG surgery in North America. JAMA. 2002;287(17):2221-7.

  20. Brinkman W, Herbert MA, O'Brien S, Filardo G, Prince S, Dewey T, et al. Preoperative β-blocker use in coronary artery bypass grafting surgery: national database analysis. JAMA Intern Med. 2014;174(8):1320-7.

  21. Rossi Neto JM, Gun C, Ramos RF, Almeida AF, Issa M, Amato VL, et al. Myocardial protection with prophylactic oral metoprolol during coronary artery bypass grafting surgery: evaluation by troponin I. Rev Bras Cir Cardiovasc. 2013;28(4):449-54.

  22. Jonas M, Reicher-Reiss H, Boyko V, Shotan A, Mandelzweig L, Goldbourt U, et al. Usefulness of beta-blocker therapy in patients with non-insulindependent diabetes mellitus and coronary artery disease. Bezafibrate Infarction Prevention (BIP) Study Group. Am J Cardiol. 1996;77(15):1273-7.

  23. Habib RH, Dimitrova KR, Badour SA, Yammine MB, El-Hage-Sleiman AK, Hoffman DM, et al. CABG versus PCI: greater benefit in long-term outcomes with multiple arterial bypass grafting. J Am Coll Cardiol. 2015;66(13):1417-27.

  24. Martins SK, Santos MA, Tirado FH, Martins FC Jr, Malat HF, Jatene AD, et al. Coronary artery bypass grafting using both internal mammary arteries in patients with diabetes mellitus. Rev Bras Cir Cardiovasc. 2007;22(3):291-6.

   

   

  Correspondence Address:

  Victor Dayan

  26 de Marzo 3459/602 – Montevideo, Uruguay

  E-mail: victor_dayan@hotmail.com

   

  Article received on July 7th, 2017.

  Article accepted on September 19th, 2017.

   

  This study was carried out at the Instituto Nacional de Cirugía Cardíaca,
Montevideo, Uruguay.

  No financial support.

  No conflict of interest.

    
    [image: . ]

  

  
    [image: . ]

  





  DOI: 10.21470/1678-9741-2017-0049

  ORIGINAL ARTICLE

  
    Kara A, Devrim İ, Meşe T, Bayram N, Yılmazer M, Gülfidan G. The Frequency of Infective Endocarditis in Candida Bloodstream Infections: a Retrospective Study in a Child Hospital. Braz J Cardiovasc Surg 2018;33(1):54-58

  

  
    The Frequency of Infective Endocarditis in Candida Bloodstream Infections: a Retrospective Study in a Child Hospital

  

   

   

  Ahu KaraI, MD; İlker DevrimI, MD; Timur MeşeI, MD; Nuri BayramI, MD; Murat YılmazerI, MD; Gamze GülfidanI, MD

  IDepartment of Pediatric Infectious Diseases, Dr. Behçet Uz Children’s Hospital, İzmir, Turkey.

   

  
    ABSTRACT

    INTRODUCTION: Fungal endocarditis is reported less frequently than bacterial endocarditis, with an incidence of 0-12% of the total pediatric infective endocarditis.

    OBJECTIVE: In this study, the incidence of infective endocarditis in Candida bloodstream infections in a tertiary hospital during the periods of 2007 and 2016 was reviewed.

    METHODS: Patients with positive blood or catheter cultures in terms of Candida spp. during the study period of January 2007 and January 2016 were analyzed in terms of Candida infective endocarditis. Infective endocarditis was defined according to the modified Duke criteria. The outcome, possible associated predisposing factors for Candida endocarditis were determined.

    RESULTS: 221 patients and 256 attacks with positive blood or catheter cultures in terms of Candida were included in the study. The most common Candida species was Candida parapsilosis, isolated in 157 (61.3%) attacks, followed by Candida albicans in 70 (27.3%). Neurological diseases (23%), hemato-oncological diseases (12.1%), previously known heart diseases (8.2%), inborn errors of metabolism (9%) were common comorbidities. Twelve (5.4%) patients had a previous history of cardiac surgery. Among the 221 patients, Candida endocarditis was present in only two (0.9%) of them.

    CONCLUSION: Although Candida infective endocarditis is an uncommon but frequently fatal infection in pediatrics, echocardiography should be performed routinely for patients with positive blood or catheter cultures in terms of Candida. Prompt and effective antimicrobial therapy might prevent cardiac surgery in selected cases, however this could not be a general rule for all patients.

    Keywords: Infection; Candida; Endocarditis.

  

   

   

  INTRODUCTION

  Infective endocarditis (IE) is the most common and fatal form of endovascular infections. Fungal endocarditis (FE) is reported less frequently than bacterial endocarditis, with an incidence of 0-12% of the total pediatric IE admissions[1,2]. Candida species were reponsible of the two thirds of FE. Candida IE is a rare and poorly understood complication of fungemia. Prolonged fever and changing heart murmur are the most common clinical manifestations. The most frequently reported risk factors for FE are previous surgery, indwelling foreign bodies such as catheters, antibiotic use, underlying heart disease, prosthetic valves, and immunocompromising conditions[1,3,4]. The recommended treatment of Candida IE is an amphotericin B-based regimen plus surgical intervention, often followed by long-term fluconazole for suppression[5]. Despite aggressive antifungal and surgical therapy, mortality from Candida endocarditis was reported between 30-80%[6-12]. Therefore, clinicians should be alert for early diagnosis and prompt treatment of FE.

  The aim of this study was to determine the incidence of IE in Candida bloodstream infections (BSIs) in a tertiary hospital during the periods of 2007 and 2016.

   

  METHODS

  Study Design

  Data for this study were derived from hospitalized patients between January 2007 and January 2016 in Dr Behçet Uz Children Diseases and Surgery Training and Research Hospital. Demographic data included age, gender, patients ward, echocardiography findings, presence of an indwelling central venous catheter (CVC), cause of hospitalization, presence of underlying disease, type of Candida in positive blood and/or catheter cultures, presence of fluconazole prophylaxis, presence of previous cardiac surgery and prosthetic valve, presence of mechanical ventilation. Data were recorded from medical records.

  Study Population

  Patients were included in this study if they had two or more positive blood or catheter cultures in terms of Candida If the same patient had an attack of candidemia again at least 3 weeks after 3 consecutive negative blood or catheter cultures for Candida, this was accepted as a new attack.

  Definitions

  IE was defined according to the modified Duke criteria[13,14].

  A definitive clinical diagnosis was done based on the following criteria: 2 major criteria or 1 major criteria and 3 minor criteria or 5 minor criteria (Table 1).
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  Statistical Analysis

  All statistical analyses were performed using Statistical Package for the Social Sciences version 18.0 (SPSS, Microsoft Inc., Chicago, Il, USA). Patients' demographics and clinical variables were described as mean, median (if not normally distributed), and standard deviation for continuous data and proportions for nominal and ordinal data.

   

  RESULTS

  Two hundred and twenty-one patients and 256 attacks with positive blood or catheter cultures in terms of Candida were included in the study. One hundred and twenty-nine (58.4%) of patients were male, 92 (41.6%) were female. The median age of the patients was 10.0 months (ranging from 7 days of age to 17 years). One hundred and eighty-six (72.6%) attacks had been observed in patients hospitalized in intensive care units (ICUs) and 70 (27.4%) attacks in our study in other wards in stead of ICUs.

  Most common Candida species was Candida parapsilosis isolated in 157 (61.3%) attacks followed by Candida albicans in 70 (27.3%), Candida tropicalis in 16 (6.3%), Candida lusitaniae in five (2%), Candida glabrata in three (1.2%), Candida guilermondii in two (0.8%), Candida ciferrii in two (0.8%) and Candida dublinensis in one (0.4%). Distribution according to types of Candida in blood cultures was reviewed in Figure 1. The catheter-related BSIs were present in 133 attacks. One hundred and seven (80.4%) patients were positive for Candida parapsilosis, 15 (11.2%) for Candida albicans, six (4.5%) for Candida tropicalis, two (1.5%) for Candida lusitaniae, two (1.5%) for Candida glabrata and one (0.7%) for Candida guilermondii. Distribution according to types of Candida in catheter cultures was reviewed in Figure 1.
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  An indwelling CVC was present in 117 (47.1%) patients. Seventy-six (29.7%) patients were receiving fluconazole prophylaxis at the time of positive blood or catheter culture during attacks. Among 221 patients, 12 (5.4%) had cardiac surgery, including complex intracardiac repairs (7), palliative shunt procedures (4) and prosthetic valve (1). Approximately half of the patients (52.3%) had underlying diseases, including 59 (23%) neurological diseases, 31 (12.1%) hemato-oncological diseases, 21 (8.2%) previously known congenital heart diseases, and 23 (9%) inborn errors of metabolism.

  Echocardiography had been performed in all patients. In echocardiography, normal cardiac findings were present in 151 (68.4%) patients, while 31 (14.8%) patients had atrial septal defect (ASD) and/or ventricular septal defect (VSD), 18 (8.1%) patients had patent foramen ovale (PFO) and seven (3.2%) had tricuspid regurgitation (TR). More rare findings were cardiomyopathy (CMP) in three (1.4%), tetralogy of Fallot (TOF) in two (0.9%), pericardial effusion (PE) in two (0.9%), transposition of the great arteries (TGA) in two (0.9%), mitral regurgitation (MR) in two (0.9%), and pulmonary stenosis (PS) in one (0.5%) patient. The distribution according to the echocardiography was summarized in Figure 2.
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  Among the 221 patients, Candida endocarditis was detected in only two (0.9%) patients. One of the patients was a 9-yearold boy with cerebral palsy who was presented at our hospital with cough, tachypnea and fever. He was admitted to the ICU with severe pneumonia. On the 14th day of his treatment, echocardiography revealed an echogenic mass of 50x40 mm attached to the wall of the left internal jugular vein. Candida albicans was isolated from two consecutive blood cultures. Meropenem, vancomycin and amphotericin B therapy were initiated for the treatment of IE. C. albicans was reported as susceptible to caspofungin, amphotericin B and fluconazole. Cardiac surgery was planned due to the patient's status. However, due to the response to antifungal medical treatment and improvement in his clinic and the recovery of intracardiac mass, surgical treatment was postponed.

  The other patient was a 5-month-old girl who was presented to our hospital with dyspnea and high-grade fever. She had a medical history of secundum ASD and perimembranous VSD which had been closed with the Amplatzer(tm) Septal Occluder with angiography 2 months ago. She was transferred into pediatric ICU and her first echocardiography revealed pulmonary hypertension and the subclavian venous catheter was inserted into the patient. Her first blood culture was sterile. On the fifth day of treatment, two-dimensional echocardiography showed a 30x25 mm heterogenous mass attached to the right atrium wall. Piperacillintazobactam, vancomycin and gentamicin therapy were initiated for the treatment of IE. Candida parapsilosis was isolated from two different blood and CVC cultures. C. parapsilosis has been reported to be susceptible to caspofungin, amphotericin B and fluconazole, and caspofungin was initiated as the initial antifungal therapy. On the seventh day of the antifungal therapy, the fever returned and the consecutive echocardiography revealed a slowly resolving mass. Due to the improved patient status, cardiac surgery was delayed. On the 45th day of antifungal therapy, the echocardiography revealed complete resolution and the patient was discharged from the hospital. After discharge, the patient received a long-term (6 weeks) intermittent suppressive oral fluconazole (9 mg/kg/day) therapy.

   

  DISCUSSION

  Fungemia rates have increased significantly in recent years, resulting in a growing number of populations at risk for this disease[9,15]. Fungal endocarditis is an uncommon infection and predominantly caused by Candida species, and less frequently by Aspergillus species. Invasive candidiasis was a major cause of morbidity and mortality in children. Historically, C. albicans has been the most common isolate from fungal BSIs[16]. Recently, there has been a reported increase in the incidence of nonalbicans Candida spp., especially of C. parapsilosis [17-21], whose incidence could change according to hospitals. According to our data in the study, C. parapsilosis was the most dominant candida in Candida BSIs.

  FE has been reported to cause 0-12% (average 1.1%) of the total IE cases in children worldwide. The incidence rate is approximately 1.5-4 cases per 10 million children[22]. In our hospital, 15 patients with IE had been identifed according to modified Duke criteria during the study period. As a result, the ratio of FE cases in all IE cases diagnosed in our hospital was 13.3%, which is slightly higher than the literature. Puig-Asensio et al.[23] reported that incidence of IE in Candida BSIs was 1.9% (14/512 patients with candidemia), which was relatively high compared to our findings. The reported cases of FE were less than a few hundred in patients of any age, while two thirds of FE were associated with Candida species. Candida IE is an uncommon but frequently fatal infection in pediatrics with the survival rate remains below 25%[1,10].

  Our patients have multiple possible risk factors for developing FE, including prolonged ICU stay, prolonged use of intravenous antibiotics, underlying heart disease (ASD and VSD), previous cardiac surgery, and presence of CVC. In addition, immunocompromising conditions were well-defined risk factors for developing FE[1,10,11]. Multifactorial risk factors in a single patient might be more likely to cause FE[24]. Repaired congenital heart disease with residual defects and the first six months of repaired congenital heart disease with no residual defects are at risk of IE[9]. The second patient's heart defects were closed with Septal Occluder with angiography 2 months ago. Ağın et al.[3] reported in their study the longer pediatric ICU stays, mechanical ventilation, CVC, total parenteral nutrition were the risk factors for the development of Candida infections in pediatric ICU. However, studies for risk factors especially for FE were limited, while risk factors for Candida BSIs were well-defined.

  FE typically occurs in otherwise critically ill patients and is often part of a confusing clinical picture, with most patients having difficulty meeting the Duke criteria for IE[25]. Transthoracic echocardiography is less sensitive than transesophageal echocardiography (TEE), but is also less invasive. Intracardiac vegetations and thrombi are the most common types, but are still rare[9,22]. Although these findings have rarely been observed, both of our patients had echogenic masses which could be visualized with transthoracic echocardiography.

  The guidelines of Infectious Diseases Society of America (IDSA) and European Society of Clinical Microbiology and Infectious Diseases (ESCMID) for treatment of Candida IE recommend either an amphotericin B-based regimen or an echinocandin-based regimen, both in combination with adjunctive surgical therapy if possible[26-28]. Fluconazole therapy has been less successful than other agents[27]. In almost all reported cases of survival, surgical management was necessary to supplement antifungal medical therapy. Surgery is mandatory in the majority of cases and it is agreed that it should be performed as early as possible[26]. In one patient with IE, the surgery was planned, however, the surgical treatment was delayed due to recovery with medical antifungal treatment. Current guidelines for endocarditis recommend initial or induction therapy with Amphotericin B with or without flucytosine combined with surgical removal of vegetation, followed by chronic suppressive therapy with oral fluconazole[29,30].

  Candida IE is associated with a high mortality rate that was not affected by the choice of antifungal therapy or by adjunctive surgical intervention[31]. Recently published article by Arnold et al.[32] demonstrated that mortality did not differ between those undergoing surgical therapy and those receiving medical therapy alone. In another study, among 33 cases derived from the International Collaboration of Endocarditis-Prospective Cohort Study, the mortality rate was similar whether surgery was performed or not[8]. In contrast, Lefort et al.[9] suggested that early cardiac surgery during Candida IE should always be attempted, and only patients with very poor medical status might not be operated on according to the findings in their study.

   

  CONCLUSION

  FE is often difficult to diagnose, therefore, echocardiography should be performed routinely for patients with positive blood or catheter cultures in terms of Candida and TEE should be performed in the presence of underlying clinical risk factors and high clinical suspicions.
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    ABSTRACT

    INTRODUCTION: Patients with acute coronary syndrome usually receive dual antiplatelet therapy (DAPT) (usually clopidogrel + aspirin) prior to coronary catheterization, and approximately 10% of these patients require coronary artery bypass grafting (CABG). DAPT has favorable effects on prevention of thrombus formation, but it can have deleterious effects on surgical hemostasis. Anaemia, if present, gives additional risk to such patients. The aim of this study was to examine if DAPT affects postoperative bleeding in patients with haemoglobin levels above 110 g/L, who underwent urgent or emergent CABG, less than five days after stopping DAPT therapy.

    METHODS: Data were collected prospectively on 122 CABG patients, operated by a surgical team from March 2008 to August 2013. Patients were stratified into two groups: group 1 received DAPT within 5 days of CABG (n=65), and group 2 where DAPT was discontinued for more than 5 days prior to CABG (n=57). All patients were diagnosed with acute coronary syndrome preoperatively, and all of them had haemoglobin levels above 110 g/L. Patients who needed reoperation, combined procedures, or off-pump revascularization were excluded.

    RESULTS: There was no hospital mortality. Mean chest tube losses after the surgical revascularization did not differ significantly, but group 1 received a higher quantity of transfused red blood cells and platelets.

    CONCLUSION: Urgent and emergent surgical revascularization using extracorporeal circulation in patients with acute coronary syndrome whose preoperative haemoglobin levels are above 110 g/L is a safe and effective procedure. We suggest that, where indicative, one may perform CABG in less than 5 days after the clopidogrel discontinuation.

    Keywords: Acute coronary syndrome; Hemorrhage/prevention & control; Coronary artery bypass; Platelet aggregation inhibitors; Blood platelets; Treatment outcome; Mortality; Morbidity; Survival.

  

   

   

  INTRODUCTION

  Ischemic heart disease is the most prevalent cause of death in Serbia; representing 57% of total mortality. Acute coronary syndrome (ACS) is one of the most dramatic subtypes of ischemic heart disease and represents an important challenge. Dual antiplatelet therapy (DAPT), mostly with acetylsalicylic acid and clopidogrel (P2Y12 receptor inhibitor), has become the basis of ACS therapy. Indeed, it is well established that DAPT in ACS significantly decreases the incidence of new thrombotic and ischemic events[1-4].

  ACS patients rarely demand coronary artery bypass grafting (CABG). However, up to 10% of these patients may present with clinical findings requiring urgent or emergent coronary surgery[5]. Noteworthy these patients constitute a surgical challenge due to the fact that majority of them received DAPT prior to coronary angiography, as well as taking into account their inherent hemodynamic instability and potential unknown or unrecognized comorbidity[6-8]. Furthermore, there is an elevated surgical risk due to the deleterious effects of DAPT on hemostasis during and after CABG[5].

  Before CABG one must take into account the deterioration of platelet function by the preoperative DAPT usage, as well as the impairment of platelet function due to cardiopulmonary bypass (CPB) per se. Up to date, the management of preoperative antiplatelet therapy in CABG differs considerably among surgeons. In this respect, there is conflict between guidelines and prejudices regarding the preoperative aspirin usage. Indeed, in one hand, published data suggest that aspirin treatment should be held for 7-10 days preoperatively in patients undergoing elective CABG[9], whereas more recent reports indicate that patients with coronary artery disease referred to CABG should continue aspirin treatment until the surgical procedure[10]. Likewise, clopidogrel usage was established to improve outcome after ACS by reducing early stent failure and diminishing allcause mortality and cardiovascular mortality[11].

  However, numerous studies have shown that CABG performed within 5 days of clopidogrel administration is associated with increased postoperative bleeding, reoperation for bleeding and prolonged hospital stay. Indeed, current guidelines recommend to postpone CABG if possible for 5 or more days after clopidogrel withdrawal[12]. On the other hand, withdrawing all DAPT for more than 5 days before surgery can increase the risk of fatal and non-fatal ischemic events, as well as increasing the mortality of patients with ACS[11]. Indeed, although mediastinal bleeding after CABG is not uncommon, it has an important influence on mortality and morbidity[9].

  Sabatine et al.[13] showed that preoperative anemia, if present, is an independent predictor of major adverse cardiovascular events in patients with ACS. In patients with ACS without ST elevation, the risk for cardiovascular death, myocardial infarction, or recurrent ischemia increases if hemoglobin levels are below 110 g/L. It is the same in patients with ST elevation myocardial infarction, but when hemoglobin levels fall below 140 g/L[13].

  Low hemoglobin level is a strong predictor for postoperative need for transfusion, especially in CABG patients operated using extracorporeal circulation[14].

  The aim of this study was to examine if DAPT affects postoperative bleeding in patients with haemoglobin levels above 110 g/L, who underwent urgent or emergent CABG, less than five days after stopping DAPT therapy.

   

  METHODS

  From March 2008 to June 2012, 122 patients with ACS underwent CABG using CPB, in the first 10 days after the coronary catheterization, by the same surgical team at the Institute for Cardiovascular diseases in Sremska Kamenica (Novi Sad). All patients received DAPT before coronary catheterization. All surgeries were described as urgent or emergent. Exclusion criteria were elective patients, combined procedures, reoperations, offpump revascularizations and preoperative anemia (hemoglobin levels less than 110 g/L). The following data were recorded: standard demographics, comorbidity and routine intraoperative and postoperative parameters, including blood loss and transfusion requirements in the first 48 hours postoperatively. The primary outcome was blood loss in the first 48 hours along with transfusion requirements, and the need for reoperation for bleeding. The secondary outcome was in-hospital mortality and hospital length of stay.

  The patients were classified into two groups: 65 patients operated within 4 days (group 1), and specifically (day 0, 26 patients; day 1, 18 patients; day 2, 10 patients; day 3, 10 patients; day 4, 1 patient), whereas 57 patients operated from 5th to 10th day after clopidogrel discontinuation (group 2).

  All operations were performed in normothermia, using CPB. The standard circuit was primed with a crystalloid solution. We were using roller pump in all patients. Standard heparinization protocol was applied (300 U/kg). Tranexamic acid was given to all patients in dosage of 30 mg/kg. Cold crystalloid cardioplegia (10-15 mL/kg) was used for myocardial protection. After weaning from CPB, heparin was neutralized with protamine sulfate (1 mg/100 U heparin).

  The clinical criterion for platelet and fresh frozen plasma (FFP) transfusion was excessive bleeding despite the fact that the activated clotting time (ACT) value was normal and that there was no recognized surgical bleeding. The criteria for erythrocyte transfusion were a fall in hemoglobin below 90 g/L. The indication for re-exploration was bleeding over 400 mL during the first hour, 300 mL for 2-3 hours, or more than 200 mL/h during the next four hours despite the normal value of ACT. The late re-exploration was indicated when there was an echocardiographically proven pericardial effusion greater than 1.5 cm, or cardiac tamponade.

  Statistical Analysis

  Statistical analysis was performed using SPSS 17.0 statistical software. Continuous variables were evaluated using analysis of variance (ANOVA); categorical variables were evaluated using χ2 analysis or Fisher's exact test. Multivariable models were created using logistic regression techniques for dichotomous outcomes and linear regression techniques for continuous outcomes.

   

  RESULTS

  Baseline characteristics of all patients are presented in Table 1. There were no statistically significant differences in age, gender, presence of diabetes, renal failure, peripheral vascular disease, chronic obstructive pulmonary disease, neurologic disorders or gastrointestinal disease between the two groups.
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  Intraoperative data are presented in Table 2. There were no statistically significant differences in the respective variables such as number of grafts, CPB time or aortic cross-clamping time.
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  Intraoperative characteristics of patients are presented in Table 3. Interestingly, there was a surprisingly significant increase in the number of patients whose postoperative chest drainage was more than 500 mL in the control group (group 2) as compared to the group 1 - 62.1% of patients in group 2, and 40.4% in group 1 (P=0.019). Mean chest tube losses for 48 hours after surgical revascularization were 0.65 L in group 1 and 0.68 L in group 2 (Table 3). We show that patients in group 1 received a greater statistically significant quantity of red blood cells (RBC), platelets and cryoprecipitate compared to group 2 patients. The mean quantities of transfused RBC were 0.64 L and 0.47 L, respectively. There was no significant difference in the quantity of received FFP. Thus, the mean quantity of FFP given to the group 1 was 0.27 L, and to group 2 was 0.2 L. Platelets have been given to 12 patients in group 1, and to 1 patient in group 2.
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  There was no in-hospital and 30-day mortality observed in any group. Two patients underwent reexploration for excessive bleeding, one in each group. The median length of stay was 13 days for group 1 and 19 days for group 2 patients.

   

  DISCUSSION

  Impaired platelet function affects hemostasis, which may result in excessive postoperative blood loss and increased surgical complications and mortality. The etiology of excessive postoperative blood loss is multifactorial, including small body size, female gender and concomitant procedures[6,7]. In many patients with ACS, DAPT is not the only therapy that can influence surgical bleeding. Preoperative anticoagulants can affect hemostasis to a greater extent, and can be an important factor in the etiology of excessive blood loss. Moreover, about 3% of all CABG patients require reoperation for bleeding, which is followed by significant morbidity and mortality[7,8]. Under these circumstances, disseminated intravascular coagulopathy, hemodynamic instability and death are not uncommon. Furthermore, excessive blood loss is associated with increased blood and platelet transfusions, as well as administration of coagulation factors.

  Anemia, if present, increases the need for postoperative transfusions. Anemia is also associated with increased mortality and postoperative morbidity in CABG patients[15,16]. That is the reason why we excluded patients with preoperative hemoglobin levels below 110 g/L in our study.

  The results of the present study show that the use of clopidogrel within 5 days of CABG (in non-anemic patients) was not associated with increased postoperative blood losses, as well as with an increased number of re-explorations for postoperative bleeding. The preoperative use of clopidogrel, however, was associated with an increased number of RBC and platelet transfusions.

  Over the last years, different clinical studies on DAPT in ACS have shown conflicting results. Differences in these findings and conclusions can be explained by variations in surgical indications, presence of comorbidity, differences in cardiological, anesthesiologic and surgical skills, as well as differences in preoperative therapy. Indeed, many studies have shown that clopidogrel administration prior to surgical revascularization is followed by increased incidence of postoperative bleeding, transfusion requirements and re-explorations with prolonged hospital stay[17-20].

  Berger et al.[19] compared two groups of patients in relatively large retrospective study. In the group of patients who received clopidogrel in less than 5 days prior to CABG, there was an increased incidence of bleeding, re-explorations and increased hospital stay. On the other hand, this group of patients had significantly increased incidence of preoperative myocardial infarction and cerebrovascular accidents, previous percutaneous coronary intervention (PCI) procedures and more urgent surgical revascularizations. There were no differences in mortality and major adverse cardiac and cerebrovascular events (MACCE)[19]. Furthermore, Yende et al.[18] reported increased re-exploration rate in patients with DAPT within 5 days of surgical revascularization. The study by Hongo et al.[17] demonstrated increased 24-hour chest tube drainage, transfusion requirements, and reoperation rate for bleeding of patients on clopidogrel within 7 days of operation. In summary, the authors of both studies were against routine DAPT administration before PCI because of the increased morbidity risk if emergent CABG was mandatory. In a small series of 55 patients receiving clopidogrel preoperatively, significantly increased blood losses and transfusion requirements were reported[21]. A subgroup analysis of the Clopidogrel in Unstable angina to prevent Recurrent Events trial (CURE) trial identified 912 patients who had discontinued clopidogrel within 5 days of CABG In this group of patients, there was an increased risk of minor bleeding complications and a trend towards an increased risk of major bleeding complications, defined as substantially disabling bleeding or requiring more than 2 units of packed RBC transfusion, was shown[5,22]. On the other hand, in a recent study by Chen et al.[23], preoperative clopidogrel exposure was not associated with increased RBC transfusion. Furthermore, there are some studies that underline the influence of both surgical and institutional experience on the results[24].

  In our study, only one surgical team (same surgeon and anesthesiologist) operated all patients enrolled in a specialized institution. There were no elective patients, and the decision of a surgical timing was made according to the clinical status of the patient. When considering mortality and morbidity of patients enrolled, we can see that there was no mortality in both groups of patients, but that patients in group 2 had a longer postoperative hospital stay compared to patients in group 1. However, these observations were restricted to in-hospital mortality and 30-day mortality.

  According to current guidelines, it is suggested to optimally refrain from using clopidogrel within at least 5 days prior to elective surgery to minimize the risks of postoperative coagulopathy; that the emergent patients should proceed immediately to surgery, while semi-urgent patients should be treated on a case-by-case basis[25-27].

  The cardiologist, anesthesiologist and the surgeon must balance the risk of further ischemic events against the risk of postoperative bleeding and, according to our institutional policy, we operate all unstable patients and wait for 5 or more days in patients who can be medically stabilized.

   

  CONCLUSION

  Urgent and emergent surgical revascularization using CPB in patients with ACS who were on DAPT preoperatively (withdrawal period 1-4 days), whose hemoglobin level is not less than 110 g/L, is a safe and effective procedure. The results of the present study showed that preoperative use of clopidogrel did not increase the risk of postoperative bleeding and did not affect the in-hospital and 30-day mortality. Further prospective randomized studies in a larger number of patients with a longer follow-up are needed to draw a conclusion that would benefit this important and special subgroup of patients.

  It should be noted that the particularity of the targeted patient group, in addition to the ongoing recommendations, requires an integrated patient-to-patient approach to determine pro et contra of early or emergent surgery despite an alleviated risk of bleeding and complications.
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    ABSTRACT

    OBJECTIVE: To compare the perioperative incidence rates of hemolysis and inflammatory response in patients undergoing coronary artery bypass grafting with the two main types of cardiopulmonary bypass, centrifugal and roller pumps, and establish correlations among hemolytic and inflammatory changes.

    METHODS: This was a prospective, randomized trial of 60 patients assigned to either roller pump (G1, n=30) or centrifugal pump (G2, n=30) bypass. Markers of hemolysis (serum haptoglobin, lactate dehydrogenase [LDH]) and inflammation (interleukin [IL]1ß, IL-6, and TNF-α) were measured and analyzed.

    RESULTS: There was no significant between-group difference in the variables of interest. In G1, there was a positive association with IL-6 and TNF-α (P<0.01 and P<0.05, respectively). In G2, there was a positive association with LDH in the postoperative period (P<0.5). At 24h post-cardiopulmonary bypass, there were positive associations between LDH and IL-1ß (P<0.05), LDH and TNF-α (P<0.01), haptoglobin and TNF-α (P<0.05), and LDH and TNF-α (P<0.01) in G1, and between LDH and IL-6 (P<0.01), LDH and TNF-α (P<0.01), and LDH and IL-6 (P<0.01) in G2.

    CONCLUSION: There were no significant between-group differences in markers of hemolysis or inflammation. IL-6 and TNF-α were positively associated with duration of cardiopulmonary bypass in G1, while LDH was positively associated with duration of cardiopulmonary bypass in G2. The rate of significant associations between markers of hemolysis and inflammation was higher in the roller pump group (G1).

    REGISTRATION NUMBER: ReBEC (RBR-92b9dg).

    Keywords: Cardiopulmonary Bypass; Hemolysis; Inflammation.

  

   

   

  INTRODUCTION

  For many years, investigators sought to develop devices that could replace cardiopulmonary function during cardiovascular surgery[1]. Cardiopulmonary bypass (CPB) allows this, but has complex effects. As the blood passes through the CPB circuit and comes into contact with synthetic materials, it undergoes mechanical insults, trauma, and cellular changes. The changes induced by these insults, including hemolytic and inflammatory alterations, can have major clinical implications[2,3]. To Vieira Junior et al.[3], hemolysis in CPB is a result of the passage of blood through the pump rollers or the contact of blood with different surfaces at varying speeds. These authors noted that the basic requirement for developing an appropriate CPB pump would be to achieve an optimal balance between shear stress and exposure time to minimize the rate of hemolysis. In a review of core aspects of CPB, Mota et al.[2] posit that bypassrelated inflammation would be caused by blood coming into contact with the operative wound (as the surgical bed is a site of interleukin [IL] -6 release), not with the non-endothelialized surfaces of the artificial CPB circuit. These authors explain that many factors during CPB, some dependent on the circuit (exposure of blood to non-physiological surfaces and conditions) and others independent (surgical trauma, ischemia-reperfusion injury, changes in body temperature, endotoxin release) are inflammatory response triggers. Within this context, the present study sought to compare the incidence of hemolysis and inflammatory response in the perioperative period of on-pump coronary artery bypass graft (CABG) surgery performed with the two most common types of CPB pumps, and to establish correlations among hemolytic and inflammatory changes.

   

  METHODS

  We analyzed 60 consecutive patients of either sex who underwent on-pump CABG at the study hospital, between August 2013 and February 2014. The exclusion criteria were: age < 30 or > 80 years; history of other cardiovascular surgery; combined carotid surgery; preoperative anemia; patients who presented signs, symptoms and complaints suggestive of inflammation or infection in the respiratory, gastrointestinal, or genitourinary tract or other body systems (as detected by history, physical examination, presence of fever, or any abnormalities in a preoperative workup including complete blood count, C-reactive protein [CRP], chest X-ray, and urinalysis). On the day of surgery, the 60 patients were allocated via simple random assignment to groups G1 (roller pump, n = 30) or G2 (centrifugal pump, n = 30). The present study was funded by a research grant from the São Paulo State Research Foundation (FAPESP) and was approved by the Research Ethics Committee of the Faculdade de Medicina de Botucatu/UNESP (protocol CEP number 3202-2009). All patients provided written informed consent for participation. All procedures were in accordance with the ethical standards of the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

  Patients were monitored continuously during the operation using a Dixtal® DX2010 multi-parameter monitor. Body temperature was monitored with an Ag-2000 nasopharyngeal probe (Braile Biomédica® Ltda., São José do Rio Preto, SP, Brazil). In accordance with institutional CPB protocols, all patients received 1000 mg hydrocortisone after induction of anesthesia and again 4 hours after the first dose. Antibiotic prophylaxis was administered to all patients as per institutional infection control committee guidelines (1500 mg cefuroxime sodium, after induction of anesthesia, and an additional 750 mg, 4 hours after the first dose).

  The roller-type circuit (adult full circuit for Console Ecobec®, Braile Biomédica Ltda., São José do Rio Preto, SP, Brazil) comprised a set of veno-arterial tubing, suction connectors, arterial filter, polypropylene hollow-fiber membrane oxygenator, and a conventional hemoconcentrator. Centrifugal-pump CPB used the same circuit described above, with the addition of a vortexcone centrifugal blood pump (BPX-80 Bio Pump Plus Centrifugal®, Medtronic) attached to the console (Console Centrífuga Bio-Medicus® and Bio-Probe TX40 Flow Transducer®, Medtronic). After assembly of the CPB apparatus, pumps were calibrated for the CPB procedure. Upon being weaned off bypass, patients were administered dobutamine IV 3-5 µg/kg/min and noradrenaline intravenous as needed to keep mean arterial pressure (MAP) > 70 mmHg. After surgery, while still under general anesthesia, patients were transferred to the intensive care unit (ICU) for postoperative (PO) care, where they were progressively weaned off both infusions as hemodynamic status improved.

  Radial artery catheterization was performed by the cutdown technique for measurement of MAP. From this catheter, blood samples were drawn after anesthetic induction but before CPB (time point M1), at 30 minutes of CPB (time point M2), and 24h PO (time point M3). Immediately after sampling, levels of two markers of hemolysis - serum haptoglobin and lactate dehydrogenase (LDH) - were measured. LDH measurement was performed in an automated Fusion® analyzer, and haptoglobin measurement, in a Biospectro SP-220® spectrophotometer. For analysis of inflammation, levels of I)-1β, IL-6, and tumor necrosis factor alpha (TNF-α) were measured at time points 1 and 2. For this purpose, samples were centrifuged and the plasma drawn into Eppendorf microtubes and stored at -20°C. All kits for IL analysis were processed simultaneously, thus preventing any loss. Serum IL and TNF-α concentrations were measured by enzyme-linked immunosorbent assay (ELISA) using commercially available kits (IL-1β/1F2 Quantikine High Sensitivity®, TNF-α Quantikine High Sensitivity®, and IL-6 Duo Set®, R&D Systems, Minneapolis, MN, USA). All kits were processed in accordance with manufacturer instructions. CRP levels were measured in an automated Vitrus® 5.1 analyzer in samples drawn at M1, M2, and M3.

  For statistical analysis, the nonparametric Mann-Whitney U test was used for the variable age, and Student's t-test for body weight and all CPB variables. Goodman's test[4] for contrasts within and among multinomial populations was used for the variables comorbidity and number of deaths. The EuroSCORE II stratification system was applied in all patients, with subsequent analysis of mean scores for each group. Nonparametric repeated measures analysis of variance (ANOVA) for independent samples with Dunn's multiple comparisons was used for analysis of haptoglobin and CRP. Nonparametric repeated-measures ANOVA for independent samples with Bonferroni multiple comparisons[4] was used for analysis of LDH and IL levels. Spearman linear correlation coefficients were calculated to test for correlation between each of the studied markers and duration of CPB, as well as for correlations among markers of hemolysis and markers of inflammation. Using the study of Pêgo-Fernandes et al.[5] as a basis, the sample size was calculated as 30 patients per group for a statistical power of 80% and a significance level of 5%.

   

  RESULTS

  The demographic characteristics of participants were similar in the two groups (Table 1). Mean patient age was 66 years in G1 and 63 years in G2. Participants in both groups were predominantly male (73.3% in G1, 80% in G2) and had hypertension (76.7% in G1, 70% in G2). Mean patient weight was difference in presence of diabetes (P>0.05) or risk factors for blood transfusion (P>0.05).
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  Mean morbidity and mortality risk stratification scores were 0.88 in G1 and 0.75 in G2; thus, patients in both groups were deemed to have low risk (score 0-2). There was no significant between-group difference (P>0.05).

   Table 2 shows CPB variables for both groups. There were no significant differences between the two (P>0.05).
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   Table 3 shows the results of serum haptoglobin measurements in the study groups. Significant (P<0.05) differences between time points were observed for the variable haptoglobin, where M1 > (M2 = M3); however, there were no significant betweengroup differences in this variable (P>0.05).
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   Figure 1 illustrates the results of LDH measurement. Significant (P<0.05) differences between time points were observed in LDH levels, where M1 = M2 < M3 in G1 and M1 < M2 < M3 in G2; however, again, there were no significant betweengroup differences in this variable (P>0.05).
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   Figure 2 illustrates the results of CRP measurement. Significant (P<0.05) differences between time points were observed in this variable, with M1 = M2 < M3, but there were no significant between-group differences (P>0.05).
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   Figure 3 illustrates the results of analysis of markers of inflammation (IL-1β, IL-6, and TNF-α) at the pre- and post-CPB time points in both study groups. IL-1β levels did not differ significantly between groups or among time points within each group (P>0.05). A significant increase in IL-6 occurred post-CPB in both groups (P<0.01). Significant increases were also observed in TNF-α in G1 (P<0.01). However, there were no significant between-group differences in any of the tested inflammatory markers (P>0.05).
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   Table 4 shows a positive association between duration of CPB and LDH at 24h postoperatively in G2, as well as between duration of CPB and post-CPB IL-6 and TNF-α levels in G1.
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   Table 5 shows positive associations at the post-CPB time points between the variables LDH, haptoglobin and IL-1β, and IL-6 and TNF-α at the post-CPB and 24h PO time points. The frequency of associations was higher in G1 than in G2.
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  The mortality rate at 48h PO was 10% in G1 (n=3; one death each due to stroke, pulmonary embolism, and cardiogenic shock) and 3.33% in G2 (n=1, due to ischemic stroke). Hence, 27 (90%) patients in G1 and 29 (96.67%) in G2 survived to discharge in the same period.

   

  DISCUSSION

  CPB, a landmark technology that ushered in the modern age of heart surgery in the second half of the 20th century, provides a means of temporarily replacing the pumping action of the heart and the ventilatory action of the lungs. It also allows recovery of blood from the operative field by suction pumps after systemic anticoagulation (intraoperative blood salvage), thus keeping the heart well-nourished while in absolute standstill induced by infusion of cardioplegic solution. The pumping action of the heart is taken over by an arterial pump (roller or centrifugal), while the ventilatory function of the lungs is replaced by an oxygenator. Biocompatible plastic tubing connects the patient, oxygenator, and arterial pump, thus allowing extracorporeal blood circulation. While some patients are fit to undergo CABG without CPB (so-called "off-pump" surgery), others require an onpump approach due to hemodynamic instability[6].

  Despite its significant benefits, such as providing a bloodless surgical field, CPB is associated with postperfusion syndrome, a condition whereby biochemical mediators trigger coagulopathy (through activation of the complement system), left ventricular dysfunction and myocardial ischemia (mediated by IL-6 and IL8), fibrinolysis (caused by free radicals), vasoplegia (associated with kinins), and cell death (through TNF-α action), as well as generation of reactive oxygen species as a result of ischemia and reperfusion. This combination of factors may lead to increased susceptibility to infection, potentially critical multiple-organ dysfunction, and even death[7].

  CPB can also cause hemolysis, either because of poor calibration of the arterial pump or occasionally because of the prolonged duration of the procedure. The most specific acutephase marker of hemolysis is serum haptoglobin. Circulating plasma haptoglobin is responsible for binding and transporting free hemoglobin from the circulation to the liver, spleen, and bone marrow, where hemoglobin is reprocessed after erythrocyte lysis. Erythrocytes also contain the enzyme LDH. LDH levels increase at the onset of cell destruction, including erythrocyte lysis (e.g., due to mechanical heart valve dysfunction, acute myocardial infarction, chest trauma, or CPB)[8]. Thus, LDH can be used as a marker of hemolysis, although it is nonspecific for this purpose. After rupture of the erythrocyte membrane, the erythrocyte stroma remains in the circulation, where it acts as a proinflammatory agent; thus, hemolysis accentuates the inflammation that occurs in CPB.

  When hemolysis is particularly intense, haptoglobin levels decline markedly, and may even become undetectable. This was observed in the present study: haptoglobin concentrations declined after CPB, probably due to formation of haptoglobinhemoglobin complexes, which prevent renal loss of hemoglobin[9]. However, there was no significant betweengroup difference. Recovery of haptoglobin levels was observed at the 24h PO time point. In a previous comparison of roller vs. centrifugal pumps in a sample of 27 patients, Pêgo-Fernandes et al.[5] failed to find any significant between-group difference in haptoglobin levels when the duration of CPB was < 110 minutes. In an in vitro experiment, Bennett et al.[10] found that roller pumps were associated with marked hemolysis as compared to centrifugal pumps. Upon erythrocyte lysis, LDH is released into the circulation, and plasma LDH levels rise substantially. In the present study, elevated LDH levels were found after CPB (specifically, up to 24h postoperatively), but there was no significant between-group difference. Patients with a longer duration of CPB exhibited higher LDH levels when allocated to the centrifugal pump group, and patients in both groups exhibited a positive association of LDH levels with inflammatory mediators at the post-CPB and 24h PO time points. In a comparative study, Keyser et al.[11] found no difference between pump types, although levels of this marker were elevated after CPB and remained elevated up to 12h PO. Yoshikai et al.[12] also analyzed LDH in 29 patients in a comparative study of CPB pumps, but failed to find any significant difference between pump types. In a meta-analysis, Saczkowski et al.[13] included randomized clinical trials comparing CPB pump types and found no differences in the variables of interest. The authors expected to find evidence of insults with all pump types; however, this was not the case. In the present study, we found that hemolytic responses occurred with both types of CPB pump at the time points of assessment, but with no significant between-group differences.

  ILs mediate and regulate inflammatory and immune reactions. Although there are several proinflammatory cytokines, the present study focused on IL-1β, IL-6 and TNF-α. Even after brief periods of CPB, the inflammatory response to extracorporeal circulation immediately triggers a variety of immune reactions. In the present study, with a relatively short duration of CPB, inflammation occurred in both groups at the time points of assessment, but there was no significant between-group difference.

  IL-1β levels usually rise after CPB. However, they are often undetectable due to hemodilution[14]. In the present study, there was no significant difference in levels of this IL across time points or groups. IL-6 levels are known to rise 2 to 4 hours after surgical incision. In patients who have undergone CPB, levels of this marker are elevated even after hemodilution[14]. In the present study, this phenomenon was observed in both groups at the time points of assessment, but with no significant between-group difference. Patients in G1 with a longer duration of CPB exhibited higher IL-6 levels. In a study of 41 patients, Ashraf et al.[15] found that centrifugal pumps induced more severe inflammation than roller pumps, as demonstrated by significantly higher IL-6 and C5b levels in the centrifugal group, demonstrating the proinflammatory nature of CPB. TNF-α accounts for many of the systemic complications and severe infections seen after this procedure. In the present study, TNF-α levels were elevated at the post-CPB time point in G1, but there was no significant difference between groups. Among patients with a longer duration of CPB, levels of this cytokine were significantly higher in G1. Baufreton et al.[16], in a study of 29 patients, also showed that centrifugal pumps induced worse inflammation than roller pumps; however, IL-6 and TNF-α levels were similar in both groups, with no significant difference. Mlejnsky et al.[17] reported that the use of centrifugal pumps during CPB with prolonged hypothermic arrest is associated with a reduced inflammatory response as compared to roller-pump CPB.

  It is important to note that constitutive production of cytokines occurs in the human body, whereby specialized cells express a baseline level of these proteins under normal circumstances (in the present study, the pre-CPB time point can be considered as this baseline for the cytokines of interest). It is understood that any agent or factor can trigger an inflammatory process, including cell necrosis. The liver responds to the inflammatory process by synthesizing acute-phase protein, CRP, which is a known marker of coronary heart disease risk in ill patients[18]. This protein is related to infectious complications, as well as to the inflammatory response induced by CPB; in this setting, its levels may increase up to 6 hours postoperatively, and correlate with the severity of inflammation. In the present study, the increase in CRP at the 24h postoperative time point suggested post-CPB inflammation, but without a significant difference between groups. Cremer et al.[19] report that increased IL-6 levels promote circulatory and metabolic instability, which leads to CRP release, stimulating further tissue inflammation.

  In the present study, we also sought to address whether correlations exist between markers of hemolysis and inflammatory mediators at the post-CPB and 24h PO time points. The immune system responds to trauma with varying degrees of severity by releasing molecular compounds, including those of the complement system, which stimulate release of proinflammatory cytokines such as IL-1β, IL-6 and TNF-α. Hemolysis may occur through three distinct mechanisms: natural selection in the spleen; physical or chemical imbalances (generally pathological); or exposure of cells to mechanical trauma[3,20]. According to Kameneva et al.[21], the intensity of hemolysis depends on the flow rate of suction, on the degree of blood viscosity, on the duration of extracorporeal perfusion, and on the storage time of the packed red blood cells used in perfusate or otherwise during the CPB procedure. The mechanical hemolysis associated with CPB pumps is of the intravascular type, which causes cell lysis (particularly of erythrocytes) with subsequent release of hemoglobin into the blood plasma. With roller pumps, cell trauma may occur when the rollers are poorly calibrated or set. In centrifugal pumps, hemolysis may occur when there is excessive negative pressure driving blood flow[22]. Pohlmann et al.[23] reported that suction during CPB is a major factor in CPBassociated hemolysis, and that the negative pressure exerted by the pump and exposure of blood to air combine to make this hemolysis more severe.

  As erythrocytes rupture, their contents and remnants (the erythrocyte stroma) remain in the bloodstream, inducing an acute inflammatory response with activation of inflammatory mediators such as the complement system, which, in turn, stimulates IL-1β, IL-6 and TNF-α secretion. In our sample, we observed a positive association between haptoglobin and LDH with IL-1β, IL-6, and TNF-α at the post-CPB and 24h PO time points, denoting induction of inflammation in both groups. The frequency of this association was higher in the G1 group, both at post-CPB and at 24h PO. The roller-type pump used in this study contained four main rollers (one arterial and three for suction); compounded by variations in the blood volume present in the venous reservoir, this may account for the greater frequency of the aforementioned correlations in G1[23,24]. As the centrifugal CPB pump has no arterial roller and contains only three rollers (all for suction) and blood is impelled by centrifugal force, maintaining a stable blood volume in the venous reservoir, the frequency of these correlations was lower in G2. Cell trauma was observed with both CPB pumps, but more severely with the roller pump (G1), as demonstrated by the frequency of associations.

  According to Mota et al.[2], the onset of hemolysis and inflammation also depends on the duration of CPB, the conduction of CPB and the material used in the process. According to Dienstmann and Caregnato[25], stress that conducting perfusion with good cardiac output, brief duration of CPB whenever possible, strict control of initial venous drainage and hemodilution, and proper oxygenation and acid-base balance could minimize hemolysis and inflammation. These authors also noted the relevant correlation between inflammatory response and hemolysis in the postoperative period of patients who undergo on-pump cardiovascular surgery, as the possibility of multisystem complications could have repercussions for duration of mechanical ventilation and length of ICU stay. In the present study, the release of inflammatory mediators during CPB was clearly unrelated to age, sex, preoperative cardiac function, or even type of cardiovascular surgery. Both groups were homogeneous in terms of demographic characteristics, operative technique and perfusion technique, thus enabling comparison of the outcomes of interest. All patients underwent morbidity and mortality risk stratification via the EuroSCORE II system, which showed that patients in both groups were at low risk of adverse outcomes (scores in the range of 0-2). Both pump types tested proved efficient and safe during CPB, as demonstrated by the analyzed parameters.

  In this study, as in most cardiovascular surgery procedures, hydrocortisone was administered in an attempt to minimize the inflammatory effects of CPB. Although patients received this corticosteroid both before CPB (M1) and during CPB (M2), levels of inflammatory markers were elevated in both study groups.

  In a meta-analysis, Ali-Hassan-Sayegh et al.[26] showed that prophylactic corticosteroids could reduce the complication rate significantly and improve clinical outcomes in patients undergoing CABG, and could be considered both safe and effective. Zakkar et al.[27] states that hemolysis, ischemiareperfusion injury, and neutrophil activation during CPB play critical roles in oxidative stress and proinflammatory activation, which, in turn, may lead to multiple-organ dysfunction. These investigators believe the administration of antioxidant agents during surgery could mitigate the negative effects of CPB.

  Although we deemed our sample size according to Pêgo-Fernandes et al.[5], we believe it was still small enough to constitute a limitation, and that further research with larger samples is warranted. Due to the small sample size per group and the relatively short, similar duration of CPB in both groups, the study may have been underpowered to detect differences between pump types. Although the routine administration of vasopressors follows standardized protocols at our facility, the lack of data on vasopressor dosages used in each group constitutes a limitation of the present study. Future studies by our group in this line of research will include analysis of vasopressor dosage and larger sample sizes.

   

  CONCLUSION

  In conclusion, both CPB pump types tested in this study induced hemolysis and inflammation concurrently. However, there were no significant differences in markers of hemolysis or in inflammatory mediators between the centrifugal pump and roller pump groups. Positive associations were found between LDH and duration of CPB at 24h postoperatively in G2 (centrifugal pump) and between IL-6 and TNF-α and duration of CPB immediately after CPB in G1 (roller pump). Positive associations were also found among markers of hemolysis and markers of inflammation in G1 and G2, both post-CPB and at 24h postoperatively; however, the frequency of such associations was higher in G1.
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    ABSTRACT

    INTRODUCTION: Reperfusion injury leads to systemic morphological and functional pathological alterations. Some techniques are already estabilished to attenuate the damage induced by reperfusion. Ischemic preconditioning is one of the standard procedures. In the last 20 years, several experimental trials demonstrated that the ischemic postconditioning presents similar effectiveness. Recently experimental trials demonstrated that statins could be used as pharmacological preconditioning.

    METHODS: 41 Wistar rats (Rattus norvegicus albinus) were distributed in 5 groups: Ischemia and Reperfusion (A), Ischemic Postconditioning (B), Statin (C), Ischemic Postconditioning + Statins (D) and SHAM (E). After euthanasia, lungs, liver, kidneys and ileum were resected and submitted to histopathological analysis.

    RESULTS: The average of lung parenchymal injury was A=3.6, B=1.6, C=1.2, D=1.2, E=1 (P=0.0029). The average of liver parenchymal injury was A=3, B=1.5, C=1.2, D=1.2, E = 0 (P<0.0001). The average of renal parenchymal injury was A=4, B=2.44, C=1.22, D=1.11, E=1 (P<0.0001). The average of intestinal parenchymal injury was A=2, B=0.66, C=0, D=0, E=0 (P=0.0006). The results were submitted to statistics applying Kruskal-Wallis test, estabilishing level of significance P<0.05.

    CONCLUSION: Groups submitted to ischemic postconditioning, to pre-treatment with statins and both methods associated demonstrated less remote reperfusion injuries, compared to the group submitted to ischemia and reperfusion without protection.

    Keywords: Reperfusion Injury/Prevention & Control; Hydroxymethylglutaryl-CoA; Oxidative Stress; Ischemic Postconditioning; Rats, Wistar.

  

   

   

  INTRODUCTION

  Ischemia and Reperfusion Lesion, Inflammation and Oxidative Stress

  In an experimental study in rats in 1986, Parks and Granger[1] demonstrated that the mucosal injury membrane was more severe in rats submitted to 3 hours of ischemia followed by 1 hour of reperfusion than that produced by exclusive ischemia for 4 hours. Since then, it has been proposed that reperfusion has more damaging effects on cellular structures than ischemia itself. This event was called ischemia and reperfusion injury.

  The ischemia and reperfusion injury has its mechanisms closely related to the inflammatory response and the production of reactive oxygen species (ROS). During the ischemic period, the cell enters in an anaerobic metabolism, and the oxidative phosphorylation of the mitochondria does not occur, so glycolysis assumes the leading role in the production of adenosine triphosphate (ATP), but it is not enough. During ischemia, ATP degradation in adenosine diphosphate (ADP), cyclic adenosine monophosphate (cAMP), adenosine, inosine and finally the accumulation of hypoxanthine occurs, which during reperfusion enhances ROS production by the enzyme xanthine oxidase. The lower availability of ATP leads to changes in the ATP-dependent ion exchange pumps, leading to intracellular accumulation of sodium and ultimately to cell swelling and the entry of calcium ions. The calcium entry into the intracellular medium leads to cytoskeleton contraction, activation of phospholipase A2, and release of arachidonic acid and its metabolites. From the degradation of the arachidonic acid products, pro-inflammatory mediators, such as prostaglandins, leukotrienes and troboxanes, which activate neutrophil adhesion and infiltration, and platelet aggregation, are activated. Once in the tissues, neutrophils produce large amounts of ROS leading to oxidative stress[2].

  The ROS overload leads to a decrease in nitric oxide (NO) bioavailability, reacting with NO leading to the production of peroxynitrite (OONO-), a potent oxygen-reactive species, highly damaging to cells. Decreased availability of NO leads to a redistribution in circulation during the reperfusion period, the socalled non-reflux phenomenon, leading to tissue damage. During the ischemia and reperfusion injury, massive quantities of proinflammatory mediators such as tumor necrosis factor alpha (TNFalpha), interleukin-1 (IL-1) and interleukin-6 (IL-6) are released into the bloodstream, leading to neutrophilic activation and amplification of the pro-inflammatory response at the systemic level, thus reaching organs that were not submitted to direct ischemia and could lead to multiple organ dysfunction syndrome[2] (Figure 1).

  
    

    [image: Fig. 1. Mechanism of ischemia-reperfusion and oxidative stress.]

  
 
  Ischemic Preconditioning and Ischemic Postconditioning

  From the discovery of the ischemia and reperfusion injury, several methods were proposed to try to attenuate the lesion during reperfusion. Murry et al.[3], in 1986, proposed the ischemic preconditioning method, which consists of subjecting a tissue to short cycles of ischemia and reperfusion before submitting it to a prolonged time of ischemia, demonstrating the benefit of this technique in rats isolated arteries. However, it is not always possible to apply this technique, since in some conditions - such as pulmonary thromboembolism, mesenteric ischemia and acute myocardial infarction - ischemia is already present. For this purpose, the technique of ischemic postconditioning was proposed, which consists in subjecting the tissue to short cycles of reperfusion and ischemia after the period of ischemia and before subjecting it to reperfusion for a prolonged period. Santos et al.[4] demonstrated that the efficacy of this method is similar to the efficacy of ischemic preconditioning, and there is no statistically significant difference between the two. This technique is also able to protect tissues at a distance and can be applied in arteries distal to the primary ischemic process, which is effective as demonstrated by Dorsa et al.[5], and was thus called remote postconditioning.

  Since the discovery of the methods of minimization of ischemia and reperfusion injury and its involvement with oxidative stress, alternatives to drug use, the so-called pharmacological conditioning, are sought, with the advantage of not manipulating vessels, thus being non-invasive. Among the drugs capable of producing this effect, antioxidants and immunomodulators stand out.

  Statins as Potential Anti-Inflammatory and Modulation of Oxidative Stress

  Statins are drugs widely used around the world. It is estimated that about 30 million people use some statin. This medication is used as an antidislipidemic, and its mechanism of action is to inhibit the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA reductase), a key enzyme in liver cholesterol biosynthesis responsible for catalyzing the reduction of HMG-CoA in mevalonate[6].

  However, statins seem to exert independent effects of cholesterol, called pleiotropic effects. By inhibiting the conversion of HMG-CoA to L-mevalonate, statins prevent the synthesis of isoprenoids, which are precursors of cholesterol biosynthesis, which serve as important lipid ligands for post-translational modification of intracellular proteins, in particular farnesyl pyrophosphate (FPP) and geranylgeranyl pyrophosphate (GGPP), which are responsible for the isoprenylation of wide-range OS proteins as small proteins associate with guanosine triphosphate such Rho, Rac and Ras GTPases. This protein isoprenylation allows adequate subcellular localization and intracellular trafficking of proteins, which control various cellular functions, and the inhibition of these pathways may determine important components of the pleiotropic effects of statins. The Rho protein pathway is related to oxidative stress, atherosclerosis and elevated blood pressure. The Rac protein pathway signaling is involved in two crucial mechanisms, such as cytoskeletal remodeling and ROS synthesis. Regarding the production of reactive species of oxygen (EROs), Rac1 binds to p67phox leading to the activation of the nicotinamide adenine dinucleotide phosphate (NADPH) oxidase system, and subsequent generation of EROs. In addition, inflammatory cytokines are mediated by Rac[7] (Figure 2).
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  Statins also appear to improve endothelial function by both cholesterol-dependent and cholesterol-independent mechanisms. Some studies have shown an improvement in endothelial function independent of the reduction of serum cholesterol levels[8].

  Statins increase endothelial nitric oxide synthase (eNOS) expression, more by prolonging the half-life of messenger ribonucleic acid (mRNA) than by induction of eNOS gene transcription, which under conditions of oxidative stress can become uncoupled and produce O2 instead of NO contribuiting for endotelial disfunction. Another important effect is the reduction of the abundance of caveolin-1, an eNOS binding protein, which directly inhibits NO production, thus increasing the availability of this vasodilator. Statins also demonstrated the ability to increase the expression of T-PA and inhibition of endothelin-1 (ET-1) expression[9]. These mechanisms suggest that inhibition of these intermediary pathways may contribute to the pleiotropic effects of statins, minimizing ROS production and improving vascular and endothelial function[8].

  This work was carried out in order to achieve responses regarding the efficacy of statin in minimizing or even preventing ischemia and remote reperfusion injury compared to the established ischemic postconditioning method and the efficacy of these associated methods.

   

  METHODS

  Animals

  An experimental study was carried out in rats at the laboratory of the Agrarian campus at Universidade Anhanguera (Uniderp) in the city of Campo Grande, MS, Brazil, from April 2015 to November 2016.

  Were used 41 male Norvergic Wistar rats, weighing 250 g-300 g, coming from Hospital Veterinário da Uniderp. The animals were kept in cages measuring 40 cm x 33 cm and 17 cm depth, with four rats per cage, at an ambient temperature of approximately 23°C, with light cycles of 12 h and fed with Nuvital(r) feed and water ad libitum. The research was authorized by the Ethical Committee on the Use of Animals of Anhanguera Educacional Ltda. - CEUA/AESA for the 2996 sight.

  Groups

  The animals were distributed in the following groups:
  
  
    • Group A - Ischemia and Reperfusion: nine rats were submitted to intestinal ischemia for 70 minutes by aortic clamping, followed by reperfusion for 70 minutes;

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

    • Group C - Ischemic postconditioning + Statin: nine rats received a dose of 3.4 mg/day of atorvastatin, one dose per day through the gavage method, for seven days and underwent the ischemia procedure for 70 minutes per aortic clamping and reperfusion for 70 minutes. Between ischemia and reperfusion, four cycles of reperfusion (30 seconds each) were performed, interspersed with four cycles of ischemia (30 seconds each);

    • Group D - Statin: nine rats received a dose of 3.4 mg/day atorvastatin, one dose per day through the gavage method, for seven days and underwent the ischemia procedure for 70 minutes by aortic clamping and reperfusion for 70 minutes;

    • Group E - SHAM: five rats submitted only to laparotomy and manipulation of the abdominal aorta.

  
  
  Anesthesia

  The anesthesic procedure used in the experiment was an intraperitoneal injection of 2:1 solution with ketamine hydrochloride (Cetamin(r)), 50 mg/mL, and xylazine hydrochloride (Xilazin(r)), 20 mg/mL, respectively, at the dose of 0.1 mL/100 g)[10].

  Surgical Procedure

  The rats were submitted to a median longitudinal laparotomy of approximately 4 cm, exteriorization of the small intestine, identification and dissection of the abdominal aorta.

  In all groups except SHAM, the abdominal aorta was occluded by atraumatic vascular clamp that remained for 70 minutes (ischemia phase).

  After clamp placement, the small intestine was repositioned into the abdominal cavity and the surgical wound was closed with continuous skin suture with 4-0 monofilament nylon (Mononylon(r)) yarn.

  After the ischemia phase, the abdominal wall was reopened by removal of the suture and in groups A and D, the vascular clamp was removed, initiating the reperfusion phase, with a duration of 70 minutes. In groups B and C, preceding the reperfusion phase, the ischemic postconditioning was performed through four cycles of reperfusion (removal of the atraumatic vascular clamp from the abdominal aorta) with duration of 30 seconds each, interspersed with four cycles of ischemia (occlusion of the abdominal aorta artery by atraumatic vascular clamp), also with duration of 30 seconds each.

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

  In group E (SHAM), only the median longitudinal laparotomy of approximately 4 cm was performed, with exteriorization of the small intestine, identification and dissection of the abdominal aorta.

  After reperfusion phase, in groups A, B and C, animals of all groups underwent median thoracotomy and resection of the inferior lobe of the right lung and a segment of approximately 1 cm of the ileum, 5 cm proximal to the ileocecal transition, which was opened at its antimesenteric border; partial hepatectomy, covering the median and left liver lobes and total withdrawal of the direct kidney. After the procedure, all organs were washed with saline solution and placed in 10% formaldehyde solution for further histological analysis.

  Euthanasia

  The euthanasia of the animals used in the experiments was by intraperitoneal administration of lethal dose of anesthetic hydrochloride ketamine + xylazine (0,4 mL per 100 g).

  Histopathological Study

  The specimens were kept for 48 hours in formaldehyde solution, after which they were subjected to paraffin inclusion and cut into the micrometer to obtain the histological slides. All slides were stained with hematoxylin-eosin (general morphology of the organs) and analyzed by the pathologist under optical microscopy, without previous knowledge about the group belonging to each rat.

  The pulmonary segments were classified according the degree of tissue injury from Greca et al.[11] (Figure 3):

  
    

    [image: Fig. 3. Histopathological analysis of lung, kidney, liver and intestine.]

  
 
  Level 1 (normal): normal parenchyma under optical microscopy;
  
  
    • Level 2 (mild): focal edema in few alveolar septum, mild congestion, neutrophils in alveolar septum in less than 50 per large increase field;

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

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

  
  
  The right kidney was analyzed according to the presence of tubular necrosis, hydropic degeneration, medullary congestion, dilatation and tubular atrophy, following the scale developed by Shih et al.[12], who considered (Figure 3):
  
  
    • Level 0 = normal kidney;

    • Level 0.5 = small focal areas;

    • Level 1 = involvement of less than 10% of the renal cortex;

    • Level 2 = involvement of 10-25% of the renal cortex;

    • Level 3 = involvement of 25-75% of the renal cortex;

    • Level 4 = involvement of more than 75% of the renal cortex.

  
 
  The hepatic tissues were evaluated and quantified the ischemia and reperfusion injuries on the following histological characteristics: vascular congestion (sinusoidal, centrolobular and portal space), necrosis and hepatic steatosis.

  The intensity of the histopathological features were expressed in crosses (0+ to 3+), obtained through the average of three random microscopic fields, being evaluated in a 200fold increase, considering the following graduation described by Rhoden et al.[13] (Figure 3):

  
    • Level 0+: absence of changes.

    • Level 1+ = changes of mild intensity (less than 25% of the field analyzed);

    • Level 2+ = changes of moderate intensity (25 to 50% of the field analyzed);

    • Level 3+ = changes of severe intensity (more than 50% of the analyzed field).

  
 
  The intestinal segments were classified according to degree of tissue injury from Chiu et al.[14]:

  
    • Level 0 = mucous membrane without changes;

    • Level 1 = well-constituted villi, without cell lysis or inflammatory process, but with formation of the Grunhagen subepithelial space;

    • Level 2 = presence of cell lysis, formation of Grunhagen subepithelial space and increased spacing between the villi;

    • Level 3 = destruction of the free portion of the villi, presence of dilated capillaries and inflammatory cells;

    • Level 4 = structural destruction of the villi, with only a few sketches, consisting of inflammatory cells and necrotic material, with hemorrhage and basal glandular ulceration;

    • Level 5 = destruction of all mucous membrane, no more glandular structure, but only amorphous material deposited on the submucosal screen.

  
 
  Statistical Analysis

  The results were submitted to statistical analysis, applying the Kruskal-Wallis test, establishing the level of significance of P<0.05.

   

  RESULTS

  Histopathological Analysis of the Lungs

  The histopathological analysis of the pulmonary parenchyma specimens, according to Greca et al.[11], showed mean values of 3.6 in group A; 1.6 in group B; 1.2 in groups C and D and 1 in group E (Table 1 and Figure 4).
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  Histopathological Analysis of the Kidney

  In the histopathological analysis of the kidney specimens, a mean degree of injury 4 was found in group A, meaning involvement of more than 75% of the renal cortex; group B obtained a mean of 2.44; C group obtained a mean of 1.22 and in group D the mean D was 1.11. Group E obtained mean 1 (Table 1 and Figure 4).

  Histopathological Analysis of the Liver

  Among the histopathological analysis of the liver was used the classification of Rhoden et al.[13] on the 41 slides.

  It was concluded from the analysis that group A obtained a 3+ mean of injury, being considered intense alterations; group B obtained a mean of 1.5+; groups C and D obtained the same means of degree of injury: 1.2 + (Table 1 and Figure 4).

  Histopathological Analysis of Intestin

  In the analysis of the intestine slides, pathological changes were observed in group A of ischemia and reperfusion and a protective action of the treatments.

  Group A, that underwent ischemia/reperfusion, obtained average degree of injury 2; group B associated with ischemic postconditioning obtained a mean of 0.66. The other groups, C, D and E, obtained degree 0 of injuries, which means that there were no alterations (Table 1 and Figure 4).

   

  DISCUSSION

  In recent years, research on oxidative stress has been increasingly important because it is the inflammatory pathophysiological mechanism that determines many chronic degenerative diseases, such as heart failure, central nervous system diseases, oncogenetics, among others, and acute events with a high rate of mortality, such as multiple organ dysfunction syndrome[15,16].

  Thirty years have passed since Murry et al.[3] proposed the technique of ischemic preconditioning. Because it is a procedure with limitations, due to the impossibility of employing it in several situations, justified by the fact that ischemia is already installed, new alternatives were sought, among them ischemic postconditioning.

  In several clinical situations, it is not possible to use any method, since the organ artery is not accessible. Brief episodes of ischemia/ reperfusion were applied to remote tissues, such as small intestine, kidney, liver and even lower limbs, and demonstrated to reduce infarct size in hearts submitted to coronary occlusion, followed by reperfusion - a technique called remote preconditioning.

  Dorsa et al.[5], in a study involving 3 groups of rats, one control group, and two groups submitted to ischemia/reperfusion by abdominal aorta clamping, in one of which the remote postconditioning technique was used. As in the present study, these researchers used Greca et al.[11] classification to evaluate the degree of lung parenchymal injury. The result obtained in the Dorsa's study is very similar to the result of the present study, since the mean of the degree of lung injury was 1.3 and in this study was 1.6 when it refers to the post-ischemic conditioning[5].

  In a work carried out by Naidu et al.[17], mice were treated with simvastatin for five days, lungs submitted to ischemia for 90 minutes and reperfusion for 4 hours, demonstrating a 71% reduction in pulmonary vascular permeability when compared to the untreated group. In addition, there was a 68% reduction of tissue myeloperoxidase and reduction of leukocyte accumulation in bronchoalveolar lavage. In the present study, the group treated with atorvastatin for seven days presented preservation of the pulmonary parenchyma, absence of hemorrhagic focus, congested blood vessels, necrosis, neutrophil accumulation and focal edema. It presented only inflammatory focus, showing a significant reduction of the lesion in comparison to group A (positive control), whose grade was 3.6. According to Greca et al.[11], in the present study, the degree of injury in groups C (atorvastatin only) and D (atorvastatin and ischemic postconditioning) was 1.2 in both groups.

  In the study by Sun et al.[18], in rats submitted to lower limb ischemia for two hours, followed by three hours of reperfusion, the groups receiving statin pretreatment for three days also demonstrated reduction of myeloperoxidase and malondialdehyde levels in tissues, neutrophil accumulation and significant decrease in lung parenchymal lesions compared to the group that underwent ischemia and reperfusion without previous treatment, according to the histopathological findings of the present study[18].

  The literature does not have yet works involving the histological analysis of the use of remote postconditioning in the prevention of ischemia/reperfusion injury at a distance, especially in organs used in the present study, such as liver and kidney.

  Seifi et al.[19] studied the degree of hepatic impairment in three groups of rats: a control group, a group submitted to ischemia/reperfusion of the left renal artery and one group submitted to ischemia/reperfusion and protected by remote ischemic postconditioning performed in the left renal artery. The results were analyzed by the biochemical assay and by the measurement of oxidative stress markers. The postconditioned group showed a significant decrease in alanine transaminase (ALT) and aspartate transaminase (AST) liver injury enzymes in relation to the ischemia/reperfusion group, and a lower dosage of malondialdehyde[19]. In the present study, remote postconditioning also had a protective effect on the hepatic parenchyma, with the mean degree of injury 1.5+ according to Rhoden et al.[13], and in contrast to the mean of 3+ in the group submitted to ischemia/reperfusion alone.

  In the experimental research carried out by Lai et al.[20], the group in which pharmacological preconditioning was performed with intraperitoneal simvastatin demonstrated a significant reduction in the levels of liver injury enzymes, ALT and AST, and reduction of apoptosis of hepatocyte, compared to the group submitted to ischemia/reperfusion of the liver without treatment. In the present study, we observed reduction of vascular congestion, vessel thickening, necrosis and apoptosis of hepatocytes and tissue, centrolobular edema. Quantitatively, the degree of injury, according to Rhoden et al.[13], of the group undergoing pretreatment with atorvastatin presented the mean of 1.2, contrasting with the mean of 3 of group A (positive control). The group that was associated with atorvastatin with ischemic postconditioning presented the same protection and the same mean of the degree of injury of 1.2.

  The literature does not yet have experimental work that tests the pretreatment with statin in the remote ischemia/reperfusion lesion, and studies that use the histopathological analysis to quantify the degree of injury and the protection capacity of this method. For this reason, the results found in the present study cannot be adequately compared. However, in the studies already published and in the present study, statin has been shown to be a promising drug in the prevention of ischemia and reperfusion injury and in acute oxidative stress.

   

  CONCLUSION

  The groups submitted to postconditioning, pretreatment with statins and the two associated methods (groups B, D and C, respectively) showed a lower degree of ischemia and a remote reperfusion injury compared to the group submitted to I/R injury without protection (group A), and the groups treated with statins showed slightly better results than the postconditioning group. Further studies regarding the use of statins and postconditioning should be performed to elucidate its mechanisms and ratify its effectiveness in the prevention and minimization of ischemia and reperfusion lesions.
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    ABSTRACT

    INTRODUCTION: Chagas disease represents an important health problem with socioeconomic impacts in many Latin-American countries. It is estimated that 20% to 30% of the people infected by Trypanosoma cruzi will develop chronic Chagas cardiomyopathy (CCC), which is generally accompanied by heart failure (HF). Cardiac resynchronization therapy (CRT) may be indicated for patients with HF and electromechanical dysfunctions.

    OBJECTIVE: The primary endpoint of this study was to analyze the response to CRT in patients with CCC, while the secondary endpoint was to estimate the survival rates of CRT responder patients.

    METHODS: This is an observational, cross-sectional and retrospective study. The records of 50 patients with CRT pacing devices implanted between June 2009 and March 2017 were analyzed. For statistical analyses, Pearson's correlation was used along with Student's t-test, and survival was analyzed using the Kaplan-Meier method. A P value of <0.05 was considered significant.

    RESULTS: Out of 50 patients, 56% were male, with a mean age of 63.4±13.3 years and an average CRT duration of 61.2±21.7 months. The mean QRS duration was 150.12±12.4 ms before and 116.04±2.2 ms after the therapy (P<0.001). The mean left ventricular ejection fractions (LVEF) were 29±7% and 39.1±12.2% before and after CRT, respectively (P<0.001). A total of 35 (70%) patients had a reduction of at least one New York Heart Association (NYHA) functional class after six months of therapy (P=0.014). The survival rate after 72 months was 45%.

    CONCLUSION: This study showed clinical improvement and a nonsignificant survival rate in patients with CCC after the use of CRT.

    Keywords: Chagas Disease; Cardiac Resynchronization Therapy; Heart Failure.

  

   

   

  INTRODUCTION

  According to the World Health Organization (WHO), Chagas disease is an important health problem with socioeconomic impacts in many Latin-American countries[1]. Chagas disease, also known as American Trypanosomiasis, is caused by the protozoan Trypanosoma cruzi, and WHO estimates that there are approximately 8 million people infected worldwide[1].

  It is known that only 20% to 30% of those infected with Trypanosoma cruzi will develop chronic Chagas cardiomyopathy (CCC), one of its most frequent and severe clinical forms[2,3]. This disease causes loss of myocardial contractile function, dilation of cardiac chambers, and destruction of cardiomyocytes as well as fibrosis and scars. These patients may develop arrhythmias, apical aneurysms, thromboembolisms, sudden death, and heart failure (HF)[3]. The progression of HF often leads to changes in intracardiac electrical conduction, progressing with atrioventricular, intraventricular or interventricular conduction disorders[4].

  The pharmacotherapy agents used in the treatment of HF are well established and widely used[5]. Recently, in addition to pharmacotherapy, cardiac pacing has also been a treatment option with major impact on quality of life and reduction of mortality[6].

  In the last decade, several multicenter studies - such as COMPANION (Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure)[7], CARE-HF (Cardiac Resynchronization-Heart Failure Trial)[8], REVERSE (The Resynchronization Reverse Remodeling in Systolic Left Ventricular Dysfunction)[9], MIRACLE (Multicenter InSync Randomized Clinical Evaluation)[10], RAFT (Resynchronization/Defibrillation for Ambulatory Heart Failure Trial)[11] and MADIT (Multicenter Automatic Defibrillator Implantation Trial)[12] - were carried out in order to elucidate the indications and guidelines for cardiac resynchronization therapy (CRT) in patients with chronic HF[13-15]. However, these studies are not specific for CCC, as this etiology is not common in the countries in which these trials were conducted.

  For the use of CRT, it is necessary to identify the patients who will respond to this therapy and those who will not. Studies show that responders and nonresponders can be identified by clinical (New York Heart Association [NYHA] functional class, 6-minute walk test, peak oxygen consumption, and quality of life score) and echocardiographic (improvement in left ventricular ejection fraction [LVEF], reduction in end-diastolic and end-systolic volume, and decreasing mitral insufficiency) parameters, as the measurements of these parameters have already been used to identify responders. However, there is no consensus in the literature about the relevant responses to this therapy[16-22].

  Thus, this study aimed to analyze the long-term responses of patients with CCC using CRT and to estimate the survival rate of responder patients.

   

  METHODS

  This is an observational, cross-sectional and retrospective study. The medical records of patients with CCC who had cardiac resynchronization devices (multisite pacemakers) implanted, from June 2009 to March 2017, and who were admitted to Santa Helena's Hospital were analyzed.

  This study was conducted according to the standards of the National Health Council (NHC) on research involving humans, as stated in the Resolution 446, adopted December 12th, 2012[22]. In this manner, the study was approved by the Ethics Committee of the Pontifícia Universidade Católica de Goiás (CAAE 46047915 2 0000 0037).

  Data were obtained by reviewing the electronic medical records accessed via doctor's office - 2014 program and recorded in individual files. The study sample is not probabilistic, so the records were consecutively included.

  The inclusion criteria were as follows: patients of both sexes with records available; patients diagnosed with CCC and over 18 years old; patients with NYHA class II, III or IV; and patients who have been using CRT for at least six months. Patients who did not meet the inclusion criteria were excluded as well as patients with incomplete medical records.

  The study variables were as follows: age; sex; CRT duration; comorbidities (hypertension, diabetes mellitus, smoking, other comorbidities, and the use of an implantable cardioverter defibrillator [ICD]); medications (including beta-blockers, angiotensin-converting enzyme [ACE] inhibitor, angiotensinreceptor blockers [ARB], loop diuretics, thiazide diuretics, spironolactone, amiodarone, and digoxin); mortality; cause of death; number of hospitalizations; NYHA functional class before and after CRT; LVEF by Simpson before and after CRT; QRS duration before and after CRT; and arrhythmias and blocks (left bundle branch block [LBBB], right bundle branch block [RBBB], and left anterior fascicular block[LAFB]).

  According to Brazilian guidelines[6,14], patients with RBBB and RBBB+LAFB must undergo cardiac magnetic resonance or tissue Doppler echocardiography to establish the interventricular and intraventricular dyssynchrony before receiving the CRT system implant.

  To classify patients as responders after six months using CRT, the criteria were as follows: 1) reduction of at least one point in NYHA class and 2) reduction of 15% in left ventricular end systolic volume (LVESV).

  Statistical Analysis

  The data were collected and entered into a database using SPSS software, version 18 (SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS Inc). Descriptive statistics were used to characterize the study sample.

  Continuous variables were expressed as the mean ± standard deviation. Qualitative variables were evaluated using Chi-square test. Pearson's correlation was also used to measure the degree of linear relationship between two quantitative variables.

  Appropriate tests were used to compare the variables as means (Student's t-test). Survival curves were generated using the Kaplan-Meier method. The results were presented as the hazard ratio (HR) with 95% confidence interval (95% CI). A P value of <0.05 was considered significant in all tests.

   

  RESULTS

  We analyzed the medical records of 50 patients with CCC undergoing CRT, with an average CRT duration of 61.2±21.7 months. Of the 50 patients evaluated, 56% were male and 44% were female. The mean age of the patients was 63.4±13.3 years (Table 1).
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  Regarding comorbidities, 42% of the patients presented with hypertension, 18% had diabetes mellitus, 20% were current cigarette smokers and 46% had other comorbidities (Table 1).

  Regarding medications, 64% of patients used beta-blockers, 36% used ACE inhibitors, 48% used ARB, 68% used loop diuretics or thiazide diuretics, 44% used spironolactone, 70% used amiodarone, 30% used digoxin, and 58% used some other drug (Table 1).

  The use of ICD was reported in 74% of patients (Table 1). These patients had indications for the use of ICD before CRT, such as the presence of complex ventricular arrhythmias, results of electrophysiological study and secondary prevention.

  The electrophysiological disturbances, like the presence of arrhythmias and bundle branch blocks, are shown in Table 2. Arrhythmias were identified in patients; nonsustained ventricular tachycardia (VT) was the most frequently observed arrhythmia (22% of patients), followed by paroxystic atrial fibrillation/ paroxysmal supraventricular tachycardia (PSVT) (14%) and sustained VT (6%).
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  Sixty percent of the patients had LBBB, while 10% had RBBB; 30% of the patients had RBBB associated with LAFB. The expressive number of LBBB is due to dual chamber pacing patients which had done an upgrade to biventricular pacing (30%). Only 8 out of 30 patients with LBBB (33,3%) did not exhibit a CRT response. Additionally, 2 out of 5 patients with RBBB (40%) did not also exhibit a CRT response and 7 out of the 15 patients with RBBB + LAFB (46,6%) were also considered nonresponders.

  The average QRS durations were 150.12±12.4 ms and 116.04±2.24 ms before and after CRT, respectively, showing a statistically significant difference (P<0.001). Only 1 (2%) patient presented a narrow QRS complex (QRS = 139 ms) before and after therapy. A total of 26 (52%) patients who had presented with a wide QRS complex (QRS >150 ms) before CRT exhibited a change to a narrow QRS complex (QRS <120 ms) after CRT. However, despite this change, 5 of these patients (10%) were considered nonresponders.

  The mean LVEF before CRT was 29±7% and the mean LVEF after CRT was 39.9±13.1%, indicating a statistically significant increase in LVEF after CRT (P<0.001) (Table 3). Differently, the LVESV before CRT was 265±59 ml and the mean LVESV after CRT was 152±59 ml (P<0.01). The mean LVEF of the patients stratified by electrogram abnormalities (LBBB, RBBB, and RBBB+LAFB) before and after CRT are shown in Figure 1.
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  With the implementation of CRT, there was a significant improvement in the NYHA functional class. As shown in Figure 2, the proportion of patients in NYHA classes III and IV decreased after 24 months of CRT (from 68 to 12% and from 14 to 6%, respectively) (P=0.014). Due to variations in CRT use duration, the data from 24 months onwards does not correspond to the total number of patients in the study, although there is a significant improvement in NYHA class variation over this time.
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  Based on evaluation of the improvement in functional class and LVESV individually, 66.6% of patients showed improvement in functional class after six months of CRT. However, 33.3 % did not exhibit any change in functional class and LVESV after six months of CRT.

  During the use of CRT, 46% of responder patients required hospitalization, with an average of 1.5 (±2.2) hospitalizations. The following were the main causes of hospitalization presented by the patients in the study: ventricular arrhythmias, atrial arrhythmias, HF exacerbation, appropriate and inappropriate ICD therapies, pneumonia, chronic obstructive pulmonary disease, urinary tract infection, and decompensation of diabetes mellitus.

  Death occurred in 25 responder patients (45%), 18 due to cardiovascular causes and 7 due to other causes (Table 1). Among the cardiovascular causes of death were arrhythmias (6%), stroke (2%), acute coronary syndrome (2%), and decompensation of congestive HF (acute pulmonary edema) (4%).

  The overall survival rate of responder patients estimated by the Kaplan-Meier method was 100% at 12 months and approximately 45% at 72 months. In the analysis adjusted by age (<40 years and ≥40 years), the survival rate was the same in both groups; therefore, there was no difference in response to the therapy due to age. However, no individuals under 40 years old had used CRT for 60 months (Figure 3).
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  DISCUSSION

  In our study, 56% of the patients were male, with mean age of 63.4 years, as observed in the literature. One study presented a higher percentage of males, with mean age ranging from 57.6 to 67.8 years. In another study, the mean age (53±12.1 years) was significantly lower in patients with Chagas disease than in those with other etiologies (P<0.001)[23-25].

  In the literature, the main heart conditions associated with CCC are complex ventricular arrhythmias; co-occurring tachyarrhythmias and bradyarrhythmias; and biventricular HF[23]. There is also a combination of LBBB and LAFB that is quite typical of CCC[3]. In our study, 48% of patients showed some arrhythmia, with 22% exhibiting nonsustained VT and 6% exhibiting sustained VT. Regarding blocks, 20% had RBBB, 46% had LBBB, and 32% had RBBB+LAFB.

  Studies estimate that a QRS duration of ≥120 ms occurs in 25-50% of patients with HF[26,27]. In the present study, 98% of patients already had a QRS duration of >150 ms before the use of CRT, with an average QRS duration of 150.12 ms. After the use of CRT, that average dropped to 116.04 ms, a significant difference (P<0.001) following large studies, such as COMPANION and MADIT-CRT, and showing that patients with a long QRS duration benefit from CRT[7,12].

  Our study showed that 33.3% of patients did not respond to CRT. A study of 72 patients with CCC showed that 65.3% of them responded to CRT at the end of a follow-up ranging from 4 to 79 months[25]. Another study evaluating the use of CRT in patients with CCC reported that 95.3% of them (20 patients) were responders and that only 4.7% of patients (1 patient) did not respond to the therapy[28,29].

  Several studies consider NYHA functional class as an evaluation parameter of the response to CRT[30]. In our study, variations of NYHA class over time showed that before CRT, 68% of patients were in NYHA class III, 18% in NYHA class II and 14% in NYHA class IV. After six months of CRT use, only 22% of patients (11 patients) showed no improvement in functional class. A study of the use of CRT in 21 patients with CCC, with a follow-up of over 18 months, showed that 85.7% of patients had improvements in functional class[31]. In the study by Martinelli Filho et al.[25], 83.8% of patients showed improvement by at least one functional class, while 16.2% remained in the same functional class or worsened it.

  In the study of Araújo et al.[31], it was possible to verify clinical benefits of the use of CRT in patients with CCC and at the end of their follow-up, they showed statistically significant improvements in functional class and LVEF as well as reduced left ventricular diameter and end-systolic volume, in agreement with our results.

  Our study showed a significant increase in the mean LVEF before and after the use of CRT. In agreement with our finding, other studies also showed a significant increase in this parameter[28,31].

  A systematic review of predictors of mortality in CCC revealed that symptoms of HF (NYHA class III/IV), left ventricular impairment on echocardiography, cardiomegaly on chest radiography and nonsustained VT events in Holter are factors associated with the risk of death or a worse prognosis; therefore, these symptoms require stricter interventions[23].

  In our study, the survival rate after 72 months of CRT was 45%, which was lower than the rate of 50% estimated in the literature after 60 months from the diagnosis of HF[14,32,33].

  Several studies have shown that up to two-thirds of patients with HF are hospitalized on average twice a year, and the rate of rehospitalization within 3 months reaches 20-30%[34]. In our study, the number of hospitalizations was not related to the CRT use duration (P=0.548), but it was significantly inversely associated with cardiovascular cause of death (P<0.001).

  Another study of the use of CRT with or without ICD showed significant benefits of the isolated use of CRT and ICD in HF. However, the effect of the combination of these therapies is not well established as the study data are still insufficient[35].

  Rassi et al.[23] state that one of the main causes of death in Chagas disease is HF. In a study of CCC patients using CRT with long-term follow-up, the overall mortality was 34.7% (25 patients). Of these deaths, 76% were due to cardiovascular causes, 8.3% due to non-cardiovascular causes and 16% due to unknown causes. The worsening of HF was the main cause of death among the cardiovascular causes (60% of the cases), in agreement with our results[31].

  Martinelli Filho et al.[25]showed that, at the end of the proposed follow-up, 97 (28.2%) deaths were recorded, corresponding to an annual mortality of 6.7%. The cardiac cause was the main cause of death, corresponding to 84.5% of the known causes. The authors noted that this increased mortality may have been related to the high number of patients with advanced atrioventricular block, and they state that although CRT has a positive impact on the clinical behavior of patients with CCC, the long-term prognosis is worse compared to other heart diseases[25].

  Limitations

  Our study has some limitations. First, it was a single-center study that included a limited number of patients. Furthermore, being a retrospective study, the data were derived from medical records, however, all patients in accordance with inclusion criteria were studied.

   

  CONCLUSION

  This study revealed that a relevant number of patients with CCC using CRT has been considered as CRT responders (reduction of the NYHA functional class and reduction of LVESV), otherwise, these patients had no significant improvements in survival rates after 72 months.
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    ABSTRACT

    OBJECTIVE: We aimed to determine whether patent foramen ovale closure reduces the risk of stroke, also assessing some safety outcomes.

    INTRODUCTION: The clinical benefit of closing a patent foramen ovale after a cryptogenic stroke has been an open question for several decades, so that it is necessary to review the current state of published medical data in this regard.

    METHODS: MEDLINE, EMBASE, CENTRAL/CCTR, SciELO, LI-LACS, Google Scholar and reference lists of relevant articles were searched for randomized controlled trials that reported any of the following outcomes: stroke, death, major bleeding or atrial fibrillation. Five studies fulfilled our eligibility criteria and included 3440 patients (1829 for patent foramen ovale closure and 1611 for medical therapy).

    RESULTS: The risk ratio (RR) for stroke in the "device closure" group compared with the "medical therapy" showed a statistically significant difference between the groups, favouring the "device closure" group (RR 0.400; 95% CI 0.183-0.873, P=0.021). There was no statistically significant difference between the groups regarding the safety outcomes death and major bleeding, but we observed an increase in the risk of atrial fibrillation in the "device closure group (RR 4.000; 95% CI 2.262-7.092, P<0.001). We also observed that the larger the proportion of effective closure, the lower the risk of stroke.

    CONCLUSION: This meta-analysis found that stroke rates are lower with percutaneously implanted device closure than with medical therapy alone, being these rates modulated by the rates of effective closure.

    Keywords: Foramen Ovale, Patent; Vascular Closure Devices; Meta-Analysis.

  

   

   

  INTRODUCTION

  Rationale

  The clinical benefit of closing a patent foramen ovale (PFO) after a cryptogenic stroke has been an open question for several decades. Current American Heart Association (AHA)/American Stroke Association (ASA) guidelines do not support the use of PFO closure among patients with PFO and cryptogenic stroke[1]. Nevertheless, new randomized controlled trials (RCTs) were published recently, so that controversy still exists over the preferred management strategy for patients with cryptogenic stroke and PFO. Therefore, it is necessary to review the current state of published medical data in this regard.

  Objective

  We aimed to determine whether PFO closure reduces the risk of stroke, also assessing some safety outcomes. This analysis was planned in accordance with current guidelines for performing comprehensive systematic reviews and meta-analysis with meta-regression, including the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)[2] guidelines for RCTs. We prespecified our analytical plan and registered the study protocol with PROSPERO, the international prospective register of systematic reviews (CRD42018084583).

   

  METHODS

  Eligibility Criteria

  With the PICOS (Population, Intervention, Comparison, Outcome and Study design) strategy, studies were considered if: 1) the population comprised patients with recent stroke or transient ischemic attack who had a PFO; 2) there was an intervention group of device closure; 3) there was a control group receiving medical therapy; 4) outcomes studied included any of the following: stroke, death, major bleeding, atrial fibrillation; 5) studies were RCTs.

  Information Sources

  The following databases were used (until December 2017): MEDLINE; EMBASE; CENTRAL/CCTR (Cochrane Controlled Trials Register); ClinicalTrials.gov; Scientific Electronic Library Online (SciELO); LILACS (Literatura Latino-Americana em Ciências da Saúde); Google Scholar; and reference lists of relevant articles.

  Search

  We conducted the search with Medical Subject Headings (MeSH) terms ('Foramen Ovale, Patent' OR 'Patent Oval Foramen ' OR 'Oval Foramen, Patent' OR 'Patent Foramen Ovale') AND ('Stroke' OR 'Cerebrovascular Accident' OR 'Cerebrovascular Accidents' OR 'CVA' OR 'CVAs' OR 'Cerebrovascular Apoplexy' OR 'Apoplexy, Cerebrovascular' OR 'Vascular Accident, Brain' OR 'Brain Vascular Accident ' OR 'Brain Vascular Accidents' OR 'Vascular Accidents, Brain' OR 'Cerebrovascular Stroke' OR 'Cerebrovascular Strokes' OR 'Stroke, Cerebrovascular' OR 'Strokes, Cerebrovascular' OR 'Apoplexy' OR 'Cerebral Stroke' OR 'Cerebral Strokes' OR 'Stroke, Cerebral' OR 'Strokes, Cerebral' OR 'Stroke, Acute' OR 'Acute Stroke' OR 'Acute Strokes' OR 'Strokes, Acute' OR 'Cerebrovascular Accident, Acute' OR 'Acute Cerebrovascular Accident' OR 'Acute Cerebrovascular Accidents' OR 'Cerebrovascular Accidents, Acute').

  Study Selection

  The following steps were taken: 1) identification of titles of records through databases searching; 2) removal of duplicates; 3) screening and selection of abstracts; 4) assessment for eligibility through full-text articles; and 5) final inclusion in study. One reviewer followed steps 1 to 3. Two independent reviewers followed step 4 and selected studies. Inclusion or exclusion of studies was decided unanimously. When there was disagreement, a third reviewer made the final decision.

  Data Items

  The crude endpoints were stroke, death (any cause), major bleeding and atrial fibrillation.

  Data Collection Process

  Two independent reviewers extracted the data. When there was disagreement about data, a third reviewer checked the data and made the final decision. From each study, we extracted patient characteristics, study design, and outcomes.

  Risk of Bias in Individual Studies

  Included studies were assessed for the following characteristics: sequence generation (randomization); allocation concealment (selection bias); blinding of participants and personnel (performance bias); blinding of outcome assessors (detection bias); incomplete outcome data addressed (attrition bias) and selective outcome reporting (reporting bias). Considering these characteristics, the papers were classified into A (low risk of bias), B (moderate risk of bias) or C (high risk of bias). Two independent reviewers assessed risk of bias. Agreement between the two reviewers was assessed with kappa statistics for full-text screening and rating of relevance and risk of bias. When there was disagreement about risk of bias, a third reviewer checked the data and made the final decision.

  Summary Measures

  The principal summary measures were risk ratio (RR) with 95% CI and P values (considered statistically significant when P<0.05) for stroke, death, major bleeding and atrial fibrillation. The metaanalysis was completed with the software Comprehensive Meta-Analysis (version 2, Biostat, Inc., Englewood, NJ, USA).

  Synthesis of Results

  Forest plots were generated for graphical presentations of clinical outcomes, and we performed the I2 test and χ2 test for the assessment of heterogeneity across the studies[3]. Inter-study heterogeneity was explored using the χ2 statistic, but the I2-value was calculated to quantify the degree of heterogeneity across the studies that could not be attributable to chance alone. When I2 was more than 50%, significant statistical heterogeneity was considered to be present. Each study was summarized by the difference in means or RR, depending on the outcome analyzed. The RR and differences in means were combined across studies using a weighted DerSimonian-Laird random effects model[4].

  Risk of Bias Across Studies

  To assess publication bias, a funnel plot was generated for each outcome, statistically assessed by Begg and Mazumdar's test[5] and Egger's test[6].

  Sensitivity Analysis

  Sensitivity analyses included the investigation of the influence of a single study on the overall effect - by sequentially removing one study - in order to test the robustness of the main results, so that we could verify whether any study had an excessive influence on the overall results. Moreover, we also analyzed the pool data regarding the outcome "stroke" according to the presence (or absence) of atrial septal aneurysm (hypermobile septum, defined as a septum primum excursion greater than 10 mm).

  Meta-Regression Analysis

  Meta-regression analyses were performed to determine whether the effects of the PFO closure were modulated by prespecified factors. Meta-regression graphs describe the effect of aspirin on the outcome (plotted on the y-axis) as a function of a given factor (plotted as a mean or proportion of that factor on the x-axis). Meta-regression coefficients show the estimated increase in log RR per unit increase in the covariate. Since log RR > 0 corresponds to RR > 1 and log RR < 0 corresponds to RR < 1, a negative coefficient would indicate that as a given factor increases, the RR decreases, and vice versa.

  The predetermined modulating factors to be examined were: age (mean - years), male gender (%), hypertension (%), smoking (%), large shunt before the interventions, atrial septal aneurysm and effective closure (freedom from large shunt after the interventions).

   

  RESULTS

  Study Selection

  A total of 3,740 citations were identified, of which 9 studies were potentially relevant and retrieved as full-text. Five[7-11] publications fulfilled our eligibility criteria. Interobserver reliability of study relevance was excellent (Kappa = 0.81). Agreement for decisions related to study validity was very good (Kappa = 0.83). The search strategy can be seen in Figure 1.
 
  
    

    [image: Fig. 1. Flow diagram of studies included in data search.]

  
 
  Study Characteristics

  A total of 3,440 patients (device closure: 1,829 patients; medical therapy: 1,611 patients) were included from studies published from 2012 to 2017. All the trials were multicentric. Most studies consisted of patients whose mean or median age was approximately the fourth decade of life. The medical therapy in the studies was not homogeneous, since different regimens were applied (aspirin, clopidogrel, dipyridamole, combined regimens, etc.). The same goes for the devices used, being the CLOSE trial[7] noteworthy for applying various devices (see Table 1). The overall internal validity was considered "low risk of bias" (Table 2).
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  Synthesis of Results

  The RR for stroke in the "device closure" group compared with the "medical therapy" group in each study is reported in Figure 2. There was evidence of moderate heterogeneity of treatment effect among the studies for stroke. The overall RR (95% CI) of stroke showed a statistically significant difference between the groups, favouring the "device closure" group (random effect model: RR 0.400; 95% CI 0.183-0.873, P=0.021).
 
  
    

    [image: Fig. 2. Forest plots of efficacy outcomes.]

  
 
  The RR for death in the "device closure" group compared with the "medical therapy" group in each study is reported in Figure 3A. There was no evidence of heterogeneity of treatment effect among the studies for death. The overall RR (95% CI) of death showed no statistically significant difference between the groups (random effect model: RR 0.760; 95% CI 0.308-1.877, P=0.552).
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  The RR for major bleeding in the "device closure" group compared with the "medical therapy" group in each study is reported in Figure 3B. There was evidence of mild heterogeneity of treatment effect among the studies for major bleeding. The overall RR (95% CI) of major bleeding showed no statistically significant difference between the groups (random effect model: RR 0.945; 95% CI 0.468-0.873, P=1.911).

  The RR for atrial fibrillation in the "device closure" group compared with the "medical therapy" group in each study is reported in Figure 3C. There was evidence of mild heterogeneity of treatment effect among the studies for atrial fibrillation. The overall RR (95% CI) of atrial fibrillation showed a statistically significant difference between the groups (random effect model: RR 4.000; 95% CI 2.262-7.092, P<0.001).

  Risk of Bias Across Studies

  Funnel plot analysis (Figure 4) disclosed no asymmetry around the axis for the outcomes stroke, major bleeding and atrial fibrillation, which means that we have low risk of publication bias related to these outcomes. However, we detected a possibility of publication bias for the outcome death.
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  Sensitivity Analysis

  Sensitivity analyses performed by removing each single study from the meta-analysis to determine the influence of individual data sets to the pooled RR, showed that none of the studies had a particular impact on the results (Figure 5).
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  Searching for evidence of a particular impact of the presence of an atrial septal aneurysm on the results, we detected no difference between the groups (Figure 6). Unfortunately, the REDUCE trial[8] was left out of this last analysis because the presence of an atrial septal aneurysm was determined at the time of the PFO closure procedure and, therefore, it was not recorded before trial entry or among the patients in the antiplatelet-only group.
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  Meta-Regression Analysis

  Meta-regression coefficients were statistically significant for, age, hypertension, atrial septal aneurysm and effective closure regarding the outcome "stroke". For the variables age, hypertension and atrial septal aneurysm, we observed that the older the patients, the larger the proportion of patients with hypertension and the larger the proportion of patients with atrial septal aneurysm, the higher the risk of stroke (Figures 7A, 7B, 7C). Conversely, the larger the proportion of effective closure, the lower the risk of stroke (Figure 7D).
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  DISCUSSION

  Summary of Evidence

  To our knowledge, this is the largest meta-analysis of studies performed to date that provides incremental value by demonstrating that patients seem to benefit from device closures in comparison to medical therapy in the reduction of the rate of stroke. On the other hand, there was an increase in the rates of atrial fibrillation. We did not identify the group of patients with an atrial septal aneurysm as a particular group that benefits from the device closure in the sensitivity analysis, although we identified this variable as a risk marker for stroke in the meta-regression. We also observed that the benefit of the device closure in the reduction of the rates of stroke hinges on the rate of effective closure.

  Some Considerations

  About 25% of the population has a PFO, but the condition in itself does not increase the risk of ischemic stroke[12]. PFO is more prevalent, however, among patients who had a cryptogenic ischemic stroke than in the general population[13]. Therefore, we must be careful when selecting patients who would receive some benefit of PFO closure (in term of the risk of stroke).

  Kent et al.[14] carried out a patient-level analysis of the CLOSURE I[11], PC[10] and RESPECT[9] trials (before the publication of the CLOSE[7] and REDUCE[8] trials), demonstrating that the device closure was superior to medical therapy, which turned out to be confirmed in our meta-analysis (in terms of the outcome stroke). The improved efficacy in the CLOSE[7] and REDUCE[8] trials might be owing to more strict patient selection. The REDUCE[8] trial had a very strict criteria to exclude patients with other sources of stroke and the CLOSE[7] trial only included those with an atrial septal aneurysm or large shunt.

  The Role of Atrial Septal Aneurysm

  Our results do not suggest that this purportedly high-risk anatomical feature is, by itself, very useful at discriminating patients likely to benefit from closure from those unlikely to benefit. Nevertheless, von Klemperer et al.[15], in a survey of current practice in the United Kingdom, identified that around 80% of the 120 respondents (including cardiologists, stroke physicians and neurologists) agreed that an aneurysmal septum was more likely to implicate the PFO in stroke. Only the CLOSE[7] and RESPECT[8] trials showed isolatedly this difference (as we can see in the Figure 6A), but the pooled analysis did not confirm this finding. On the other hand, we might well recognize that there is a correlation between the presence of an atrial septal aneurysm and the risk of stroke (as we can see in the meta-regression - Figure 7C), which led us to the conclusion that this factor is rather a risk marker than a risk factor. Nevertheless, there is no evidence that we should see it as a primary discriminator between those who should have a PFO closed by means of a device.

  The Role of the Effective Closure

  The lack of efficacy observed in the CLOSURE I[11] trial has been put down to ineffective PFO closure in the device arm, with 14% demonstrating significant residual right-to-left shunting, whereas, in the other trials, we observed the following rates: 7% (CLOSE[7]), 5.5% (REDUCE[8]), 6.5% (RESPECT[9]) and 6.5% (PC[10]). Our meta-regression showed that the more successful the closure, the lower the risk of stroke in the device group (see Figure 7D). Therefore, we must bare in mind that "procedural success", which was defined in the studies as successful implantation with no complications, does not mean "success of PFO closure", which was defined in the studies as minimal or no shunt after the procedure.

  The Problem of Atrial Fibrillation After the Procedure

  The rate of new-onset atrial fibrillation was significantly higher in the PFO closure group than in antiplatelet group in our meta-analysis, with most cases detected within 1 month after the procedure - a finding that suggests that the procedure itself induces atrial fibrillation. Indeed, in the closure group, most of the observed cases of atrial fibrillation were periprocedural. The risk of stroke from atrial fibrillation induced by PFO closure has not been determined in the CLOSE[7] trial. In the REDUCE[8] trial, atrial fibrillation was more commonly reported in the PFO closure group, but it was usually transient and the clinical relevance of atrial fibrillation related to closure and overall risk of stroke requires further investigation. In the CLOSURE I[11] trial, a quarter of the strokes in the closure group were ascribed to atrial fibrillation, and in two of these cases, the patients had deviceassociated thrombus on transesophageal echocardiography.

  Future Data to Come Out

  At this moment, Song et al.[16] are carrying out the DEFENSE-PFO trial (Device Closure Versus Medical Therapy for Cryptogenic Stroke Patients with High-Risk Patent Foramen Ovale - ClinicalTrials.gov Identifier: NCT01550588), which will shed some additional light on this issue by assessing whether percutaneous device closure of PFO is superior to conventional antithrombotic treatment in preventing stroke recurrence in the cryptogenic stroke patients with high-risk of PFO, which was defined as highrisk of recurrence (PFO size ≥ 2 mm or atrial septal aneurysm or hypermobility by transesophageal echocardiography. This study started in 2012 and will be finished in 2020.

  Risk of Bias and Limitations of the Present Study

  There are inherent limitations with meta-analyses, including the use of cumulative data from summary estimates. Patient data were gathered from published data, not from individual patient follow-up. Access to individual patient data would have enabled us to conduct further subgroup analysis and propensity analysis to account for differences between the treatment groups. This meta-analysis included only data from randomized studies, which do not reflect the "real world" but, on the other hand, are less limited by publication bias, treatment bias, confounders, and a certain tendency to overestimate treatment effects observed in the observational studies, since patient selection alters outcome and thus make non-randomized studies less robust.

  Moreover, besides statistical heterogeneity in some analyses, there is also the issue of the clinical heterogeneity that might have played some role in the pooled results. For instance, in the CLOSE[7] trial, 11 different devices were appplied for PFO closure. In the antiplatelet-only group and the PFO closure group, 410 (86.7%) patients received aspirin, 51 (10.8%) received clopidogrel, 6 (1.3%) received aspirin with extended-release dipyridamole, and 6 (1.3%) received aspirin with clopidogrel. As we can see, not all of patients were 100% equally treated.

   

  CONCLUSION

  This meta-analysis found that stroke rates are lower with percutaneously implanted device closure than with medical therapy alone, being these rates modulated by the rates of effective closure.

   

  PERSPECTIVES

  What is known?

  The results of the firstly published three RCTs (CLOSURE I[11], PC[10] and RESPECT[9]) revealed that PFO closure had a statistically significant effect on the composite of stroke, transient ischemic attack, and death in adjusted but not unadjusted analyses, as published in a previous pooled analysis of individual participant data.

  What is New?

  After the publication of the two new RCTs (CLOSE[7] and REDUCE[8]), the pooled results of our meta-analysis with the five RCTs confirmed that PFO closure reduced the rates of stroke, but also reinforced the problem of atrial fibrillation after the procedure, whose impact remains unknow. This meta-analysis revealed that the more effective the closure, the lower the risk of stroke.

  What is Next?

  The publication of the DEFENSE-PFO[16] trial will add important data to those already available. Longer-term followup of completed trials will enhance our understanding of the effectiveness of PFO closure, but studies of various antithrombotic treatment regimens, including those in patients undergoing PFO closure, are necessary to address important knowledge gaps. We still need to know whether all of the devices are beneficial.
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    ABSTRACT

    Penetrating cardiac trauma has been increasing in clinical experience and is joined to important morbidity and mortality. A case of a 38-year-old female with history of postpartum depression was reported, admitted to our department for cardiac tamponade due to penetrating self-inflicted multiple stab wound of the chest complicated by rupture of anterior left ventricular wall and traumatic ventricular septal defect. Following the unstable hemodynamic instability, a combined therapeutic strategy was chosen: surgery and transcatheter implantation to correct free wall ventricle damage and traumatic ventricular septal defect, respectively.
    Keywords: Wounds, penetrating; Heart septal defects, ventricular; Cardiac Tamponade; Cardiac surgical procedures; Heart injuries; Septal occluder device.

  

   

   

  INTRODUCTION

  A very rare and uncommon case of penetrating cardiac injuries was reported, due to multiple self-inflicted stabs in a young female with a history of postpartum depression and causing cardiac tamponade due to free ventricular wall rupture and iatrogenic ventricular septal defect. The particularity of combined therapeutic choices in the same time - surgical drainage of blood pericardial effusion and endovascular closure of traumatic ventricular septal defect (tVSD) with ventricular septal defect (VSD) occluder device - was described.

   

  CASE REPORT 

  A case of a 38-year-old female with a history of post-partum depression was presented, referring to our hospital for penetrating self-inflicted multiple stab wounds of the chest. Vital signs of arrival were systolic blood pressure of 80/45 mmHg, tachypnea (30 breaths/min) with low oxygen saturation (89%), cyanosis and jugular vein distension (central venous pressure of 15-16 cmH2O). The echocardiography (ECG) documented raised ST, J waves. The fast-transthoracic echocardiogram (TTE) revealed a cardiac tamponade (maximum diameter 3.2 cm) and a VSD (about 1.5-1.8 cm from left ventricle side) with ventricular left-right shunt (Qp:Qs=2, Figures 1A to D). Following the critical hemodynamic deterioration, the norepinephrine and epinephrine infusions were started (0.1 mcg/kg/min) and the patient was immediately operated. Combined unusual therapeutic strategy has been chosen: surgery for the pericardial effusion drainage and control of the ventricular wall wounds, and transcatheter closure of the tVSD. Median sternotomy and a T-inverted pericardiotomy were performed to remove all clots and pericardial effusion from mediastinum. After the detection of the heart, we found a single left ventricle anterior wall wound, hence we directly closed with a direct suture (3-0 prolene with Teflon pledgets). To complete the treatment, the patient underwent a procedure to position the Amplatzer VSD occluder device (16-mm) by transcatheter way in the same operation time (Figures 1E to F and Figure 2B). The procedures were free of complications and the postoperative period was short and uneventfully. She was discharged on the 10th postoperative day with single antiaggregation therapy and was followed-up by psychological support service.
 
  
    

    [image: Fig. 1. Transthoracic echocardiography, parasternal view showing interventricular traumatic defect in the median septum (a), and evidence of left-to-right shunt (b). Transthoracic echocardiography, apical view of iatrogenic interventricular defect (c) and color-doppler image of the L-R shunt (d). Transthoracic echocardiography, longitudinal view of the successful implanting Amplatzer device to close the tVSD (e-f).]

  
 
  
    

    [image: Fig. 2. Conventional coronary angiography documented traumatic ventricular septal defect (a) and positioning of VSD occluder (white arrow) with good results (b).]

  
 
   

  DISCUSSION 

  The major cardiac injuries could be blunt or penetrating. Penetrating cardiac trauma has different and several presentations[1-10]. The patient could be presented with a stable tamponade (hypotension, elevated central venous pressure [CVP]) or unstable ones (shock with critical hypotension, tachycardia, dyspnoea, raised CVP, pulsus paradoxus with distant heart sounds and impalpable apex). Our patient fitted in the unstable patient type: the decision needed to be made very quickly[7-15]. The first step was the diagnostic workout (chest X-ray, ECG, computed tomography scan, TTE) that identify and describe the size, type and setting of the lesion and general assessment. In our case, the patient had a cardiac tamponade due to stab complicated to iatrogenic VSD. Therefore, we decided to proceed with combined therapeutic path in the same time: 1) surgical approach to suture ventricular wound and 2) endovascular approach to close iatrogenic VSD with an occluder device. This case is the first reported in scientific literature because the most of the previous article describe single procedure for closure of VSD with occluder device after surgery or only endovascular approach or first endovascular and then surgery correction, but there are not combined procedures in the same time (Table 1), following some of the most important experience in the literature. According to Degiannis et al.[21], surgical approach could be fundamental and the primary step to control the bleeding, in particularly the best is median sternotomy approach which gives an effective and extensive vision of heart, great vessels, to other structures in the mediastinum and to both pleural cavities[1-9,13-16]. On the other hand, left antero-lateral thoracotomy provides rapid access to the right and left ventricles and to the pulmonary artery; this is our approach of choice for emergency room thoracotomy[21]. In case of penetrating cardiac injuries complicated by iatrogenic VSD, the combined therapeutic choice with surgery and percutaneous device was described by Argento et al.[12], in 2002. Afterwards, only three cases by Berry et al.[13] and Ali et al.[17], with good results (low postoperative recovery, total cardiac function restore without any interventricular septum shunt) were published. The use of minimally surgery (opening, controlling and treating the cause of bleeding) associated with the percutaneous occluder device implantation in penetrating cardiac injuries with iatrogenic VSD may be a complete and safe approach to this trauma patient. The tVSD exclusion by percutaneous device avoided long surgical timing hence less invasiveness, no cardiopulmonary bypass, less anesthesia time and recovery time.

  
    

    [image: Table 1. Review of previous ventricular septal defect (VSD) after cardiac wound stab described in scientific literature and their treatments. The traumatic VSD was diagnosed immediately, deferred VSD diagnosis was not considered.]

  

   

  CONCLUSION 

  The combined therapeutic choice of surgery and interventional approach in case of penetrating cardiac trauma with limited tVSD is indicated and optimal for rapid clinical stabilization.

  The rapid and early diagnosis associated with an organized and available cardiac staff (interventional cardiologists and cardiac surgeons) may be a productive collaboration.
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    ABSTRACT

    Cardiac angiosarcomas are extremely rare in childhood, they are rapidly progressive tumours that often present themselves as diagnostic dilemmas, resulting in delayed diagnosis. Also, extracardiac manifestations, including abdominal pain, are extremely rare in patients with intracardiac tumors. We herein present the case of a 15-year-old girl who presented with abdominal pain. Echocardiography and thoracic computed tomography showed right atrial mass. The patient underwent surgery, chemotherapy, and radiotherapy. Eight months after treatment, abdominal recurrence was detected. The abdominal mass was resected, and radiotherapy and new chemotherapy protocol were given. The present case illustrates a rare case of primary cardiac angiosarcoma posing a diagnostic dilemma in an adolescent girl.
    Keywords: Hemangiosarcoma; Heart; Heart neoplasms; Child.

  

   

   

  INTRODUCTION

  Primary cardiac tumors are extremely rare in children, with an incidence varying between 0.0017 and 0.28%[1]. The majority of them are benign and sarcomas represent the most common malignant tumors[1]. Among primary adult cardiac sarcomas, angiosarcoma is more common than rhabdomyosarcoma, but it remains an unusual occurrence. In this report, we present a 15-year-old girl who was admitted to the emergency department with a complaint of severe abdominal pain and who was diagnosed with cardiac angiosarcoma.

   

  CASE REPORT

  A 15-year-old, Syrian refugee girl who was a high school student was admitted to the emergency department with a history of 15 days of abdominal pain. On physical examination, she is 160 cm tall and weighs 50 kg. She had no history of cancer in her family. She presented with abdominal tenderness, hepatosplenomegaly and muffled heart sounds. Abdominal and thoracic computed tomography (CT) showed hepatosplenomegaly and solid mass in the right atrium and in the left mediastinum. There was a massive pericardial and moderate right pleural effusion (Figure 1). Echocardiogram showed massive pericardial effusion and a solid tumor in the right atrium expanding towards the right ventricule (Figure 1). (18)F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) scan revealed increased FDG uptake in the mediastinum and over the heart. Pleural and pericardial effusion and intra-abdominal free fluid were also seen (Figure 1).
 
  
    

    [image: Fig. 1. A) Pericardial effusion in transthoracic echocardiography. B) Hyperechogenic mass arising from the right atrium and invading the right ventricle on transthoracic echocardiography in four-chamber view. C) Axial thoracic computed tomography (CT). D) Coronal thoracic CT. E) Sagittal thoracic CT; soft tissue lesion (5 cm in size) filling the right atrial lumen and invading the right ventricle and, partially, the suprahepatic segment; pericardial and pleural effusion. F) Soft tissue lesion in left upper mediastinum (white arrow). G) (18)F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) images demonstrate hypermetabolic mass (SUVmax: 14.29) in the right atrium, bilateral pleural and pericardial effusion, and mediastinal metastatic lymphadenopathy (SUVmax: 15.07). H) FDG PET/CT images demonstrate hypermetabolic mass (SUVmax: 15) in the medial left kidney.]

  
 
  Surgical Technique

  The patient was taken to the operation room under semi-urgent conditions. Tense pericardium due to excessive pericardial liquid was observed after midline sternotomy. The pericardium was opened and 1500 cc of serous liquid were evacuated from the cavity. Macerated epicardial appearance and probable malignant infiltration areas inside the right ventricle wall were seen. Patient was heparinized (3 mg/kg) and the activated coagulation time (ACT) obtained was above 400 seconds. Total cardiopulmonary bypass was started via aortic and bicaval cannulation. Cardioplegia was infused after crossclamping of the ascending aorta. The right atrium was opened with vertical incision. A solid atrial mass that was completely invading the right atrial wall and also prolapsing through the tricuspid valve and causing partial obstruction of right ventricle inflow was observed. The mass was totally excised along with the right atrial wall. This resected area was repaired by using glutaraldehyde-treated autologous pericardium (0.1%) (Figure 2). After completion of repair procedure, de-airing was done. Patient was weaned off the cardiopulmonary bypass without any inotropic support. The postoperative period was uneventful.
 
  
    

    [image: Fig. 2. A) Mass (M) before right atriotomy. B) Mass infiltrating atrial appendage (AA). C) Removal of the mass. D) The defect was repaired by pericardial tissue.]

  
 
  Postoperative Course

  The mass in the right atrium was reported as an angiosarcoma. On immunohistochemical analysis, tumor cells were positive for cluster of differentiation 31 (CD31), CD34, friend leukemia integration-1 (FLI-1) and erythroblast transformation specific regulated gene-1 (ERG), but they were negative for keratin, desmin, smooth muscle actin (SMA), myogenin, Human melanoma black 45 (HMB45) and human herpesvirus 8 (HHV-8) (Figure 3). Ifosfamide/mesna/adriamycin (IMA) chemotherapy combination was administered. After 6 cycles of chemotherapy, the patient was in complete remission. A total dose of 50.4 Gy was administered to the operating margin and mediastinal lymph nodes using 3-D conformal radiotherapy. Eight months after the therapy was finished, the patient was admitted with abdominal pain. Abdominopelvic and thoracic CT revealed an irregularly contoured mass in the medial region of the right kidney. PET/ CT scan showed a new lesion, and it was excised and reported as an angiosarcoma. The patient received 3 cycles of gemcitabine/ docetaxel chemotherapy combination. After chemotherapy, a dose of 45 Gy was administered to the operating margin. Since the follow-up period of 20 months from the date of the diagnosis, the patient is in remission for 6 months from the last recurrence.
 
  
    

    [image: Fig. 3. A) Gross pathological picture of the tumor. B) Cellularity and necrosis of the angiosarcoma (HE, x100). C) Angiosarcoma cells round, oval, or spindle shaped (arrow) (HE, x200). D) Tumor cells (arrow) were immunohistochemistry cytoplasmic stained by cluster of differentiation 34 (CD34, x200). E) Tumor cells (arrow) show nuclear positive immunohistochemical staining with friend leukemia integration-1 (FLI-1) (CD34, x100).]

  
 
   

  DISCUSSION

  Primary angiosarcoma of the heart is an exceptional diagnosis in pediatric population. Cardiac tumors, either benign or malignant, are difficult to diagnose due to their rarity, variety and nonspecificity of the symptoms.

  Primary cardiac angiosarcomas in all age groups mostly occur in the right atrium[2]. The most common complaints presented are dyspnea and chest pain, usually related to a malignant cardiac effusion[2]. The pericardium is frequently involved with a right sided angiosarcoma; cardiac tamponade and pericardial effusion are common complications[2,3]. Our patient had a massive pericardial effusion and malignant cells were seen in cytologic examination. Extracardiac manifestations, including abdominal pain, are extremely rare in patients with intracardiac tumors, like our case.

  The rarity of this diagnosis has made it difficult to standardize therapy, but surgical treatment is the main option. A multimodality treatment including preoperative and/or postoperative chemotherapy and/or radiotherapy seems beneficial for overall or progression-free survival. Using modern radiation techniques, radiotherapy on the heart seems to be safe, without major cardiac toxicity[3].

  To our knowledge, only 9 children cases of primary cardiac angiosarcoma were detailed reported, including ours[4,5]. The average age at presentation is 12.3 years. There were 4 girls and 4 boys; one patient's gender was not determined. Eight patients had right atrium involvement. Most patients presented with dyspnea or chest pain. Our patient had an extracardiac manifestation. Six of 9 patients had a metastatic disease at the time of diagnosis. Six patients died with a progressive disease.

  A study about the frequency of cancer among Syrian and Turkish children has revealed that most of cancer types were similar in frequency, but the percentage of children with neuroblastoma and bone tumours was significantly higher in refugees[6]. Preliminary outcomes in Syrian refugee children with cancer were similar to the outcomes in Turkish children[6].

  As a result, children with abdominal pain have to be examined for extra-abdominal diseases and cancer.
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    ABSTRACT

    A significant prosthetic paravalvular leak is an uncommon and severe postsurgical complication correlated to the occurrence of congestive heart failure and hemolytic anemia. Percutaneous treatment has become an attractive and effective proposal to relieve symptoms and reduce complications in patients whose high rate of morbidity/mortality precludes a new surgery.This is the case of an 81-year-old patient with a history of biological aortic valve replacement seeking medical help due to heart failure and hemolytic anemia, with a prosthetic paravalvular regurgitation jet and high surgical mortality according to EuroSCORE II.
    Keywords: Heart Valve Prosthesis; Heart Failure; Anemia, Hemolytic; Cardiac Catheterization/Methods; Prosthesis Failure/*Adverse Effects.

  

   

   

  INTRODUCTION

  A significant prosthetic paravalvular leak (PVL) is an uncommon and severe postsurgical complication correlated to the occurrence of congestive heart failure and hemolytic anemia. Percutaneous treatment has become an attractive and effective proposal to relieve symptoms and reduce complications in patients whose high rate of morbidity/mortality precludes a new surgery[1].

  This is the case of an 81-year-old patient with a history of biological aortic valve replacement seeking medical help due to heart failure and hemolytic anemia, with an 8.5 mm prosthetic paravalvular regurgitation jet and high surgical mortality according to EuroSCORE II[2].

   

  CASE REPORT

  An 81-year-old male patient was admitted due to New York Heart Association (NYHA) Functional Class III-IV refractory congestive heart failure despite optimal medical treatment (angiotensin-converting enzyme inhibitors, beta-blockers and angiotensin II receptors antagonists, under high doses of oral furosemide). The patient had a history of arterial hypertension, chronic renal failure and pulmonary obstructive chronic disease. In 2001, he underwent myocardial revascularization surgery, as well as aortic valve replacement with a biological prosthesis. In 2003, the patient experienced an ischemic stroke.

  Upon admission, lab tests showed impaired kidney function (urea 88 g/dL and creatinine 2.1 mg/dL), anemia (Hb 7 g/dL), lactate dehydrogenase (LDH) (1100 mg/dL), and grade 3 to predominantly indirect bilirubin (based on patient's history and complementary tests, hemolytic anemia was assumed).

  A multiplanar transthoracic and transesophageal echocardiography was performed, which showed severely damaged ventricular function and mechanical prosthetic valve in a bileaflet normal function aortic position with a PVL, leading to severe regurgitant jet (8.5 mm wide and going into the middle third of the left ventricle). The regurgitant area was 43 mm2, with no images compatible with vegetations (Figure 1A).
 
  
    

    [image: Fig. 1. A) View of the aortic paravalvular regurgitant jet in a transesophageal echocardiogram. B and C) Picture showing the multipurpose catheter in an angiography to identify the leak. D) Amplatzer positioned to check location prior to occlusive device implantation.]

  
 
  The EuroSCORE II[2] was estimated in order to anticipate surgical mortality and assess surgical risk. Mortality rate was estimated at 53.41%. Considering this high mortality rate, percutaneous closure of the PVL was planned.

  In the hemodynamic laboratory, the patient was hemodynamically instable, under mechanical ventilation and sedoanalgesia by an anesthesiologist. Before the procedure, 10,000 IU of sodium heparin were administered together with infective endocarditis prophylaxis, a procedure led by fluoroscopy and transesophageal echocardiogram.

  The PVL was closed retrogradely with a right femoral artery puncture, using an 8 French introducer. First, a multipurpose catheter angiography was conducted to see the PVL (Figures 1B and C). A wire-guided multipurpose catheter was placed towards the aortic valve plane. A Terumo hydrophilic guidewire was inserted in the catheter in order to go through the PVL, and then exchange was performed via a high-support guidewire (Amplatz). Afterwards, the Amplatzer Vascular Plug III (St. Jude Medical, Plymouth, MN, USA) release system was placed, and once on the dehiscence, the transesophageal echocardiography showed the end of the leak regurgitation jet. Then, the occlusion device was released (Figure 1D), after lack of interference with the mechanical prosthesis was ensured.

  The procedure was successful, and immediately after the implantation, a new transesophageal echocardiography showed no leak. There were no hemodynamic intercurrences during the procedure. The patient showed clinical improvement of symptoms at first and then he was hemodynamically stable. After a one-year follow-up, the patient progressed with no new hospitalizations due to heart failure, with an improved functional class and 11 mg/dL hemoglobin.

   

  DISCUSSION

  PVL is a serious complication after surgical valve replacement or transcatheter aortic valve replacement, but the incidence of symptomatic patients is low. For years, surgical re-intervention has been considered as the treatment of choice for symptomatic patients with PVL. Transcatheter PVL closure has emerged as a safe, effective, and less invasive alternative to surgical reintervention[3]. It requires multiple heart imaging tests and a collaborative team of trained sonographers, anesthetists, hemodynamic technicians and nurses.

  In this case, the patient had clear clinical signs of refractory heart failure, hemolytic anemia, and a high EuroSCORE as a result of the previously-cited medical history, with an aggravated clinical condition leading to increased surgical risk; therefore, percutaneous closure was performed. In our experience, although the procedure was technically feasible and successful, there are often potential complications when implanting a device.

  The pre-occlusion and post-occlusion follow-up method via transesophageal echocardiography was essential and sufficient for a successful procedure in our experience, but application and development of current heart imaging techniques - such as 3D real-time transesophageal echocardiography and, in particular, angiotomography combined with volume injection and 3D/4D reconstruction - would allow a better study of dehiscence and also facilitate monitoring the intervention, especially the tomography, in situations where a clear image of anatomical spaces and relationships is required, for example, in a transseptal approach of complexly located leaks.

  Significantly improved functional class and hemoglobin levels were observed over the patient's clinical course. It is important to note that all devices used nowadays to close these defects have not been designed for this purpose (offlabel indication), and therefore, new devices for PVL treatment are being developed. Amplatzer Vascular Plugs II and III seem to be the best options due to their remarkable serial results. There have been reports on the use of Amplatzer Vascular Plug III with positive outcomes[4-6].

   

  CONCLUSION

  Percutaneous closure of a PVL using Amplatzer Vascular Plug III device implantation in a patient with refractory heart failure, hemolytic anaemia and a high EuroSCORE is a less invasive option than surgical re-intervention, with lower procedural morbidity and mortality.

   

  REFERENCES

  1. Hourihan M, Perry SB, Mandell VS, Keane JF, Rome JJ, Bittl JA, et al. Transcatheter umbrella closure of valvular and paravalvular leaks. J Am Coll Cardiol. 1992;20(6):1371-7.

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

  3. Iung B, Baron G, Butchart EG, Delahaye F, Gohlke-Bärwolf C, Levang OW, et al. A prospective survey of patients with valvular disease in Europe: the Euro Heart Survey on Valvular Heart Disease. Eur Heart J. 2003;24(13):1231-43.

  4. Cruz-Gonzalez I, Rama-Merchan J, Arribas-Jimenez A, Rodriguez-Collado J, Martin-Moreiras J, Cascon-Bueno M, et al. Paravalvular leak closure with the Amplatzer Vascular Plug III device: immediate and short-term results. Rev Esp Cardiol (Engl Ed). 2014;67(8):608-14.

  5. Sorajja P, Cabalka AK, Hagler DJ, Rihal CS. Percutaneous repair of paravalvular prosthetic regurgitation: acute and 30-day outcomes in 115 patients. Circ Cardiovasc Interv. 2011;4(4):314-21.

  6. García E, Arzamendi D, Jimenez-Quevedo P, Sarnago F, Martí G, Sanchez-Recalde A, et al. Outcomes and predictors of success and complications for paravalvular leak closure: an analysis of the SpanisH real-wOrld paravalvular LEaks closure (HOLE) registry. EuroIntervention. 2017;12(16):1962-8.

   

   

  Correspondence Address:

  Gabriel Pérez Baztarrica

  Portela 2975 (1437) – Buenos Aires, Argentina

  E-mail: gpbaztarrica@yahoo.com

   

  Article received on May 23rd, 2017.

  Article accepted on July 28th, 2017.

   

  This study was carried out at the Faculty of Medicine of the Universidad Abierta Interamericana, Buenos Aires, Argentina.

  No financial support.

  No conflict of interest.

  
    [image: . ]

  

  
    [image: . ]

  




 [image: Cover] 


 [image: Cover] 

OPS/images/a18img05.png
Table 1. Results of statistic analysis of tissue injuries.

Histopathological cassification of lung parenchymainjury in rats
Rats A B < ) E
] ) ] ] T ]
2 ) 1 ] 1 1
3 ) 2 ) 2 1
) ) i 1 2 1
5 ) 3 ] I 0
5 3 2 ) 0
7 2 1 ] 0
5 ) 1 ] 0
o 4 2 1 0
AVERAGE 36 6 ) 2 1
P=00029 (Kuskal Wall)
Histopathological classfication of| mainjury in rats
Rats A B < ) E
T 3 2 T T 0
2 3 1 ] 1 0
3 3 i 2 2 )
) 3 2 ] 2 0
5 3 2 ] 1 0
5 3 1 ) ]
7 3 2 ] ]
5 3 i 1 1
o 3 2 ] ]
AVERACE 3 15 ) 12 0
P<00001 (<ruskal Walks)
Histopathological classification of intestinal parenchymaiinjury in rats
Rats A B 3 ) E
T 2 0 0 0 0
2 2 ) o o )
3 2 o 0 0 0
) 2 2 0 0 0
5 2 2 o 0 0
3 2 o o 0
7 2 ) ) o
s 2 2 0 o
9 2 o 0 o
AVERACE 2 056 0 o 0
P=0.0006 (Kruskal Wall)
Histopathological dlassification of renal parenchymajnjury i rats
Rats A 3 3 ) E
1 ) 2 ] ] 1
2 ) 2 1 ] 0
3 ) 2 1 ] 0
) ) ) 2 ] 0
5 4 2 [ 1 0
3 ) 2 i )
7 ) ) 2 ]
s ) 2 1 ]
9 ) 2 1 ]
AVERAGE ) 20 122 [} T

P<0.0001 (Kruskal Wallis)





OPS/images/a18img06.png
Level of injury

ab

.ﬁwvl GroupB  GroupC  GroupD  Growp £

Compuring the degrees of ey injry among e et groups
analyed (ko Walls; pb 00014 001 relation ot the Group A, 5~
<05 n i o the o 8)

Levelofinjury

GobA  Guoups  GroupC  GroupD  Groupf
Comparing the dgreas ofIver damage among the diferent groups
‘ansyaed (ruskal-Walls; p<O.000L; 3" p0.05 inrelation fo the group A,
“b° <001 i relaion ot the group Al

analyzed (Kuskol Walks; p = 0,0006;a" p<005 n th relation for the group Al.

<005 in reltion for the gr0up B)

Fig. 4~ Graphics analyzing the level of injury among tssues in each





OPS/images/a20img10.png
Regression on Log risk ratic.

Log rik raio

P tysre)
G <030 v closow 157, 522035

Log risk ratio

Hyperenion (%)

Coeffcint=0.14(55% 01004 15026),5E. 005
£ETEE P 008

- O

e ——
oot =008 985 1001 00.13), 55 # 005
ZTE P 0041

o O
b e e

Sonficnt = 013 (8% G025 0 001, SE <006
F N aie 005

Log it cato

Fig. 7 - Meta-regression analysis.





OPS/images/a18img04.png
Fig. 3 Histopathological analysis of lung, kidney iver and ntestine.





OPS/images/a20img09.png
Stroke - Patients with Atrial Septal Aneurysm

Study name Statistics for each study Risk rato and 95% C1

Risk Lower Upper
falio mt imt PValue

CLOSE 2017 0048 0003 0813 0035
RESPECT 2013 0209 0046 0952 0043
PC2013 2170 0417 11308 0.358
CLOSUREI2012 0824 0315 258 0684
Overall effect 0492 0139 1749 0273

001 01 1_ 10 100
Favours Device Ciosure  Favours Medical Therapy

Total (95% Cl): 459 (Device Closure): 454 (Medical Therapy)

Total evens: 13 (Device Closure). 29 (Medical Therapy)

Test for heterogeneity: Ch¥ = 767, of = & (P = 0.053)

Test for overall random effect Z = 109 (P = 0.273)

608%

Stroke - Patients without Alrial Septal Aneurysm

Study name Statisics for each study Risk ratio and 95% C1

Risk Lower Upper
rallo limit it P-value

CLOSE 2017 0083 0005 1672 0.107
RESPECT2013 0978 0347 275 0967
PC 2013 033 0083 122¢ 0098
CLOSUREI2012 0877 0459 1675 0890
Overall effect 0876 0359 1275 0227

001 01 1 10 100
Favours Device Closure  Favours Medical Therapy

Total (95% C): 862 (Device Closure); 923 (Medical Therapy)
Total events: 25 (Device Closure); 41 (Mecical Therapy)
Test for heterogenety: ChF = 3.94; df =4 (P = 0.268); I
Testfor overall random effect Z = -1.21 (P = 0.227)

239%

Fig. 6 - Sensitivity analysisfor the presence of an atrial septal aneurysm.





OPS/images/a19img02.png
Table 1. Patients’ characteristics.

Characteristics No. (%) Mean Standard Deviation
o Female 22 (44)
Male 2856
Age (years) 634 133
Hypertension 2142)
Diabetes mellitus 908
Current cigarette smoking 1000
Chronic kidney disease 6012
Coronary artery disease 5010
Hypothyroidism 4®)
N Previous stroke 264
Hypercholesterolemia @
Megacolon 1@
Megaesophagus @
‘Chronic obstructive pulmonary o
disease
Polyneuropathy @
Epilepsy @
Beta blockers 3264
ACEinhibitor 18.36)
ARB 2448)
Spironolactone 22 (44)
Medication
Loop diuretics/thiazide 34(68)
‘Amiodarone| 35070
Digorin 15 G0)
Others 20(58)
Cardiovascular cause 704
Mortality
Other causes 602
‘CRT use duration (months) 612 217
ICDuse 3704

ACE=angiotensin-converting enzyme; ARB=angiotensin-receptor blockers; CRT=cardiac resynchronization therapy;
ICD=implantable cardioverter defibrillator
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Table 2. Electrophysiological disturbances of the patients.

Frequency of Frequency of
Type "’j""&"‘y responders nonresponders
o No. (%) No. (%)
Ventricular arthythmia 26) 26)
Poroxistic atrialfibrilation/PSVT 704 5(10) 2
P Al flutter ) _ )
Sustained VT 36) 360 _
Nonsustained VT ney 704 4(8)
Not reported 26(52) 22(44) 4(8)
RBE3 5(10) 360 20
1688 1560) 12(60) 300
Blocks
LBBB (dual chamber pacing) 15 (30) 10 (66.6) 5(333)
RBBB + LAFB 1560 8(533) 7(466)

LAFB=left anterior fascicular block; LBBB-left bundle branch block; PSVT=paroxysmal supraventricular tachycardio; RBBB=right
bundle branch block VT=ventricular tachycardia
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Table 2. Analysis of risk of bias: internal validity.
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Table 3. Left ventricular ejection fraction before and after

CRT use.
LVEF Mean | Standard Deviation | PValue*
Before CRT | 29% 7

After CRT | 399% 131 <0001

CRI=cardiac resynchronization therapy; LVEF—left ventricular

ejection fraction

“Pvalue estimated by Student’s ttest.
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Table 2. Baseline and after transcatheter aortic valve replacement echocardiogram values.

Variable Baseline After TAVR*
Total™* Value Total** Value
LVEF (%), mean +SD 58 574416 51 502+164
LVED (mm), median [IQR] 58 522(126) NA NA
Transaortic peak gradient (mmHg), mean + 5D 56 798222 51 20[165-28]
Transaortic mean gradient (mmHg), mean + SD. 57 493115 49 100814
Aortic valvular area (cm?), mean + SD 50 0504019 NA NA
Severe or moderate aortic regurgitation, n (%) 58 1207) 55 13(224)
Hb (mg/dL), mean + SD 58 1605 57 94516
CR (mg/dL), median [IQR] 58 09[08-13] 57 11[09-14]
PLT (x10%, median [IQR] 58 1835 [146.2-2247] 57 133[109-179]
BNP (pg/ml) 27 31611254 -9068] NA NA

“Before hospital discharge; *Total analyzed < 58— data not available
left ventricle ejection fraction; SD= standard deviation; LVED=left venticle

TAVR=Transcatheter aortic valve replacement; LVE

end-diastolic diameter; QR=interquartile range; NA=data not available; Hb=hemaglobin; CR=creatinine; P

natriuretic peptide

platelets; BNP=Brain
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Fig. 1 — Mean left ventricular ejection fraction (LVEF) according
0 the bundle branch blocks presented by the patients before and
after cardiac resynchronization therapy (CRT).

ftanterior fascicular block; LBBB=left bundle branch block;
~RBBB=right bundle branch block
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Table 1. Characteristics of the populations.

cLosE REDUCE PC RESPECT CLOSURE
(N=473) (N=664) (N=414) (N=080) (N=009)
9 of data in metanalysis 137 193 120 284 264
Demographic variables
Age £ 5D, years 433+103 4512945 445+102 454108 455£102
Male (36) 589 601 498 547 518
Medical history variables
Current smoking (%) 289 133 239 133 152
Coronary artery disease (%) NR NR ) 29 21
Diabetes (%) 25 42 26 74 78
Hyphercholesterolemia (%) 139 NR 271 395 441
Hypertension (%) 107 256 258 314 310
Migraine (%) 306 NR 205 388 336
Prior stroke/TIA (%) 36 85 374 186 125
Echocardiographic variables
Atial septal aneurysm (%) 327 NR 237 356 356
Large shunt (%) 928 393 217 761 611
Treatment variables
Randomized to device dlosure (%) 503 664 493 509 492
Treated with antiplatelets only (%) 496 336 800 830 847
Device
AmplatzerPFO | ETHERthe | Amplatzer PFO | Amplatzer PFO | STARFlex septal
Occluder or HelexSeptal | Occluder (st. | Occluder (disc | closure system
Cribriform; Starflex; |~ Occluder | Jude Medical) | occluder) (umbrella
CardicSeal; | device ORthe occluder)
Intrasept PFO; | Cardioform
PFOStar; Helex; | Septal Occluder
Premere;
PFO occluder
OCCLUTECH; PFO
‘occluder GORE

(G50)
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Table 3. Complications during the 4-year follow-up period
according to Valve Academic Research Consortium-2.

Variable Value
Stroke,n (%) 469)
Myocardial infarction, n (%) 107)
Hemorrhagic complications, n (%) 17293)
Minor bleeding, n (%) 7021)
Major bleeding, n () 4(69)
Life threatening bleeding, n (%) 6(103)
Vascular complication, n (%) 5(86)
Minor vascular complication, n (%) 362
Major vascular complication, n (%) 2064
Acute kidney injury, n () 12206)
Stage 1.n (%) 5(86)
Stage 2,n (%) 362
Stage 3,n (%) 264
Pacemaker, n (%) 16276)
Periprosthetic regurgitation > moderate,n (%) | 8(148)"
Second prosthesis implantation, n (%) 7021)
Cardiovascular mortality, n (%) 8038

“This data was analyzed from available echocardiogram
data after TAVR (until seven days after the procedure) of 54

patients.
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cientific Electronic Library Online
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Table 2. Postoperative summary.

Group A GroupB
n=92 n=47

Range | Mean | Median | Range | Mean | Median
Cumulative cross-clamp time (min) 21114 40 ¥ 28127 £l 61
Cumulative bypass time 25172 & 59 | 38403 | 107 87
Postoperative blood loss at 12 hours 502000 | 295 225 | 501200 | 457 400
ICU stay in days 132 34 1 I 68 3
Reaperation for bleeding, tamponade or valvular problems | 2 (14%) 107%

ICU=intensive care unit
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AVR = Aortic valve replacement

CABG = Coronary artery bypass grafting

CPB = Cardiopulmonary bypass

EuroSCORE = European System for Cardiac Operative Risk Evaluation
FEV1 = Forced expiratory volume in 1 second

IcU = Intensive care unit

NACSA = National Adult Cardiac Surgery Audit

NICOR = National Institute for Cardiovascular Outcomes Research
PVL = Paravalvular leak

SCTS = Society for Cardiothoracic Surgeons

STS = Society of Thoracic Surgeons

TAVI =Transfemoral aortic valve implantation

TOE =Transesophageal echocardiography
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Table 1. Preoperative summary.

Total
n=139 %
n

Gender (Male/Female) 65/74 47/53
Procedure types

Isolated aortic valve replacement (group A) 9 66

VR + CABG or other procedures (group B) 47 34
Cigarette smoking history 8 60
History of hypertension 106 76
Renal disease at time of surgery 1 07
History of pulmonary disease (eg. COPD, asthma) 2 144
History of neurological disease (eg. TIA CVA 25 18
Angina status pre-surgery

0.Noangina 49 35

1.Nolimitation of physical activity 33 2

2. Slight limitation of ordinary activity 2 2

3. Marked limitation of ordinary physical activity 2 18

4. Symptoms at rest or minimal activity 3 2
Dyspnoea status pre-surgery

1.No limitation of physical activity 12 87

2. Slight limitation of ordinary physical activity 53 38

3. Marked limitation of ordinary physical activity 7 51

4. Symptoms at rest or minimal activity 3 2
History of Diabetes mellitus 30 2
Preoperative heart thythm

0.Sinus thythm 109 78

1. Atral fibrillation/futter i 20

2. Complete heart block/pacing 2 14
Ejection fraction category

1.Good (LVEF > 50%) m 8

2.Fair (LVEF 30-50%) 2 16

3. Poor (LVEF < 30%) 6 4

Range Mean Median

Age of patients at time of procedure 4786 743 755
Logistic EuroSCORE comparison 05318886 3% 2457
Height (cm) 140-185 162 162
Weight (ko) 403158 79 74

AVR=zortic valve replacement; CABG=coronary artery bypass grafting; COPD=chronic obstructive pulmonary disease;
CVA=cerebrovascular accident; EuroSCORE=European System for Cardiac Operative Risk Evaluation; LVEF=eft ventricular ejection
fraction; TIA=transient ischemic attack
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Stugyname  Statistos with study removed Risk rato (98% CI)
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REDUCE2017 3873 1002 7.003 <0001
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PC 2013 4874 2068 11482 <0001
CLOSURE12012 3540 1662 7537 0001
Overall effect 4329 2183 8588 <0001
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Fig. 5 —Sensitivity analysis —onestudy removed.
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ACC
AHA
ASE
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ICU

Lv
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NYHA
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= American College of Cardiology

= American Heart Association

= American Society of Echocardiography
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= Intra-aortic balloon pump

= Intensive care unit

= Left ventricle
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=New York Heart Association
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Table 1. Review of previous ventricular septal defect (VSD) after cardiac wound stab described in scientific literature and their
treatments. The traumatic VSD was diagnosed immediately, deferred VSD diagnosis was not considered,

Author Year | Type of Paper | Patient | Gender Complication Therapeutic choice
Luietall'l 1965 R 1 Male Cardiac tamponade Surgery
Pejakovic & Mileusnié? | 1967 [ 1 Male Cardiac tamponade Surgery
Kieny et P! 1975 [ [ Male Cardiac tamponade Surgery
H, njury of ricuspid
Asfawetalt! 1975 R 12| Male | valve,injury of left anterior Surgery
descending coronary artery
Bande et alli 1980 | CRandAL 1 Male Cardiac tamponade Surgery
Bryan et ol¥l 1988 [ 1 Male Cardiac tamponade Surgery
Voronov et all 1989 R 1 Male Cardiac tamponade Surgery, suture
Take etal®! 1993 [ 1| Femele | Rupture of papillary musde Surgery
Carvalho et alF| 1994 [ [ Male Hemothorax Surgery, patch suture
Doty etalll 1999 R 1 Male Tricuspid valve injury Surgery
Golbasi et all"! 2001 [ [ Male Cardiac tamponade Surgery, suture
Argento et al’l 2002 < 1 Male Cardiac tamponade Thoracotomy and
percutaneous device
Beryetal™ 2006 @ 1 Male Cardiac tamporade Surgery and
percutaneous device
Topaloglu et all"l 2006 [ [ Male Cardiac tamponade Surgery
Choietall™l 2008 | _CRandRL 1 Male_| Atrioventricular valves rupture Surgery
Antoniades et al ! 2011 @R 1 Female | Peumothoraxand cardiac Surgery
tamponade
Aietali”! 2013 @ 1 Male Cardiac tamporade Surgeryand
percutaneous device
Caffery etall™ 2014 < 1 Male Hemothorax Percutaneos device
then surgery
Tang etall! 2016 @R 1 Male Congestive heart falure | PE"CUtaneous device
then surgery
Knarwar et ol 2016 [ [ Male Cardiac tamponade Percutaneous device
Cottiniet 2l 2018 | CRandRL 1 Female Cardiac tamponade Surgery and
(reported case) percutaneous device
CR—case report; RL—review of the literature; HF—heart failure.
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Table 3. Postoperative summary.

n=139 %
Reoperation for bleeding, tamponade or valvular problems 3 21%
Sternal wound infection 2139 143%
New postoperative neurological dysfunction 4/139 28%
New HF/dialysis postoperatively 5/139 36%
Patient status at discharge (mortality) 3139 21%
SIRS 211139 15%
Arthythrias
None 88 63%
AFfflutter 6 3%
Permanent pacemaker 5 36%

‘AF=atrial fibrillation; HF=hemofitration; SIRS=systemic inflammatory response syndrome
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Table 4. Comparison of our results with other published series using sutureless valves.

Mean | Cross-clamp | Bypasstime | SeverePV. Mean | Meaneffective
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Val¥® | EuroSCORE | Isolated AVR | Isolated AVR | valve N (%) o mmHg. m.a
Ourstudy. 326053 ] ]
otz | Pecels g | e | ees7a | s | seew | 3019 | 125618 15
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ot Percevals | 142181 as17 69226 2630 | o 1092372
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Santarpino
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AV = atrioventiicular, AVR=aortc vlve replacement; EuroSCORE=European System for Cardiac Operative Risk Evaluation;
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Table 3. Early operative outcome comparison in high operative risk subgroup (A).

Variables IA-OPCABG lIA- CABG+MVRep. pValue
Blood transfusion <0001
Postoperative IABP 3(857%) 10 (50%) 0002
Renal dysfunction 4(11.43%) 9 (45%) 001
Arthythmia 4(11.43%) 8(40%) 003
Liver dysfunction 3(857%) 735%) 004
New-onset stroke 2671%) 630%) 004
Sepsis 3857%) 765%) 004
30-day mortality 10286) 5(25%) 004
Ventilation (hours) 7234245 18242472 <0001
ICU stay (days) 363+1.12 642:2.1 <0001

‘CABG=Coronary artery bypass grafting; IABP=Intra-aortic balloon pump; ICU=Intensive care unit; MVRep=Mitral valve repair;
'OPCABG=Off-pump coronary artery bypass grafting
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ns, acronyms & symbols

WP =Central venous pressure
ECG  =Echocardiography

TIE  =Transthoracic echocardiogram
WSD  =Traumaticventricular septal defect

VSD  =Ventricular septal defect
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Table 4. Early operative outcome comparison in low operative risk subgroup (B).

Variables L ’3:::'6 s cn:;;nvm; PValue
Blood transfusion 21205 27215 0005
Postoperative IABP. 5633%) 10(2857%) 002
Renal dysfunction 4(667%) 10 (2857%) 001
Arthythmia 4(667%) 7 20%) o1
Liver dysfunction 3% 5(1429%) 03
New-onset stroke 36% 7 20%) 005
Sepsis 36%) 6017.14%) on
30-day mortality 1067%) 6(17.14%) 001
Ventilation (hours) 676:225 1576413 <0001
1CU stay (days) 278:134 538:1.92 <0001

CABG=Coronary artery bypass grafting; IABP:

Intra-aortic balloon pump;

OPCABG=Off-pump coronary artery bypass grafting

j=intensive care nit; MVRep=Mitral valve repair;
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Table 1. Preoperative variables comparison.

‘OPCABG CABG+MVRep
Variables Pvalue
N=95 (63.33%) N=55 (36.67%)

Age (years) 76324274 75794232 023
Sex (male) 67 (7053%) 41 (74.55%) 074
Diabetes 36 (3789%) 132364%) o1l
Hypertension 61(6421%) 37 (6721%) 085
COPD 32(3368%) 16 (29.09%) 069
Recent MI 13 (1368%) 13 (2364%) 0.19
Previous stroke 4421% 3(5.45%) 0%
SVD 27 (2842%) 16 (29.09%) 093
DVD 32(3368%) 13 (2364%) 027
VD 19 (20%) 19 (34.55%) 008
LMCA 44 (4632%) 16 (29.09%) 006
Hb (gm %) 1183164 115+12 02
Creatinine (mg/dl) 1.18 +0.59 1.24+04 051
Preoperative LVEF (%) 35.86+1325 37.06+1338 06
Renal dysfunction 17 (17.89%) 8(14.55%) 009

| — —
NYHA L 60 (63.16%) 31 (5636%) 052

n 35(36.84%) 24 (4364%) 052

v

‘CABG=Coronary artery bypass grafting; COPD—Chronic obstructive pulmonary disease; DVD-Double vessel disease;

Hb=Hemaglobin; OPCABG=OF-pump coronary artery bypass grafting. LMCA=Left main coronary artery; LVEF=Left ventricle
ejection fraction; Mi=Myocardial infarction; MVRep=Miral valve repair; NYHA=New York Heart Association; SVD=Single vessel
disease; TVD=Triple vessel disease
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Table 2. Early operative outcome comparison between group I and group .

Blood transfusion 22405 29+1.1 <0001
Postoperative IABP 8 (8:42%) 20 (36.36%) <0001
Renal dysfunction 8(842% 19 (34.55%) <0.001
Arthythmia 8(8:42%) 15(27.27%) 0004
Liver dysfunction 6(632%) 12(21.82%) 001

New onset stroke 5(5.26%) 13 (2364%) 0002
Sepsis 6 (632%) 13 (2364%) 0005
30-day mortality 2(2.11%) 11 (20%) <0001
Ventilation (hours) 6924236 1735+4.66 <0001
ICU stay (days) 286+1.26 587+198 <0001

‘CABG=Coronary artery bypass grafting; IABP=Intra-aortic balloon pump; ICl
OPCABG=Off-pump coronary artery bypass grafting

tensive care unit; MVRep=Mitral valve repair;
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Fig. 1 - Follow-up comparison of mitral regurgitation (MR) grade
‘between the subgroups.
OPCABG=0ff-pump coronary artery bypass grafting
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(CABG=coronary artety bypass grafting: MVRep=mitral valve repair;
OPCABG=0ff-pump coronary artery bypass grafting
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Fig. 2- Distribution according to echocardiography.
ASD=VSD=atrial septal defect and/or ventricular septal defect;
CMP=cardiomyopathy; MR=mitral regurgitation; normal: nommal
echocardiogram findings; PE=pericardial effusion; PFO=patent
foramen ovale; PS=pulmonary stenosis; TGA=transposition of the
great arteries; TOF=tetralogy of Fallot; TR=tricuspid regurgitation
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Table 1. Baseline characteristics of patients.

Group 1 Group2 P-value
Gender Men 39 (684%) 44 (66.7%) Non-significant
Women 18 316%) 22(333%
Age Mean age +SD 618481 608406 Non-significant
Over 65 years old 21 368%) 2537.9%
Diabetes 90158%) 12(182%) Non-significant
Renal failure 3(53% 1015% Non-significant
Peripheral vascular disease 110193%) 13(19.7%) Non-significant
Chronic bstructive pulmonary disease 18 31.6%) 22(333% Non-significant
Neurologic disorder 40% 7(106%) Non-significant
Gastrointestinal disease 10.8% 5(76% Non-significant






OPS/images/a16img03.png
Table 2. Intraoperative characteristics of patients.

Intraoperative characteristics Group1 Group2 Pvalue
Patients with more than 3 grafts 51773%) 40 (70.2%) 0371
CPB time (min) (mean +SD) 637:207 5054188 0251
Aortic cross-clamping time (min) 378+126 3574119 0353

CPB=cardiopulmonary bypass; SD=standard deviation
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Abbreviations, acronyms & symbols

ACS = Acute coronary syndrome
ACT = Activated clotting time

ANOVA = Analysis of variance

CABG = Coronary artery bypass grafting

PB = Cardiopulmonary bypass

CURE = Clopidogrel in Unstable anginato prevent Recurrent Events
DAPT = Dual antiplatelet therapy

FFP = Fresh frozen plasma

MACCE = Major adverse cardiac and cerebrovascular events

PO = Percutaneous coronary intervention

RBC = Redblood cells
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Table 1. Demographic characteristics of the sample, stratified by group.

Group
Variables Pvalue
G1 (roller pump ) G2 (centrifugal pump)
“Age (years) 66 (42.74) 636673 005
Weight (k) 7040 (11.76) 7303 (15.07) 5005
B Male 2033 24.®00) 005
= Female 867) 6(200) 005
Hypertension 23(67) 24(700) 005
No hypertension 7(233) 9(30.0) >005
Diabetic 126400 17667 005
Risk Factors
Nodiabetic 18(600) 13433) 005
Transfusion 19(633) 14466) 005
No transiusion 11660 16 (534) 005
EuroSCORE I 0.88 075 >005
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Table 3. Postoperative chest drainage.

Postoperative chest drainage

Group 1 Group2 Pvalue
Mean chest drainage 0651 0681 Non-significant
Chest drainage more than 500 ml 404 62% 0019
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Abbreviations, acronyms & symbols

v = Aortic valve
LoH Lactate dehydrogenase
NYHA  =NewYork Heart Association
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Table 2. Mean (standard deviation) CPB-related variables, stratified by group.

Groups
Variables P-value
G1 (roller pump) G2 (centrifugal pump)

Duration of CPB (min) 83.173161) 81.502550) >005
Arterial flow (mL/kg/min) 363733 (52321) 376700 (671.03) >005
MAP during CPB (mmHg) 6580 (467) 6500(571) >005
Aortic damping time (min) 5277 2472) 47001904 >005
Urinary output during CPB (ml) 30367 (20831) 31250 (24574) >005

CPi

ardiopulmonary bypass: MAP—mean arterial pressure; mi

inutes
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Table 3. Median (range) haptoglobin levels, stratified by group and time point.

Time point
Variable Groups Pvalue
M1 (pre-CPB) M2 (post-CPB) M3 (24h PO)
Haptoglobin (mg/dL) | Gl (roller pump) | 10145 2090-23160F | 930(000-161.00* [ 3890(000-13380* [ <005
[=] .
(centrifugal pumg) | 5550 (000-26390) 1770(000-24800) | 3230(000-15830 | <005
GIxG2 Pvalue P>005 005 005

CPB=cardiopulmonary bypass; PO=postoperatively. Uppercase letters denote within-group comparisons between time points.

Adenotes the lowest value measured, and fthe highest value measured.
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Fig. 1 — Mean (standard deviation) LDH levels, stratified by group
and time point.

CPB=cardiopulmonary  bypass; LDH=lactate ~dehydrogenase;
PO=postoperative:
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Table 5. Spearman coefficients of linear association between markers of hemolysis and inflammation, stratified by group.

- Groups

Variables G (roller pump) G2 (centrifugal pump)
LDH post-CPB and IL-1B post-CPB 0383* 0318
LDH post-CPB and IL-6 post-CPB 0315 0793*
LDH post-CPB and TNFa post-CPB 0.555* 0566
Haptoglobin 24h PO and TNFa post-CPB -0047* 0241
LDH 24h PO and IL-6 post-CPB 0224 0594
LDH 24h PO and TNFa post-CPB 0496 0272
*P<005; **P<0.01

CPB=cardiopulmonary bypass; IL-6=interleukin-6; LDH=lactate dehydrogenase; PO=postoperatively; TNF-a=tumor necrosis factor

alpha
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Fig. 3~ Median (tange) IL- 1B, IL6, and TNF-a levels stratihed by group and time point.
CPB=cardiopulmonary bypass; L=interleukin
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Fig. 2 — Median (range) CRP levels, stratifed by group and time

point.
CPB=cardiopulmonarybypass;CRP=C-reactiveprotein;PO=postoperative.
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Table 4. Spearman coefficients of linear association between
duration of CPB and markers of hemolysis and inflammation,
straified by group.

Groups

Variables ol pump) | (centifugl pump)
LDH, 24h PO 0346 0407

IL-6, post-CPB. 0516* 0304
TNF-a, post-CPB 0382 -0.006
*P<005; **P<0.01

CPB=cardiopulmonary bypass; IL-6=interleukin-6;

LDH-=lactate dehydrogenase; PO=postoperatively
‘a=tumor necrosis factor alpha
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Fig. 1 — Mechanism of ischemia-reperfusion and oxidative sress.

R=ischemia/reperfusion, ADP=adenosine diphosphate; AMP=adenosinemonophosphate; ATP=adenosinetriphosphate - I=Interleukin-1;
L-6=Interleukin-6; NO=nitric oxide: OONO-=Peroxynitrite: ROS=reactive oxygen species; TNF-a=tumor necrosis factor alpha
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Table 1. Baseline clinical profle.

Variable Population (n=58)

Agein years, mean + SD 778189
Age > 80 years, n () 29(50)
Female, n (%) 36(62.1)
Body mass index (kg/m?), mean + SD 259452
Functional dlassification Il (NYHA), n (%) 9(155)
Functional dlassification Il or IV (NYHA), n (%) 49 (349)
Syncope, n (%) 18GLY)
Angina, n (%) 2397
Atherosclerotic coronary disease, n (%) 33669
High blood pressure, n (%) 54(93.1)
Diabetes mellitus, n (%) 14244)
Dyslipidemia, n (%) 38(655)
Prior myocardial infarction, n (%) 90155)
Prior stroke o transient ischemic attack, n (%) 8(138)
High pulmonary pressure, n (%) 110199
Carotid artery stenosis, n (%) 150259
Peripheral artery disease, n (%) 110199
Chronic obstructive pulmonary disease, n (%) 11099
Aortic aneurysm, n (%) 5@6)
Porcelain aorta, n (%) 241414)
Hematological disorders,n (%) 18611
Chronic kidney disease, n (%) 42(724)
Creatinine clearance* (mL/min), median QR] 4781385 -609]
Prior coronary artery bypass graft,n (%) 1007.2)
Prior aortic valve replacement, n (%) 7021)
Percutaneous transluminal coronary angioplasty, n (%) 13024)
Dysfunctional aortic bioprosthesis, n (%) 7021)
Pacemaker, n (%) 5(86)
Logistic EuroSCORE (%), median IQR] 127180-208]
Sinusal rhythm, n (%) 41(707)
Atrial fibrillation/flutter, n (6) 13024)
First degree atrioventricular block, n (%) 10075
Left bundle branch block, n (%) 7021)
Right bundle branch block, n (%) 5@6)
Left anterior hemiblock, n (%) 469)
Right bundle branch block + left anterior hemiblock, n (%) 5@6)

SD=standard deviation; NYHA=New York Heart Association; (") calculated by Cockcroft-Gault formula; IQR=interquartle range;
EuroSCORE=European System for Cardiac Operative Risk Evaluation
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Table 1. Comparison of demographic and comorbidity characteristics between the original EuroSCORE Il population and an

Iranian sampleP.

Frequencies (%) or mean (SD) [range]

Frequencies (%) or mean (SD)

Variable of original EuroSCORE Il Population | [range] of our Population
(N=22381) (N=2581)
Age 646 (125) [18-95] 563 (1388) [17-94]
Female 6919 (30.9%) 1044 (404%)
Gender
Male 15462 (69.1%) 1537 (596%)
Height (cm) 1685 (96) [100-213] 1641 (100) [104-199]
Weight (ka) 779 (159) 30-1821 684 (134) 28-132]
BMI (kg/m?) 274(48)196-826] 254(48)[10.1-626]
Diabetes on insulin 5643 (25.2%) 572222%)
Class NA 1008 (37.0%)
NYHA Class NA 957 37.1%)
Class V. NA 9 36%)
Chronic pulmonary disease 2384 (107%) 56 (22%)
Serum creatinine (mg/d) 113(092) 109(098)
108 (05%) 158(61%)
Renal failure
Dialysis 2309%
EF<50 NA 1150 (446%)
LV function (ejection fraction) | 51-70 NA 782 303%)
EF<70 NA 2008%)
Recent MI NA 161(62%)
Pulmonary hypertension NA 190 (7.3%)
Previous cardiac surgery NA 8(03%)
Urgent operation 4135 (18.5%) None
Emergency 972 (43%) None
Urgency
Elective 17165 (767%) 2581 (100%)
Salvage 109 05%) None

NA=not available; BMi=body mass index; NYHA=New York Heart Association functional classification; LV=left ventricle;

Mi=myocardial infarction
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Table 2. EuroSCORE Il characteristics by patients'demographic and clinical characteristics; number of patients and relation with
‘mortality. The expected and observed mortality can also be compared by any variable®.
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BMi=body mass index; CABG=coronary artery bypass grafting; AVR=aortic valve replacement; MVR=nital valve replacement, TVR:
replacement; ASD=atrial sepal defect; PVR=pulmonary valve replacement; COPD=chronic obstructive pulmonary disease; N/

Mi=myocardal nfarction

*Analysis by independent:samples t test.

EAnalysis by one-way ANOVA

Sum of percentages may not resut in 100% due to missing data.
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Abbrevi

ions, acronyms & symbols

AuC = Area under the receiver operating characteristic curve
CABG = Coronary artery bypass grafting

ccs = Canadian Cardiovascular Society

EF = Ejection factor

EuroSCORE = European System for Cardiac Operative Risk Evaluation
NYHA =New York Heart Association

RAMR = Risk-adjusted mortality ratio

STS = Society of Thoracic Surgeons
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Table 3. Univariate and multivariate analysis of EuroSCORE Il prognostic factorst.

Charactristic Mean 5D Univariate Analysis. Multivariate Analysis®
B(95%CN) Pvalue B(95%Cl) Pualue
Age (yeary 563+1388 | 0063(0058100068) | <0001 | 0058 (0051100065) | <0001
i Female. 354195 1 [References] <0001 1 [Reference]
Male 261216 | 088(1.05t0072) 082(09810-066) | <0001
<50 443216 1 References] <0001 1 Reference]
Creatinine 5085 294199 | 149(1.70t0-128) 092(11310-071) | <0001
dlearance >85 185153 | 257(28t0234) 106(13210-079) | <0001
Dialysis 30:231 | 133(21210-055) 078(1731000) | 0045
Chroniclung No 294211 1 References] 0061 1 Reference]
disease Yes 351243 | 054(00310110) 015(031t006) | 0529
bt No 301212 1 [References] 0859 1 [Reference]
Yes 29:214 | 002(022100.18) 019(03710-001) | 0043
Class | 242197 1 [References] <0001 1 Reference]
Class I 292218 | 047(01810077) 02(0002t0040) | 0052
ma Class Il 33:200 | 086(056t01.17) 01400710035 | 0199
Class IV 38:198 | 144(08110207) 05200810095 | 0019
<50 354219 1 [References] <0001 1 Reference]
‘L::‘(‘;Z:""“'“' 5170 234184 | -122(14010-103) 087(103t0-070) | <0001
>70 20£176 | 152(24310-061) 137 (20610-069) | <001
Recent myocardial No 284207 1 [References] <0001 1 [Reference]
infarction Yes 47:219 | 181(14810214) 186(15610215) | <0001
Pulmonary No 284203 1 [References] <0001 1 Reference]
hypertension Yes 524199 | 241Q1110271) 204(17710231) | <0001
Isolated CABG_ | 274206 1 [References] <0001 1 Reference]
Weight of the Single non-CABG | 412202 138 (114 10162) 148(12510172) | <0001
intervention 2 Procedures 424193 155 (121 t0190) 189(15610222) | <0001
3 Procedures 41516 145 074 10215) 15809110225 | <0001

“Using linear regression, all variables were found to be associated with EuroSCORE I, except for chronic lung disease, diabetes on

insulin, and NYHA.
NYH

lew York Heart Association; CABG=coronary artery bypass graft
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Table 4. Performance measures calculated for EuroSCORE Il scoring system.

Overall Performance Discrimination Calibration
Scoring System -
Brier Score .
(minman 570] | AVC | SE 95%Cl | Sensitivity | Specificity HoLTest
EuroSCORE 0047(00-10)(0.12] | 0667 | 00307 | 06480685 | 0619 0662 | Chi(8)=93666, P<001
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Table 2. Demographic comparison between patients with and without preoperative beta-blockers (n=282).

Variable B8 (197) No BB (85) P
Age (D) 652 (96) 665 (93) 0302
Female (%) 53269) 2059 08590
Smoker (%) 45 228) 26366) 0169
Hypertension (%) 154(782) 68(80) 0731
Diabetes (%) 7166) 38(447) 0170
Dyslipidemia (%) 170 (86.3) 73(859) 0927
PVD (%) 841 4(47) 0806
COPD (3%) 20 569 0016"
Stroke (%) 766 4(47) 0646
AV G6) _ _
Preoperative creatinine (mg/d) 106 042) 113(114) 0444
LVEF (%) 558(114) 542(139) 0306
Previous PTCA (%) 280142 14(165) 0625
Previous CABG (%) 305 _ 0253
NYHA IV (36) 802 10012 0042
Angina CC5 Il 46 25) 21059 0638
Vessel disease (%) 0139

1 766 365

2 25(127) 180212

3 158 (80.2) 58(682)
>1 IMA bypass (%) 54(27.4) 21248 0893
OPCABG (%) 90106) 48 (244) 0008
AMi=acute myocardial infarction; BB=beta-blockers; CABG=coronary artery bypass grafts; CC5=Canadian Cardiovascular Society;

COPD=chronic obstructive pulmonary disease; IMA=internal mammary artery; LVEF=left ventricular ejection fraction; NYHA=New
York Heart Association; OPCABG=Off-pump coronary artery bypass graft; PICA=percutaneous transluminal coronary angioplasty;
PVD=peripheral vascular disease; SD=standard deviation
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Table 1. Basal demographics of included patients (n=282).

Variable Patients (282)

Age (SD) 656 (95)
Female (%) 75 266)
‘Smoker (%) 71052
Hypertension (%) 222787)
Diabetes (%) 10938.7)
Dyslipidemia (%) 243(862)
PVD (%) 1967)
COPD (%) 7025
Stroke () 1169
AMI66) _
Preoperative creatinine (mg/dl) 14(55)
LVEF (%) 553(121)
Previous PTCA (%) 42(149)
Previous CABG (%) 301
NYHA IV (%) 18(114)
Angina CCS I 67053)
Vessel disease (%)

1 2361

2 43(152)

3 216(766)
>1IMA bypass (%) 75265)
OPCABG (%) 57(202)
Beta-blockers (%) 197 (699)
Statins (%) 84(298)
‘Anti-aggregation (%) 233 (826)

'AMi=acute myocardial infarction; CABG=coronary artery bypass
‘grafts; CCF=Canadian Cardiovascular Society; COPD=chronic
abstructive pulmonary disease; IMA=internal mammary artery;
LVEF=left ventricular ejection fraction; NYHA=New York Heart
Association; OPCABG=Off-pump coronary artery bypass

graft; PTCA=percutaneous transluminal coronary angioplasty;
PVD=peripheral vascular disease; SD=standard deviation
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Table 3. Predictors for overall survival in patients who
underwent CABG for stable angina (n = 282).

Predictors HR (95% CI) P

Hypertension 260 (671-101) 0049
Diabetes 207357120 0009
Age 106 (1.03-109) <0001

‘CABG=coronary artery bypass grafts; C—confidence interval;
HR=hazard ratio
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Table 4. Predictors for cardiovascular survival in patients who

underwent CABG for stable angina (n=282).

Predictors HR (95% CI) P

Use of beta-blockers | 043 (1000.18) 005
Diabetes 236(588-104) 005
Age 108(103-1.13) <0001

‘CABG=coronary artery bypass grafts; Ci—confidence interval;

HR=hazard ratio
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Fig. 1 - Suvival of patients with stable angina atter coronary artery bypass gratts (CABG). Overall survival (4, B, and C) and cardiovascular (CV)
survival (D, £, and F). Global population (A and D), diabetic and non-diabetic patients (B and E), with beta-blocker and without beta-blocker
treatment before surgery (C and F).
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Table 5. Postoperative outcomes of patients who underwent
CABG for stable angina (n=282)

Postoperative outcome Patients (282)
Operative mortality (%) 1065
‘Hemodialysis (%) 207
Pneumonia (%) 404
Stroke (%) 404
TIAG6) 176

CABG=coronary artery bypass grafts; TIA=transient ischenic
attack
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Table 6. Predictors for overall survival in diabetic patients
who underwent CABG for siable angina (n=109)

Predictors HR (95% Cl) P
Useof beta-blockers | 039(081-019) | 0012
Female 271028574 | 0009
Age 1070102113 | <0004

CABG=coronary artery bypass grafts; C—confidence interval;
HR=hazard ratio
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Table 1. Modified Duke criteria.

Major blood culture criteria

Major echocardiographic criteria

Minor criteria

~ Two blood cultures positive for organisms,
typically found in patients with [E

+ Blood cultures persistently positive for
one of these organisms, from cultures
drawn more than 12 hours apart

+ Three or more separate blood cultures
drawn at least 1 hour apart

chocardiogram posiiv for I, documented
by an oscilating intracardiac mass on a
valve or on supporting structures, in the
path of regurgitant jets, or on implanted
material, in the absence of an altemative
anatomic explanation

Myocardial abscess

Development of partial dehiscence of a
prosthetic valve

New-onset valvular regurgitation

Predisposing _heart _condition _or

intravenous drug use
Fever of 38°C (1004)or higher

Vasculor phenomenon,  indluding
major arteral emboli, septic pulmonary
infarcts, mycotic. aneurysm, intracrarial
hemorthage, conjunciival hemorrhage, or
Janeway lesions

Immunologic phenomenon such as

glomerulonephiits, Osler nodes, Roth
spots, and rheumatoid factor

Positive blood culture results not
meeting major _criteria or serologic
evidence of active infection with an
organism consistent with IE

Echocardiogram results consistent with IE
but not meeting major echocardiographic
aiteria
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Fig. 3 -Kaplan-Meier survival curve between the off-pump coronary
artery bypass grafting (OPCABG) and coronary artery bypass grafting
(CABG)+ mitral valve repair (MVRep) groups.
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Table 1. Demography.

Variables N (%)
Number of patients 125
‘Age at surgery ~ mean+SD 57415
Range, years 9-87
Sex, male 52 @1.9%)
Etiology
Degenerative 73 (584%)
Myxomatous degeneration 57 456%)
Fibroelastic deficiency 9(7.2%
Barlow syndrome 7(56%
Rheumatic 34 (272%)
Congenital 5 (%)
Pure annular dilatation 304%
Infective endocarditis 9(7.2%
Hesled 5 (%)
Active 462%)
Endomyocardia fibrosis 1(08%)
NYHA Class
[ 23(18.4%)
[ 58 (46.4%)
] 36 288%)
v 8(64%)
Previous cardiac operations 13 (104%)
Systernic arterial hypertension 59 (47.2%)
Chronic obstructive pulmonary disease 3(4%
Diabetes 8(64%)
Smoking 10(8%)
Renal faiure 8(64%)
Coronary artery disease 9(7.2%
Atrial fibrillation/Flutter 36 288%)
LVEF (3 - meansSD 67184
Range 318
Below 50% 5 (%)
DDLY (mm) - mean£SD 55872
Range 4176
SDLV (mm) - mean+SD 34161
Range 2556
Mitral regurgitation
Moderate 10(8%)
Severe 115 (92%)
Tricuspid regurgtation
Moderate 18 (14.4%)
Severe 2(16%

DDLV=diastolic dimension of the left ventricle; VEF=left
ventrcular ejection fraction; NYHA=New York Heart Assocition;
SD=standard deviation; SDLV=systolic dimension of the left

ventricle
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Table 2. Operative data and surgical findings.

Variables N(%)
Number of patients 125
Etiology
Degenerative 73 (584%)
Anterior prolapse 110150%)
Posterior prolapse 49 (67.1%)
Bileaflet prolapse 13178%)
Rheumatic 34072%
Congenital 50%
Pure annular dilatation 304%
Endomyocardial fibrosis 108%)
Active infective endocarditis 432%)
Healed infective endocarditis 540%)
Incision
Median stemotory 115(92.0%)
Right minithoracotomy 10(80%)
No annuloplasty ring 1188%)
Mitral annuloplasty ring 114(91.2%)
Carpentier-Edwards Physio Il Ring 61 485%)
Bovine Pericardial band 47 376%)
GregoriRing 2 206%)
Carpentier Classic Ring 304%)
Braile 1 108%)
Chordal replacement with Gore Tex 76 (605%)
sutures
Use of pericardial patches 12(06%)
Triangular resection 20(160%
Quadrangular resection 240192%
Tricuspid valve surgery 20(160%
Coronary artery bypass graft 8(64%)
Atral fibrilation ablation 18 (144%)
CPB time (min) -~ meanSD 93435
Range 35-240
Aortic damping tirme (min) - meansSD 73129
Range 23-197

CPB=cardiopulmonary bypass; SD =standard deviation
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Fig. 1 - Sunvival curves of patients with active infective endocarditis
undergoing surgical treatment.
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Table 2. Postoperative complications.

Population Death n=18
Variable Pvalue
totaln=88 | Presence of variable | Absence of variable

Postoperative complication 45(51.1%) 17 (37.78%) 1(232% 0001
Sepsis 19.(21.6%) 17 (8947%) 1(1.44%) 0001
Shock 17(193%) 16 94.12%) 20281% 0001
AFRVR 15 (17%) _ 18 (2278%) 0133
cHB 5(57%) 2(40%) 16 (1927%) 0211
Ventricular arthythmia 4(45%) 105%) 17 (2023%) 0791
Permanent pacemaker 364% 13333%) 17 20%) 0465
Septic pulmonary embolism 101.13%) 1(100%) _ 0003
Ischemic stroke 101.13%) 18 (1566%) 0650
Surgical site infection 364% 18 (1530%) 0449

'AFRVR=atrial fibrillation with rapid ventricular response; CH

omplete heart block.
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Abbreviations, acronyms & symbols

AF Atrial fibrillation

AFRVR = Atrial fibrillation with rapid ventricular response
AE = Activeinfective endocarditis
BMI Body mass index

a Confidence interval

CRP =Creactive protein

KD = Chronickidney disease

oM Diabetes melitus

HR Hazard ratio

E infective endocarditis

WVEF = Leftventricular ejection fraction

PASP = Pulmonary artery systolic pressure
PH  =Pulmonary hypertension
SH Systemic hypertension






OPS/images/a12img02.png
Table 1. Preoperative linical characteristics of the sample.

Variables Total Population n=88

Age, years 5086+16.15
Male 58 (65.9%)

Gender 068
Female 30341%)

BMI, kg/m? 2486:372 043

SH 13 (148%) 0001

DM 17(193%) 035

KD 17(193%) on

Prior heart surgery 48 (545%) 048
<1year 22 (45.8%)

Interval between prior and new surgery 095
> 1year 26 (542%)

IV drug users 4(45%) 031

AF 18 205%) 078

LVEF <50% 192150%) 021

PH250 mmHg 39 (443%) 032
[ 38 (432%)

NYHA [ 41 4656%) o084
v 9(102%)

EuroSCORE I 89%:65% 003

‘AF=atrial fibrillation; BMI=body mass index; CKD=chronic kidney disease; DM=diabetes melltus; V=intravenous; LVEF=lefi
ventricular ejection fraction; NYHA=New York Heart Association; PH=pulmoniary hypertension; Sti-=systemic hypertension
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Table 3. Multivariate analysis of preoperative factors.

Variable HR e Pvalue
Lower Upper
Positive blood culture 492 038 63849 0223
Typical microorganism 1304 0154 11064 0808
cRP 1002 0961 1031 0784
Creatinine clearance 0978 0958 0998 0035
SH 5194 1268 21266 0022
Age 0997 0951 1046 0915

Cl=confidence interval; CRP=C-reactive protein; SH:

stemic hypertension; HR=hazard ratic
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Fig. 2 - Survival curves of patients with active infective endocarditis
undergoing  surgical _treatment with and  without ~typical
‘microorganisms i their preoperative blood cultures.





