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  Domingo M. BraileI; Paulo Roberto B. ÉvoraII

  IBJCVS

  IIBJCVS

   

  Writing a scientific editorial is an arduous task, as it should go beyond a summary of the focused journal. Therefore, we have designed this text oriented to three targets: 1) What represents the year of 2011 for the Brazilian Journal of Cardiovascular Surgery (BJCVS); 2) The BJCVS support for feasibility of trials, and; 3) The 50 years of heart transplants.

   

  THE YEAR OF 2011: A CELEBRATION AND A MILESTONE

  During the 25-year BJCVS celebrations in 2011, we had the first Impact Factor (IF) published by ISI-Thomson Reuters. The prime number of 0.963, almost 1, at first evaluation, shows the high degree of development of Brazilian cardiovascular surgery. In an attempt to check the SciELO database and verify if it coincides with the 25 years of the BJCVS, we observe the best academic performance of the BJCVS (Figure 1). It should be noted that this performance was independent of international collaboration (Figure 1B). This fact deserves careful evaluation to guide our editorial planning.
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  PROTOCOL TRIAL

  Recently, Rodrigues et al.[1] investigated in a Brazilian two-center study the relationship between pre-frailty and adverse postoperative outcomes following cardiovascular surgery. The authors emphasized that this group had more cumulative events than the non-frail group, both in stroke and death rates, and that pre-frail patients had prolonged mechanical ventilation time and hospital length of stay compared with non-frail patients. The authors pointed out that these findings are strongly relevant and contribute to understanding whether the extent of premorbid deficit accumulation adds prognostic value after cardiovascular surgery. In this scenario, BJCVS was chosen by Mejía et al.[2] as a vehicle for the publication of the study protocol of the randomized controlled multicenter FRAGILE trial, whose primary purpose will be to compare adverse cardiac and cerebrovascular events after CABG (on-pump vs. off-pump) in pre-frail and frail patients, inaugurating this new type of publication in our medical journal (page 428).

   

  FIFTY YEARS OF HEART TRANSPLANTATION

  This year we celebrate 50 years of the first inter-human heart transplantation. In this edition, Prof. Noedir Stolf reviews the most important steps of this glorious journey. Repeating his words: "Heart transplantation first performed in the course of experiments of other nature at the beginning of 20th century, seen as a speculation for the future in the middle of the same century, is now widely accepted by medical and lay communities as a valuable therapeutic procedure." The heart transplantation is one of the most exciting and remarkable chapters in the history of cardiac surgery.

   

  ADDITIONAL ARTICLES IN THIS ISSUE

  This issue of BJCVS presents a selection of various articles that will surely please their readers.

  The following articles were chosen for publication: two articles on the use of artificial cardiac stimulation; two articles on surgery in congenital heart diseases; two articles related to aortic diseases; two comparative articles between percutaneous transluminal coronary angioplasty (PTCA) and surgery, and; some general aspects related to cardiac surgery (circulatory support, operations in Jehovah's Witness patients, intensive care unit stay, aspects of heart surgery in the fragile patient).

   
    • The articles on electrical stimulation addressed two issues: one on the evolution to atrial fibrillation with VDD and DDD pacemakers, and the other on the implantation of cardioverter-defibrillators therapy in patients with nonischemic heart failure.

    • The articles on congenital heart disease present a casecontrol on the always exciting subject that is the formation of chylothorax as a complication of the surgical correction of congenital heart diseases.

    • On diseases of the aorta, we discuss the percutaneous coronary intervention and drug-eluting stents or coronary artery bypass grafting surgery for unprotected left main coronary artery stenosis.

    • Impact of myocardial revascularization method on smoking cessation: CABG versus percutaneous coronary intervention is another subject under discussion in this issue of BJCVS.

  
 
  Domingo M. Braile 1Editor-in-Chief - BJCVS Paulo Roberto B. Évora 2Editor-in-Chief Interim - BJCVS
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   Brazilian Congress of Cardiovascular Surgery

  

    

   

  Renato A. K. KalilI,II

  IFundação Universitária de Cardiologia

  IIUniversidade Federal de Ciências da Saúde de Porto Alegre

   

  “As a community we should address existing gaps in outcomes with a focus on opening (rather than restricting) access to transformative technologies while lowering the barriers to educational and advanced training opportunities. A rising tide floats all ships – but it is incumbent on us as a professional community to ensure that each of our colleagues has access to a paddle and a map. Otherwise, the resulting calamity will sink us all.” J. Matthew Brennan (Duke University). Ann Thorac Surg. Feb. 2016
  In the era of mass information, where is the truth?

  In the era of instant information, what is a medical conference for?

  These issues arise when we organize a new congress and certainly bother when the surgeon decides whether to attend an event.

  In 2017, we held the 44th Congress of the Sociedade Brasileira de Cirurgia Cardiovascular (SBCCV), in Rio de Janeiro, under skepticism, scarcity of resources and many doubts about the future of this activity, or even about the specialty itself.

  The Congress was a success. It exceeded the expectation of the number of participants, added many new speakers and presenters of scientific subjects and impressed by the quality of the presentations of the national and international speakers. The policy adopted was to prioritize the scientific quality, to include young surgeons and to discuss the topics of the current reality and practice of the specialty. Sessions of short answers were emphasized for relevant questions, discussion of clinical trials impacting the surgical practice and presentation of original themes, both in the form of commented posters and in original oral presentations. Students and residents had their special, high-quality activities.

  The 45th Congress of the SBCCV will be held in Goiânia, from 19 to 21 April, 2018. The preliminary program is outlined and first line international guests are confirmed. We hope to perfect the formula, increase the focus on innovation and promote the face-to-face discussion of the topics that most concern and afflict the Brazilian cardiovascular surgeon at the moment.

  On the questions put at the beginning of this editorial: where will the truth be? It can emerge from the broad, frank, qualified and face-to-face discussion, confronting data, criticism, and mixed experiences of young and experienced surgeons.

  And what is a congress for? Clearly, it is the democratic opportunity to filter, from the myriad of information, what can be used and applied in surgical practice, aiming at our professional priority objective, which is the greatest benefit of the patient.

  This is how SBCCV acts: understanding that one of its objectives is to promote education and access to innovation.

  We look forward to your presence at our next congress.
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    ABSTRACT

    INTRODUCTION: The pacemaker implantation VDD is considered simpler, faster, less expensive and causes fewer complications compared to DDD. However, the VDD pacemaker has not been widely used in many centers, perhaps for fear of dysfunction of the sinus node and the reduction of atrial sensitivity by the pacemaker during follow-up after implantation.

    OBJECTIVE: To compare patients with DDD and VDD pacemakers regarding the evolution of chronic atrial fibrillation (AF) and length of stay outside this postoperative arrhythmia.

    METHODS: It was included 158 patients with dual chamber pacemakers, 48 DDD and 110 VDD. Follow-up period: between January 1, 1999 and December 31, 2015. The mean follow-up of patients with DDD was 5.35 years and the VDD, 4.74 years. The percentage of each group (DDD and VDD) which evolved to AF during follow-up was assessed. Also, it was made an actuarial study with the respective curves indicating the time free from AF for each group. Patients were classified according to the diagnosis that led to pacemaker implantation and the degree of heart failure.

    RESULTS: The percentage of patients who developed AF was higher in DDD group (10.42%) than in VDD group (6.36%), but without statistical significance. Patients with DDD and VDD remained free of AF for similar period.

    CONCLUSION: Considering the results, the VDD pacemaker continues to be a good option to the DDD for routine use in cases properly indicated.

    Keywords: Pacemaker, Artificial; Atrial Fibrillation; Atrioventricular Block.

  

   

   

  INTRODUCTION

  In electric cardiac stimulation, the dual chamber pacemaker is widely used, especially in DDD mode, indicated in cases of atrioventricular heart block, among others. This type of stimulation offers many clinical advantages as it can maintain synchronization between atriums and ventricles leading to hemodynamic gain during the cardiac cycle and improves cardiac output. This type of pacing is made by the implantation of two leads, one in the right atrium and the other in the right ventricle, coupled to a dual-chamber generator, each lead may sense or stimulate the heart, thus working on demand mode according to the cardiac requirements.

  The VDD mode is an alternative kind of stimulation of dual chamber pacemakers generators. This type of cardiac stimulation can be used when the sinus node is normally functioning[1]. In this case, only one lead is implanted, where its end remains in the right ventricle's internal wall for stimulate and sense at this location. This same lead has a proximal pole that is positioned within the right atrium and at this point is only able to sense the heartbeats.

  The ideal leads' position in both types of pacemakers is achieved by positioning them with fluoroscopy aid in addition to reading the appropriate electronic measures at the chosen location.

  According to Eberhardt et al.[2], the use the VDD pacemaker allows to implant in a shorter time, with less use of fluoroscopy and fewer complications compared to DDD. Moreover, the VDD pacemaker has less cost than DDD, considering material, hospital and medical fees[3]. Gonçalves et al.[4] evaluated VDD implantation and concluded that this mode of stimulation permits clinical and hemodynamic improvement, indicating this pacemaker in all patients with atrial stability and competence.

  The implant of VDD pacemaker is not widely made in medical practice, despite the advantages mentioned above. One hypothesis for this is the sinus node dysfunction fear and decrease of the sensitivity by the pacemaker after its implantation, during follow-up of these patients[5].

  Pakarinen and Toivonen[6] state that careful evaluation of the clinical history, electrocardiogram and adequate radiographs are sufficient to select elderly candidates for VDD pacemaker implantation and thus, sinus dysfunction rarely occurs under these conditions.

  Although some references show that this type of pacemaker has not been used frequently[7], we routinely implant VDD pacemakers in daily clinical practice without finding significant complications inherent in this procedure; however, we observed that some patients developed atrial fibrillation (AF) after implantation, which we also observed in DDD implants.

  Therefore, it is appropriate to question if the presence of a lead in the right atrial wall of DDD pacemakers would increase the risk of AF induction, or, on the other hand, the atrial pacing lead would promote more protection against this arrhythmia, as some reports suggested[8].

  The objective of this study was to compare patients with DDD and VDD pacemakers with respect to the evolution towards chronic AF and the time free of this arrhythmia in postoperative period by evaluation in Pacemaker Clinic of Faculdade de Medicina de Botucatu - Unesp.

   

  METHODS

  This study included patients undergoing cardiac pacemaker implantation between January 1, 1999 and December 12, 2014, attended at the Outpatient Hospital of Faculdade de Medicina de Botucatu. Outpatient follow-up was considered the period between January 1, 1999 and December 31, 2015.

  Approval by CEP

  This study was approved by the Ethics and Research Committee, with CAAE: 50099715.2.0000.5411 with sound number: 1314,841.

  Patients

  From 625 we included 158 patients with dual-chamber pacemaker with 48 DDD and 110 VDD. It was accomplished a gender distribution, diagnosis, functional class of heart failure.

  Diagnostics for Implants Indication

  The diagnostics that led indications of pacemakers implants are listed in Table 1.

  
    

    [image: Table 1. Distribution in each group: number of patients studied; sex; previous diagnosis to the implant; functional class of heart failure; mean follow-up of patients in months (MFM).]

  

  Mean Time of Patient Monitoring

  Average times of follow-ups of patients undergoing pacemaker implants are indicated in Table 1. The total time in years follow-up added all patients of each type of pacemaker was 256.66 years to DDD and 521.41 pacemaker years to VDD. Outpatient follow-up was considered the period between January 1, 1999 and December 31, 2015, the shortest follow-up time of 2 months and the longest of 13 years and 11 months.

  Exclusion Criteria

  We excluded patients with third degree atrioventricular block and sinus node disease in both groups. We also excluded cases where doubts diagnostic occurs, information were insufficient and data were not fully reliable.

  Groups

  Patients were classified into 2 groups: Group 1, patients with DDD pacemakers; Group 2, patients with VDD pacemakers.

  Atrial Fibrillation

  In both groups, patients who developed post-implantation AF were separated and the time for development of AF after surgery was measured in each of them. Only patients who entered in AF at least 2 months after surgery were included.

  Comparison between Number and Percentage of Each Group for Evolution to AF

  Comparisons between DDD and VDD groups were made regarding the number of patients and percentage that evolved AF within each group.

  Actuarial Study

  Free time of AF was evaluated by the curves and actuarial study in both groups.

  Statistical Study

  One proportion test was performed to verify if there was statistical difference between the proportions of variables such as gender, previous diagnosis and functional class in both groups.

  For the time variable, a normality test was performed and the data showed an asymmetrical distribution. Thus, adjusted a generalized linear model with gamma distribution to check whether there was difference between the groups with respect to time (months) of follow-up

  For the actuarial study we used the Statistical Calculations for Windows V. 1.8, developed by Dr. Domingo Braile and Dr. Moacir Fernandes de Godoy and implemented in Power Builder 6.6 Sc. Djalma Domingos Silva. The construction of actuarial curves was made in Microsoft Excel program.

   

  RESULTS

  Number and Percentage of Patients who Developed AF

   Table 2 shows the number of patients and the percentage that has evolved to AF in both groups during the period considered in the study.

  
    

    [image: Table 2. Distribution in number (N) and percentage (%) of each type of pacemaker which remained in sinus rhythm and which progress to atrial fibrillation (AF) in groups DDD and VDD.]

  

  Actuarial Calculations and Curves

  The actuarial study comparing the incidence of AF in patients with dual chamber pacemaker DDD and VDD is shown in Figures 1, 2 and 3 and Tables 3 and 4.
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  DISCUSSION

  The concept VDD pacemaker was designed in 1973, but only became commercially available in the 80s[9]. Mond et al.[7], in a study performed in 2005 by Cardiac Pacing and ICD Survey, which compared the use of pacemakers in 43 countries, Brazil ranked fourth in a VDD use in percentage values, surpassed by Spain (20%), Japan (18%) and Italy (11%). According to this study, in Brazil 53% of pacemakers used was DDD (R), 34% VVI (R), 9% VDD, 4% biventricular and less than 1% AAI (R). During the period considered in this work we routinely use the VDD pacemaker. It can be seen that the VDD group is bigger (110 patients) than DDD group (48 patients).

  Eberhardt et al.[2] conducted a retrospective study in 1884 patients who received unicameral (VVI, 610 patients) and bicameral pacemakers (VDD, 371 patients, and DDD, 903 patients). Surgeon's experience was considered in three levels according to the number of previous implants made before the study (low: less than 50 implants; middle: between 50 and 100 implants, and high: over 100 implants). They observed that the DDD pacemaker requires longer use of fluoroscopy when implanted by surgeons with low or middle levels of experience, while this time is substantially reduced with higher level of experience. The risk of complications in procedures performed by surgeons with low and middle levels of experience were significantly higher for implants of DDD pacemakers, compared to VDD or VVI. However, this difference disappears when operations were performed by surgeons with better expertise.

  Wiegand et al.[3] conducted a study in order to compare costs between the implants of DDD and VDD pacemakers. The authors state that using VDD pacemaker, the overall cost of an uncomplicated implant (including prostheses) can be reduced by 9% (EUR 518 per patient in this study). They concluded therefore that the treatment with VDD pacemaker promotes a significant cost reduction compared to DDD, without loss of efficacy. Therefore, the single lead used in VDD pacemaker can promote a satisfactory cost-benefit ratio in the treatment of patients with high-grade atrioventricular block with normal sinus node function, when considering the use of dual-chamber pacemaker.

  Given these reports, it is curious the fact that the VDD pacemaker is less used than would be expected. Schaer et al.[10] claim that, in clinical practice, VDD pacemaker has an excellent performance in atrioventricular block patients with a presumed normal function of the sinus node, with very low incidence of need for review by loss of atrial sensitivity (2%) and rarely requiring reintervention for DDD pacemaker implant due sinus node dysfunction (1%). According to the authors, the main reason for reprogramming the VDD pacemaker to VVI is the beginning of permanent AF.

  Marchandise et al.[5], in a prospective, non-randomized study, compared patients with symptomatic atrioventricular block who received VDD and DDD pacemakers. According to the authors, despite the several advantages offered by the pacemaker VDD, the main disadvantage is that patients develop a greater loss of atrial detection compared to DDD. However, it was not found other differences between the two types of pacemaker that could lead to clinical impact on the incidence of AF, myocardial infarction, dilated cardiomyopathy or mortality.

  We have not included in our study patients with a previous diagnosis of sinus node disease and third degree atrioventricular blocking, intending to become more homogeneous groups, considering 107 cases of sick sinus syndrome in DDD and 0 in VDD group. In addition, the number of patients with third degree atrioventricular block was 84 in DDD and 276 in VDD group. Considering this relevant numerical difference of third degree atrioventricular blocking, we also opted for the exclusion of patients with this type of blocking. This decision resulted in a decrease in the number of patients studied, but we believe that the comparison between the groups was best suited.

  Comparing VDD and DDD groups we found no differences with statistical significance between sex and functional class or follow-up average time. Regarding the pacemaker indication, we observed that most of cases was second degree atrioventricular block Mobitz I and II, being that in the VDD group the second degree atrioventricular block Mobitz II was significantly more present (Table 1).

  Although the percentage of patients who developed AF during the period studied was lower in VDD group (6.36%) than in DDD group (10.42%), there was no statistical significant difference between them (Table 2), corroborating the results of Marchandise et al.[5], which also found no differences in this sense, even though they have found greater loss of atrial detection in VDD pacemaker.

  Wiegand et al.[11] found that the occurrence of sinus node disease is rare in patients with isolated atrioventricular block and the incidence of atrial tachyarrhythmia in patients undergoing pacemaker implantation DDD and VDD were similar.

  With the actuarial study we observed that the two actuarial curves were close all the time. In the early years, the curve of VDD group is positioned slightly above DDD, but this position is reversed in the last years of follow-up. Thus, we believe that the closeness of both curves and the actuarial calculations do not demonstrate a relevant difference in length of time which patients with VDD and DDD pacemakers were free of AF (Figures 1, 2 and 3, Tables 3 and 4).

  According to Pakarinen and Toivonen[6], the VDD pacemaker should not be used in patients with paroxysmal AF and increased size of heart due to higher probability of loss of atrial function with progressive evolution to AF.

  The results obtained combined with reports in the literature (lower incidence of complications, shorter time of use of fluoroscopy for the implant, lower cost, simpler system with easier implantation) leads us to believe that VDD pacemaker remains a good option when duly indicated. In selecting patients which would receive this type of pacemaker (VDD) is needed careful evaluation of clinical history with electrocardiographic and radiological appropriate study, thus, in this case, the loss of atrial detection and/or AF rarely will develop.

   

  CONCLUSION

  The absence of a lead in the right atrium, in the case of VDD pacemakers, besides promoting fewer complications, simplifying the surgery and having a lower cost, seems not interfere in the development of AF when compared to DDD pacemaker, without loss of its efficiency.
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    ABSTRACT

    OBJECTIVE: The disease of the aortic arch is traditionally approached by open surgical repair requiring cardiopulmonary bypass and circulatory arrest. This study performed a retrospective analysis comparing outcomes through primary hybrid patients submitted to aortic arch surgery without cardiopulmonary bypass with patients submitted to conventional open surgery.

    METHODS: 25 patients submitted to the aortic arch surgery were selected in the period 2003-2012 at the Madre Teresa Hospital in the city of Belo Horizonte, Brazil; 13 of these underwent hybrid technique without cardiopulmonary bypass and 12 underwent conventional open surgery.

    RESULTS: The mortality rate for the hybrid group was 23% and for the conventional surgery group was 17% (P=0.248). The postoperative complication rate was also similar in both groups, with no significant difference.

    CONCLUSION: Both techniques proved to be similar in mortality and morbidity. However, due to the small sample, more analytical studies with larger samples and long-term follow-up are needed to clarify this issue.

    Keywords: Aortic Aneurysm; Aorta, Thoracic; Cardiovascular Surgical Procedures; Endovascular Procedures.

  

   

   

  INTRODUCTION

  Treating patients with aortic arch aneurysm is a major technical challenge and it is an area in continuous development and innovation[1].

  The aortic arch aneurysm is a lethal disease[2-5] that represents 10% of thoracic aneurysms[3]. The surgical treatment, indicated in aneurysms larger than 6 cm[6,7], alters its natural course[8]. However, surgery requires cardiopulmonary bypass (CPB) with deep hypothermic and circulatory arrest[1,9], with 65% to 80% of morbidity rates and mortality from 10% to 20% due to stroke, acute myocardial infarction (AMI), pulmonary complications and excessive bleeding[1,6,10].

  Novaes et al.[3] developed an alternative technique with intraluminal ring that reduces the extracorporeal circulation (ECC) time and bleeding, but does not contribute to decreasing the overall mortality.

  Hybrid techniques with transposition of the supra-aortic trunks associated with endovascular surgery[11,12] prevents the need of cardiopulmonary bypass, which theoretically would reduce the morbidity and mortality[13,14]. Therefore, this would be an alternative option for high-risk patients[1].

  On the other hand, some other authors did not show better results. Schumacher et al.[15] reported 20% of mortality within 30 days; Andersen et al.[16] showed an increasing of the mortality rate (from 5.7% to 14.9%) after 30 days of hybrid treatment in Zone 0 mainly due to retrograde dissection, and Melissano et al.[17] observed a stroke incidence of 14.3% in patients treated through the hybrid mode.

  Thus, comparing the hybrid techniques and the conventional repair is necessary in order to establish their true impact on the overall morbidity and mortality.

  The aim of this study is to compare both rates of mortality and postoperative complications between the hybrid technique and conventional surgery for treating patients with aortic arch aneurysm.

   

  METHODS

  This is an observational, analytical and retrospective case-control study comparing conventional surgery (group 1) and the hybrid technique (group 2).

  The study was approved by the research ethics committee (REC) the Madre Teresa Hospital (MTH), as well as by the REC-UFMG (number 306224). Between 2003 and 2012, in the MTH (Belo Horizonte, Brazil), from 948 patients submitted to aortic surgery in all its segments, 25 patients were selected for the treatment of aneurysmal disease exclusively in the aortic arch.

  Conventional surgery was performed in 12 patients with cardiopulmonary bypass, deep hypothermic, and complete or partial circulatory arrest. Hybrid surgery was performed in 13 patients with full supra-aortic trunks transposition and aneurysm removal through stent.

  Inclusion Criteria

  
    • Absence of concentric calcification of the ascending aorta and arch (porcelain aorta).

    • Suitable diameter of the ascending aorta for proximal stent sealing - when either this diameter was larger than 42 mm or a type 1 intraoperative endoleak occurred, the banding technique with polyester prosthesis retail (Dacron®) was used.

    • Normal aortic valve function.

    • Good quality of the vessels for the stent's retrograde access (femoral and iliac arteries' diameter, tortuosity and calcification).

  

  Exclusion Criteria

  
    • Aortic dissection.

    • Aortic arch aneurysm involving also the ascending and/or descending aorta.

    • Insufficient and/or moderate to severe aortic valve stenosis.

    • Unfavorable anatomy of the femoral and iliac vessels for the thoracic stent navigation.

    • Unstable patients with neurological condition without prognosis.

  

  Hybrid Surgery Technique

  Transposition was performed at the ascending aorta, after median mini-sternotomy with polyester graft (Dacron®) for end-to-side anastomosis, and tangential clamping of the aorta in Zone 0 (Ishimaru's classification)[14,18] about 3 cm above the sinotubular junction. It was carried out through intrathoracic access, with distal end-to-end anastomosis of the arteries left common carotid, innominate, and left subclavian, all at once without neck incision.

  The stent's choosing, sizing, and implantation strategy was determined preoperatively after analyzing the 16-row multislice computed tomography scans with multiplanar reconstructions (center line included). The choice of the stent trademark was done according to each device's specific characteristics, such as warhead type (short or long), device's flexibility and diameter size (French).

  Conventional Surgery Technique

  Subsequently to the median sternotomy and right axillary artery dissection, the following procedures were proceeded: pericardiotomy, supra-aortic trunks exposure, systemic heparin administration with the activated clotting time (ACT) control, right axillary artery cannulation, inferior vena cava cannulation across the right atrium, cardiac arrest induction throughout antegrade cold blood crystalloid cardioplegia, deep and moderate hypothermia, aortic arch replacement by polyester graft (Dacron®) and proximal end-to-end anastomosis in the ascending aorta, followed by supra-aortic trunks revascularization by intrathoracic access; using partial circulatory arrest (with selective cerebral flow through right axillary artery) or total, and distal end-to-end anastomosis in the descending aorta or its distal arch.

  Follow-up

  Patients were evaluated by means of clinical examination; data collection of medical records and computerized tomography scans.

  Data collection was performed through hospital's electronic-stored medical records investigation, comprising: laboratory tests and images either attached to the system or brought by the patients during the postoperative follow-up visits.

  A standard form was utilized containing the following items: gender, age, admittance date, surgery date, surgery type (elective or emergency), symptoms, comorbidities, circulatory arrest, technical success, CPB time, stent trademark and endoleak occurrence, intensive care unit (ICU) time, hemoderivatives administrated, hospital discharge date, and death (early and late).

  All collected data were anonymous and confidential.

  Frequency distribution tables of categorical variables for the subjects' characterization were presented, as well as the central tendency and dispersion measures for continuous variables. To analyze the differences between groups, chi-square and Fisher's exact test were utilized for categorical variables and the Mann-Whitney test was used for continuous variables.

  The primary outcomes were: hospitalization time, ICU time, postoperative complications, early and late death, and cause of death. It was considered significant P<0.05. Database processing and analyses were performed using the software Stata (version 12).

   

  RESULTS

  Data of 18 men and 7 women were analyzed. The average age was 66 years. There were no significant differences in the demographic characteristics between the conventional technique and the hybrid technique, as presented in Table 1.
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  Regarding the surgery type, no significant differences were observed between the groups submitted to hybrid surgery and conventional surgery, once the majority of operations were urgent (72%) in both groups.

  Considering the symptoms, no significant difference was observed between the groups submitted to hybrid surgery or conventional surgery (Table 2).
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  In relation to the occurrence of comorbidities and evaluation, no significant differences were found between the groups (Table 3).
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  The technical success rate was 100%. In the hybrid group, endoleak occurred in 2 (15.3%) patients: one type-IA, corrected throughout an ascending aorta cerclage before surgery, and the other a type-IIB, that was followed up clinically with thorax computed tomography scanning and spontaneous remission after 6 months.

  The thoracic stents used in patients (n=13) were: Braile® in 1 (7.6%) patient, Evita® in 3 (22.8%) patients, Gore® in 1 (7.6%) patient, Medtronic® in 6 (46.7%) patients and Zenith® in 2 (15.3%) patients.

  Regarding the conventional surgery group, circulatory arrest was partial in 7 (58.33%) patients, and total in 5 (41.67%) patients, with an average CPB time of 92.5 minutes.

  Postoperative complications occurred in all patients who underwent conventional surgery. In the hybrid surgery group, 10 (77%) patients had postoperative complications.

  The occurrence of complications was not significantly different between groups (Table 4).
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  There was no statistical difference between groups regarding in-hospital mortality (Table 5).
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  The most common causes of in-hospital deaths were diffuse hemorrhage and cardiogenic shock, with no statistical significant difference between groups (Table 6).
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  The postoperative follow-up ranged from 39 to 51 months (mean 46 months). Four patients from the conventional surgery group went missing during follow-up: after 4 years and 2 months, 3 years and 9 months, 3 years and 3 months and 2 years and 7 months; these periods refer to their last medical visit, and telephone contact was tried with all of them, but unsuccessfully. In the conventional surgery group, one patient died of lung cancer after 3 years and 8 months after surgery and another one died after 3 years and 5 months due to extensive stroke.

  With respect to post-hospital deaths in the hybrid surgery group, the causes were: bladder cancer 9 months after surgery; "indeterminate" 3 months after surgery (died in another hospital and the family said that he had just "got sick"), pneumonia after 74 days (readmitted at MTH) and AMI after 57 days (readmitted at MTH).

  The ICU time was similar in both groups: 3 days in the hybrid technique group and 2 days in the conventional technique group with no significant difference between them (P=0.805). In relation to the hospitalization time, in days, the average was higher among patients submitted to the conventional technique (18 days); however, the difference was not statistically significant (Table 7).
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  DISCUSSION

  In this case-control study (retrospective cohort), two groups were selected with similar demographic and clinical characteristics.

  However, we did not know about the severity score of surgical risk for both groups, since these data were not available during the preparation of this study. It is likely that the more severe patients were allocated in the hybrid surgery group, which could explain the higher mortality rate found, although this was not statistically significant.

  In the hybrid surgery group, in-hospital deaths were due to stroke, diffuse bleeding and cardiogenic shock, and three patients were taken to emergency surgery: the first patient died after 3 days of surgery by multiple organ failure following an extensive stroke; the second patient presented diffuse bleeding and died on the first postoperative day; the third patient presented a low cardiac debit due to left ventricular failure before surgery and died during surgery.

  In the conventional surgery group, in-hospital death occurred due to diffuse bleeding in two patients, who were operated on an emergency basis and showed CPB time over 150 minutes. One patient died in the immediate postoperative period and the other one died in the second postoperative day.

  The follow-up time was satisfactory (46 months). In the conventional surgery group, four patients were missed after about 3 years of follow-up. In this group there were two late deaths not related to aneurysm (lung cancer and cerebral ischemia). The other patients, until our last contact, were asymptomatic.

  In the hybrid technique group was observed four posthospital deaths, three not directly related to the surgery or illness: one patient died because of bladder cancer, another one died due to bacterial pneumonia, and the third died due to acute myocardial infarction. One patient died three months after surgery due to undefined causes and may be caused by an aneurysm rupture.

  The complication rates did not differ between groups. The stroke rate was 15.3% in the hybrid technique and 16.6% in the conventional technique. According Melissano et al.[17], both the ascending aorta manipulation during clamping to transpose the supra-aortic vessels and the aorta's sealing to anchor the thoracic stent increase the stroke incidence rate up to 14.3%, which could explain this high rate in patients submitted to the hybrid technique.

  Pulmonary complications, including pneumonia, pleural effusion and tracheostomy (TQT), did not statically differ, although TQT was observed only in the conventional surgery group (16.6%), which would indicate larger diffuse lung injury, immunosuppression and hypoalbuminemia due to the CPB time longer than 100 minutes, associated with multiple transfusions due to increased bleeding that occurred in these patients. An increased bleeding rate was observed in the conventional surgery group, although no statistical differences were found.

  Renal failure occurred in only one patient from the hybrid technique and there was no statistical difference between the groups.

  Thus, in relation to the complications, the fact that there were no statistical differences between the groups may be due to the small sample size, since only patients with aortic arch aneurysm not affecting the surrounding anatomical regions were considered. The aortic arch aneurysm alone corresponds to only 10% of the thoracic aorta aneurysms[3].

  The mean ICU time was similar in both groups, being 3 days for the hybrid technique group and 2 days for the conventional technique group, with no significant difference.

  Melissano et al.[17] reported a mean hospitalization time of 9 days for hybrid treatment in Zone 0; Moulakakis et al.[1] found a mean hospitalization time of 12 days for patients underwent to hybrid surgery. In this study, the mean hospitalization time in patients submitted to the hybrid technique was 8 days.

  Some authors have adopted the hybrid surgery as first-line intervention, due to technical advantages like absence of aortic clamping, removal of CPB and hypothermia. But these data were not properly based on the literature, which is contradictory regarding the superiority of the hybrid surgery compared to conventional surgery.

  The hybrid surgery has been employed to high-risk patients especially in urgency and emergency contexts. Moreover, lesion morphology, aorta anatomy and comorbidities of the patients ultimately determine the operative risk and prognosis. Therefore, besides the surgical technique, patients' clinical and anatomical conditions are also determinants for the results.

  As limitations of this study, it can be emphasized the small sample size, which may have not been enough to detect differences between groups, and a possible bias in the patient selection, since the hybrid surgery tended to be more indicated in higher operative risk patients. It is noteworthy to say that, from 948 patients with aorta aneurysms or dissections in all its segments operated on the MTH during this period, only 25 patients were selected due to the rigid inclusion criteria, which excluded patients who simultaneously presented ascending and/or descending aorta impairment, in addition to cases of acute aortic dissection. This criterion has restricted the sample size, since most patients with aortic arch aneurysm had also affected surrounding segments.

  Although a lower mortality rate was expected in the hybrid surgery group, the contrary was found: a higher mortality rate (23%) compared with the mortality rate of the conventional surgery group (17%), but with no significant difference (P=0.248). In addition, lower complications rate for the hybrid technique was also expected, which, again, did not occur. Therefore, the hybrid technique did not reveal superiority over the conventional surgery. However, as beforehand mentioned, this may be due to the selection bias.

  Hence, the results found in this study did not confirm the hypothesis of superiority of the hybrid technique for the treatment of aortic arch aneurysm. On the other hand, it continues to be an alternative to the conventional surgery, especially in high-risk patients.

   

  CONCLUSION

  The mortality and postoperative complications rates between hybrid and conventional surgery for the aortic arch aneurysms treatment were similar, with no superiority of one technique over the other.

  However, due to the small sample, comparative studies with larger samples are needed to elucidate what would be the best option in these cases.
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    ABSTRACT

    INTRODUCTION: Conventional techniques of surgical correction of arch and descending aortic diseases remains as high-risk procedures. Endovascular treatments of abdominal and descending thoracic aorta have lower surgical risk. Evolution of both techniques - open debranching of the arch and endovascular approach of the descending aorta - may extend a less invasive endovascular treatment for a more extensive disease with necessity of proximal landing zone in the arch.

    OBJECTIVE: To evaluate descending thoracic aortic remodeling by means of volumetric analysis after hybrid approach of aortic arch debranching and stenting the descending aorta.

    METHODS: Retrospective review of seven consecutive patients treated between September 2014 and August 2016 for diseases of proximal descending aorta (aneurysms and dissections) by hybrid approach to deliver the endograft at zone 1. Computed tomography angiography were analyzed using a specific software to calculate descending thoracic aorta volumes pre- and postoperatively.

    RESULTS: Follow-up was done in 100% of patients with a median time of 321 days (range, 41-625 days). No deaths or permanent neurological complications were observed. There were no endoleaks or stent migrations. Freedom from reintervention was 100% at 300 days and 66% at 600 days. Median volume reduction was of 45.5 cm3, representing a median volume shrinkage by 9.3%.

    CONCLUSION: Hybrid approach of arch and descending thoracic aorta diseases is feasible and leads to a favorable aortic remodeling with significant volume reduction.

    Keywords: Aorta, Thoracic; Aneurysm, Dissecting; Minimally Invasive Surgical Procedures.

  

   

   

  INTRODUCTION

  Conventional techniques for surgical correction of aortic arch and descending diseases (either aneurysms or dissections) requires extracorporeal circulation associated with deep hypothermia and circulatory arrest. It remains as high-risk procedures, although recent advances (pre-, intra- and postoperatively) have improved results dramatically[1].

  Endovascular treatments of abdominal and thoracic descending aorta are already well-established and have a lower surgical risk when compared to conventional techniques[2]. Improvement of both, techniques and endoprosthesis, made endovascular management of more complex aortic diseases, like those affecting distal arch and proximal descending aortic segments also possible, reducing treatment morbimortality of the procedure[3].

  In order to make it feasible, sophisticated vascular techniques were improved aiming to keep cerebral perfusion. Debranching of supra-aortic vessels enables access to healthier aortic sections, propitious to serve as landing zones to endovascular prosthesis[3,4]. This hybrid aortic arch approach has emerged as a less invasive option, mainly to high-risk patients[5,6].

  Giving this background, the treatment addressed to these patients consists in performing, previously to the endoprosthesis implant, debranching of the supra-aortic vessels to obtain at least 2 cm of healthy aorta.

  The purpose of this study is to evaluate the aortic remodeling after hybrid approach of the distal arch and proximal descending aortic diseases by means of volumetric analysis of the descending thoracic aorta.

   

  METHODS

  Patient Population

  We performed a retrospective review of our single-center results of all patients who underwent hybrid aortic repair for complex aneurysms or type B dissection between September 2014 and August 2016. Inclusion criteria was related to any involvement of the distal aortic arch and proximal descending aortic disease with an inappropriate direct landing zone for Thoracic EndoVascular Aortic Repair (TEVAR). The landing zone chosen had to be zone 1. Patients with ascending or proximal arch pathology were excluded from the study. Data were prospectively collected for patient demographics, indications of intervention, risk factors, procedures and outcomes.

  Seven consecutive patients underwent hybrid aortic repair, meaning double debranching of the supra-aortic vessels in order to create a suitable proximal landing zone to the endograft right after the origin of the innominate artery - according to Ishimaru and Mitchell classification, zone 1[7].

  All patients included in this study had computed tomography angiography pre- and postoperatively, allowing volume measurements and comparison.

  Indications for Intervention

  Patients were referred to surgery according to the European guideline for aortic treatment[8] - when the largest diameter reached 55 mm, growth rate over 0.5 cm/year or when the patient presented with symptoms.

  In our series, the largest diameter ranged from 42.4 mm to 91 mm (median 60.5 mm). Only one patient had the largest diameter < 55 mm, a symptomatic type B chronic dissection. In total, two (28.6%) patients were symptomatic and five were asymptomatic (Table 1).
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  Considering the disease, patients with chronic dissection had diameters ranging from 42.4 mm to 61.3 mm while patients with aneurysm had diameters from 60.1 mm to 91 mm (Table 2).
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  Debranching Procedure

  All bypass procedures were performed in a hybrid operating room, with the patient under general anesthesia and receiving intravenous heparin.

  Access to and isolation of supra-aortic vessels was achieved through upper ministernotomy (L-shaped, left second intercostal space). All patients were submitted to double debranching, in order to make possible to anchor the endoprosthesis at zone 1.

  Left subclavian artery was approached firstly, dissecting it as far distal as possible. It was then clamped, sectioned right after its origin and the proximal stump carefully closed with 4-0 or 5-0 monofilament sutures. An arteriotomy was made at the lateral side of the left common carotid artery and the end-to-side anastomosis was performed with a 5-0 monofilament suture without tension. Similar technique was used to anastomose the left common carotid artery to the innominate artery (Figures 1A, 1B and 1C).
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  Revascularization of the left subclavian artery was performed in every patient. When a graft was needed (to avoid a tensioned anastomosis), a 6-mm Dacron® graft (Jotec Inc., Hechingen, Germany) was used either to achieve transposition of the left subclavian artery to the left carotid artery (one patient, 14.3%) or to bypass the left carotid artery to the innominate artery (two patients, 28.6%). An aortography was performed right after the debranching procedure to confirm the patency of all supraaortic vessels.

  TEVAR Procedure

  All TEVAR procedures were performed as standardized TEVAR protocols. Access to the true lumen was obtained from a transfemoral approach after an inguinal cutdown. Through a 5F pigtail catheter, a 300-cm-long stiff wire (Lunderquist, Cook, Denmark) was placed at the ascending aorta using fluoroscopy. Another 5F pigtail catheter was placed through the contralateral femoral artery to the ascending aorta for repeated angiographies using 623 mg/mL iodine contrast (Ultravist 300; Bayer Pharma AG, Germany) during the procedure.

  All stent grafts were deployed in the desired position (zone 1 delivery) under pharmacologically induced arterial hypotension, in order to avoid any windsock effect or misplacement.

  Stent graft dimensions were chosen by measuring the diameter of the proximal and distal landing zone in an orthogonal view. This was possible after using a workstation to reformat the computed tomography angiography. In patients presenting with aortic dissection, no oversizing was done. Oversizing more than 20% was avoided when dealing with aneurysms. Balloon dilatation was only performed when a residual endoleak was noticed in dissections and always when treating aneurysms.

  The three patients presenting with chronic type B aortic dissections were treated with one single endograft of 200 mm and the four other patients presenting with descending thoracic aorta aneurysms received up to three endografts, with a maximum coverage length of 330 mm (Table 3).

  
    

    [image: Table 3. Procedural data from TEVAR.]

  

  Volume Measurement

  All seven patients underwent a thin-cut (1- to 3-mm slices), electrocardiograph-gated computed tomography angiography both pre- and postoperatively. Axial static images were manipulated to multiplanar and tridimensional reconstructions in order to make more accurate measures. Those mensurations were made by the surgeons.

  On consecutive cross-sectional images, a series of individually placed points created an outline margin of the total aorta (Figure 2A). These delimitations were placed at every 1- to 3-mm distance from one another. Anatomical references for beginning and ending of the thoracic aorta were the left subclavian artery origin and celiac trunk origin. Volumetric measurements for the total descending thoracic aorta were then calculated as the sum of this series of irregular 1- to 3-mm-height cylinders (Figure 2B). All volumes were expressed in cm3.

 
    

    [image: Fig. 2. Steps of volume calculation: individually placed points delimitates the outer margin of total aorta at each axial image (A); resulting three-dimensional reconstruction (B).]

 

  Follow-up

  The protocol included a computed tomography angiography that was requested at first appointment after hospital discharge and annually thereafter.

  Definitions and Statistical Analysis

  Technical success was defined as patency of supra-aortic vessels associated with correct position of the endograft and absence of endoleaks. Outcome criteria were defined according to the reporting standards for TEVAR[9]. The results were expressed as mean, median and standard deviations of continuous variables and frequencies and percentage frequencies of categoric factors. Analysis was done with Google Sheets (Google Inc., Palo Alto, CA, USA) and with Kaplan-Meier Survival Curve Grapher (Eureka Statistics - Peter Rosenmai, http://eurekastatistics.com/kaplan-meier-survival-curve-grapher/).

  Measures and volume calculation pre- and postoperative were done through Horos software (Horos Project - DICOM image viewing and measuring. http://www.horosproject.org/). When patients had more than one postoperative computed tomography angiography, the last one was used.

   

  RESULTS

  Preoperative patient characteristics and indications for hybrid aortic repair are described in Tables 1 and 4, respectively.
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  Our population had hyperlipidemia in four (57.2%) patients, hypertension in six (85.7%) and history of smoking in all of them. Three (42.9%) patients were secondary of increasing in size of the aortic dissection and four (57.1%) secondary to aortic aneurysm. Two (28.5%) patients were symptomatic, referring thoracic pain - one had aneurysm and the other had chronic dissection.

  Procedural data from TEVAR are summarized in Table 3. Two commercially available endoprosthesis were used, according to the availability in our institution. They comprised both Valiant Captivia (Medtronic, Minneapolis, MN, USA) in six (85.7%) patients and Gore TAG (W.L. Gore & Associates, Inc., Flagstaff, AZ, USA) in one (14.3%).

  Follow-up was done in 100% of patients with a median time of 321 days (range 41-625 days). Technical success was achieved in all patients, with long-term patency of supra-aortic vessels, correct positioning of endoprosthesis and neither endoleaks nor migrations observed. Those items were documented through postoperative computed tomography angiography that was done at a median postoperative time of 286 days (range 38-572). There were no deaths.

  Considering all complications following TEVAR in this study, one patient presented postoperatively with an aneurysm that grew in extension, despite of the absence of any visible endoleaks at the intraprocedural angiography. This growth was detected at the first postprocedural computed tomography angiography, performed after the outpatient return. We treated implanting a second endoprosthesis, increasing the coverage length. A computed tomography angiography performed 5 days postoperatively, before hospital discharge, demonstrated a reduction of 28.4 cm3, representing a decrease of 4.8%. This patient was the only one who required a reintervention, with freedom of reintervention in 100% at 300 days and 66% at 600 days.

  Three (42.9%) patients presented with acute renal failure, defined in our study as a serum creatinine elevation of at least 0.5 mg/dL. None of them needed hemodialysis. No strokes with permanent deficits were detected, although one patient presented with a left facial paralysis that was completely resolved spontaneously after three days. A cranial computed tomography was done with no specific findings. There were also no permanent paraplegia even though one patient had transient symptoms attributed to medullary ischemia (lower limbs weakness and urinary retention). No major pulmonary problem was observed. No patients presented with retrograde type A dissection, access site complications, mesenteric ischemia or wound infections.

  TEVAR was done simultaneously to the debranching procedure in 85.7% (6 patients). We performed a staged procedure in one patient because of some atherosclerotic plaques noticed at the debranching procedure. It was considered safer to observe if there would be any neurological deficit before the endograft implant.

  Analysis of aortic morphology began with multiplanar and three-dimensional reconstruction to better define the anatomic limits to volume calculation of the total aorta. When comparing pre- and postoperative volumes it was noticed a median reduction of 45.5 cm3, representing a median shrinkage of 9.3%.

   

  DISCUSSION

  It is known that the majority of thoracic aortic diseases are degenerative and occur in association with risk factors for atherosclerosis such as smoking, hypertension and hypercholesterolemia[10] and all of those had a high prevalence in our sample.

  One of the factors that impact morbimortality after aortic interventions are neurologic events and progression of aortic disease[11]. TEVAR is a safe and effective procedure to treat both aneurysms and dissections involving the descending aorta with relative low risk[12,13]. The landing zone was soon extended proximally in order to treat more extensive segments of the aorta, reducing the morbimortality when compared with conventional techniques[14-16].

  New totally endovascular techniques for treatment of complex aortic arch diseases are available and include stenting of the supra-aortic vessels (parallel techniques), fenestrated or branched endografts. Those are promising, but experience in aortic arch repair are very limited[17] and we do not have them available for patients from the public health system.

  Supra-aortic debranching is by itself a safe surgical procedure with a low complication rate[18]. In our study, no perioperative deaths, complications for local reasons or left recurrent laryngeal nerve injury occurred.

  Stroke with permanent deficits did not occur in our patients. Nevertheless, it is a major concern since it can be the result of manipulation of the supra-aortic vessels while debranching or of embolism formation secondary to wire manipulation during TEVAR[19]. Spinal cord injury is also a significant problem, related to the extent of endograft coverage[20]. In our study, transient symptoms related to spinal cord ischemia happened to the patient with the largest coverage length (330 mm, from left carotid artery to just above the celiac trunk emergence).

  Endoleaks after TEVAR are observed[19], with up to 42% of incidence[21]. Although early endoleaks were not observed in our study, one patient had an aneurysm growth and needed a second procedure.

  Reintervention was necessary in one (14.3%) patient after almost one year (321 days) and the technical success rate for this secondary procedure was 100%. This information highlights the need for a close surveillance in all patients after TEVAR, which is very challenging in a developing country with continental dimensions like Brazil.

  At present, few data are available on volumetric outcomes of hybrid aortic procedures despite of its documented better sensitiveness to aneurysm size change when compared to diameter[9,22]. Volumetric calculation varies according to operator experience[23] and although the median reduction in our series was found to be of 9.3%, there is a potential measurement error of 10%[9]. Time of follow-up must be also considered since remodeling continues up to five years[22]. When only patients with more than 250 days of follow-up were taken into account, median shrinkage rose to 13.5%. Furthermore, every patient of our study had thrombosis around the endoprosthesis, what has correlation with shrinkage[22].

  Despite the fact that this is a report of an initial experience in treating this extension of aortic disease and following up with volumetric analysis, it also must be said that the limitations of this study includes not only the reduced number of patients, but also the short follow-up time.

   

  CONCLUSION

  Hybrid aortic zone 1 proximal delivery of endograft is a viable alternative to conventional aortic arch surgery in patients with both aneurysms and type B dissections. It leads to a favorable aortic remodeling that continues to improve over time. Further studies with a larger sample and longer follow-up are needed to confirm this idea.
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    ABSTRACT

    OBJECTIVE: To test the capacity of the Logistic CASUS Score on the second postoperative day, the total serum bilirubin dosage on the second postoperative day and the extracorporeal circulation time, as possible predictive factors of long-term stay in Intensive Care Unit after cardiac surgery.

    METHODS: Eight-two patients submitted to cardiac surgery with extracorporeal circulation were selected. The Logistic CASUS Score on the second postoperative day was calculated and bilirubin dosage on the second postoperative day was measured. The extracorporeal circulation time was also registered. Patients were divided into two groups: Group A, those who were discharged up to the second day of postoperative care; Group B, those who were discharged after the second day of postoperative care.

    RESULTS: In this study, 40 cases were listed in Group A and 42 cases in Group B. The mean extracorporeal circulation time was 83.9±29.4 min in Group A and 95.8±29.31 min in Group B. Extracorporeal circulation time was not significant in this study (P=0.0735). The level of P significance of bilirubin dosage on the second postoperative day was 0.0003 and an area under the ROC curve of 0.708 with a cut-off point at 0.51 mg/dl was registered. The level of P significance of Logistic CASUS Score on the second postoperative day was 0.0001 and an area under the ROC curve of 0.723 with a cut-off point at 0.40% was registered.

    CONCLUSION: The Logistic CASUS Score on the second postoperative day has shown to be better than the bilirubin dosage on the second postoperative day as a predictive tool for calculating the length of stay in intensive care unit during the postoperative care period of patients. Notwithstanding, extracorporeal circulation time has failed to prove itself as an efficient tool to predict an extended length of stay in intensive care unit.

    Keywords: Intensive Care Unit; Cardiovascular Surgical Procedures; Organ Dysfunction Scores; Bilirubin; Extracorporeal Circulation.

  

   

   

  INTRODUCTION

  The science of treating ailing patients goes far beyond the medical capacity to impose specific therapeutic measures for each illness, reaching the necessity to know how to anticipate severity, mortality and possible aggravations any disease might carry. Knowing how to make such predictions capacitates us in a way that our intervention becomes more individualized and more efficient for each patient. This is why prognostic scores are widely used tools in the day-to-day practice of many medical specialties, as much in the scope of preoperative care as postoperative care in the intensive care units.

  The postoperative period (PO) of cardiac surgery is characterized by a great instability of the hemodynamic conditions of the patients, mainly of those submitted to extracorporeal circulation. This procedure contributes for the highest risk of aggravations and complications in several organ systems, deriving from a systemic inflammatory reaction[1], which consequently may lead to a longer stay in the intensive care unit (ICU), as well as the highest mortality able to be predicted in mortality scores in the ICU, such as Acute Physiology And Chronic Health Evaluation Score II (Apache II), Simplified Acute Physiology Score (SAPS) and Sequential Organ Failure Assessment Score (SOFA). Simultaneously, these scores do not contemplate the conditions of the cardiac patients submitted to surgeries with extracorporeal circulation, aside from being less accurate in predicting postoperative mortality, when compared to Logistic Cardiac Surgery Score (CASUS) -Log-CASUS[2].

  The Log-CASUS is a daily mortality score specifically related to patients in extracorporeal circulation during cardiac surgery postoperative care; it is a method of easy stratification and implementation at a patient's bedside[3,4], which can be done on the internet[5,6].

  The objective of this cohort retrospective study is to investigate the correlation between the Log-CASUS score on the second postoperative day (LOG2PO) and the total serum bilirubin dosage in the same period (BLR2PO), associated to the extracorporeal circulation time (ECT) as possible predictive factors of extended stay in the ICU.

   

  METHODS

  This study has been submitted to and approved by the Ethics and Research Committee of FAMERP, São José do Rio Preto Medical School, State of São Paulo, Brazil, under number 054254/2016, on June 9th, 2016. The patients were randomly selected, among those were operated in last 6 months in this service. Eight-two patients, whose full clinical and laboratorial data was available during the research period, were included in the study, clinical and laboratorial data regarding the postoperative care of adult patients submitted to cardiac surgeries with extracorporeal circulation was collected, carried out in the teaching hospital of São José do Rio Preto Medical School - Hospital de Base da Fundação Faculdade de Medicina de São José do Rio Preto-FURNFARME. Patients were divided into two groups: Group A - those who were discharged up to the second day of postoperative care; Group B - those who were discharged after the second day of postoperative care. The assessed surgeries were myocardial revascularization with extracorporeal circulation, valve replacement and plastic surgery, as well as aorta and congenital surgery. The surgeries which consider two or more types, among those above mentioned, were classified as combined surgeries.

  All surgeries were performed with the Braile® extracorporeal circulation, under mild hypothermia with perfusion of the ascending aorta and bicaval venous drainage, excepting in coronary artery bypass grafting surgery (CABG) - where an atrial venous drainage with two-stage cannula was performed. The combined antegrade and retrograde low-volume continuous isothermic blood cardioplegia with a Braile Biomedica®[7] preservation solution was the chosen myocardial protection technique for these surgeries. The BLR2PO was used, and the LOG2PO for the same period was calculated. This was performed online through www.cardiac-icu.org/Online-Calculation.htm[5], as shown in Figure 1. The ECT for each surgery was also registered.
 
  
    

    [image: Fig. 1. CASUS Online Calculations (http://www.cardiac-icu.org/Online-Calculation.html) [5].]

 

  Statistical Analysis

  Regarding the baseline characteristics of the groups, the Fisher exact test (chi-square) was performed.

  Data was presented in mean ± standard deviation, median (percentil 25-75) or absolute value (%), adequately, with the Kolmogorov-Smirnoff test for normality assessment of variables used.

  The statistical softwares used were both MedCalc V14 and StatDirect. Group A variables BLR2PO, LOG2PO and ECT were compared to Group B respective variables, then the accuracy of such parameters was analyzed by Receiver Operator Characteristic (ROC) Curves, in order to determine the cut-off point for those variables.

  Value P<0.05 was defined as significant.

   

  RESULTS

  The average age in Group A was 57.9±10.7 and 60.1±10.8 in Group B. The gender distribution in Group A was 60% male and 40% female, whereas in Group B the distribution was 54.7% and 45.3%, respectively (Table 1).

  
    

    [image: Table 1. Characteristics of Group A and B.]

  

  Regarding the surgeries performed, a tendency for the groups to be heterogeneous regarding aortic surgery was noted, without statistical significance (P=0.054) (Table 2).

  
    

    [image: Table 2. Assessed surgeries (Group A vs. Group B).]

  

  The mean ECT was 83.9± 29.4 minutes in Group A, and 95.8±29.31 minutes in Group B.

  The mean values of bilirubin (percentile) on the second day of PO (BLR2PO) were 0.34 (0.28-0.45) mg/dl in Group A, and 0.52 (0.37-0.94) mg/dl in Group B. The mean value of the Log-CASUS (percentile) on the second day of PO (LOG2PO) was 0.26 (0.21-0.37) for Group A, and 0.50 (0.29-1.60) for Group B (Table 3).
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  The variables ECT, BLR2PO and LOG2Po were tested in an isolated manner as predictive factors of the length of stay in the ICU to be more than 48h following cardiac surgery.

  A level of P significance of 0.0735 for ECT, and an area under the ROC curve of 0.612 were observed. For BLR2PO, a level of P significance of 0.0003 was registered, as well as an area under the ROC curve of 0.723, with the cut-off point at 0.51 mg/dl (Figure 2). Concerning LOG2PO, 0.0001 was the level of P significance found, 0.723 of area under the ROC curve, and the cut-off point at 0.40% (Figure 3).

  
    

    [image: Fig. 2. ROC curve for BLR2PO. Area under the ROC curve=0.708; P=0.003; Sensitivity=82.05%; Specificity=51.16%.]

  

  
    

    [image: Fig. 3. ROC curve for LOG2PO. Area under the ROC curve=0.723; P=0.0001; Sensitivity=74.36%; Specificity=62.79%.]

  

   

  DISCUSSION

  Being able to anticipate results in cardiac surgical procedures is a great challenge. To find means that can equate all the complexities related to cardiac surgeries and sum the levels of severity of illness for each patient is a feat far too distant from our current capacity. Meanwhile, we try to adjust those answers by means of specific tools that aid the universe of cardiovascular surgery. For this, LOG2PO, BLR2PO and ECT were tested as possible predictive factors of length of stay in the ICU during postoperative care.

  In this article, correlations among three distinguishable variables were conducted, with the goal to assess their relevance either in early discharge from the ICU (up to the second day of postoperative care) or in late discharge (after the second day of postoperative care). Clear differences amongst the samples of variables collected from each group were registered, with the mean values of all the variables studied higher in Group B, namely ECT, BLR2PO and LOG2PO. The higher mean occurred in the group of patients with longer length of stay in the ICU.

  The Log-CASUS assesses six organ systems accrued with the variable "day of admission in the ICU" and, contrary to the remaining scores, it punctuates the presence of circulatory assistance devices and the use of an intra-aortic balloon[3]. As a mortality predictive factor, the Log-CASUS has proved to be quite a straightforward tool, reliable and superior to SOFA[2]. Hence, the possibility of the LOG2PO to predict beyond the risk of daily mortality was tested, along the lines of extended length of stay in postoperative care.

  The measure of total serum bilirubin on the second day of postoperative care (BLR2PO) was tested as variable of longer length of stay in the ICU, from observation, within clinical practice, of a considerable increase in the length of hospitalization both in the worst cases and those with longer ECT; such occurrence was also established by other authors[8]. To be also considered is the fact that the isolated total serum bilirubin dosage in the second day of postoperative care is an identifying factor of patients with greater risk of mortality within this period[9]. The results indicated that BLR2PO could predict a longer permanence in ICU. However, the calculation of the LOG2PO, which is obtained through other variables, among them the BLR2PO itself, was more expressive in predicting the long stay in the ICU as well as two days, than the simple measure of serum bilirubin.

  The ECT was clearly higher in Group B. Indubitably, we understand this was due to the fact that the number of combined surgeries and Group B's aorta surgeries (16.8% of cases) were greater than those in Group A (2.5% of cases); these are known complex procedures which normally demand more extracorporeal circulation time. Meanwhile, the ECT did not have sufficient discriminative power in predicting an extended length of stay.

  On the other hand, the definition of extended length of stay for patients in cardiac procedure postoperative care is quite controversial in the literature. Silberman et al.[10] determined a prolonged hospitalization that which registers a period longer than 48h, and noted that 73% of their patients were in this group. Lagercrantz et al.[11] construed an extended length of stay in the ICU to be superior to 10 days, and observed that only 3.5% of their patients were in this group. When following protocol in the routine of our institution, we consider an ideal postoperative recovery, not aggravated, to be one which occurs within the 48h period after surgery. Thus, our group of extended length of stay (Group B), following Silberman et al.[10] criteria, comprised 51% of the cases studied.

  Limitations of the Study

  This study was carried out with a small number of patients, and the severity of the included cases was not quantified, nor organized per group. The only factor quantified was the length of stay in the intensive care unit for both groups.

   

  CONCLUSION

  The distinguishable analysis of the influence of each variable in anticipating the discharge from the ICU up to or after the second day of PO has shown the most relevant variable to be LOG2PO, as the area under the respective ROC curve found from the Log-CASUS parameter was 0.723, i.e., the greatest among those analyzed. Hence, proving the viability of using such variable to estimate whether the postoperative length of stay in the ICU of these patients will be a tough task. On the other hand, the ECT has not proved to be a good predictive factor for longterm stay in the ICU.

  For future works, there is an intention to, beyond the enlargement of the database, establish the correlation of the three parameters studied, by means of distinct numericalstatistical techniques, in order to obtain more relevant and comprehensive results for the referred prediction.
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    ABSTRACT

    INTRODUCTION: The outcomes of Jehovah's Witness (JW) patients submitted to open heart surgery may vary across countries and communities. The aim of this study was to describe the morbidity and mortality of JW patients undergoing cardiac surgery in a tertiary hospital center in Southern Brazil.

    METHODS: A case-control study was conducted including all JW patients submitted to cardiac surgery from 2008 to 2016. Three consecutive surgical non-JW controls were matched to each selected JW patient. The preoperative risk of death was estimated through the mean EuroSCORE II.

    RESULTS: We studied 16 JW patients with a mean age of 60.6±12.1 years. The non-JW group included 48 patients with a mean age of 63.3±11.1 years (P=0.416). Isolated coronary artery bypass graft surgery was the most frequent surgery performed in both groups. Median EuroSCORE II was 1.29 (IQR: 0.66-3.08) and 1.43 (IQR: 0.72-2.63), respectively (P=0.988). The mortality tended to be higher in JW patients (18.8% vs. 4.2%, P=0.095), and there was a higher difference between the predicted and observed mortality in JW patients compared with controls (4.1 and 18.8% vs. 2.1 and 4.2%). More JW patients needed hemodialysis in the postoperative period (20.0 vs. 2.1%, P=0.039).

    CONCLUSION: We showed a high rate of in-hospital mortality in JW patients submitted to cardiac surgery. The EuroSCORE II may underestimate the surgical risk in these patients.

    Keywords: Jehovah's Witnesses; Cardiac Surgical Procedures; Mortality.

  

   

   

  INTRODUCTION

  Based on religious beliefs, Jehovah's Witness (JW) refuse blood products transfusions. In some clinical situations, it may be both, a healthcare and an ethical challenge. Despite the development in surgical techniques, more than 50% of patients receive perioperative transfusion in cardiac surgeries[1].

  More recently, the data of case series[2-6] and some controlled studies[7-10] showed that the perioperative and postoperative prognosis of JW is similar to those of patients who do not have restrictions to blood products transfusions. However, the rates of mortality and postoperative complications in patients that undergo cardiac surgery are variable. Although clinical results are determined largely by sample characteristics and by the preoperative and postoperative care, assistant teams cultural and religious factors may play a specific role in the surgical success of these patients. Therefore, the evaluation of the cardiac surgery results in JW patients should be evaluated in different cultural scenarios.

  In Brazil, there are no studies that address local results in cardiovascular procedures in such context. The 2010 Brazilian census[11] showed that 1,393,208 persons (0.73% of whole population) were identified as JW. The aim of this study was to describe the morbidity and mortality of JW patients undergoing cardiac surgery in a tertiary hospital center of Porto Alegre, Southern Brazil, considering only the more contemporary cases. We also compare the predicted mortality estimated by the EuroSCORE II[12] in JW patients and controls.

   

  METHODS

  The current case-control study was carried out at the Hospital de Clínicas de Porto Alegre (HCPA), a tertiary hospital in Southern Brazil (state of Rio Grande do Sul), during the period from 2008 to 2016. All JW patients submitted to cardiac surgery were selected. The patients' identification as JW occurred through surgical schedules, bioethics consultations and keyword search in the electronic medical records system. Three consecutive surgical non-JW controls were matched to each selected JW patient, including only surgeries with extracorporeal circulation.

  Preoperative risk of death was estimated through the mean EuroSCORE II[12]. Death during hospitalization, regardless of its length, was defined as hospital mortality. The registry of at least one of the following complications was considered as hospital morbidity: creatinine > 2 mg/dL, mechanical ventilation > 48 hours, myocardial infarction, need for either hemodialysis or intra-aortic balloon pump, reintervention due to bleeding, reintubation, stroke and use of antibiotics. Definitions of active endocarditis, chronic pulmonary disease, critical preoperative state, surgery urgency, extracardiac arteriopathy and recent myocardial infarction (< 90 days) were the used in the EuroSCORE II study[12]. Creatinine clearance was estimated through Cockroft-Gault formula.

  Data were collected directly from the patients' electronic charts, and analyzed in the software Statistical Package for Social Sciences (SPSS) 21.0. Qualitative data were reported as absolute and relative frequency; mean (± standard deviation) or median (interquartile range) were used for quantitative variables. The comparison of the groups was performed by Student's t-test for quantitative variables with normal distribution, by Mann-Whitney U test, for the quantitative without normal distribution and chi-square test for categorical variables. In situations of low frequency, Fisher exact test was used. Normality of the distribution of each variable was evaluated using Shapiro-Wilk test. The significance level adopted in all tests was 5%. The present study was submitted and approved by the local Research Ethics Committee.

   

  RESULTS

  During the period under study, 16 JW patients were submitted to cardiac surgery at the institution. The demographic characteristics of the whole sample are described in Table 1. Patients were neither receiving iron supplementation therapy nor were in critical state in the preoperative period.
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  Isolated coronary artery bypass graft surgery was the most frequent surgery performed in both groups. Extracorporeal circulation and cross-clamp times were similar between JW and non-JW groups. Surgical characteristics data are described in Table 2.
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  Hospital outcomes are presented in Table 3. There was no statistically significant difference in the rate of mortality or morbidity, with a trend to a higher mortality in the JW group. Causes of death were septic (n=1), cardiogenic (n=1) and hypovolemic (n=1) shock in the JW group; ischemic stroke (n=1) and right ventricle failure/shock (n=1) were responsible for the deaths in the control group. The levels of both hematocrit and hemoglobin at discharge were leveled between the two groups. Lengths of stay, considering both intensive care unit and ward stay after surgery, were also similar between groups.
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  The comparison of the predicted and observed mortality is shown in Figure 1. As noted, unlike non-JW group, the observed mortality was higher than the rate predicted by mean EuroSCORE II in the JW group.
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  The need for hemodialysis in the postoperative period was significantly higher in JW patients, but the incidence of the other morbidities analyzed was similar between the patients' groups. Detailed hospital morbidity per outcome is shown in Table 4. The reasons for antibiotic use were septic shock due to central line infection (n=1) and ventilator-associated pneumonia (VAP; n=1) in JW patients; respiratory tract infection (n=4), urinary tract infection (n=2), surgical wound infection (n=2), VAP (n=1) and diverticulitis (n=1) accounted for the use of antibiotics in the non-JW group.
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  DISCUSSION

  In this case-control study, we reported the hospital outcomes of a non-selected group of JW that were submitted to cardiac surgery in a Brazilian tertiary center between 2008 and 2016. Outcomes and demographic variables were compared with a matched control group as described above. The rates of hospital mortality and morbidity were leveled between JW and controls. However, there was a trend toward higher mortality rate in JW than in controls (18.8 vs. 4.2%, respectively; P=0.095). In addition, necessity of hemodialysis in the postoperative period was greater in JW than in controls (20.0 vs. 2.1%, respectively; P=0.039). Moreover, it was observed that, in JW, the mortality rates were higher than predicted by the EuroSCORE II. Hemoglobin levels remained similar between groups, both preoperatively and at discharge.

  Previous retrospective studies demonstrated that cardiac surgery might be performed in JW with acceptable outcomes[2-10]. Furthermore, retrospective studies that compared mortality and morbidity rates in JW and controls showed leveled results between both groups[7-10]. Bhaskar et al.[9] and Pattakos et al.[10] compared outcomes of JW with a control group of transfused patients. Marinakis et al.[7] and Stamou et al.[8] described outcomes of JW with a matched group regardless of blood transfusion. Table 5 shows a comparison of current study with previous retrospective comparative studies. In agreement with previous comparative studies, we observed similar levels of hemoglobin between groups, both preoperatively and at discharge. Our results also showed similar rate of reoperation due to excessive bleeding in JW and in controls. However, the in-hospital mortality rate in JW in our study was higher than in previous studies. In addition, our report is the first to demonstrate both higher necessity of hemodialysis in the postoperative period and a trend toward higher mortality rate in JW than in controls. Notwithstanding, our cohort is the first report that demonstrates higher mortality rates in JW than predicted by the EuroSCORE II in all risk strata.

  
    

    [image: Table 5. Comparison of current study with previous retrospective comparative studies.]

  

  Our study has several limitations. First, our sample of JW was small. However, this is a non-selected and consecutive cohort of JW and there is no record of denial of cardiac surgery to any JW at our hospital. Second, surgical data were heterogeneous between our groups: the rates of combined surgery and valve surgery were higher in JW than in controls. This can partly explain a trend toward higher mortality rate among JW in our cohort. Third, this is a cross-sectional retrospective study with all methodological limitations of such design. Therefore, our results need to be interpreted in a cautious and exploratory fashion.

   

  CONCLUSION

  In conclusion, our study demonstrated a high rate of in-hospital mortality in JW and a trend toward higher mortality in JW than in controls. In addition, we observed that in our cohort of JW the mortality risk predicted by EuroSCORE II was not accurate: in fact, EuroSCORE II underestimated surgical risk in JW in our study. To our knowledge, this is the first Brazilian study to compare outcomes of heart surgery in JW with controls.
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    ABSTRACT

    OBJECTIVE: This study aims to report the use of the unilateral pectoralis major muscle flap for the treatment of the sternal wound dehiscence.

    METHODS: A retrospective study including patients who underwent unilateral pectoralis major muscle flap was performed for the treatment of sternotomy dehiscence due to coronary artery bypass, valve replacement, congenital heart disease correction and mediastinitis, between 1997 and 2016. Data from the epidemiological profile of patients, length of hospital stay, postoperative complications and mortality rate were obtained.

    RESULTS: During this period, 11 patients had their dehiscence of sternotomy treated by unilateral pectoralis major muscle flap. The patients had a mean age of 54.7 years, the mean hospital stay after flap reconstruction was 17.9 days (from 7 to 52 days). In two patients, it was necessary to harvest a flap from the rectus abdominis fascia, in association with the pectoralis major muscle flap, to facilitate the closure of the distal wound. In the postoperative period, seroma discharge from the surgical wound was observed in six patients, five reported intense pain (temporary), three had partial cutaneous dehiscence, and two presented granuloma of the incision.

    CONCLUSION: The complex wound from sternotomy dehiscences presents itself as a challenge to surgical teams. Treatment should include debridement of necrotic tissue and preferably coverage with well-vascularized tissue. We propose that the unilateral pectoralis major muscle flap is an interesting and low morbidity option for the reconstruction of sternal wound dehiscences, with proper sternum stability and satisfactory functional and aesthetic outcomes.

    Keywords: Surgical Flaps; Surgical Wound Dehiscence; Sternum; Mediastinal Thoracic Wall.

  

   

   

  INTRODUCTION

  In the 1950s, Shumacker and Lurie[1] introduced the median sternotomy as an access route for cardiac surgery, including coronary artery bypass procedures[2]. Although the incidence of infection in the median sternotomy is relatively low (1-10%), when associated with mediastinitis, it courses with high morbidity and mortality rate ranging from 14 to 47%[3,4]. Besides, sternal wound dehiscence could often lead to major defects of the anterior chest wall, and it could expose the heart, vessels or any vascular prostheses and coronary grafts[3]. Also, the resulting chest wall instability impairs respiratory function. Therefore, such patients commonly require prolonged mechanical ventilation, and experience a difficulty of the tissue healing[5].

  In great chest wounds, especially those resulting from infection, the transposition of vascularized tissues to the affected area greatly contributes to the stabilization of the chest wall, and therefore to the ventilation dynamics, as well as to overcome the infection and to accelerate the healing[4]. Besides, flap transposition also contributes to aesthetics outcomes.

  Among the various methods used for the treatment of the sternal wound dehiscence, medical literature highlights the utilization of the bilateral pectoralis major muscle flap[2,3,6,7]. Although it is possible to use only one of the pectoralis major muscles, there are scarce sources of literature about the application of the unilateral pectoralis major muscle flap[8-11], based on the thoracoacromial artery.

  The purpose of this article is to report the use of the unilateral pectoralis major muscle flap for the treatment of the sternal wound dehiscence.

   

  METHODS

  A retrospective study was performed with 11 patients undergoing a late reconstruction of sternal wound dehiscence using the unilateral pectoralis major muscle flap. These surgeries were performed at the Division of Plastic Surgery, Ribeirão Preto Medical School, University of São Paulo, Brazil, between 1997 and 2016. This study was approved by our Institutional Review Board.

  We obtained data from medical charts: epidemiological profile of patients (age, sex, and comorbidities), length of hospital stay, drainage time, postoperative complications, mortality rate, and results of radiologic exams. Sternal stability was assessed by palpation on physical examination.

  The inclusion criteria were: patients who underwent a late reconstruction of sternal wound dehiscence using the unilateral pectoralis major muscle flap, due to open-heart surgeries or secondary to infection. Patients in which the reconstruction was performed with other types of flaps or after ablation of sternal tumors were excluded.

  Operative Technique

  All surgeries were performed by the same surgeon with dissection of the left pectoralis major muscle. The flaps were dissected using electrocautery and a blunt divulsion. They were deinserted from the sternal and costal region, remaining only adhered in the middle third of the clavicle, where the vascular pedicle of the thoracoacromial artery was located. For enhancing the arc of rotation, the muscle origin was sectioned from the humerus under direct vision with the aid of a small incision of about 4 cm at the deltopeitoral fold. After wide release, the muscle was mobilized and sutured with an unabsorbable suture to the sternal wound margins, with its medial border inserted into the sternal cleft to avoid dead space and fluid collection. After total obliteration of the sternal cleft, a suction drain was placed in the dissection area and cutaneous flaps were harvested bilaterally and advanced to the medial direction to close the wound.

   

  RESULTS

  Among the 11 patients operated, seven were due to sternotomy dehiscence after myocardial revascularization, one after valvuloplasty, one after valve replacement, one after correction of congenital heart disease (Tetralogy of Fallot) and one resulting from mediastinitis after Ludwig's syndrome (Figures 1 to 3).
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  The patients had a mean age of 54.7±13.6 years (from 21 to 67 years), eight were male and three female (Table 1). The mean hospital stay after flap reconstruction was 17.9±15.6 days (from 7 to 52 days) and the mean time of suction drain was 8.3±3.2 days (from 5 to 14 days). Patients had the following comorbidities: hypertension (n=9), diabetes (n=5), chronic obstructive pulmonary disease (n=3) and obesity (n=4). The mean follow-up time was 14.8 months (from 6 to 19 months).
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  Harvesting a flap from the rectus abdominis fascia was necessary in two patients, in association with the pectoralis major muscle flap, to facilitate the closure of the distal wound. As shown in Table 1, all flaps were dissected from the left pectoralis major muscle.

  In the postoperative period, seroma discharge from the surgical wound was observed in six patients, five reported intense pain (temporary), three had partial cutaneous dehiscence, and two presented granuloma of the incision. After 3 months of reconstruction, all patients presented stiffness at the sternal region observed during palpation, and after 6 months no patient had chest instability or complain of reduction of muscle strength from the left arm (flap side). Computed tomography images show the sternal cleft filled by the muscle flap in the later postoperative period (Figures 2D and 3D).

  A new surgical approach was necessary in only one case due to subcutaneous granuloma in the distal third of the incision, in which a small rhomboid skin flap was performed, presenting a proper evolution, without the need for a new muscle flap (Figure 3). There were no deaths related to the sternal wound dehiscence reconstruction procedure.

   

  DISCUSSION

  Sternal wound dehiscence has been classified as a complex wound, and its treatment is a challenge for surgeons[12]. Several surgical options have been proposed for the treatment of sternal wound dehiscence, including primary synthesis with metal wires, titanium plates and sternal reconstruction using muscle or omental flaps[3,4,6,13,14]. The bilateral pectoralis major muscle flaps are related to better rates of stabilization of the chest wall when compared to sternal reconstruction with metal wires[3]. Eventually, a portion of the anterior fascia of the rectus abdominis muscle can be dissected and attached to the distal third of the pectoralis major muscle flap to facilitate the wound closure, or also by transposing solely the cephalic portion of the rectus abdominis muscle, leading to a decreased risk of postoperative herniation of the abdominal wall[9]. Kaláb et al.[5] used allogenic bone graft associated with the pectoralis major flap to improve the stabilization of the thoracic wall in patients of larger sternal defects.

  Latissimus dorsi or rectus abdominis flaps may also be used. Such muscles have reliable vascularization and can cover major defects, or they can be used associated with the pectoralis major muscle flap. However, application of these flaps demands longer surgical time, more laborious dissection and extra incisions. Besides, some complications may take place, for example the deficit of flap perfusion (leading to flap necrosis), the weakening of the abdominal wall, etc.[2,6].

  Another option for reconstruction of these defects is the fasciocutaneous flap based on perforator vessels from the internal thoracic artery, as described by Koulaxouzidis et al.[15]. It is a less aggressive therapeutic option, associated with good aesthetic results and preservation of the breath muscles.

  The omental flap can also be used for the reconstruction of sternal defects; however its surgical technique is complex and it is associated with an increased mortality rate. Besides, the omental flap does not lead to sternal stabilization and it does not have skin coverage. Its main indication is related to situations in which other flaps have failed[2,6,16].

  The reconstruction with the pectoralis major muscle flap mobilized bilaterally has been the first choice in several centers, since it does not show greater adverse effects on pulmonary function and even improves the parameters of spirometry, cosmetic results and thoracic stabilization[2,3,6,7]. However, it may lead to impairment to execute hobbies and social activities, as pointed by Klesius et al.[6], after analyzing the results from a quality of life questionnaire.

  Despite the several surgical treatment options previously described, the use of the pectoralis major muscle flap mobilized unilaterally (although less frequent) can be an interesting option, associated or not to other muscle or omental flaps[3,9].

  The unilateral pectoralis major muscle flap is a more conservative technique when compared to the bilateral pectoralis muscle flap, in order to minimize possible functional alterations due to the donor area deficit. Besides, it presents shorter surgical time, and a low rate of complications as evidenced in the cases reported in the present article. In a study performed by Fernández-Palacios et al.[11], in 2010, the results of unilateral and bilateral pectoralis major muscle flaps for the treatment of mediastinitis were compared. They found that unilateral flap had similar results to the bilateral flap related to morbidity, mortality and complications. However, the unilateral technique was faster (shorter surgical time, P=0.001), there was less need of postoperative blood transfusions and the extubation was earlier. The authors believe that the unilateral flap is a low aggressive surgery, with the preservation of the contralateral pectoralis muscle[11].

  The unilateral pectoralis major muscle flap can also be used in children without functional deficit, with good cosmetic results[17]. A possible disadvantage of this approach, an opinion shared with Spartalis et al.[18], would be the limited arc of rotation of the pectoralis major muscle flap to adequately cover the lower third of the sternum defect.

  As we noted in our experience, the use of unilateral pectoralis major muscle flap showed partial skin dehiscence rate of 27.3%, and length of stay of about three weeks, similar to that found by Carlesimo et al.[13] (18 days of hospitalization after reconstruction with bilateral pectoralis major muscle flap).

  We observed that rotation of just one pectoralis major muscle flap was sufficient for the sternal cleft closure in all the eleven patients, and did not require a second pectoralis muscle flap. The greatest difficulty of closure is located at the distal wound. However, a second pectoralis major muscle flap would not satisfy this purpose, given the equally limited arc of rotation. In two patients, we chose to associate small flaps of the rectus abdominis fascia to better anchor the suture of the distal and medial border of the pectoralis major muscle flap, in an attempt to complete obliteration of the sternal cleft.

  As mediastinal wound infection after sternotomy has been associated with high mortality rates[19-22], its treatment requires an early aggressive debridement and reconstruction. For this, muscle flap coverage has become the gold standard procedure[9,11]. The present study evidenced that the unilateral pectoralis major muscle flap is a satisfactory option for wound closure resulting from sternotomy dehiscence, with low morbidity and acceptable aesthetic and functional results, providing stability of the sternal region. The stiffness noted on palpation of the sternal region after a few months postoperatively is probably due to the fibrosis that is established in the sternal cleft, now occupied by the volume from the muscle flap.

   

  CONCLUSION

  The complex wound from sternotomy dehiscences presents itself as a challenge to surgical teams. Treatment should include debridement of necrotic tissue and preferably coverage with well-vascularized tissue. We propose that the unilateral pectoralis major muscle flap is an interesting and low morbidity option for the reconstruction of sternal wound dehiscences, with proper sternum stability and satisfactory functional and aesthetic outcomes.
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    ABSTRACT

    INTRODUCTION: Smoking is a serious public health issue, being a precursor of heart disease and a predictor of sudden death due to myocardial ischemia. Major events in the patient's health can lead to radical changes in habits and the choice for different myocardial revascularization methods might differently impact smoking cessation and relapse.

    OBJECTIVE: To study the rate and perpetuation of smoking cessation after myocardial revascularization comparing coronary artery bypass grafting (CABG) and percutaneous coronary intervention (PCI).

    METHODS: Smokers submitted to myocardial revascularization were divided into CABG and PCI groups. The research was conducted through interviews at the Hospital Santa Lucinda outpatient clinic. Patients with smoking cessation longer than 90 days before hospital admission, combined procedures, hospital readmission before 360 days after discharge, cases of death at any time, and emergency procedures were excluded from the study. The start of the smoking cessation period was determined as just after hospital discharge, with a follow-up of 12 months.

    RESULTS: The proportion of patients reporting smoking relapse was significantly lower in the CABG than in the PCI group at 30 (11.1% vs. 20.8%; P=0.039) and at 180 days (23.1% vs. 41.5%; P=0.002), but no differences were observed between the two groups at 360 days after hospital discharge (51.9% vs. 54.1%; P=0.719). High levels of nicotine dependence and passive smoking showed to be important predictors of smoking relapse in the long-term.

    CONCLUSION: The occurrence of a major surgical procedure seems to have beneficial psychological effects, representing an interesting setting for smoking cessation counseling to have higher chances of success.

    Keywords: Myocardial Infarction; Myocardial Revascularization; Angioplasty, Balloon, Coronary; Angioplasty; Smoking; Tobacco Use Cessation.

  

   

   

  INTRODUCTION

  Smoking is a serious public health issue, being a precursor of heart disease and a predictor of sudden death due to myocardial ischemia[1]. According to the Instituto Nacional de Câncer (INCA), passive smokers present a 24% higher risk of myocardial infarction compared to control patients[2]. Smoking is an of the most important public health problems characteristic only of the human species. The World Health Organization says that smoking should be considered a pandemic, as around five million people die each year as a result of tobacco-related diseases. Of the total deaths occurred, four million are in the male sex and one million in the female sex. In the year 2025, there will be 10 million deaths from tobacco use if there is no change in the current prevalence of smoking. Cigarette kills more than the sum of other preventable causes of death such as cocaine, heroin, alcohol, fires, suicides and AIDS in developed countries[3].

  Smoking cessation is one of the main interventions during the treatment of ischemic coronary disease. Smoking cessation, alone, results in a reduction of approximately 36% in the risk of death and 32% in the risk of non-fatal myocardial infarction[4]. The success in quitting cigarette addiction, however, is limited, with success rates varying from 10% to 25% after one year of smoking cessation[5]. According to the literature, coronary artery bypass grafting (CABG) is an important motivation factor for smoking cessation[6].

  Considering the hypothesis that there is a strong association between a major event in the patient's health and a radical change in habit, the aim of the present study was to investigate the rate and perpetuation of smoking cessation after two different myocardial revascularization methods, comparing the findings of CABG and percutaneous coronary intervention (PCI).

   

  METHODS

  This cross-sectional study was based on data collected at Santa Lucinda Hospital, in the city of Sorocaba, Brazil. A total of 199 patients underwent CABG surgery and 768 patients underwent PCI, between January 2014 and August 2015. The inclusion criterion was smoking, independent of the time of addiction, being excluded patients with smoking cessation for more than 90 days prior to hospital admission, with combined approach with angioplasty followed by revascularization during hospitalization, death and rehospitalization in the selected period. After the selection of patients, the study has 108 patients who underwent CABG and 159 patients who underwent PCI, who were interviewed and submitted to a questionnaire about nicotine addiction through the Fagerström test, smoking cessation conditions with 30, 180 and 360 days after hospital discharge, cohabitation with other smokers, schooling, comorbidities, age, sex, and median income. When complementation data was helpful, patients were approached by telephone contact.

  Patients were divided into two groups according to the type of revascularization procedure performed: PCI or CABG. Nicotine dependence was classified according to score on Fagerström test as very low to medium (1 to 5 points) or high to very high (6 or more points). Age was categorized as ≤60 or >60 years old. Monthly income was recorded as a function of the Brazilian minimum wage (R$937.00 (US$287.89) in January 1st 2017). Patients living with smokers were considered to be exposed to passive smoking. The main outcome of the study was relapse of smoking and determined only by a single cigarette consumed again.

  Data regarding all factors assessed was described for each group (Table 1). Number of people relapsing to smoking was summarized in absolute numbers and cumulative percentages (Table 2). Differences between the groups evaluated were assessed with chi-square tests for categorical data and with t-tests for continuous data. The occurrence of smoking relapse was presented with Kaplan-Meier survival curves, and differences in smoking relapse rates between PCI and CABG groups were evaluated with a log-rank test.

  
    

    [image: Table 1. Descriptive analysis of patients undergoing surgical revascularization (CABG) or percutaneous intervention (PCI).]
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  Logistic regression models were applied for identifying factors associated with smoking relapse at each time point of the study: 30, 180 and 360 days. Initially the association between the assessed factors and smoking cessation was assessed in univariate models (Table 3). Subsequently, all factors associated with smoking cessation with a P-value <0.250 on the univariate models were included in multivariate models. Stepwise backward elimination was applied for selection of the best fitting model. The final model was restricted to variables with P-values <0.05 in the multivariate analyses (Table 4). Interaction between the evaluated factors was assessed by adding interaction terms to the models. If significant interactions were observed, stratified analyses were performed to better explore each observed interaction.
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  The present study was approved by the research ethics committee of Fundação São Paulo - PUC-SP Sorocaba campus and the participating patients provided written informed consent. Data were analyzed with IBM SPSS software version 24 (IBM, New York, USA) and GraphPad Prism 5 (GraphPad Software Inc., La Jolla, USA). All tests were two-sided and P-values lower than 0.05 were considered as statistically significant.

   

  RESULTS

  In total, 159 patients who had PCI and 108 patients who had CABG were included. The characteristics of the patients and the procedures, as well as the variables analyzed in the study, are presented in Table 1. Patients from the PCI group were significantly older than those from the CABG group (65.5±10.1 vs. 61.8±8.8). The gender distribution was also significantly different between the two groups, with 76.9% of males in the CABG group and 61.6% of males in the PCI group. The prevalence of systemic diseases (systemic arterial hypertension and diabetes mellitus), the level of dependence to nicotine according to the Fagerström score, exposure to passive smoking, education level and monthly income were not significantly different between patients who had CABG or PCI.

  The proportion of patients reporting smoking relapse was significantly lower in the CABG than in the PCI group at 30 (11.1% vs. 20.8%) and at 180 days (23.1% vs. 41.5%), but no differences were observed between the two groups at 360 days after hospital discharge (Table 2). The occurrence of smoking relapse in patients who had CABG and in those who had PCI was visualized with Kaplan-Meier survival curves (Figure 1). No significant differences on the occurrence of smoking relapse between the two groups was observed with the log-rank test (P-value=0.238).
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  Univariate logistic regression models indicated that the type of revascularization procedure was significantly associated with smoking relapse at 30 and at 180 days after hospital discharge, with patients from the PCI group being more likely to relapse smoking than patients from the CABG group (OR: 2.10, 95% CI: 1.03-4.27 and OR: 2.36, 95% CI: 1.36-4.07, respectively). At 360 days no association between type of revascularization and hospital discharge was observed.

  Older age (>60 years old) was associated with a higher rate of smoking relapse 30 days after hospital discharge (OR: 5.66, 95% CI: 2.15-14.89), but not at later follow-up assessments. High levels of nicotine dependence assessed by the Fagerström score were associated with the occurrence of smoking relapse at all time points of the study (OR: 2.51, 95% CI: 1.29-4.91; OR: 13.95, 95% CI: 7.20-27.03 and OR: 6.32, 95% CI: 3.19-12.50 at 30, 180 and 360 days respectively). Passive smoking was not a significant predictor of smoking relapse at 30 and 180 days, but it was associated to smoking relapse at 360 days after hospital discharge (OR: 4.26, 95% CI: 1.88-9.63).

  Multivariate logistic regression revealed that the association between type of revascularization procedure (CABG or PCI) and smoking relapse at 30 and 180 days was still observed even when taking possible confounders into account (OR: 2.15, 95% CI: 1,00-4,62 at 30 days and OR: 2.84, 95% CI: 1,46-5,51 at 180 days). The association between level of nicotine dependence and smoking relapse also remained significant, at all time points, after taking possible confounders into account (OR: 4.17, 95% CI: 1.93-9.00; OR: 15.23, 95% CI: 7.62-30.43 and OR: 7.32, 95% CI: 3.53-15.18 at 30, 180 and 360 days, respectively).

  Significant interactions between the type of revascularization procedure and Fagerström score was observed in the multivariate models for 30 and 180 days of follow-up, while in the model for 360 days of follow-up a significant interaction between Fagerström score and passive smoking was observed. In order to better explore these interactions, additional analyses were performed, stratifying the cohort according to the variables between which interaction was observed.

  At 30 days of follow-up, the type of intervention was significantly associated with smoking relapse among patients with high Fagerström scores (OR: 6.78, 95% CI: 1.52-30.25), but not among those with low Fagerström scores. On the other hand, Fagerström score was associated with smoking relapse among patients with PCI (OR: 7.16, 95% CI: 2.61-19.59), but not among those who had CABG. At 60 days of follow-up, similar results were observed when stratifying patients according to Fagerström score, with type of intervention being associated with smoking relapse only among patients with high Fagerström scores (OR: 9.23, 95% CI: 2.53-33.64). When stratifying patients according to type of intervention, however, a significant association between Fagerström score and smoking relapse was observed in both groups (OR: 6.41, 95% CI: 2,37-17,33 for CABG and OR: 34.23, 95% CI: 11.20-104.58 for PCI). At 360 days of follow-up, a correlation between Fagerström score and smoking relapse was only observed among patients not exposed to passive smoking (OR: 8.0, 95% CI: 3,67-17,45), while passive smoking was only associated with smoking relapse among patients with low/moderate dependence to nicotine according to Fagerström test (Tables 5 and 6).
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  DISCUSSION

  The present study addressed the hypothesis that there is a strong association between a major event in the patient's health and a radical change in habit, in this case smoking. We investigated the rate and perpetuation of smoking cessation after two different myocardial revascularization methods: CABG and PCI. Our results showed that the number of patients reporting smoking relapse was significantly lower in the CABG than in the PCI group up to 180 days of follow-up, but no differences were observed at 360 days after hospital discharge. Furthermore, although CABG represented a factor for smoking cessation in the short-term, high levels of nicotine dependence and passive smoking showed to be important predictors of smoking relapse in the long-term.

  This study also showed an interaction between the myocardial revascularization method and the Fagerström score, in such a way that in patients with low levels of nicotine dependence, the procedure of choice has no significant impact on smoking cessation. This might be related to the fact that, in this group, most patients cease smoking regardless of the revascularization method, while in the group of patients with high levels of nicotine dependence mostly those undergoing CABG cease smoking and the ones subjected to PCI continue or relapse smoking.

  Another interesting interaction found in the present study was between the Fagerström score and passive smoking. Our results suggest that in patients with low levels of nicotine dependence, passive smoking is related to a higher rate of relapse, while in patients with high levels of nicotine dependence passive smoking does not affect the maintenance of smoking cessation. For these patients, the rate of relapse is high regardless of the presence of a family member who also smokes, while for those, mostly the ones exposed to passive smoking will relapse smoking.

  One limitation of the current study was that patients indicated to different revascularization procedures may also present different symptomatology, which could differently impact their predisposition to quit smoking and maintain smoking cessation. Future studies should take this variable into consideration. On the other hand, some of the strengths of the present study were its prospective nature and the long follow-up period. These two characteristics increase the reliability and validity of our findings.

  Association between the procedure invasiveness and smoking cessation was also observed in another study with patients treated for coronary artery disease, in which a higher rate of smoking cessation was observed after surgical revascularization (55%) than after percutaneous intervention (25%) or angiography alone (14%) one year after the procedure[7]. A second study revealed comparable high rates of smoking cessation following surgical revascularization both at 60 days (93.15%) and 90 days (93.84%) after the procedure[6]. However, the proportion of patients who relapse 12 months after quitting smoking was similar in the percutaneous (53.4%) and surgical (52.7%) groups[6]. Several investigations through the past 15 years reported similar abstinence rates, with approximately 40% of smoking cessation maintenance at 12 months after myocardial infarction followed by elective surgical revascularization and 55.4% after percutaneous coronary intervention[8,9].

  Although patients submitted to major surgeries present a higher probability of succeeding on smoking cessation in the short-term, when compared to those undergoing a procedure in an outpatient setting, both this study and the literature show that this difference does not remain over time. An interesting alternative to potentiate the beneficial psychological effects of a major surgical procedure is the combination with counseling during hospitalization or at the time of surgical intervention, what was previously described as a teaching moment[10]. This way, an early intervention during hospital stay, could present a high possibility of success in smoking cessation[11]. Furthermore, if counseling is possible to be started a reasonable time before the intervention, it is also associated with lower rates of postoperative complications, as observed in a meta-analysis that revealed a 40% reduction in the relative risk of total complications with preoperative smoking cessation[7,10,12-14].

  Cigarette smoking represents a complex problem with significant implications for cardiovascular diseases and, although the prevalence of smoking decreased in the past 45 years, smoking cessation rates (defined as 6 months of tobacco abstinence) has been estimated at only 6% in recent years[15].Cigarette smoking contributes to cardiovascular diseases in several ways. The toxic products of cigarette circulate in the bloodstream, increasing the inflammatory response and interfering with the function of the endothelium and causing abnormalities that lead to the development of atherosclerotic lesions on the arterial wall. This leads to the narrowing of blood vessels, gradually impairing blood flow, as well as makes the arteries stiffer, less elastic and prone to rupture[16]. Over time, it is possible to observe a progressively impaired vasomotor reactivity in smokers, as well as platelet dysfunction. Previous studies have described the correlation between smoking and increased levels of C-reactive protein (CRP), fibrinogen and homocysteine. Furthermore, smoking increases the inflammatory response, which in association with higher levels of homocysteine can represent an important mechanism of atherosclerosis development[17].

  Smoking cessation can reduce the progression of arterial disease, the risk of myocardial infarction, and the mortality due to cardiovascular diseases in more than one third, surpassing other preventive treatments[9]. When smokers are hospitalized they can be more prone to accept interventions for smoking cessation[10], but individual characteristics, such as level of addiction to nicotine and contact with other smokers, are potential factors of failure[18]. Still, smoking cessation programs should be strongly encouraged for patients undergoing surgical procedures[19].

   

  CONCLUSION

  The present study showed that, in the short-term, the number of patients reporting smoking relapse was significantly lower among those undergoing CABG than in the group subjected to PCI in the short-term. However, in the long-term, this difference did not remain. High levels of nicotine dependence and passive smoking showed to be important predictors of smoking relapse. Still, the occurrence of a major surgical procedure seems to be a special setting for smoking cessation guidance to have higher chances of success. Further studies, combining counseling with the surgical intervention, should be performed to evaluate this scenario.
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    ABSTRACT

    INTRODUCTION: Chylothorax is a lymphatic extravasation into pleural cavity and its incidence is 0.25%-5.3% in children undergoing cardiac surgery.

    OBJECTIVE: To evaluate the incidence of chylothorax in pediatrics patients operated, linking it in each surgical intervention. Evaluate treatment types and efficiency.

    METHODS: Retrospective study using medical records of children undergoing cardiac surgery in the Hospital do Coração between 2004 and 2014. For statistical analysis, qualitative variables by absolute frequency and relative frequency; quantitative variables, by median of 25 and 75 percentiles, as they did not present normal distribution (Shapiro-Wilk, P<0.05). The Chi-square test was used for the association between type of treatment and result. The adopted confidence level was 95%.

    RESULTS: Incidence of chylothorax was 2.1% (0.9% in intracardiac surgery, 1.7% correction of patent ductus arteriosus and aortic coarctation, 8.3% Glenn's surgery, 11.8% total cavopulmonary surgery and 3% in others). Among treatments, fasting associated with total parenteral nutrition (TPN) resolved 51% of the cases. Hypoglossal diet had failed treatment and surgical referral in 22% of the cases. Fasting with TPN associated with octreotide had success in the treatment of chylothorax in a period exceeding 15 days in 78% of cases, and 3.7% were referred for surgery.

    CONCLUSION: According to the results, incidence of chylothorax was 2.18%. Treatment with fasting and TPN leads to resolutions in 86.5%, and the association with octreotide was successful in 85.1% of cases, showing an efficient option, while the treatment with hypoglossal diet had therapeutic failure in 22% of the cases in which it was used.

    Keywords: Heart Defects, Congenital; Cardiac Surgical Procedures; Postoperative Complications; Chylothorax.

  

   

   

  INTRODUCTION

  Chylothorax is a lymphatic fluid extravasation into pleural cavity. In undergoing cardiac surgery children, chylothorax incidence is between 0.25% and 5.3%[1-6] and may occur through direct injury, mainly in the correction of the ductus arteriosus and coarctation of the aorta, due to the anatomical proximity to the thoracic duct originating from the chyle cistern, between L3 and T10, ascends to the thoracic region at the time of aortic hiatus between T10 and T12, and ends its course in an anastomosis at the junction of the subclavian vein and left internal jugular vein[7]. It is also frequently related to surgeries for correction of right ventricular outflow obstruction: tetralogy of Fallot and atresia of the pulmonary artery with or without ventricular septal defect.

  Chylothorax can also occur due to an increase venous pressure in the superior vena cava, the site of the thoracic duct opening, mainly related to Glenn's operation and total cavopulmonary derivation[8]. Recently, with the evolution of pediatric cardiac surgery and concomitant increase in complexity, an increase in the incidence of chylothorax as a postoperative complication of these procedures could be noted, and pediatric cardiac surgery is now the main cause of chylothorax in terciary hospitals[2,4].

  Other possible causes of chylothorax are traumatic ones, such as neoplasms and infections of the lymphatic system; and traumatic, such as open traumas[9].

  The persistence of chylothorax with continuous lymph extravasation may lead to the depletion of lymphocyte mass, nutrients, proteins, immunoglobulins, coagulation factors, vitamins[8,10], increasing postoperative morbidity and mortality due to infectious, nutritional complications and longer hospital stay.

  Regarding the existing treatments for chylothorax, some conservative proposals aim to decrease the production of the pound and its secretion in the pleural cavity. After pleural drainage, one option is a hypoglossal diet, which decreases the intake of long chain triglycerides, preferring the short and medium chains. Another proposal consists of oral fasting with total parenteral nutrition (TPN) for one week and then progressive introduction of food and lipids.

  In the last years, new conservative options have been studied that corroborate with the effectiveness of the nutritional restrictions. One option that has gained credibility is the use of octreotide[11] and similar, such as sandostatin[12]. Its mechanisms of action are still not clear, but are believed to act in the splenic and hepatic circulation, reducing lymphatic flow through octreotide receptors in this organ, reducing time and optimizing treatment efficacy.

  There are also surgical treatments, among them: direct ligation of the thoracic duct, simple raffia of the fistulous area, use of fibrin sealants, pleurodectomy and pleurodesis, and others.

  Due to the lack of consensus and in order to minimize the differences between the procedures adopted, Panthongviriyakul and Bines[13] developed an algorithm. This determines the accomplishment of a conservative treatment associated to pleural drainage for two weeks and if chylothorax persisted, then the surgical treatment would be applied[6,13].

  Based on the importance of postoperative chylothorax in pediatric cardiac surgery, in order to significantly compromise postoperative morbidity and mortality, we feel stimulated to evaluate the evolution and results of the treatments used in our institution in recent years, seeking to evaluate the treatments used, the changes in these treatments over the years in order to corroborate the search for the best therapeutic strategies to reduce the morbidity of chylothorax in the postoperative period of pediatric cardiac surgery.

  Objectives

  Primary

  
    1. Evaluate the incidence of postoperative chylothorax in pediatric cardiac surgery.

    2. Evaluate the occurrence of chylothorax associated to each surgical procedure.

    3. Evaluate the types of treatment employed with regards to the conservative or invasive strategy.

  

  Secondary

  
    1. Evaluate the success rate of each of the strategies employed.

  

   

  METHODS

  This is a retrospective study, approved by the Ethics and Research Committee of the Hospital do Coração, through a survey of patient's charts submitted to cardiac surgery for the correction of congenital heart diseases that progressed to postoperative chylothorax, from January 2004 to December 2014.

  A descriptive analysis was carried out regarding to:

  
    • Patient age at time of correction

    • Gender

    • Type of surgery performed

    • Post-operative day in which a diagnosis of chylothorax was given

    • Technique used for the diagnosis of chylothorax

    • Therapeutic strategy employed

    • Success in treatment

    • Chylothorax treatment time until drain removal

  

  Inclusion Criteria

  Patients undergoing cardiac surgery in the age between 0 and 18 years old for the correction of congenital heart disease who evolved to postoperative chylothorax.

  Patients with incomplete or inaccurate data had to be excluded to avoid information breaches.

  Statistical Analysis

  The data were recorded in Excel spreadsheet for proper storage.

  The statistical analysis had qualitative variables presented by absolute frequency and relative frequency, and quantitative variables by median of 25 and 75 percentiles, as the variables did not present a normal distribution (Shapiro-Wilk, P<0.05). To analyze the association between the type of treatment and the result obtained was used the Chi-square test. The confidence level adopted was 95%.

   

  RESULTS

  There were 4099 pediatric patients operated in our service between 2004 and 2014, 87 presented chylothorax, presenting an incidence of 2.12%. Among those studied, 48 (55.1%) were male and 39 (44.9%) were female, 17 (19.54%) had associated Down syndrome, while only 3 (3.45%) had other syndromes. The patients' age at surgery ranged from 0 to 71 months, with a median of 7.83 months.

  When analyzing the patients according to the type of surgery performed, cavopulmonary bypass surgery has the highest incidence of chylothorax (11.88%), while intra-cardiac patients have the lowest rates (0.96%) (Table 1).
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  For the diagnosis of chylothorax, the triglyceride count in the pleural fluid was used, the dosage being considered low from 100 to 200 mg/dl, moderate from 200 to 500 mg/dl and high above 500 mg/dl. Low and moderate dosages were found in equal percentages (41.1%), while high dosages were present in only 17.8% of the studied patients. When we tried to associate the triglyceride level in the pleural fluid at the time of treatment, none significant statistic relation was found (P=0.2892).

  The day of diagnosis of chylothorax extended from the first to the 51st postoperative day, the median being around the 10th day. In relation to the strategy used for treatment, the Service used these options:

  
    • Hypoglossal diet,

    • Fasting (by enteral way) associated with TPN,

    • Fasting with TPN associated with the use of octreotide after one week of trying only fasting with TPN or

    • Fasting and maintenance of the hypoglossal diet (referred in our hospital as the "Quilothorax Diet 3" for a period of 30 days with outpatient follow-up) (Table 2).
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  The resolution of the treatment can be summarized in Table 3. The clinical resolution was divided into three periods: 0 to 7 days, 8 to 14 days or more than 15 days. Clinically unresolved cases were referred for surgery and 9.2% evolved to death (Table 3).
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  The outcome of the treatment was related according to the strategy used (Table 4).
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  DISCUSSION

  Our study found incidence of chylothorax of 2.12%, rate compatible with the findings in literature such as Mery et al.[10]. This same study reveals that the highest incidences of chylothorax present in total cavopulmonary surgeries, similar to that found in our study, in which Glenn also shows a high incidence, only behind of the total cavopulmonary surgeries. Currently, the use of hypoglossal diet as a treatment of chylothorax was abandoned in our Service given preference for fasting and possible associations. In our service, the preference for fasting associated with TPN has increased, and this study shows that 51% of the patients who received this therapeutic option obtained clinical results in less than 14 days. The use of fasting with TPN associated with octreotide also gained space, and it has been administered in more than 30% of the studied patients, reaching resolution rates in 85.1% of cases. In our service we started with a dose of 1 mcg/kg/h in a continuous infusion pump, with a maximum dose of 8 mcg/k/h. Cannizzaro et al.[1] also demonstrated an efficient use of octreotide, reaching resolution levels around 50%. The option to maintain chylothorax III diet in extra-hospital follow-up had its highest rates in patients with clinical resolution above 15 days, which reveals a good general condition for the patient discharge, requiring only follow-up and progression of the diet at home. It is observed that the mortality of patients with chylothorax is high and reaches more than 20% of the studied cases, which highlights the importance of the search for more information and improvement of techniques aimed in solving this complication.

  Our study shows that, currently, the best strategy has been the association of fasting with TPN, however, and it should be taken into consideration that the association of octreotide after a week of trying only fasting and TPN has a high resolution index and its use can be considered from the beginning of treatment with the objective to reduce treatment time.

  Limitation

  It is a retrospective study, with diversity in the treatments used, which makes it difficult to define the best treatment. A prospective study comparing treatment with fasting with TPN compared to fasting associated with TPN and octreotide is necessary to evaluate whether the use of octreotide interferes with the efficacy of treatment. In addition, it should be noted that in the package inserts of medications such as Sandostatin there is still no formal indication for its use in chylothorax.

   

  CONCLUSION

  The incidence of chylothorax in pediatric cardiac surgery in our service is 2.12%. Chylothorax was more common in the postoperative period of total cavopulmonary bypass (11.8% of the patients submitted to this surgery had chylothorax in the postoperative period), followed by Glenn's operation (8.36%). Among the therapeutic strategies used, fasting with TPN (51.72%) followed by the association of octreotide (31.03%) initiated after treatment failure after one week of fasting. The use of hypoglycemic diet was abandoned in our service. The therapeutic failure occurred in 22.2% of the patients in whom the therapeutic strategy was the hypoglossal diet, 2.2% in cases of fasting with parenteral nutrition and 3.7% in the group in which it was associated with octreotide, evidencing the superiority of fasting in treatment when compared to hypoglossal diet.
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    ABSTRACT

    OBJECTIVE: To correlate blood transfusions and clinical outcomes during hospitalization in coronary artery bypass grafting surgery (CABG).

    METHODS: Transfusion, clinical and hematological data were collected for 1,378 patients undergoing isolated or combined CABG between January 2011 and December 2012. The effect of blood transfusions was evaluated through multivariate analysis to predict three co-primary outcomes: composite ischemic events, composite infectious complications and hospital mortality. Because higher risk patients receive more transfusions, the hospital mortality outcome was also tested on a stratum of low-risk patients to isolate the effect of preoperative risk on the results.

    RESULTS: The transfusion rate was 63.9%. The use of blood products was associated with a higher incidence of the three coprimary outcomes: composite infectious complications (OR 2.67, 95% CI 1.70 to 4.19; P<0.001), composite ischemic events (OR 2.42, 95% CI 1.70 to 3.46; P<0.001) and hospital mortality (OR 3.07, 95% CI 1.53 to 6.13; P<0.001). When only patients with logistic EuroSCORE ≤ 2% were evaluated, i.e., low-risk individuals, the mortality rate and the incidence of ischemic events and infectious complications composites remained higher among the transfused patients [6% vs. 0.4% (P<0.001), 11.7% vs. 24,3% (P<0.001) and 6.5% vs. 12.7% (P=0.002), respectively].

    CONCLUSION: The use of blood components in patients undergoing CABG was associated with ischemic events, infectious complications and hospital mortality, even in low-risk patients.

    Keywords: Blood transfusion; Bloodless Medical and Surgical Procedures; Myocardial Revascularization; Coronary Artery Bypass.

  

   
 
   

  INTRODUCTION

  The use of blood products in cardiac surgery is a known risk factor for adverse events during the perioperative period. Unnecessary transfusions can cause further increases in surgical risk and complications. Blood transfusion criteria in this scenario are not yet well established and exhibit variability between different centers and among professionals at the same center.

  Several studies, mostly observational, have demonstrated an association between pre- and intraoperative anemia and increased morbidity and mortality after cardiac surgery[1,2]. A drop in hematocrit in the absence of shock has been the main indication for transfusion in critically ill patients, and in up to 29% of these cases there is no clear justification for transfusion[3].

  A potential indication of transfusion is the association between severe anemia and hypoxemia, which may increase postoperative risk, but this theory is not confirmed.

  Patients receiving transfusions are usually at a greater preoperative risk, added with the risk of the event leading to transfusion. Preliminary studies show higher mortality rates, ischemic and infectious outcomes, however, these previous studies are not corrected for the individual risk of patients. Furthermore, these studies evaluated patients submitted to general surgery, and when evaluated patients undergoing cardiac surgery, are not specifically for coronary artery bypass surgery (CABG)[4-6].

  This study evaluates the association between blood transfusions and hospital morbidity and mortality in patients undergoing CABG (isolated or combined); furthermore, is analyzed a subgroup of low-risk patients, in order to minimize the effects of the greater preoperative risk of the transfused patients, identified by a low Logistic EuroSCORE.

   

  METHODS

  Consecutive patients undergoing isolated or combined CABG between January 1st 2011 and December 31st 2012 were included in the study. Patients aged ≤ 18 years or those who were not undergoing surgery with a cardiopulmonary bypass were not selected.

  The lowest hemoglobin values measured between a patient's departure from the operating room until 10 days after surgery were included. Intraoperative hemoglobin data were not included.

  The transfusion of blood products (packed red cells, packed platelets, fresh frozen plasma and cryoprecipitate), conducted between 5 days before and 10 days after CABG, was considered to be of primary interest.

  Blood transfusions were performed when hemoglobin levels fell below 7 g/dL or in critical clinical conditions, at the physician's discretion.

  Three co-primary outcomes were pre-specified: infectious outcomes, ischemic outcomes, and hospital death.

  An infectious outcome was defined as a composite of respiratory infection, wound infection and/or sepsis. An ischemic outcome was defined as a composite of stroke, transient ischemic attack, acute myocardial infarction and/or acute renal failure (an increase in the creatinine value of at least 50% as per the Acute Renal Injury Network[7]). Hospital mortality was defined as death that occurred within 30 days of surgery or during hospitalization[8].

  Demographic characteristics and comorbidities were obtained from institutional databases, and data were organized by absolute and relative frequencies (qualitative variables) and by mean and standard deviation (quantitative variables).

  Information infrequently missing from the database (< 1%) was redistributed in the median or most frequent category. Information more frequently missing (> 1%) was considered void and was not included in analyses. The study was approved by the Ethics Committee of each institution involved.

  Statistical Analysis

  To compare quantitative variables from transfused and non-transfused patients, Student's-t and Mann-Whitney tests were used according to the distribution of variables. To compare groups by categorical variables, Fisher's exact test was used.

  Univariate analysis was performed between the transfusion and non-transfusion groups using preoperative variables. These variables were included, with data on the transfusion of blood products, in a multivariate logistic regression model to predict mortality, infectious outcomes and ischemic outcomes. The odds ratio (OR) and 95% confidence interval (CI) values were reported.

   

  RESULTS

  A total of 1,389 patients underwent CABG during the study period. Eleven patients had no transfusion data and were excluded. Clinical characteristics are described in Table 1.

  
    

    [image: Table 1. Population characteristics (n=1,378).]

  

  Among the 1,378 patients included, 498 (36.1%) did not receive any type of blood product transfusion and 880 (63.9%) received one or more. Of these, 63 (4.6% of the total) individuals received only blood components other than packed red blood cells, and 817 (59.3%) received at least one packed red blood cell product, with or without other blood products. The percentage of patients using each of the blood products studied and the mean numbers of transfused bags are listed in Table 2.
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  The transfused patients were older, had lower body weight, preoperative hemoglobin values and minimum hemoglobin values in the first 10 days after surgery, and had higher logistical EuroSCOREs than control patients. Anoxia and cardiopulmonary bypass times were significantly longer in this group. The proportion of women, number of patients with stage 4 or 5 kidney failure, and incidence of combined surgery and triarterial or trunk injuries were significantly higher among transfused patients.

  The incidence of composite infectious outcomes among transfusion patients was 16.1% compared to 6% among the non-transfused (OR 3; 95% CI 1.99 to 4.53; P<0.001]. This association was also significant when each of its components was evaluated [sepsis 3% vs. 0.6% (OR 5.02, 95% CI 1.51 to 16.68; P<0.001), respiratory infection 8.6% vs. 2.6% (OR 3.53, 95% CI 1.94 to 6.42; P<0.001), surgical wound infection 9.7% vs. 3.6% (OR 2.77, 95% CI 1.59 to 4.80; P <0.001)].

  Ischemic outcomes occurred in 29.4% of the transfused group and in 12.6% of the non-transfused (OR 2.91, 95% CI 2.13 to 3.98; P<0.001). As with infectious outcomes, there was also an association between transfusion and each component of ischemic outcomes [kidney failure 21% vs. 9.3% (OR 2.58, 95% CI 1.81 to 3.68; P<0.001), stroke 4.1% vs. 1.8% (OR 2.32, 95% CI 1.11 to 4.85; P<0.001), acute perioperative myocardial infarction 8% vs. 2.2% (OR 3.83, 95% CI 2.01 to 7.30; P<0.001)].

  Hospital mortality among transfused patients was significantly higher than among non-transfused patients [10% vs. 2.2% (OR 4.92, 95% CI 2.6 to 9.3; P<0.001)].

  In the low-risk group, patients identified by logistic EuroSCORE ≤ 2% (252 transfused and 260 non-transfused patients), had a mortality of 6% vs. 0.4% (P<0.001) for the transfused and non-transfused group, ischemic outcome of 11.7% vs. 24.3% (P<0.001) and infectious outcome 6.5% vs. 12.7% (P=0.002).

  When adjusted by a multivariate logistic model, the association between transfusion and the three co-primary outcomes was maintained in relation to composite infectious outcomes (OR 2.67, 95% CI 1.70 to 4.19; P<0.001), composite ischemic outcomes (OR 2.42, 95% CI 1.70 to 3.46; P<0.001) and hospital mortality (OR 3.07, 95% CI 1.53 to 6.13; P<0.001) (Figure 1).
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  In our study, other variables were identified as independent predictors of the three outcomes, as follows: mortality (creatinine clearance < 30%, age > 75 years, diabetes mellitus, family history of coronary artery disease and current smoking), infectious outcomes (creatinine clearance ≤ 30%, age ≥ 75 years, chronic obstructive pulmonary disease and high body mass index) and ischemic outcomes (family history of coronary artery disease and female gender).

  Among the 17 surgeons who performed CABG during the study period, excluding those who performed fewer than 10 procedures (5 professionals), the transfusion rate ranged from 53% to 79% (P<0.001).

   Table 3 shows data from the multivariate logistic analysis for the prediction of the three co-primary outcomes.
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  DISCUSSION

  This retrospective study of 1,378 consecutive patients undergoing CABG revealed an association between blood transfusion and composite infectious and ischemic outcomes and mortality. Transfused patients are, as a group, at higher surgical risk; however, when only low-risk patients were selected by EuroSCORE, mortality remained high in the transfused group.

  A blood product transfusion rate of 63.9% was found in this study. When only patients receiving packed red blood cells, with or without other blood components, were considered, the proportion was 59.3%. This value is consistent with the findings of other studies[9,10]. However, a downward trend in transfusion rates and the number of transfused bags has been observed in recent years[11].

  We used a 7 g/dL as a threshold to transfusion, but, in case of critical clinical events, the transfusion was indicated at higher levels of hemoglobin.

  There was great variability in transfusion frequency among different surgeons, although a significant portion of these transfusions was performed in the intensive care unit.

  As expected, transfused patients were a group of patients with higher risk of death and comorbidities. However, even in the low-risk group, identified as a low EuroSCORE risk (below 2%), there was an association between transfusion and morbidity and mortality.

  Composite Infectious Outcomes

  A composite infectious outcome, defined as sepsis, respiratory infection and surgical wound infection, was significantly more prevalent among patients undergoing blood transfusions (16.1% vs. 6%). This relationship has been demonstrated in several publications[12] and is believed to be related to the socalled "immunomodulating effect" of transfusion. This includes changes in blood cell compositions, such as a decreased number of circulating lymphocytes, changes in the T helper/T suppressor lymphocyte ratio and immune cell activation[13]. These changes ultimately predispose the individual to susceptibility to infectious agents, particularly bacteria. Perioperative blood transfusion enhances the already established inflammatory status caused by cardiopulmonary bypass and surgical trauma, increasing the levels of circulating cytokines by up to 15 times[14].

  Some authors have suggested that the leukodepletion of blood products decreases cytokine levels, reducing the deleterious effects of transfusion, but this has not translated into improved clinical outcomes in subsequent studies[15]. Our study did not include this analysis due to its low frequency in our cohort and because it is not a common practice in Brazil.

  Composite Ischemic Outcomes

  Following the findings of previous studies that have shown an association between transfusion and tissue ischemia in patients undergoing CABG, our results demonstrated a higher incidence of composite kidney failure, stroke and acute perioperative myocardial infarction among transfused patients (29.4% vs. 12.6%). How blood transfusions lead to ischemic complications in these patients is not fully understood, but it is believed that the previously described inflammatory changes are responsible for these findings. Additional molecular, biochemical and structural changes caused by the storage of bags lead to decreased concentrations of 2 3-diphosphoglycerate, fragility and lower red blood cell distensibility, reducing their capacity to supply oxygen to tissues[16].

  Mortality

  The risk of death was three times higher among transfused patients when compared to the non-transfused. The former significantly higher average EuroSCORE; older age; a higher prevalence of combined surgeries, severe coronary lesions, and kidney failure; and lower hemoglobin levels indicate that this is a group with higher preoperative morbidity. This observation could raise questions about the real effect of transfusion on outcomes. However, when adjusted for these and other variables, transfusion remains an independent risk factor for mortality and combined outcomes.

  Other information contradicting the hypothesis that the higher mortality in the transfused group stems from patients' conditions being more severe was provided by an analysis of mortality in low-risk strata. When only patients with low logistic EuroSCORE (≤ 2%) were evaluated in both groups, the mortality rate among the transfused remained significantly higher.

  Low-Risk Group

  The highest mortality rate, infection and ischemic outcomes in the transfusion group may not be due to transfusion, but due to complications after CABG in a high-risk group. This are important confounders in studies evaluating transfusion after CABG. Patients receiving blood products are part of a higher risk group, due to their high number of comorbidities. In addition, it is the situation that caused the major bleeding, with its tissue hypoxia complications, an additional surgical procedure to correct the bleeding and the possible adverse effects of transfusion. Transfused patients more frequently require inotropic and mechanical support. Despite careful statistical adjustments, it is possible that these factors caused additional risk.

  When patients with low baseline risk profiles were selected by logistic EuroSCORE < 2%, confounding factors were reduced. In this scenario, significantly higher mortality remained in the group receiving transfusions, as well as higher ischemic and infectious outcomes, possibly due to tissue hypoxia complications, could be a possibility caused by anemia/hypoperfusion associated with the deleterious effects of transfusion.

  A recent prospective, randomized study[17] testing the use of liberal or restrictive transfusion strategies, defined by the use of a threshold for transfusion of 9.0 g/dL or 7.0 g/dL, did not show differences between the two subgroups. However, the difference in hemoglobin levels between the groups was only 1 g/dL.

  As expected, the minimum postoperative hemoglobin level in transfused individuals was significantly lower than in patients who did not receive transfusions (7.9±1.2 vs. 8.9±1.3). These values, rather than a patient's actual clinical indication, guide transfusion indications in the operating room, especially in surgery involving cardiopulmonary bypass[18]. The use of a restrictive transfusion strategy has proven to be well tolerated by patients in various studies. In a randomized clinical trial of patients undergoing CABG, Bracey et al.[19] reported that a reduction in the transfusion hemoglobin threshold to 8 mg/dL did not negatively affect outcomes and resulted in lower costs. In a large multicenter study of critically ill patients not undergoing cardiac surgery, Hebert et al.[20] found that a restrictive strategy (hemoglobin < 7 mg/dL) could be superior to a liberal strategy (hemoglobin < 10 mg/ dL). Results such as these lend support to the global trend of the reduction of tolerated hemoglobin and hematocrit levels and hence the performance of fewer transfusions on these patients.

  Although guidelines for transfusion practices in cardiac surgery have already been published[21], and despite all the evidence made available during the last three decades of research, there remains great variability in the performance of transfusions among institutions and even among professionals in the same institution[22]. Over 20 years ago, Goodnough et al.[23] study demonstrated significant variability in transfusion rates in 540 patients undergoing cardiac surgery in 18 institutions (17% to 100% for packed red blood cells). In 2010, Bennett-Guerrero et al.[10] found similar rates (7.8% to 92.8%) in a retrospective analysis of CABGs performed in 2008 across 798 centers. This demonstrates the lack of consensus on the level of hematocrit required to ensure the benefits of transfusion over the potential risks. The indication for transfusion derives, above all, from the personal judgment of surgeons, anesthetists and clinicians, often to the detriment of an individual's clinical condition. It is the professionals, rather than the patients themselves, who do not tolerate low levels of hemoglobin and hematocrit.

  Study Limitations

  The main limitation of the study relates to the reasons, aside from hemoglobin values, for blood transfusion. The reason for performing the transfusion, a surgical complication resulting in bleeding, may itself be associated with high morbidity and mortality, regardless of transfusion.

  As this was a retrospective study, the results allowed us to evaluate the association between the transfusion variable and morbidity and mortality outcomes, but we cannot demonstrate causality among them. Another limitation, also related to the retrospective nature of this study, is the lack of data determining the period in which the transfusion and outcome occurred during hospitalization. Furthermore, this study used mortality from all causes as a primary outcome and did not differentiate between cardiac and non-cardiac causes of death. There is no data concerning transfusion of critical clinical patients, which are associated with higher incidence of complications.

   

  CONCLUSION

  In this study, the transfusion of blood products was found to be harmful for most patients undergoing CABG, even in those with low baseline risk. Studies evaluating whether the higher incidence of complications in these patients is due to blood transfusion or to hypoxia complications are necessary to better understand transfusion practice.
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    ABSTRACT

    OBJECTIVE: To evaluate the safety and feasibility of a novel stent-graft for thoracic endovascular aortic repair (TEVAR) in a canine model, 9 adult hybrid dogs were used for the experiment.

    METHODS: All animals were implanted with a novel thoracic aortic stent-graft via femoral artery. Blood sample was collected at pre-operation and 1, 2, 4, 8 and 12 weeks after implantation for hematological examination. Moreover, tissues from randomly selected 4 dogs were subjected to histopathological analysis with the optical microscope after stent-grafts were implanted for 3, 6, 9, and 12 months respectively. The experimental period lasted for more than 2 years.

    RESULTS: A total of 9 stent-grafts were successfully implanted in the canine thoracic aortas and no migration or deformation occurred. Related indicators of blood routine, inflammatory factors, and immunology changes were not significantly (P>0.05), except the white blood cell (WBC) counts in the first week. Moreover, abnormal morphology was not found in all thoracic aortas via histopathological examination. Additionally, all stent-grafts were patent and did not migrate, and there was no thrombus in the lumens of stent-grafts.

    CONCLUSION: The novel thoracic aortic stent-graft made in China was safe and feasible for thoracic endovascular aortic repair in a canine model.

    Keywords: Stent-graft; Thoracic Endovascular Aortic Repair; Dogs; Models, Animal; Safety; Feasibility Studies; Aortic Diseases; Endovascular Procedures; Stents.

  

   
 
   

  INTRODUCTION

  Aortic dissection (AD) is a life-threatening cardiovascular disease with high mortality[1]. Multiple abnormalities have been suggested to contribute to predisposition for this disease, mainly including hypertension, degeneration and genetic disorders[2,3]. The natural incidence of AD was 0.5-3.2/100.000/yr[4,5], and there are about more than 10 thousand new cases of AD each year in China[6]. Meszaros et al.[7] reported that about 50% patients died within 24 hours and 68.2% within the first 2 days after admission. Besides, the reporting cases of deaths due to aortic abnormalities including AD, thoracic aortic aneurysm (TAA) and abdominal aortic aneurysm (AAA) have accelerated more recently[8].

  Traditional surgical management technique for aortic diseases such as AD and TAA is surgical replacement with a prosthetic graft, whereas high postoperative complications and mortality have been described. Parodi et al.[9] firstly reported that endovascular stent-graft treatment of AAA in 1991. Dake et al.[10] used transluminally placed stent-grafts to treat descending TAA in 13 patients over a 24-month period. Endovascular stent-graft is capable of repairing various aortic abnormalities as well as maintaining blood flow and declining the possibility of aortic rupture. Therefore, thoracic endovascular aortic repair (TEVAR) by means of stent-graft has turned out to be a more attractive option than conventional surgical approaches[11,12]. However, TEVAR may result in kinking, endoleak, infolding or even stent-graft migration. Stent-graft disconformability and disattachment phenomena at the inner aortic arch radius in juvenile trauma victims have received widespread attention[13,14]. Although enormous applications have been found in China, most of stent-grafts for TEVAR come from import. Some Chinese patients cannot afford such high medical fees, and the specifications of the commercially available stent-grafts are unitary, which cannot satisfy the needs of complying with tapering naturally vessel, leading to high rates of long-term complication of endovascular stent-graft's distal end. Thus, it is urgent to independently develop a homegrown stent-graft with various tapers. This evaluation work was carried out to primarily evaluate the safety and feasibility of a novel thoracic aortic stent-graft designed by a company in a canine model.

   

  METHODS

  Compliance with Ethical Standards

  All experimental procedures complied with the criteria in Guide for the Care and Use of Laboratory Animals and Brazilian Guidelines on Care and Use of Animals for Scientific and Teaching Purposes, National Council for Animal Experimentation Control. The institutional ethics committee also approved this study.

  Stent-graft System

  The stent-graft, 110 mm in length and 26 mm in diameter, is mainly comprised of nickel titanium alloy, polyethylene terephthalate and platinum-iridium alloy. It has characteristics such as good bendability, compliance, adhesion of vessel wall and low profile. The transportation system and delivery system are mainly composed of Teflon, polycarbonate and stainless steel, resulting in higher compliance. Moreover, the minimum size of transportation system is 14 F, while general products' sizes are 6-8 F. In addition, the external sheath of transportation system, merely 4.9 mm to 6.1 mm in diameter, can obviously reduce the damage of blood vessel. The markers on stent-graft are used to ensure accurate positioning (Figure 1).


    

    [image: Fig. 1. Stent-graft system]

  

  Animals and Treatments

  The non-survival procedures were performed in compliance with national animal welfare laws. Nine adult hybrid dogs (weight 25 to 35 kg), used in this study, were derived from social donation after physical examination, vaccination and disinsectization performed. All animals were fed with special dog food and also guaranteed free access to water and provided an adequate housing. The dogs were handled and treated in accordance with strict guiding principles of the National Institutes of Health for experimental care and use of animals. The implantations were performed in a month and the experimental period lasted for more than 2 years. The order and time of necropsy are shown in Table 1.

  
    

    [image: Table 1. Order and time of necropsy of dogs.]

  

  Operation

  The operation was performed at Second Affiliated Hospital of Nanchang University. Dogs were given antibiotics for 3 days, 12 hours of fasting and water deprivation was carried out before surgery. The dogs were given a hypodermic injection of atropine sulfate (0.01 mg/kg) and etamsylate (10 mg/kg), respectively. Anesthesia was followed by intravenous propofol (6 mg/kg).

  The diameter of thoracic aorta was evaluated through the femoral artery. The heparin saline and contrast media were injected. And then, the loach guide wire and the pigtail catheter were inserted via common femoral artery. The distal end of the pigtail catheter should reach the position of ascending thoracic aorta. Angiography was conducted to measure the diameter of thoracic aorta (Figure 2). Afterwards, 260 cm in length with curved super-stiff guide wire were sent to the specific location of aortic arch via the pigtail catheter, and then the pigtail catheter and short needle sheath were extracted. Subsequently, the stent-graft system was sent to the desired position via the super-stiff guide wire. Finally, the stent-graft was unfolded and affixed to the vascular wall when it reached the desired position. Angiography was repeated to evaluate the effect of implantation (Figure 2).


    

    [image: Fig. 2. Angiography. (A) Preoperative angiography image. (B) The delivery system reached the present position. (C) The release of stent-graft firstly. (D) Postoperative angiography image.]

  

  Blood Collection

  Blood samples were collected from 9 dogs preoperatively and 1, 2, 4, 8 and 12 weeks after implantation. Two milliliters of blood collected via cephalic vein was used for the examination of blood routine. The remaining blood was allowed to clot, incubated at 37°C for 2 hours and the serum was obtained by centrifugation at 1000 g for 5 minutes at 4°C. Then the serum was stored at -20°C until analyzed for the examination of inflammatory factors and immunological indexes.

  Sacrifice and Tissue Collection

  A complete necropsy was performed on 8 dogs at clinical veterinary medicine laboratory in the College of Animal Science and Technology Jiangxi Agricultural University. Histopathological examination was carried out on 4 dogs randomly selected 3, 6, 9 and 12 months after implantation. The thoracic aorta was dissected and washed with saline, then fixed in 10% neutral buffered formalin (3-5 days). Formalin-fixed samples were routinely processed, embedded in paraffin, sectioned at 5 µm, stained with hematoxylin and eosin (H&E), and pathological sections were observed using an optical microscope and photographs were taken.

  Statistical Analysis

  The results were presented as mean ± SD. The statistical analysis included SPSS version 17.0 (SPSS Inc., Chicago, IL, USA), Student's t-test, GraphPad Prism 5.0 (GraphPad Inc., La Jolla, CA, USA). A P value of less than 0.05 was considered significant.

   

  RESULTS

  No animal was killed during this experiment, except intentional sacrifice. Furthermore, no abnormality was found in habits and lifestyle on all animals before necropsy. The ninth animal was kept alive for late follow-up and it is showing good evolution.

  Results of the Blood Routine

  As shown in Figure 3, white blood cell (WBC) counts at the first week after implantation were significantly increased (P<0.05), in comparison with those at preoperative period, while there was no significant difference (P>0.05) among preoperative days and the other days (Figure 3A). Changes in red blood cell (RBC) counts, hemoglobin (Hb) levels and platelet (PLT) counts were not significant (P>0.05) among pre- and postoperative periods, and all indicators were kept in normal range in the experimental period (Figures 3B, C and D).


    

    [image: Fig. 3. Blood routine indexes at pre- and 1, 2, 4, 8 and 12 weeks after implantation. Panels A-D show changes of WBC counts, RBC counts, Hb levels and PLT counts, respectively.]

  

  Results of Inflammatory Factors

  As shown in Figure 4, the levels of tumor necrosis factor-α (TNF-α) (Figure 4A) and C-reactive protein (CRP) (Figure 4B) were kept in normal range during the experimental period and there was no significant difference (P>0.05) among pre- and postoperative periods.


    

    [image: Fig. 4. Inflammatory factors at pre- and1, 2, 4, 8 and 12 weeks after implantation. Panels A-B show changes of levels of TNF-α and CRP, respectively.]

  

  Results of Immunological Indexes

  The changes of immunological indexes are shown in Figure 5. No significant difference (P>0.05) in the levels of complement-3 (C3), immunoglobulin G (IgG) and immunoglobulin M (IgM) among pre- and post-operative periods were observed and all indicators were kept in normal range (Figures 5A, B and C).


    

    [image: Fig. 5. Immunological indexes at pre- and 1, 2, 4, 8 and 12 weeks after implantation. Panels A-C show changes of levels of C3, IgG and IgM, respectively.]

  

  Autopsy Findings

  All stent-grafts were patent and did not migrate. As shown in Figure 6, the inner surface of stent-graft was smooth, suggesting satisfactory neointimal coverage and the adventitia appeared essentially normal. Additionally, there was no thrombus in the lumens of stent-grafts. Endothelialization was found in the thoracic aorta implanted with stent-grafts, and perivascular erosion was not observed.


    

    [image: Fig. 6. Thoracic aorta implanted with stent-graft.]

  

  Histopathological Examination

  The histopathological results of thoracic aorta with no stent-graft are shown in Figure 7. All the tissue slices showed normal morphology. No inflamed cells (mononuclear cell, macrophage, etc.) and degeneration or necrosis were found. Additionally, the histopathological results in the thoracic aorta implanted with stent-graft are shown in Figure 8. All the tissue slices showed no abnormal sign. Abnormal cells and thoracic aorta thickening were not observed.


    

    [image: Fig. 7. Histopathological changes in thoracic aorta with no stent-graft. (A) Thoracic aorta of 3 months after implantation. (B) Thoracic aorta of 6 months after implantation. (C) Thoracic aorta of 9 months after implantation. (D) Thoracic aorta of 12 months after implantation. Magnification, ×100.]

  


    

    [image: Fig. 8. Histopathological changes in thoracic aorta implanted with stent-graft. (A) Thoracic aorta of 3 months after implantation. (B) Thoracic aorta of 6 months after implantation. (C) Thoracic aorta of 9 months after implantation. (D) Thoracic aorta of 12 months after implantation. Magnification, ×100.]

  

   

  DISCUSSION

  The application of endovascular repair by means of stent-graft has been demonstrated to be a safe and effective treatment for various diseases of thoracic aorta[15,16]. This technology has been widely applied in China. The demand for stent-graft is on the increase due to the huge population of patients in China who are suffering from aorta diseases. However, most of stent-grafts in China rely on imports now. Moreover, it is difficult to afford the medical fees for people because China is a developing country. Besides, the specifications of these stent-grafts are unitary, which cannot satisfy the needs of complying with tapering naturally vessel, leading to high rates of long-term complication of endovascular stent-graft's distal end. It is urgent to independently design an effective homegrown stent-graft, which has various tapers and can decline the rates of long-term complication of endovascular stent-graft's distal end. The stent-graft used in our study has good bendability, compliance, adhesion of vessel wall and low profile, and can obviously reduce the damage of blood vessel, which could solve the deficiencies in general products.

  In this study, experimental animals were used to evaluate the safety and feasibility of the stent-graft because it was convenient for real-time observation. Dogs (weight 25 to 35 kg) were adopted in this research, as the diameter of their artery and its hemodynamics are approximate to human. Furthermore, their tolerance is strong enough to survive long hours of anesthesia and surgery. Canine fibrinolytic system of is more active than the human[17], and their mortality rate and postoperative complications are much lower than other animals.

  Aortic abnormalities such as AD and TAA are harmful diseases with high mortality in emergencies. Endovascular stent-grafts not only could repair various aortic abnormalities, but also maintain blood flow and decline the possibility of aortic rupture. However, there were plenty of problems of early first-generation stent-grafts, such as vascular injury, ascending aortic dissection or aortic penetration from struts, stroke with insertion, graft collapse, endovascular leaks, graft material failure, continued aneurysm expansion or rupture, and migration or kinking[14]. Besides, inflammation and rejection are also worth of concerning in complication. In this study, the obvious increase of WBC counts at the first week after the implantation, while there was no remarkable difference in other days, reflected inflammation caused by surgery, which could also be demonstrated by the results of inflammation factor. However, it had been improved significantly after using antibiotic. The results of immunological indexes revealed that rejection was not obvious in vivo. Some innovative studies on endovascular repair in animal model have been conducted to study aortic diseases, but they were short-term studies[18,19]. All dogs had stent-grafts implanted successfully in this study. Focus should be attached to the materials of stent-graft in implantation, as well as the importance of surgery itself. Multiple reasons have been confirmed to contribute to fail, mainly including anesthesia, intubation failure, hemorrhage, postoperative infection and improper nursing care.

  In our study, the autopsy results showed that the stent-graft could fit the vessel wall of thoracic aorta well. The formation of intima on the inner surface of the bare stent and complete endothelialization of stent-graft surface were observed. The histopathological results also showed that neointima had formed and adventitia appeared essentially normal. The results demonstrated that the stent-graft had high histocompatibility and sealability and had not induced inflammation and calcification, which were consistent with majority relevant reports[20,21]. Additionally, the experimental period was more than 2 years, so that the long-term dynamic changes could be distinctly observed, which further demonstrated the safety of stent-graft.

  In short, further research is still needed before final clinical application.

   

  CONCLUSION

  In the present study, the thoracic aortic stent-graft made in China was safe and feasible for TEVAR in a canine model.
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    ABSTRACT

    OBJECTIVE: To compare the safety and efficacy of coronary artery bypass grafting (CABG) with percutaneous coronary intervention (PCI) using drug-eluting stents (DES) in patients with unprotected left main coronary artery (ULMCA) disease.

    METHODS: MEDLINE, EMBASE, CENTRAL/CCTR, SciELO, LILACS, Google Scholar and reference lists of relevant articles were searched for clinical studies that reported outcomes at 1-year follow-up after PCI with DES and CABG for the treatment of ULMCA stenosis. Five studies fulfilled our eligibility criteria and they included a total of 4.595 patients (2.298 for CABG and 2.297 for PCI with DES).

    RESULTS: At 1-year follow-up, there was no significant difference between CABG and DES groups concerning the risk for death (risk ratio [RR] 0.973, P=0.830), myocardial infarction (RR 0.694, P=0.148), stroke (RR 1.224, P=0.598), and major adverse cerebrovascular and cardiovascular events (RR 0.948, P=0.680). The risk for target vessel revascularization (TVR) was significantly lower in the CABG group compared to the DES group (RR 0.583, P<0.001). It was observed no publication bias regarding the outcomes, but only the outcome TVR was free from substantial statistical heterogeneity of the effects. In the meta-regression, there was evidence that the factor "female gender" modulated the effect regarding myocardial infarction rates, favoring the CABG strategy.

    CONCLUSION: CABG surgery remains the best option of treatment for patients with ULMCA disease, with lower TVR rates.

    Keywords: Meta-Analysis; Drug-Eluting Stents; Coronary Artery Bypass; Stents; Percutaneous Coronary Intervention.

  

   
 
   

  INTRODUCTION

  Rationale

  The current international revascularization guidelines recommend revascularization of unprotected left main coronary artery (ULMCA) with coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI) in subjects with low (<23: class I, recommendation for CABG or PCI - level of evidence B) and intermediate (23-32: class I for CABG and class IIa for PCI - level of evidence B) SYNTAX scores. The same guidelines recommend against revascularization with PCI of ULMCA disease with high SYNTAX scores (≥33: class I for CABG and class III for PCI - level of evidence B)[1]. Capodanno et al.[2] published a meta-analysis of randomized controlled trials (RCTs) and suggested, boldly, that "based on their study, revision of the guidelines regarding left main PCI is warranted, raising the level of evidence of current recommendations from B to A". Although some RCTs have suggested that PCI with drug-eluting stent (DES) could be a non-inferior strategy which might be used safely[3,4], sample sizes were not so large (and some conclusions may have been affected by this factor). Recently, the trials EXCEL[5] and NOBLE[6] were published, which led us to revisit the literature and carry out a new meta-analysis.

  Objective

  We performed a meta-analysis of RCTs to compare CABG to PCI with DES for the treatment of patients with ULMCA disease, according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement[7].

   

  METHODS

  Eligibility Criteria

  Using Population, Intervention, Comparison, Outcome and Study Design (PICOS) strategy, studies were considered eligible if: (1) the population comprised patients with ULMCA disease; (2) there was compared efficacy between CABG and PCI with DES; (3) the studied outcomes have included death, myocardial infarction (MI), stroke, target vessel revascularization (TVR) or major adverse cerebrovascular and cardiovascular events (MACCE); (4) there was a follow-up of at least 12 months. There was no restriction on language.

  Information Sources

  The following databases were used (until December 2016): MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL/CCTR), ClinicalTrials.gov, Scientific Electronic Library Online (SciELO), Latin American and Caribbean Health Sciences Literature (LILACS), Google Scholar, and reference lists of relevant articles.

  Search

  We conducted the search using Medical Subject Heading (MeSH) terms: ["coronary artery bypass graft" OR "coronary artery bypass grafting" OR "coronary artery bypass surgery" OR "coronary bypass surgery" OR "coronary artery bypass graft surgery" OR "coronary artery bypass" OR "coronary bypass"] AND ["drug-eluting stent" OR "sirolimus-eluting stent" OR "paclitaxel-eluting stent" OR "everolimus-eluting stent" OR "biolimus-eluting stent"] AND ["unprotected left main" OR "left main stenting" OR "left main coronary artery disease" OR "left main PCI" OR "unprotected left main coronary artery" OR "left main stenosis" OR "left main coronary artery stenting" OR "unprotected left main stenting"].

  Study Selection

  The following steps were taken: (1) identification of titles of records through database searching; (2) removal of duplicates; (3) screening and selection of abstracts; (4) assessment for eligibility through full-text articles; (5) final inclusion in the study.

  One reviewer followed the steps 1 to 3. Two independent reviewers followed the step 4 and selected studies. Inclusion or exclusion of studies was decided unanimously. When there was disagreement, a third reviewer took the final decision.

  Data Items

  The primary endpoint was the risk ratio (RR) for mortality after PCI-DES or CABG, up to 12 months. Secondary endpoints were the RR for MI, stroke, TVR after the procedure, and MACCE (composite endpoint of death, MI, stroke or TVR).

  Data Collection Process

  Two independent reviewers extracted the data. When there was disagreement about it, a third reviewer (the first author) checked the data and made the final decision. From each study, we extracted patients' characteristics, study design, and outcomes at 1 year after treatment of ULMCA stenosis. Alternatively, probabilities of mortality or MACCE were estimated from published Kaplan-Meier survival curves. When it was possible, we also extracted TVR from the total MACCE events and reported this outcome as a separate measure. When MACCE had not been reported, we calculated it using the events of death, MI, stroke and TVR, and reported this outcome as a separate measure.

  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) and incomplete outcome data addressed (attrition bias)[8].

  Taking these characteristics into account, the papers were classified in A (low risk of bias), B (moderate risk of bias), C (high risk of bias) or D (unclear). Two independent reviewers evaluated the 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 RRs with 95% confidence interval (CI) and P values (statistically significant when <0.05). The meta-analysis was completed using the software Comprehensive Meta-Analysis version 2 (Biostat Inc., Englewood, NJ, USA).

  Synthesis of Results

  Forest plots were generated for graphical presentations for clinical outcomes and we have performed the I-squared test and Chi statistics for assessment of heterogeneity across the studies[9]. Each study was summarized by the RR for PCI-DES compared to CABG. The RRs were combined across studies using DerSimonian-Laird random effects model[10], weighted by number of events in each study.

  Risk of Bias Across Studies

  To assess publication bias, a funnel plot was generated (for each outcome), being statistically evaluated by Begg and Mazumdar's test[11] and Egger's test[12].

  Sensitivity Analysis

  We investigated the influence of a single study on the overall effect - by sequentially removing one study - to test the robustness of the main results, so we could verify whether any study had an excessive influence on the overall results or not.

  Meta-regression Analysis

  Meta-regression analyses were performed to determine if the effects of CABG were modulated by pre-specified factors. Meta-regression graphs describe the effect of CABG on the outcome (plotted as a log RR 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 will indicate that when a given factor increases, the OR decreases.

  The predetermined modulating factors to be examined were: age (mean), female gender (%), diabetes (%), smoke (%), hypertension (%), SYNTAX score (mean) and distal left main lesion (%). This choice was made based on the factors that could recognizably modulate the summary measures when it comes to ULMCA disease. For studies reporting interquartile ranges, the mean was estimated according to the formula [minimum+maximum+2(median)]/4 and the standard deviation (SD) was calculated based on the formula (maximum-minimum)/6[13].

   

  RESULTS

  Study Selection

  A total of 14.885 citations were identified, of which 32 studies seemed to be potentially relevant and were retrieved as full-texts. Five publications fulfilled our eligibility criteria[3-6,14]. Interobserver reliability of study relevance was excellent (Kappa=0.83). Agreement for decisions related to study validity was very good (Kappa=0.80). The search strategy can be seen in Figure 1.
 
  
    

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

  
  
  Study Characteristics

  Characteristics of each study are shown in Table 1. A total of 4.595 patients were studied, with 2.298 receiving CABG and 2.297 receiving PCI with DES, during the years of 2003 to 2016. Two studies[3,14] mostly used Cypher stent (sirolimus), one[4] used Taxus stent (paclitaxel), one[5] used Xience stent (everolimus) and one[6] predominantly used Biomatrix Flex stent (biolimus; the latter was the recommended study stent but other "Conformité Européene-marked" DES could be used at the operators' discretion). The overall internal validity was moderate and is illustrated in Table 2.
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  Synthesis of Results

  The RR for death in the CABG group compared with that in the PCI-DES group in each study, at 1-year time point, is reported in Figure 2A. There was evidence of moderate heterogeneity of treatment effect among the studies for death. The overall RR (95% CI) of death showed no difference between CABG and PCI-DES at 1-year (random effect model: RR 0.973, P=0.830).

  
    

    [image: Fig. 2. Risk ratio (RR) and conclusions plot of death, myocardial infarction (MI), stroke, target vessel revascularization (TVR), and major adverse cerebrovascular and cardiovascular events (MACCE) associated with coronary artery bypass grafting (CABG) vs. percutaneous coronary intervention/drug-eluting stent (PCI-DES).]

  

  The RR for MI in the CABG group compared with that in the PCI-DES group in each study, at 1-year time point, is reported in Figure 2B. There was evidence of substantial heterogeneity of treatment effect among the studies for MI. The overall RR (95% CI) for MI showed no difference between CABG and PCI-DES at 1-year (random effect model: RR 0.694, P=0.148).

  The RR for stroke in the CABG group compared with that in the PCI-DES group in each study, at 1-year time point, is reported in Figure 2C. There was evidence of substantial heterogeneity of treatment effect among the studies for stroke. The overall RR (95% CI) for stroke showed no difference between CABG and PCI-DES at 1-year (random effect model: RR 1.224, P=0.598).

  The RR for TVR in the CABG group compared with that in the PCI-DES group in each study, at 1-year time point, is reported in Figure 2D. There was no evidence of heterogeneity of treatment effect among the studies for TVR. The overall RR (95% CI) for TVR showed a statistically significant difference between CABG and PCI-DES at 1-year, favoring CABG (random effect model: RR 0.583, P<0.001).

  The RR for MACCE in the CABG group compared with that in the PCI-DES group in each study, at 1-year time point, is reported in Figure 2E. There was evidence of substantial heterogeneity of treatment effect among the studies for MACCE. The overall RR (95% CI) for MACCE showed no difference between CABG and PCI-DES at 1-year (random effect model: RR 0.948, P=0.680).

  Risk of Bias Across Studies

  Funnel plot analysis (Figure 3) disclosed no asymmetry around the axis for the treatment effect when the outcomes were analyzed, which means we probably have no publication bias related to these outcomes.
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  Sensitivity Analysis

  Sensitivity analyses performed by removing each single study from the meta-analysis to determine the influence of an individual data set to the pooled RR showed that the EXCEL trial caused a major change in direction/magnitude of statistical findings regarding the outcome MI (Figure 4B). When this study was removed from the analysis, a statistically significant difference in favor of CABG appeared, which means that this study actually had an excessive influence on the overall results concerning the outcome MI, favoring excessively the PCI-DES when it was included.
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  Meta-regression Analysis

  Meta-regression coefficients were not statistically significant for age, diabetes, smoke, hypertension, SYNTAX score or distal left main lesion, which means that none of these evaluated factors had any modulation influence on the final effect, regarding death, MI, stroke, TVR or MACCE. When we analyzed the outcome "MI" and the pre-determined factor "female gender", it was observed a statistically significant coefficient for proportion of female patients and RR for MI (coefficient -0.42; 95% CI -0.73 to 0.11; P=0.007; Figure 5). We can observe that the greater the proportion of female patients, the lower the RR for MI in the group CABG in comparison to PCI-DES group.
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  DISCUSSION

  Summary of Evidence

  The results of this meta-analysis demonstrate that PCI with DES for ULMCA disease presents a significantly higher risk for TVR at 1-year follow-up in comparison to CABG, being this outcome under no influence of statistical heterogeneity or publication bias. Although there was no difference in the risk for death, MI, stroke and MACCE, these summary measures were underpowered by heterogeneity of the effects.

  We've also observed that the EXCEL trial had had a major influence on the overall results regarding the outcome MI, favoring excessively the group PCI-DES. Interestingly, as evidenced by the meta-regression analysis, the gender seems to play a certain role in the results, since we've detected that when there were more women in the group CABG, more beneficial was this strategy in comparison to PCI with-DES.

  Considerations

  The length of follow-up considered for this study may have been too short (1 year) to truly detect differences between the treatment groups. CABG is associated with a higher early mortality rate from perioperative complications, and it is possible that with a longer follow-up, CABG patients may have an improved survival rate compared to patients undergoing PCI with DES. Curiously, we've observed no statistically significant difference regarding the outcome stroke, although we had expected a higher risk in the CABG group. The long-term durability of PCI vs. CABG remains undetermined and will require studies with longer follow-ups to produce a robust meta-analysis of long-term results. Up to now, only SYNTAX, PRECOMBAT and NOBLE trials published their 5-year follow-ups.

  Regarding the major influence on the overall rate of MI exerted by the EXCEL trial, favoring excessively the group PCI-DES, we must bear in mind that this study excluded patients with SYNTAX score ≥33. On the other hand, the NOBLE trial has enrolled patients with ostium, mid-shaft and/or bifurcation and with no more than three additional non-complex PCI lesions, defined as length <25 mm, non-chronic total occlusion, non-two-stent bifurcation, non-calcified and non-tortuous coronary lesions.

  The gender seemed to play a certain role in the results. Intriguingly, there are studies showing that women experience higher short-term and long-term mortality rates after PCI compared to men[15] and showing that women have worse longterm outcomes after CABG than men[16]. To sum up, women tend to benefit less from both invasive strategies. Nevertheless, when it comes to comparing CABG with PCI-DES, it seems that the former presents better results, since studies showed that CABG may provide the greatest benefit to patients who have most extensive heart disease[17,18], maybe because women (compared with men) are, on average, older and more likely to have diabetes and hypertension and to present for surgery with urgent/ emergent status[16].

  One of the limitations is the heterogeneity of the strategies across the studies. Among PCI strategies, some studies used either only sirolimus-stent or only paclitaxel-stents or predominantly biolimus-stents or only everolimus-stents, and some mixed drug-eluting stents, etc. Campos et al.[19] underlined some differences about how the Heart Team assessed the ULMCA as being significant in the studies. For example, the NOBLE trial adopted as significant an ULMCA with a visually assessed DS>50% or a fractional flow reserve (FFR) <0.80. The EXCEL trial defined significant ULMCA as one of the following: DS≥70% (visually estimated) or DS≥50% but <70% (requiring non-invasive or invasive [FFR ≤0.80] evidence of ischaemia or intravascular ultrasound minimal lumen area [IVUS MLA] ≤6.0 mm2). Additionally, the EXCEL trial has enrolled patients with a left main equivalent disease, defined as bifurcation disease, with both the ostial left anterior descending (LAD) artery and ostial left circumflex artery (LCX) stenoses having ≥70% DS. If one or both ostial LAD and ostial LCX stenoses are ≥50% and <70% stenotic by visual estimation, then this(ese) lesion(s) is(are) demonstrated to be significant either by non-invasive or invasive (FFR ≤0.80) evidence of ischaemia in its myocardial distribution or IVUS MLA ≤4.0 mm2. By protocol, in EXCEL, FFR was the preferred strategy to stratify lesion significance. Among CABG strategies, there is variability in rates of use of internal thoracic artery, use of cardiopulmonary bypass (on-pump vs. off-pump CABG), etc. And between both strategies, an important aspect to consider is the rate of complete revascularization (that was not reported adequately in 2 studies[5,6], but in the 2 studies[3,4] that reported these rates, both arms presented high rates of incomplete revascularization, reaching around 30%), which reflects in the outcomes.

  Curiously, the publication of EXCEL and NOBLE trials, both studying the same issue and emerging with different results, may have confused some cardiologists and cardiovascular surgeons. In the EXCEL study, investigators randomized 948 patients with ULMCA disease to PCI with Xience and 957 patients to CABG surgery. The primary endpoint-a composite that included allcause mortality, stroke, or MI at 3 years-occurred in 15.4% of patients treated with PCI and 14.7% of patients treated with CABG (P=0.02 for non-inferiority). The researchers also analyzed data at the 30th day, a secondary endpoint. The rate of death, stroke or MI was significantly higher among the CABG-treated patients (4.9% vs. 7.9%; HR 0.61; 95% CI 0.42-0.88), and this difference was driven by a considerably increased risk of MI (3.9% vs. 6.2%; HR 0.63; 95% CI 0.42-0.95). In particular, there was a significantly increased risk of "large" periprocedural MI with CABG, which was defined as CK-MB more than 10 times the upper limit of normal (or 5 times the upper limit of normal plus other evidence of MI). In the NOBLE trial, 1,201 patients with ULMCA disease were randomized to PCI or CABG. The 5-year estimate of MACCE-a composite of all-cause mortality, nonprocedural MI, any repeat coronary revascularization, and stroke-occurred in 29% of patients treated with PCI and 19% of patients who underwent CABG, a difference that exceeded the limit for non-inferiority (P=0.007 for superiority). Therefore, the results of these studies are clearly conflicting.

  There are inherent limitations in meta-analyses, including the use of cumulative data from summary estimates. Patients' data were gathered from published data, not from individual patient follow-up. Access to individual patient's 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 the treatment effects observed in observational studies, since patients' selection alters the outcomes and thus makes non-randomized studies less robust.

  A final limitation is the absence of adequate published comparative data for the third therapeutic option, medical therapy. PCI with DES has not been compared yet with medical therapy alone when we consider ULMCA disease, but CABG has been shown to be superior to medical therapy in this set.

   

  CONCLUSION

  We found evidence that argues against the so-called "non-inferiority" of PCI with DES in comparison to CABG surgery and against the idea that PCI can be considered a reasonable choice in elective cases (not mentioning prohibitive risk patients, acute patients, and those who reject surgery). Given that, although the rates of death, MI, stroke, and MACCE between both strategies were not statistically different (remembering the heterogeneity related to these outcomes), the need of new procedures were clearly lower in patients treated with CABG surgery. However, careful analysis of the data shows that no definite conclusion can be drawn from the evidence available due to the heterogeneity of studies regarding the outcomes, heterogeneity of strategies (different drug-eluting stents, different ways to perform surgery, etc), and heterogeneity of coronary lesions complexity.

  Needless to say, we are living in a changing world. It is incredible how fast the winds of change blow through the medical literature. Nowadays, an author publishes a meta-analysis boldly recommending changing the level of evidence of PCI-DES in ULMCA patients in the Journal of the American College of Cardiology (JACC), a high-quality journal, and then, after new evidence came out, the same author changes his/her stance on this issue one more time. New data will come when we have the 5-year results of these trials, when the scientific community will be enlightened with stronger and definitive results. Disagreeing with other authors, we conclude that "based on our study, revision of the guidelines regarding left main PCI with DES must be viewed with caution, and we still do not have enough evidence that makes the level of evidence of current recommendations raises from B to A".
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    ABSTRACT

    OBJECTIVE: Implantable cardioverter-defibrillator has become the first-line therapy for prevention of sudden cardiac death. Controversial results still exist regarding the effectiveness of implantable cardioverter-defibrillator (ICD) in non-ischemic heart failure.

    METHODS: The PubMed, Embase, and Cochrane Central databases were searched for randomized trials comparing implantable cardioverter-defibrillator in combination with medical treatment versus medical treatment for non-ischemic heart failure. The primary endpoint was incidence of all-cause death. We derived pooled risk ratios with fixed-effects models.

    RESULTS: Five studies enrolling 2573 patients were included. Compared with medical treatment, implantable cardioverter-defibrillator with medical treatment was associated with a significantly lower risk for all-cause mortality (Risk ratio: 0.83; 95% confidence interval 0.71 to 0.97).

    CONCLUSION: Compared with medical treatment only, implantable cardioverter-defibrillator in combination with medical treatment reduces all-cause mortality.

    Keywords: Defibrillators, Implantable; Heart Failure; Cardiomyopathies/*Therapy; Meta-Analysis.

  

   
  
   

  INTRODUCTION

  Sudden cardiac death (SCD) has become the leading cause of death in patients with left ventricular dysfunction[1]. A large number of randomized clinical trials (RCTs) have proved that implantable cardioverter-defibrillator (ICD) can terminate life-threatening ventricular arrhythmias effectively and reduce mortality significantly[2,3]. Therefore, ICD has become the first-line therapy for prevention of SCD for patients with heart failure and reduced left ventricular systolic function in the U.S. and European guidelines. ICD gained a class 1 recommendation[4,5]. However, the evidence in favor of ICD is much stronger for patients with ischemic heart disease than it is for patients with heart failure from other causes[6]. Over the past two decades, several RCTs concerning non-ischemic heart failure were carried out with controversial results[6-9]. The cardiomyopathy trial (CAT), which randomly assigned 104 patients with recent onset of dilated cardiomyopathy and an ejection fraction (≤30%) to receive ICD in combination with medical treatment or medical treatment only did not show lower mortality with ICD[7]. Desai et al.[10] performed a meta-analysis of 7 RCTs as regards ICD in patients with non-ischemic heart failure and showed a significant 31% overall reduction in mortality with ICD therapy. More confusingly, the recent Danish Study to Assess the Efficacy of ICDs in Patients with non-ischemic Systolic Heart Failure on Mortality (DANISH), which randomized 1,112 patients with symptomatic systolic heart failure [ejection fraction (EF) 35%] to ICD in combination with optimal medical treatment or optimal medical treatment only, did not provided evidence in favor of ICD implantation[6]. Given the confusing situation of ICD application in non-ischemic heart failure, we performed an updated system review and meta-analysis.

   

  METHODS

  Search Strategy and Selection Criteria

  We systematically reviewed relevant studies between January 1, 1966, and August 31, 2016, by searching Embase, PubMed, and the Cochrane Central Register of Controlled Trials. We used the terms implantable cardioverter-defibrillator, implantable defibrillator, randomized controlled trial, and clinical trial to identify RCTs. We considered all potentially eligible studies for review, regardless of the primary outcome or language. We also performed a manual search, by searching the reference lists of key studies.

  Inclusion Criterion and Data Abstraction

  We regarded studies as eligible for inclusion if they met the following criteria: the study design was a prospective RCTs; the study population was non-ischemic heart failure with high risk of SCD including symptomatic or asymptomatic ventricular tachyarrhythmia or those with depressed left ventricular ejection fraction (LVEF), patients were randomly assigned to ICD in combination with medical therapy or medical therapy only; and the main endpoints included all-cause mortality. If the study included patients with cardiac resynchronization therapy (CRT) or cardiac resynchronization therapy- cardioverter -defibrillator (CRTD), the proportion of patients with CRT or CRTD should be matched between groups to eliminate the bias caused by CRT. Trials are excluded if they contained survivors of SCD or unstable ventricular arrhythmias. Trials which studied heart failure because of coronary artery disease are also excluded.

  Two investigators (L Tang and Zw Zhu) independently reviewed the articles following the inclusion and exclusion criteria and assessed relevance of the articles. Disagreements were resolved by discussion or consultation with a third investigator (Xq Hu). The following data were abstracted from the selected articles: total number of participants, inclusion criterion, study design, age, sex, LVEF, New York Heart Association (NYHA) class, ICD type, duration of follow-up, all-cause mortality and cardiac mortality.

  Data Analysis

  Meta-analysis was performed to calculate the risk ratio (RR) and 95% confidence interval (CI) of all-cause mortality. Statistical heterogeneity among the trial-specific RRs was checked and quantified by the I2 statistic, and a P-value ≤0.05 was considered statistically significant. When no significant statistical heterogeneity was identified, the fixed effect was preferentially used; otherwise, a random-effects model was used as an alternative. Data analysis will be performed on an intention-to-treat basis. All analyses were performed using Review Manger Software, RevMan 5.3.

   

  RESULTS

  Search Results

  The combined search strategy identified 1,208 potential relevant manuscripts. On the basis of the abstract evaluation, 13 of these studies were considered potentially eligible for inclusion and their full-texts were analyzed (Figure 1). We excluded seven, four of them studied the effectiveness of ICD in patients with ischemic heart failure, and three were on the secondary prevention of ICD in patients with SCD. Cochrane Collaboration's tool was used to assess risk of bias[11]. After quality assessment, five high-quality trials were eligible for further pooling analysis (Figure 2). The main features of the five included studies have been presented in Table 1.
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  Characteristics of Studies

  The five primary prevention of non-ischemic heart clinical trials are the Cardiomyopathy Trial (CAT), the Amiodarone versus Implantable Defibrillator Randomized Trial (AMIOVIRT), the Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation (DEFINITE), the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), and the Danish Study (DANISH). Substantial heterogeneity among studies was inevitable. The CAT, AMIOVIRT, and DEFINITE are all patients with non-ischemic cardiomyopathy[7,8,12]. However, the SCD-HeFT study also included ischemic cardiomyopathy[9]. Only patients with non-ischemic cardiomyopathy were included in the study. The DANISH trial randomized patients with non-ischemic cardiomyopathy to ICD/CRTD in combination with optimal medical treatment, or optimal drugs treatment/CRT[6]. Given the matching ratio of CRT or CRTD between ICD group and control group, this trial was included. One other thing to note was that the Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION) was excluded, which randomly assigned patients with advanced heart failure to optimal pharmacologic therapy alone or in combination with CRTD[12]. The COMPANION trial might overstate the benefits of ICD in combination with function of resynchronized pacing, as CRT alone already has a benefit on survival[13,14]. Furthermore, patients with ischemic cardiomyopathy was also included, which made data extract impossible. Last but not least, any comparison of defibrillator with antiarrhythmic drugs reveals only the relative effect of these two therapies, not the difference between treatment and no treatment. The AMIOVIRT, SCD-HeFT both compared amiodarone with ICD which might lead to bias inevitably. Given no beneficial effect of amiodarone on survival, those studies were included[1]. Finally, our meta-analysis included 2,573 patients with non-ischemic heart failure randomized to ICD group or optimal pharmacologic therapy group (Table 2).
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  All-Cause Mortality

  The CAT, SCD-HeFT trials showed significant reduction in all-cause mortality with RR reduction ranging from 31%-54%[7,9]. However, the AMIOVIRT, DEFINITE, DANISH trials have not shown a statistical reduction in all caused mortality[6,8,12]. When the results of five randomized clinical trials were pooled, no statistical evidence was found on the pooled evidence of heterogeneity (I2=0, P=0.77). Pooled analysis using a fixed-effects model showed the summary RR for all-cause mortality was 0.83 (95%CI: 0.65-0.96, P=0.02) (Figure 3).
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  SCD

  The CAT and AMIOVIRT trails have not shown significant reduction in SCD. However, a tendency towards a reduction in SCD by ICD therapy was found in the DEFINITE and DANISH trials (RR: 0.2, CI: 0.06-0.71; RR: 0.50, CI: 0.31-0.82, respectively). Only a substudy of the SCD-HeFT trial was included and we could not extract the exact number of SCD in patients with non-ischemic heart failure. This study was included when we calculated the pooled effects of SCD. Moderate heterogeneity was found (I2=57%, P=0.1). Pooled analysis using a random-effects model have not shown reduction in SCD (RR: 0.54, CI: 0.21-1.37) (Figure 4).

  
    

    [image: Fig. 4. SCD among patients with non-ischemic heart disease randomized to ICD vs. medical treatment only in primary prevention.]

  

   

  DISCUSSION

  Our updated meta-analysis showed that, compared with optimized medical treatment, ICD in combination with medical treatment can yield improved outcome in patients with non-ischemic heart failure. In order not to overstate the benefits of ICD, the COMPANION study was excluded which randomized patients to optimal medical treatment in combination with CRTD or optimal medical treatment only. This analysis was robust in sensitivity. Finally, it is important to notice that the benefit of ICD is less compared with previous meta-analysis because of inclusion of the recent DANISH study[9,10].

  Over the past two decades, ICD implantation in patients with ischemic heart failure has been associated with improved outcome. Theuns et al.[15] performed a meta-analysis as regards ICD in patients with ischemic heart disease. Pooled analysis showed a 29% RR reduction in all-cause mortality. However, the effectiveness of ICD in patients with non-ischemic heart failure is controversial. Meta-analysis of ICD secondary prevention trials have not shown more benefits compared with medical treatment only[10]. When new evidence occurs, we performed an updated meta-analysis, and showed that ICD therapy in combination with medical treatment improved outcome of patients with non-ischemic heart failure.

  Our meta-analysis must be viewed in the context of its limitation. The treatment of heart failure has improved greatly with the implication of CRT, beta-blocker, and mineralocorticoid-receptor antagonist. Among this five RCTs, only CAT and SCD-HeFT were in favor of ICD implantation. The CAT study was not important in the pooling analysis because of its small sample size. The SCD-HeFT enrolled patients between 1997 and 2001, beta-blocker and mineralocorticoid-receptor antagonist were not well managed among patients at that time. Furthermore, the differentiation between ischemic heart and non-ischemic heart failure was mainly based on patient history, which was quite inaccurate compared with coronary angiography or computed tomographic (CT) angiogram used by the DANISH study. As we known, the evidence for a benefit of ICD is much stronger for patients with ischemic heart failure. The SCD-HeFT might overstate the benefits of ICD in patients with no-ischemic heart failure. The DANISH study of which more patients accepted ACEI/ARB, beta-blocker, mineralocorticoid-receptor antagonist, and CRT showed lowest mortality rate.

  With optimized medical treatment in combined with CRT, ICD implantation in patients with non-ischemic heart failure has not brought further benefits.

  Second, given the small number of studies included, publication bias in favor of ICD therapy cannot be inevitable. Although an extensive search strategy was performed, some studies might not be included in this meta-analysis.

   

  CONCLUSION

  Although our finding lend support to the use of ICD in combination with optimal medical treatment improves the outcome of non-ischemic heart failure, further studies are needed to establish the optimal approach to treatment of non-ischemic heart failure.
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  INTRODUCTION

  This year we celebrate 50 years of the first interhuman heart transplantation. So, I believe that it is interesting to review the most important steps of this glorious journey.

  Heart transplantation first performed in the course of experiments of other nature in the beginning of 20th century, seen as a speculation for the future in the middle of the same century, is now widely accepted by medical and lay communities as a valuable therapeutic procedure.

  This history can be divided into an experimental and a clinical heart transplantation periods, with the first one in heterotopic non-auxiliary, heterotopic auxiliary and orthotopic transplantations.

   

  HETEROTOPIC NON-AUXILIARY HEART TRANSPLANTATION

  The first heart transplant was performed by Alexis Carrel and Charles Guthrie in 1905 at the University of Chicago[1]. In the course of experiments to develop the technique of vascular anastomoses, they have done limb reimplantation, thyroid gland as well kidney and heart transplantation. The description of their heterotopic heart transplantation is as follows: "The heart of a small dog was extirpated and transplanted into the neck of a larger one by anastomosing the cut ends of the jugular vein and the carotid artery to the aorta, the pulmonary artery, one of the venae cavae and a pulmonary vein. The circulation was reestablished through the heart, about an hour and 15 minutes after the cessation of the beat; 20 minutes after the reestablishment of the circulation, the blood was actively circulating through the coronary system. A small opening being made through the wall of a small branch of the coronary vein, an abundant dark hemorrhage was produced. Then strong fibrillar contractions were seen. Afterward contractions appeared and about an hour after the operation, effective contractions of the ventricles began. The transplanted heart beat at the rate of 88 per minute, while the rate of the normal heart was 100 per minute. A little later tracing was taken. Owing to the fact that the operation was made without aseptic technique, coagulation occurred in the cavities of the heart after about two hours, and the experiment was interrupted".

  Although the exact details of experiments were not known the most probable arrangement of anastomosis are shown in Figure 1 adaptation in a book by Najarian and Simmons[2]. The problem with this model is that arterial inflow is in the atrium and aortic outflow is under venous pressure, in other words, totally not physiological. Despite these problems, the experiment demonstrated that heart transplantation was possible, that the heart separated of its blood supply could be sutured to the circulation of other animal and recover normal function.

 
    

    [image: Fig. 1. On the left, the elegant Alexis Carrel. On the right, the probable anastomotic arrangement: a= distal carotid artery; a'= proximal carotid; b= distal jugular vein and b'= proximal jugular vein.]

  

  The next reference to transplantation of heart in dogs was made by Mann et al.[3] in 1933. The objective of the experiments was to obtain a totally denervated heart. In one of their models, the heart transplanted in the neck had pulmonary artery anastomosed to proximal jugular vein and aorta to distal carotid artery with a more adequate coronary perfusion. They obtained a longest survival of eight days and mean survival of four days. They made observations of recipient donor heart different response of rate and furthermore studied the histology of rejection, and as Carrel stating that surgical technique is not the cause of failure of the grafted heart.

  More than two decades later, Marcus et al.[4] working at the Chicago Medical School, using a modified Mann technique, studied complicated methods of cardiac preservation with poor survival. In 1953, Marcus et al.[5] again modified the Mann preparation, so that the donor left ventricle would act as a pump. The proximal end of the divided recipient common carotid artery was anastomosed to the donor left atrium and the recipient distal common carotid to the donor innominate artery, so that the donor left ventricle supplied blood to its own coronary arteries and to the recipient cerebral circulation. Maximum survival with this technique was 48 hours. Longer survival were obtained later on with heterotopic, non-functioning heart transplant.

  The heterotopic abdominal and neck technique is a valuable tool for studies of immunosuppressors or other studies on the graft[6]. In 1962, Demikhov[7] published an extensive work he developed in Russia. Among his achievements, there are reports of heterotopic heart transplantation in the inguinal region in 1940, heterotopic intrathoracic heart transplants in 1946. Twenty-four variants were described and he mentions a 32 days survival of the graft.

  Another technical amazing achievement by Demikhov was the transplantation of an additional head in a dog and the intrathoracic heart - lung transplantation before the availability of cardiopulmonary bypass (Figure 2). Differently than previous authors, Demikhov considered that the failure of grafts was due to surgical technical factors.

 
    

    [image: Fig. 2. On the left, Vladimir Demikhov and a dog with two heads. On the right, an intrathoracic heart-lung transplant.]

  

   

  HETEROTOPIC AUXILIARY HEART TRANSPLANTATION

  In this field, Demikhov[7] performed 22 canine intrathoracic auxiliary heart transplants between 1951 and 1955. After grafting, he excluded the recipient heart from circulation by ligating the great vessels and mitral annulus. One such animal awoke from anesthesia stood up, drank but died 15 hours later.

  This experiment was the first one to demonstrate that transplanted heart could assume total circulation and the death of the dog was attributed to superior vena cava thrombosis.

  In 1989, at the International Society for Heart-Lung Transplantation Annual Meeting, in Munich, the Organizing Committee could find Dr. Demikhov in the country of Russia and payed a tribute to him at Gala Dinner. Apparently, he was bright and could not understand or speak a word in English, nevertheless, we could shake his hands.

  Reemtsma group, in 1964 and later in 1966[8], studied also intrathoracic auxiliary transplanted canine hearts with immunosuppression with a 4-hour survival with the recipient heart fibrillated. Another group, Johansson, Soderlund and William-Olsson[9] working at the Karolinska Institute in Sweden performed intrathoracic auxiliary heart transplantation for assistance of the recipient left heart maintaining cardiac output for one hour.

   

  ORTHOTOPIC HEART TRANSPLANTATION

  By the beginning of 1950, there was evidence of the feasibility of heart transplantation and recovery of adequate function of grafted heart. The step forward was the experimental orthotopic heart transplantation. In this phase, the major concern was the maintenance of the recipient animal, the preservation of the graft and the development of a surgical technique to minimize ischemia. In 1953, Neptune et al.[10] faced all these problems in their experiments. Their option was to use topical hypothermia for both donor and recipient and to avoid multiple venous anastomoses they performed heart-lung transplants. Three dogs survived six hours.

  In 1957, Webb and Howard[11] reported preservation of the heart in dogs by flushing the organ with cold potassium citrate and successfully transplant heterotopically. So, these authors in a certain way, opened the pathway for long distance procurement.

  In 1959, Goldberg et al.[12] at the University of Maryland performed the first orthotopic heart transplantation in dog. They created the technique of left atrial anastomosis with a cuff of the orifices of the four pulmonary veins the conventional technique of cardiac transplantation that was used routinely for decades. The anastomosis of great vessels was performed by sutures and both vena cava were connected with methacrylate tubes. Recipient was maintained with cardiopulmonary bypass, but surprisingly the donor heart was arrested with potassium citrate in normothermia. The longest survival was 20 minutes.

  Webb et al. in 1959[13] performed orthotopic heart transplantation in dogs with hypothermic preservation but individual pulmonary veins connection. Ten dogs survived from 30 to 450 minutes. Subsequently, in the same year, Cass and Brock[14] working at the Guy's Hospital in London, performed autotransplantation and homologous transplantation using the left atrial cuff technique described by Goldberg and introducing the right atrial anastomosis instead of caval anastomosis. In other words, they established the standard technique of orthotopic heart transplantation used clinically until introduction of bicaval technique. In this scenario, late 1950, Dr. Shumway group, at Stanford, started to perform orthotopic heart transplantation in dogs with cardiopulmonary bypass, preservation of the donor heart by immersion for 5 minutes in a in 4°C saline. They standardized surgical technique incorporating the previous concepts of left and right atrial cuffs. Lower and Shumway[15] published their experience in 1960 reporting that five of eight animals survived for 6-21 days without immunosuppression. In sequence, Lower et al.[16] made an important contribution in 1965, showing a decrease of electrocardiography voltage in rejection and the reversal of process with a combination of azathioprine and methylprednisolone achieving a survival of 250 days (Figure 3).

 
    

    [image: Fig. 3. On left, Dr. Shumway and I. On the right, Stanford University experimental laboratory. Standing, Dr. Schumway and Richard Lower, Dr. Stofer, a veterinarian that was also chief of clinical cardiopulmonary bypass with a transplanted dog.]

  

   

  CLINICAL HEART TRANSPLANTATION

  By the mid - 1960 solutions for the key problems were reasonably addressed in the experimental laboratory. Recipient support, myocardial protection, function of the transplanted organ, diagnosis and treatment of rejection seem to be solved remaining the ethical and legal aspects. In 1964, Hardy et al.[17] working at the University hospital in Jackson, Mississippi felt justified to move to human heart transplantation. As the concept of brain death was not stablished, this group discussed all the legal ethical issues considering that they have to wait for cardiorespiratory arrest and not interrupting mechanical ventilation of the donor, thus, the possibility that the donor would have cardiac arrest and recipient would be in serious decompensation would be slim. A second potential recipient was admitted, actually, he was an extremely bad case, in cardiogenic shock, leg amputation, tracheostomy and finally put on cardiopulmonary bypass. It was decided to use a large chimpanzee as the donor. On January, 23rd, 1964 Dr. Hardy[17] performed the first human transplantation, actually, a xenotransplant. The transplant was unable to maintain the circulatory load and the patient died one hour later (Figure 4). On December, 3rd, 1967, the medical and lay people were amazed by the news of first interhuman heart transplantation. At the Groote Schuur Hospital, in Cape Town, South Africa. Dr. Christiaan Nethling Barnard performed this heart transplant[18]. The recipient Louis Washkansky, a 54-year-old man in end stage ischemic cardiomyopathy received the heart of a girl, Denise Darvall hit by a drunk driver, became the first human heart donor. They stopped ventilation, waited for cardiac arrest and then cardiopulmonary bypass was initiated to resuscitate the heart. After an initial excellent recovery, the patient died on the 18th postoperative day (Figures 5 and 6). Three days later, Adrian Kantrowitz performed the 2nd transplant, a pediatric one[19]. The donor was an anencephalic baby and the recipient was 18-day-old child with Ebstein anomaly. The operation was performed at the Maimonides Hospital, Brooklyn, New York and the patient survived six hours[19]. The fourth heart transplant was performed at Stanford, January, 6th, 1968 in an adult patient.

 
    

    [image: Fig. 4. On the left, Dr. James Hardy and, on the right, a photograph of the operating room of the first human xenotransplantation.]

  

 
    

    [image: Fig. 5. On the left, Dr. Barnard and, on the right, Louis Washkansky, the first recipient.]

  

 
    

    [image: Fig. 6. Denise Darvall, the first donor for a heart transplant]

  

  The great interest of cardiovascular surgeons for this challenging surgical procedure is testified by the fact that at the end of 1968, 102 transplants were made in 17 countries and 52 centers. In Brazil, heart transplant has been performed in dogs by Marques and others. The enthusiasm of this group led to Marques and Stolf (then a medical student) to propose to Prof. Zerbini the performance of human transplant in 1964. It was considered a premature indication (Figure 7). After Barnard's successful procedure, Prof. Zerbini decided to prepare the group to perform clinical heart transplantation. Preparation included cardiologists, surgeons and a hematologist serving also as an immunologist. On May, 26th, 1968 the transplant took place, the recipient was a patient with dilated cardiomyopathy and the donor, a patient with severe cerebral trauma. The donor was in an adjacent room to the recipient, had electrocardiography and electroencephalography monitoring. The brachiocephalic trunk was cumulated, ventilation turned off. When heart stopped, perfusion of the heart was started through the cannula, the heart was harvest and transferred to the recipient room . Transplantation was performed with continuous normothermic perfusion of the heart (Figure 8 and 9). The patient had an excellent recovery and died on the 28th postoperative day from rejection. The second patient with ischemic cardiomyopathy had a little more than one-year survival in excellent clinical condition. The third patient, also with ischemic cardiomyopathy and diabetes, died on the 60th day from infection starting in the femoral artery cannulation site.

 
    

    [image: Fig. 7. In A, an electrocardiography and, in B, angiography of an intrathoracic heterotopic heart transplant. In C, an abstract of a paper presented by our team.]

  

 
    

    [image: Fig. 8. Photograph of preparation of the donor for the first Brazilian heart transplant with continuous normothermic blood perfusion.]

  

 
    

    [image: Fig. 9. Final aspect of first Brazilian heart transplant.]

  

  On July, 13-16th, 1968 Dr. Barnard organized a meeting called "Experience with human heart transplantation", in Cape Town, South Africa. Sixteen guest speakers were invited; three from South Africa; four from USA; two from England; one from India; one from Argentina; 1 from Chile and Dr. Zerbini. Brazil was included among the pioneer countries (Figure 10).

   
    

    [image: Fig. 10]

  

  This meeting resulted in a very interesting publication: "The Proceedings of this Symposium". It is extremely interesting to read this book. All participants commented on the subjects. These comments go from silly to wise observations. Worldwide in 1969, 50 patients were transplanted; in 1970, less than 20 and in 1971, 10 patients.

  On April, 4th, 1969, Denton Cooley implanted the first total artificial heart. It was a device that was being tested by Dr. Domingo Liotta, from Argentina, in Dr. DeBakey laboratory across the street. The patient was kept in mechanical circulatory assistance for three days and then transplanted. It was the first bridge to transplantation, but the patient died two days later. The 1970 decade is what I call the disenchantment period. Virtually, only four centers kept their heart transplantation programs: the Groote Schuur in Cape Town under the leadership of Marius Barnard (Christian brother); Stanford-Shumway group; Richard Lower-Richmond-Virginia (after leaving Stanford) and Christian Cabrol-La Pitié Salpetrieri in Paris. Nevertheless, in this period, we had several important achievements mostly at Stanford. The introduction of immunological monitoring, important in azathioprine/steroids era and the development of endomyocardial biopsy by Phillip Caves, both at Stanford. The bioptome was developed based on the Sakakibara clamp and made by Schultz. Schultz was a little old nice man. In 1977, when I spent three months and a half at Stanford following the transplantation program, I went to Schultz home and bought a bioptome manufactured in his garage. With this bioptome, I performed almost 400 biopsies in several cardiomyopathies and transplanted patients.

  In 1978, cyclosporine was introduced in kidney transplantation and, in 1980, in cardiac transplantation at Stanford. In 1980, the modern era of heart transplantation started with rapid increase of annual number of transplant centers and number of transplanted patients. It is amazing to look back and see such progress in an 80-year period.
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    ABSTRACT

    INTRODUCTION: Advances in modern medicine have led to people living longer and healthier lives. Frailty is an emerging concept in medicine yet to be explored as a risk factor in cardiac surgery. When it comes to CABG surgery, randomized controlled clinical trials have primarily focused on low-risk (ROOBY, CORONARY), elevated-risk (GOPCABE) or high-risk patients (BBS), but not on frail patients. Therefore, we believe that off-pump CABG could be an important technique in patients with limited functional capacity to respond to surgical stress. In this study, the authors introduce the new national, multicenter, randomized, controlled trial "FRAGILE", to be developed in the main cardiac surgery centers of Brazil, to clarify the potential benefit of off-pump CABG in frail patients.

    METHODS: FRAGILE is a two-arm, parallel-group, multicentre, individually randomized (1:1) controlled trial which will enroll 630 patients with blinded outcome assessment (at 30 days, 6 months, 1 year, 2 years and 3 years), which aims to compare adverse cardiac and cerebrovascular events after off-pump versus on-pump CABG in pre-frail and frail patients. Primary outcomes will be all-cause mortality, acute myocardial infarction, cardiac arrest with successful resuscitation, low cardiac output syndrome/cardiogenic shock, stroke, and coronary reintervention. Secondary outcomes will be major adverse cardiac and cerebrovascular events, operative time, mechanical ventilation time, hyperdynamic shock, new onset of atrial fibrillation, renal replacement therapy, reoperation for bleeding, pneumonia, length of stay in intensive care unit, length of stay in hospital, number of units of blood transfused, graft patency, rate of complete revascularization, neurobehavioral outcomes after cardiac surgery, quality of life after cardiac surgery and costs.

    DISCUSSION: FRAGILE trial will determine whether off-pump CABG is superior to conventional on-pump CABG in the surgical treatment of pre-frail and frail patients.

    TRIAL REGISTRATION: ClinicalTrials.gov, ID: NCT02338947. Registered on August 29th 2014; last updated on March 21st 2016.

    Keywords: Randomized Controlled Trial; Frail Elderly; Coronary Artery Bypass, Off-Pump.

  

   

   

  INTRODUCTION

  One of the most controversial areas of cardiac surgery has been whether off-pump coronary artery bypass grafting (OPCAB) surgery is superior to conventional on-pump coronary artery bypass grafting (CABG) surgery. There is an ongoing debate about the benefits and disadvantages of OPCAB. Initial trials have shown that off-pump CABG is feasible in selected low-risk patients and offers results similar to those of CABG performed with the conventional on-pump technique (on-pump CABG)[1,2]. In institutions with experience in off-pump CABG, the rates of major adverse events and of complete revascularization and graft patency have been similar to those with on-pump CABG[3]. These positive results have been called into question by reports of inferior graft patency and higher rates of repeat target-vessel revascularization associated with off-pump CABG[4,5].

  The Randomized On/Off Bypass (ROOBY) trial[6] showed that, among low-risk patients, the rate of death or major adverse events at 30 days after surgery was similar with off-pump and on-pump CABG, but off-pump CABG was associated with a higher rate of incomplete revascularization at 1 year.

  Short-term mortality and morbidity after off-pump and on-pump CABG were similar in a recent trial involving 4752 patients with a mixed operative-risk profile (the CABG Off- or On-Pump Revascularization Study [CORONARY])[7].

  The German Off-Pump Coronary Artery Bypass Grafting in Elderly Patients (GOPCABE)[8] study focused exclusively on patients 75 years of age or older. However, this trial would not elucidate the potential benefit of off-pump CABG in high-risk patients because this specific group of German patients were moderate risk patients.

  The results of the Best Bypass Surgery (BBS) trial[9], performed on 341 high-risk patients (European System for Cardiac Operative Risk Evaluation "EuroSCORE">5) undergoing on-pump CABG or off-pump CABG, reported no significant differences in the composite of adverse cardiac and cerebrovascular events or in any of the following outcomes: all-cause mortality, acute myocardial infarction, cardiac arrest, low cardiac output/cardiogenic shock, stroke, and coronary reintervention.

  However, in our opinion, the definition of high-risk patient should be interpreted carefully, since the EuroSCORE identifies patients based on 18 independent variables, many of which were not considered in the study. Risk factors such as previous cardiac surgery, critical preoperative state, emergency operation, and poor left ventricular dysfunction were excluded. Furthermore, active endocarditis, pulmonary hypertension, other than isolated CABG, surgery on the thoracic aorta, and postinfarction septal rupture were not considered due to the nature of the study. Chronic pulmonary disease and neurological dysfunction were not defined according to EuroSCORE, and there is no information on patients with unstable angina.

  In the real world, with more than 1500 patients, we showed lower mortality among patients who underwent off-pump CABG[10]. So, after a certain cut-off EuroSCORE > 4.5 or 2000 Bernstein-Parsonnet score >17.75, off-pump CABG significantly reduces death rates. Indeed, numerous large retrospective studies and meta-analyses have shown significant short-term improvements after OPCAB and comparable long-term outcomes. A recent risk-adjusted analysis of the national Society of Thoracic Surgeons (STS) database assessing 876,081 patients demonstrated a significant reduction in death and stroke (11% and 34% reduction, respectively) after OPCAB, seen in both low- and high-volume centers[11]. After that, it is important to reconsider the best approach for patients with higher surgical risk for CABG.

  Clearly, a base is being built with strong scientific evidence that this is the group that experiences the most benefit from off-pump CABG. This evidence allows not using cardiopulmonary bypass to be the main surgical approach, and complete revascularization and greater use of arterial grafts in patients with high surgical risk as the second plan[12].

  Actually, randomized controlled trials (RCTs) have failed to demonstrate a significant mortality benefit for OPCAB[13]. However, the available RCTs were underpowered to detect significant differences between the groups and suffered from high selection and exclusion biases. Even more important is the fact that the available RCTs so far have primarily focused only on low-risk (ROOBY, CORONARY), elevated-risk (GOPCABE) or highrisk patients (BBS), but not on frail patients in whom the benefits of OPCAB should be well defined. Moreover, the conversion rates (12.4% in ROOBY, 7.9% in CORONARY, and 5% in GOPCABE) may suggest that some of the participating surgeons were inexperienced because expert centers report conversion rates between 2% and 4%[14], which significantly affects long-term outcomes.

  We believe that avoiding cardiopulmonary bypass should be viewed primarily as a step toward avoiding aortic manipulation. Despite the long-term benefits of surgery, some patients may choose percutaneous coronary intervention (PCI) for the treatment of complex multivessel disease to avoid the morbidity associated with CABG, of which stroke is the most feared. Expert OPCAB surgeons can offer equivalent durability of graft patency as in CABG, with a lower rate of stroke if aortic manipulation is avoided.

  Authors make mistakes in pointing out that on-pump CABG should be able to be performed under all circumstances, on all patients, at all institutions, regardless of their cardiac volume[14]. Thus, for example, owing to this rather conflicting evidence, either PCI or CABG surgery could be offered to patients with chronic kidney disease, depending on the complexity of coronary disease and comorbidities. If PCI is recommended, appropriate measures should be employed to prevent contrast-induced worsening of renal function. If CABG surgery is the preferred revascularization strategy, the off-pump technique might reduce the risk of acute kidney injury[15].

  On the other hand, cardiac scores, including EuroSCORE and STS, have been developed to predict the risk of adverse outcomes following surgery. Frailty, an independent predictor of mortality and complications, is not included in these risk algorithms. Emerging evidence suggests that frailty is a better marker of biological age and more important than chronological age[16,17]. Afilalo et al.[18] determined that patients with slow preoperative gait speed (≥6 s to walk 5 m) had a 2 to 3 fold increased risk of mortality and major morbidity for any given level of STS-Predicted Risk of Mortality or Major Morbidity (PROM) compared with normal speed. Gait speed added to STS-PROM marginally increased model performance from 0.70 (0.60-0.80) to 0.74 (0.64-0.84). Forty-three percent of patients died or sustained a major complication assessed as high STS-PROM risk (≥15%) together with slow gait speed, compared with 21.7% low STS risk with slow gait and 18.9% high STS risk with normal gait. Afilalo et al.[19] subsequently evaluated the prognostic value of various frailty, disability and cardiac risk scores to identify the optimal combination to predict adverse outcome. Patients with slow gait speed and ≥3 impairments on the Nagi disability scale predicted in-hospital morbidity and mortality above that of the Parsonnet cardiac risk score (AUC 0.76 vs. 0.72 with Parsonnet score alone). Lee et al.[20] performed a retrospective review of a large cardiac registry, comparing outcomes between non-frail and frail individuals (coded as having deficiencies in the activities of daily living, need for walking aids or diagnosis of dementia). Frailty was an independent risk factor for in-hospital mortality (risk-adjusted odds ratio [OR] 1.8; 95% confidence interval [CI] 1.1-3.0; P=0.03) and mortality at 2 years (risk-adjusted hazards ratio [HR] 1.5, 95% CI 1.1-2.2; P=0.01).The benefits of CABG without cardiopulmonary bypass in pre-frail and frail patients are still undetermined.

  In conclusion, frailty is defined as a geriatric syndrome of impaired resiliency to stressors (such as cardiac surgery) that has been delineated recently in the cardiovascular literature. However, the benefits of CABG without cardiopulmonary bypass in these patients are still undetermined. We believe OPCAB remains an important technique for the improvement of coronary surgery. The biggest question right now is whether pre-frail and frail patients will benefit more from off-pump or on-pump CABG.

  The aim of this paper was to describe the FRAGILE trial protocol which intends to clarify the potential benefit of off-pump CABG in pre-frail and frail patients; we will conduct a national multicenter RCT comparing off-pump versus on-pump CABG in frail patients.

   

  METHODS

  Study Design

  The FRAGILE study will be a national multicenter RCT to be conducted in 10 Brazilian institutions. The study is already approved by a certified ethics committee. The study sponsor must be the Brazilian Society of Cardiovascular Surgery and Zerbini Foundation. Funding will be provided by an unrestricted grant from São Paulo Research Foundation, which otherwise will not have any role in the conduct of the study nor in the analysis nor in the reporting of data. There will be confidentiality agreement regarding data use. This RCT will be monitored by an independent data and safety monitoring board. All the authors will be provided revisions and comments. All the authors will be testifying for the accuracy and completeness of the report, as well as for the fidelity of the report to the study protocol.

  Study Population

  The inclusion criteria will be: participants aged ≥65 years with indication of myocardial revascularization with ≥2 criteria of frailty by Fried Frailty Criteria[16], not eligible for angioplasty treatment by the heart team approach and those suitable to undergo either off-pump or on-pump CABG.

  There is a dose-response relationship, in relation to the number of fragility criteria and patient outcomes. The categorization of the fragility variable was performed after the studies showed that the risk increases gradually over 3 categories (0-1, 2-3, 4-5), with risk of similar events within each category. Thus, patients who had 2 or 3 criteria were considered as pre-frail, and patients with 4 or 5 criteria were considered as frail[21].

  The exclusion criteria will be: patients with indication of another procedure in addition to CABG; patients who underwent emergency operation (within 24 hours after hospital admission); patients who underwent previous cardiac surgery, even with other approaches than median sternotomy; patients who do not have free, prior and informed consent to participate in this study.

  The baseline characteristics of potentially eligible but excluded patients will be recorded in a screening log. All patients will be provided written informed consent.

  Participating Centers
  
  
    1. Instituto de Cardiologia do Distrito Federal

    2. Instituto do Coração da Faculdade de Medicina da Universidade de São Paulo

    3. Pronto-Socorro Cardiológico de Pernambuco (PROCAPE)

    4. Instituto Dante Pazzanese de Cardiologia

    5. Beneficência Portuguesa de São Paulo

    6. Instituto Nacional de Cardiologia

    7. Pontifícia Universidade Católica do Paraná

    8. Hospital das Clínicas Samuel Libânio de Pouso Alegre

    9. Hospital Alberto Urquiza Wanderley de João Pessoa

    10. Total Cor Hospital

  
  
  Randomization and Treatment

  Eligible patients will be randomly assigned to off-pump CABG or on-pump CABG. Randomization will be performed after the baseline data, including information about the target vessels have been entered into a central, Internet-based, password-protected database with the use of a template.

  Treatment assignments will be performed in a blinded manner according to a blocked randomization scheme with a block size of ten, stratified according to the participating center. Off-pump CABG must be routinely performed at all participating centers before the trial is initiated. Participating centers should nominate individual study surgeons for each surgical technique.

  Study surgeons will be required to be established experts in the performance of either off-pump or on-pump CABG. The average number of CABG surgeries performed before the study will be between 50-100 off-pump surgeries for the off-pump CABG surgeons and 250 on-pump surgeries for the on-pump CABG surgeons. It will not be mandatory for the same surgeon who operates the off-pump CABG cases to also operate the on-pump CABG cases, but always respecting the established protocols for each surgical technique.

  Surgical Technique

  Surgical access to the heart will be gained through a median sternotomy in all of the patients. In order to reduce the risk of bleeding and transfusions an absorbable hemostat is used to sternal bone marrow and recovery of red blood cells in all patients. Off-pump surgery will be performed with the use of heart stabilizers. Patients will be heparinized with 250 IU/kg intravenously to achieve activated clotting time >200s. The proximal anastomosis will be performed according to protocol to be discussed with our advisor. The distal anastomosis will be constructed with the help of mechanical stabilizers and cardiac positioner. Intracoronary shunts will be used routinely. On-pump surgery will be performed in normothermia, with the use of aortic cross-clamping and cold cardioplegic arrest. Patients will be heparinized with 500 IU/kg to achieve an activated clotting time >480 s. Heparin will be neutralized with 1 mg protamine sulfate per 5000 IU given. During the trial, there will be no changes in the 2 surgical techniques that followed a pre-established protocol.

  Data Storage, Follow-Up and Outcome Measures

  All variables from the study will be stored online through a REDCap Web Platform (http://www.project-redcap.org/).The REDCap is a secure web application for building and managing online surveys and databases. REDCap can be used to collect virtually any type of data, it is specifically geared to support data capture for research studies. This will be done through national healthcare card, address and telephone numbers. On the basis of the registers, it will be collected copies of hospital records and death certificates during the follow-up period. The neurocognitive tests will be planned in accordance with the statement of consensus of assessment of neurobehavioral outcomes after cardiac surgery[22].

  We will assess health-related quality of life using the World Health Organization quality of life questionnaire[23]. Neurocognitive and quality of life tests will be carried out at baseline and at 6 months postoperatively. No follow-up visits will be planned; however, patients will be routinely seen by the referring cardiologist 1 and 6 months after the operation. Hospital records and death certificates will be blinded for the allocated treatment and forwarded to 2 randomly selected members of the adjudication committee, who will assess whether each of the pre-specified outcomes had occurred. In case of disagreement, the 2 assessments together with a copy of the record of the event will be sent to a third member, who will have to select the most likely assessment.

  The Primary Endpoint

  It will comprise mortality rates and complications (allcause death, acute myocardial infarction, stroke, renal failure, acute respiratory distress syndrome and bleeding reoperation) occurring within 30 days of surgery. Hospital mortality is defined as death occurring within 30 days after surgery. Myocardial infarction is defined as the appearance of a new Q wave on the electrocardiogram with an increase of CKMB> 100 IU/L and/or> 10% of the total CK level and/or new wall movement abnormalities, with the exception of the septum, documented on the echocardiogram. Neurological complications are defined as stroke (neurological deficit> 24 hours with positive findings on computed tomography) or transient ischemic attack (neurological deficit <24 hours with positive findings on computed tomography). Renal insufficiency is defined as an increase in plasma creatinine> 2 associated with a urinary output <0.5 mL kg/h/in 12 hours. Acute respiratory distress syndrome (ARDS) is defined as the presence of tachypnea (respiratory rate> 30 breaths/min), bilateral pulmonary infiltrate on chest radiography, severe hypoxemia (arterial oxygen partial blood pressure/inspired oxygen fraction <200), the need for positive pressure end-expiratory flow> 5 cmH2O, no evidence of left ventricular failure (wedge pulmonary capillary pressure <18 mmHg), and no pathological features to explain these findings. Reoperation for bleeding is defined as the need to chest reopening in the presence of> 500 mL of blood by the chest tube within the first hour, >400 mL within the second hour, >300 mL within the third hour, or total bleeding >1000 mL within the fourth hour.

  Secondary Outcome Measures

  
    • Major adverse cardiac and cerebrovascular events after OPCAB and CABG in pre-frail and frail patients (1 year)

    • Major adverse cardiac and cerebrovascular events after OPCAB and CABG in pre-frail and frail patients (2 years)

    • Operative time (180 days)

    • Mechanical ventilation time (180 days)

    • Hyperdynamic shock (180 days)

    • New onset of atrial fibrillation (180 days)

    • Need for pacing >24 hours (180 days)

    • Renal replacement therapy (180 days)

    • Reoperation for bleeding (180 days)

    • Pneumonia (180 days)

    • Length of stay in intensive care unit (180 days)

    • Length of stay in hospital (180 days)

    • Transfusion requirement (180 days)

    • Graft patency assessed by coronary computed tomography (1 year)

    • Correlation between clinical and angiographic scores to prognosis (1 year)

    • Recurrence of angina (1 year)

  

  Other Endpoints

  
    • Neurobehavioral outcomes after cardiac surgery (180 days)

    • Quality of life after cardiac surgery (180 days)

    • Cost (180 days)

  

  Statistical Analysis

  The sample size of the FRAGILE trial was based on the ability to detect a 40% reduction in the primary outcome in the off-pump group compared with the on-pump group, assuming an event proportion after on-pump CABG of 20.8% and accepting a risk of type I and II error of 5% and 20%, respectively, and a crossover rate of 5%[24]. Consequently, at least 630 patients will be enrolled.

  All of the data will be analyzed according to intention-to-treat (i.e., based on treatment allocation). Therefore, we will report treatment-received analyses according to the intervention actually received. Baseline characteristics and operative characteristics will be compared with the use of chi-square test, t-test, or Kruskal-Wallis test, as appropriate. Dichotomous data will be presented as numbers and percentages. Continuous data will be presented as mean and standard deviation or median and interquartile range. The continuity corrected chi-square test will be used for comparison of the 30-day endpoint. Mantel-Haenszel chi-square tests will be used to adjust for study-center effects. Treatment effects at 30 days will be expressed as OR and 95% CI. For the 12-month endpoint, Kaplan-Meier curves will be constructed, and the study groups will be compared with use of the log-rank test. HR and 95% CI derived from the Cox proportional hazards model will be provided for the composite outcome and individual components. All statistical analyses will be performed with the use of the R-3.1.2 language for handling and storage of data and performing of statistical calculations.

   

  DISCUSSION

  The elderly represent the fastest growing group of patients referred for cardiac surgery, with the proportion of patients aged 75 years or older steadily rising from 16% in 1990 to 25% in most recent estimates[25]. Advanced age is frequently accompanied by a larger burden of comorbid conditions and greater illness severity. In the setting of cardiac surgery, elderly patients are more likely to have extensive coronary artery disease and concomitant valvular disease and are more likely to require urgent or emergent surgery[26].

  Nevertheless, elderly patients have consistently been shown to derive sizeable benefits from cardiac surgery[27]. This risk-benefit dichotomy renders the process of selecting appropriate elderly patients particularly challenging for the cardiac surgeon.

  Frailty is defined as a geriatric syndrome of impaired resiliency to stressors that has been delineated recently in the cardiovascular literature[28]. In several observational studies and registry data in which detailed statistical analyses were carried out, mortality and morbidity have been found to be significantly reduced after off- pump CABG compared with on-pump CABG in high-risk patients (e.g., patients with advanced age or cardiac and systemic comorbidity)[8,12-14].

  The results of BBS randomized trial are in contrast to these findings. Overall 30-day mortality in this trial was 4.4%, which was less than the predicted mortality rate of 7% according to the EuroSCORE but in agreement with the predicted 3.1% according to the STS risk score. This study shows that the risk patients were overestimated by the EuroSCORE and this sample will be composed of low and moderate risk patients by the STS risk score[9].

  In the GOPCABE trial, there was no significant difference between off-pump CABG and on-pump CABG performed in elderly patients with respect to the composite endpoint of death, stroke, myocardial infarction, repeat revascularization, or new renal replacement therapy after surgery. With a mean age of 78 years and a predicted in-hospital mortality of 3.8%, the study cohort does not represent a population with a high operative risk. The results of previous studies are consistent with regard to high-risk patients[16-18].Therefore, this trial does not support the assumption that off-pump CABG cannot improve the early outcome in high-risk patients.

  In contrast to the ROOBY trial[11], the GOPCABE study did not show a significant difference in survival or major adverse events at 1 year after surgery. This absence of difference may be a consequence of the requirement for substantially greater experience with off-pump CABG in the GOPCABE trial than in the ROOBY trial.

  With the growth of minimally invasive and transcatheter cardiac interventions, the expansion of risk prediction beyond traditional risk factors and risk scores has become a high priority. Clinicians may use this integrative approach of combining risk scores including frailty and disability to better characterize elderly patients referred for cardiac interventions and identify those who are vulnerable and at increased risk. A multidisciplinary team involving cardiac surgery, cardiology, geriatric medicine, physiotherapy, and occupational therapy may be well suited to address these diverse elements which contribute to postoperative risk[19].

  The CORONARY trial falls short of delivering a knockout victory for the off-pump technique. There were no significant differences in the rate of the composite primary outcome of death, stroke, non-fatal myocardial infarction or new renal failure at 30 days between off-pump and on-pump CABG. However, off-pump CABG was associated with fewer transfusions, reoperations for bleeding, acute kidney injury, and respiratory infections or failure. Thus, the off-pump technique may be best in certain subgroups of patients and we must choose the procedure that is best for them[29]. We hypothesized that the frailty status would contribute to the risk in patients undergoing on-pump CABG and that off-pump CABG could be advantageous for frail patients.

  Limitations

  Some limitations of our trial are to be noted. Firstly, the assessment of graft patency will not be performed by coronary catheterization (test which indicated surgery). In contrast, coronary computed tomography angiogram will be performed in all patients for this purpose. Secondly, the events will not be adjudicated by a blinded adjudication committee. All data will be provided by the local investigators according to the protocol definitions.
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    ABSTRACT

    The last decade has seen considerable growth in the use of left ventricular assist devices (LVAD), in end-phase heart failure treatment. The indications, contraindications and implantation techniques are well-defined. However, information about mechanical support for right ventricular failure is lacking. The aim of this communication is to present alternative techniques for implantation of short- and longterm right ventricular assist devices. Implanting the device in the right atrium has certain advantages when compared with the right ventricle. It is an easier surgical technique that preserves the tricuspid valve and it can potentially reduce the risk of pump thrombosis.
    Keywords: Heart Failure; Right Ventricular Failure; Ventricular Assist Devices.

  

   

   

  INTRODUCTION

  Refractory right ventricular failure has been defined as needing inotropic or vasodilator support, or a right ventricular assist device (RVAD). Right ventricular failure following the implantation of ventricular assist devices (VAD) has been shown to be a strong predictor of increased postoperative morbidity and mortality[1]. It is believed that low intraventricular pressure caused by left ventricular assist devices (LVAD) can lead to a shift in the position of the interventricular septum (bulging to the left). Consequently, the right ventricle (RV) loses its triangular shape and ability to contract against the intraventricular septum, causing increased right ventricular volume and worsening of tricuspid regurgitation[1,2].

  The last decade has seen considerable growth in the use of LVAD in end-phase heart failure treatment. The indications, contraindications and implantation techniques are well-defined. However, the same cannot be said about mechanical support for right ventricular failure. Mechanical support for RV defects has been performed with paracorporeal pumps. Some studies describe the use of intracorporeal LVAD to support failing RV. However, there is lack of information regarding optimal cannulation site, pump rotor speed, flow, waveforms, and anticoagulation.

  The aim of this communication is to present alternative techniques for implanting short- and long-term RVAD.

   

  CASE ILLUSTRATION

  Case #1

  A 52-year-old woman with a history of end-stage heart failure, secondary to ischemic cardiomyopathy, and undergoing optimized medical therapy presented New York Heart Association (NYHA) class III symptoms associated with signs of biventricular dysfunction. The transthoracic echocardiogram demonstrated global hypokinesis and an estimated ejection fraction of 15%, also severe mitral valve regurgitation and right ventricular dilation. Right cardiac catheterization confirmed low cardiac output (CO: 2.8 L/min - index 1.5 L/min/m2), elevated central venous pressure (CVP: 16 mmHg), systolic pulmonary hypertension (PA: 72 mmHg), pulmonary vascular resistance (PVR: 629 dynes/sec/cm5), and the pulmonary capillary wedge pressure (PCWP: 20 mmHg).

  The patient was started on intravenous inotropic therapy (milrinone 0.5 mcg/kg/min), a systemic vasoconstrictor (vasopressin 0.02 mcg/kg/min) and a diuretic (furosemide 10 mg/h). After clinical improvement and complete preoperative evaluation, the patient was presented to our multidisciplinary heart failure group for consideration of VAD implantation.

  The planned operation consisted of LVAD implantation (HeartWare), tricuspid valve repair, and percutaneous implantation of temporary right ventricular mechanical support (Impella RP). After two weeks with biventricular support, with an LVAD flow of 5.2 L/min and an RVAD flow of 4.8 L/min, the echocardiogram did not demonstrate an improved right ventricular function, despite moderate doses of inotropes. The patient was returned to the operating room for the removal of the temporary RVAD support and implantation of an intracorporeal RVAD (HeartWare) for long-term support.

  During a short extracorporeal circulation period, HeartWare was implanted in the right pleural space with the inflow cannula tunneled through the pericardium and lateral wall of the right atrium (RA). Several felt rings were attached to the sewing ring to adjust the depth of the inflow cannula in the right atrial cavity. An outflow graft with no flow restriction was anastomosed to the main pulmonary artery.

  The devices maintained excellent flow, with the RVAD operating at 5.2 L/min at 2400 rpm and the LVAD at 5.6 L/min. After satisfactory evolution of clinical, laboratory and radiological parameters, the patient was weaned off the mechanical ventilator and was discharged to home. Patient underwent transplantation seven months after VAD implantation.

  Case #2

  A 62-year-old woman with history of dilated cardiomyopathy, on the list for an orthotopic heart transplant. While waiting for the transplant and receiving intravenous inotropic medication, she suffered severe hemodynamic decompensation.

  The echocardiogram demonstrated low left ventricular ejection fraction and moderate right ventricular dysfunction. Right cardiac catheterization showed systolic pulmonary hypertension (PA: 4 mmHg), elevated CVP (12 mmHg), low CO (1.6 L/min/m2), PVR (509 dynes/sec/cm5), and the PCWP (18 mmHg).

  The patient underwent implantation of a LVAD (HeartMate II). The immediate postoperative period was marked by low pulsatile flow of the left ventricular device associated with low pulsatility index, high CVP, systemic arterial hypotension, and low CO. The echocardiogram showed satisfactory cannula position, enlarged RA and RV, and severe tricuspid regurgitation.

  After two days of RV support with high doses of inotropic medication, financial authorization was granted for the implantation of an RVAD. During a short period of extracorporeal circulation, the defibrillator leads were removed and a HeartWare VAD was implanted with an inflow cannula through the diaphragmatic surface of the RV. The inflow cannula was adjusted to a suitable depth. The external outflow graft, with 50% reduction in diameter, was anastomosed to the main pulmonary artery.

  Excellent flow was obtained with the HeartWare and HeartMate II pumps operating at 2400 rpm and 8200 rpm, respectively.

  On postoperative day 5, the patient presented an abrupt decrease in left ventricle support flow associated with elevated CVP, reduced CO, and elevation in HeartWare RVAD pump power. Laboratory exams were compatible with hemolysis.

  During the emergency surgery, a thrombus was confirmed in the RVAD. The tricuspid valve leaflets were partially obstructing the RVAD inflow cannula, predisposing to stagnated flow and thrombosis.

  After tricuspid valve resection, a new VAD was implanted (HeartWare) with no restriction in the outflow graft. With the new device operating at 2200 rpm, excellent biventricular flow was obtained. The HeartWare RVAD was removed and another HeartWare was implanted.

  The patient recovered well and she was eventually discharged to home. Six months after the implantation, the patient underwent a successful heart transplantation.

   

  DISCUSSION

  In general, patients with biventricular assist devices present lower survival rates in comparison with those with single LVAD (53% vs. 80%). The inferior survival rates of patients with biventricular support can be explained by patient selection and/ or increased incidence of associated comorbidities. However, considering the lack of best practices related to technique, VAD adjustments, anticoagulation, and postoperative management of patients implanted with intracorporeal biventricular support devices, it is possible that many of these complications could be prevented[1,3].

  In our service, temporary ventricle support is performed by inserting pulmonary artery cannulation through the right jugular vein using a flexible wire-reinforced single-stage 17 Fr cannula. Venous drainage is performed using a multiple-stage 25 Fr cannula introduced through the right femoral artery into the RA. Flow can reach up to 5 L/min by connecting the cannula to a centrifugal pump (Centrimag or Sorin). A similar technique has been described[4] with arterial pulmonary cannulation through the femoral vein.

  Recently, the Impella RP was approved by the Food and Drug Administration (FDA) for temporary percutaneous RV support. This device is implanted through the right femoral vein and is fluoroscopically guided into the pulmonary trunk. Its maximum motor speed generates flows up to 5 L/min. The authors' experience with the Impella RP has been limited, but it has yielded very good outcomes.

  However, if the RV function is not recovered after some weeks of temporary support, the implantation of long-term intracorporeal mechanical circulatory support is indicated[3,4].

  Currently, there are no long-term intracorporeal devices specifically designed to provide RV support.

  The implantation of a left mechanical circulatory support device to assist a failing RV has been performed successfully at some centers. Most of the implantations are performed using personal technical modifications required to adjust to physiological and anatomical differences in right-side circulation. HeartWare is the most commonly used device for RV support[3].

  The surgical technique consists of implanting the HeartWare inflow cannula through the free wall of the RA or the diaphragmatic surface of the RV. Since the length of the inflow cannula is designed for the left ventricle, anatomical differences in the right chambers require changes to the surgical technique to prevent inflow cannula obstruction. The depth of the inflow cannula must be adjusted by adding hand-made felt rings underneath the anchoring ring.

  Implantations in the RA tend to be easier, because resecting the tricuspid valve is not necessary. The pump is positioned in the right pleural space with the inflow cannula tunneling through the pericardium and the wall of the RA. Positioning the pump in the pleural space prevents compressing the RA, which occurs when the pump is placed on the pericardial sac.

  Implantation of mechanical circulatory assist devices in the RV requires caution regarding resection of the tricuspid valve and subvalvular apparatus, and placement of any stimulation or defibrillator leads. Otherwise, the risk of inflow obstruction, thrombus ingestion and pump thrombosis increases.

  The outflow graft is anastomosed to the pulmonary trunk. However, due to decreased vascular resistance on the right side of the heart, the mechanical circulatory support device can produce excessive flow into the pulmonary system. To avoid pulmonary congestion, the HeartWare device must be adjusted to a slower speed (rpm). Another option is to restrict the outflow graft, reducing its luminal diameter. This can be done by suturing a smaller graft end to the HeartWare graft or attaching vascular clips, as described in a previous study[5]. Little is known about the extent of graft restriction or the ideal speed of HeartWare device to overcome decreased vascular resistance. Both techniques can lead to increased thrombogenicity in comparison with left-side implants, especially when implants are placed on the diaphragmatic surface of the RV[5,6].

  The authors' first experiences with implantation on the RV diaphragmatic surface resulted in pump thrombosis in two out of five patients. A similar experience was described in a recently published study, in which 13 patients with dilated cardiomyopathy and severe biventricular failure were implanted with HeartWare devices. Mechanical circulatory support device thrombosis took place in three out of six patients with implants in the RV, in contrast with only one out of seven patients with devices implanted in the RA.

  The cases described in the present study illustrate the complexity of clinical decisions when treating right heart failure. Given the absence of circulatory assist devices developed and approved for right-side support, when faced with patients with biventricular dysfunction, surgeons tend to adopt alternative techniques whose effectiveness has not yet been proven. Modifications to LVAD and technical alterations to adapt them to the anatomical and physiological characteristics of right-side circulation can lead to serious consequences for the success of clinical treatment.

   

  CONCLUSION

  Implantation of devices in the RA could present advantages when compared to implantation in the RV. The required surgical technique is easier, it preserves the tricuspid valve and can potentially reduce the risk of pump thrombosis. Little is known about the best pump speed and afterload reduction to establish adequate flow for correct circulation.

  Companies involved in developing and manufacturing mechanical circulatory support devices should be encouraged to invest in the development of systems specifically designed to provide long-term support to the RV.

  This communication underscores the benefits of this life-saving therapy, when clinically indicated.
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    ABSTRACT

    The median sternotomy remains the standard approach in cardiovascular surgery but, in some conditions, it can be considered difficult to perform, especially in patients with history of esophagectomy. This case report describes a successful resection of a left atrial myxoma through a right anterolateral thoracotomy approach in a patient with a previous retrosternal gastric tube reconstruction. The decision for the best surgical approach was made after a heart surgery team discussion. Through this surgical access, a safe and excellent exposure of the left atrium was possible, and a complete resection of the myxoma was performed without any injury to the gastric tube.
    Keywords: Heart Neoplasms; Heart Atria; Myxoma; Retrosternal gastric tube.

  

   
 
   

  INTRODUCTION

  The median sternotomy remains the standard approach in cardiovascular surgery but, in some conditions, it can be considered difficult to perform, especially in patients with history of esophagectomy. Currently cardiac surgery is still uncommon after an esophagectomy, due to the poor prognosis of esophageal cancer. This case report describes a successful resection of a left atrial myxoma through a right anterolateral thoracotomy approach in a patient with a previous retrosternal gastric tube (RGT) reconstruction for adenocarcinoma of esophagogastric junction.

   

  CASE REPORT

  A 66-year-old male, physician, was admitted to our institute with a left atrial tumor suggesting a myxoma. He had a history of esophagectomy with retrosternal gastric tube reconstruction for adenocarcinoma of gastroesophageal junction, twenty years previously. He was asymptomatic, and the left atrial mass was incidentally discovered by an echocardiogram study during a preoperative evaluation for an ophthalmologic procedure. He had a normal physical examination, without heart murmur or arrhythmia, as well as normal values of laboratory tests.

  Preoperative transthoracic echocardiography showed normal ventricular and mitral function and a heterogeneous mass in the left atrium attached to the interatrial septum. A heart magnetic resonance imaging (MRI) was performed to establish the anatomic relations among the heart, the gastric tube and the sternum (Figure 1A). The MRI demonstrated an intracardiac lobular mass in the left atrium (2-3 cm in size) attached to the left atrial septum, as well as the relationship between the intrathoracic structures. As it was an unusual case, this imaging study was crucial in order to make the decision for the best surgical approach, which was made after a heart surgery team discussion. The right anterolateral thoracotomy was the approach of choice.

 
    

    [image: Fig. 1. A and B: Relationship among gastric tube (T), heart (tumor) and sternum; magnetic resonance imaging and surgical view. C: Macroscopic aspect of myxoma.]

  

  For surgical access, a right anterolateral thoracic incision was made and the pectoralis major muscle was divided. After the pleural space opening through the fourth intercostal space, it was possible to observe the gastric tube adjacent to the posterior sternum portion, as well as many adherences between the lung and the gastric tube (Figure 1B). Through cautious bluntly dissection we have obtained a wide view of the lateral portion of the pericardium (Figure 2A). About 20 mm anterior to the right phrenic nerve, a longitudinal pericardium incision was made and it allowed an adequate exposure of the heart and the great vessels (Figure 2B).

 
    

    [image: Fig. 2. A: Exposure of the right lateral portion of the pericardium after dissection of the gastric tube and the right lung. B: Site of pericardiotomy 20 mm above the phrenic nerve. C: Left atriotomy and visualization of myxoma.]

  

  Moderate hypothermic (28ºC) cardiopulmonary bypass (CPB) was established with left femoral artery cannulation and venous cannulas placed in the superior and inferior vena cava. The aortic cross-clamping was performed in a standard manner. After the administration of cardioplegic solution in the aortic root, a longitudinal left atriotomy was performed with a good exposure of the tumor, which had a macroscopic aspect of an intracardiac myxoma (Figure 2C). It was possible to resect the entire tumor without any injury to the interatrial septum (Figure 1C). The patient was easily weaned from CPB and the incision was closed. The CPB and the arterial cross-clamp times were 40 minutes and 26 minutes, respectively.

  The patient had an uneventful postoperative course, with a length of stay in the intensive care unit of 36 hours. The predischarge transthoracic echocardiography demonstrated a normal biventricular function, with a complete resection of the tumor and an intact interatrial septum. The patient was discharged to home on postoperative day 5, and the histopathologic exam confirmed the diagnosis of myxoma. After nineteen months of follow-up, medical surveillance shows no complication (Table 1).

  
    

    [image: Table 1. Data from this case report organized in chronological order.]

  

   

  DISCUSSION

  Despite the advances in the management of esophageal cancer, a cardiac surgery - after an esophagectomy with RGT reconstruction - is still rare, and the prognosis of this entity justifies this condition[1,2]. In these patients, the presence of a RGT raise concerns about the ideal surgical approach to expose the heart without any injury to the digestive conduct, which could result in severe sepsis.

  Although median sternotomy remains the conventional approach in cardiovascular surgery, alternate incisions for reoperations must be selected to avoid an injury to the reconstructed gastric tube and the surrounding tissues[3].

  To the best of our knowledge, there are 14 case reports about cardiovascular surgery in patients with RGT, all related to aorta or valvular surgeries. Our case is the first about the resection of a left atrial myxoma in a patient with RGT reconstruction. The approaches reported were median sternotomy, right parasternal incision and left thoracotomy[4].

  The use of left thoracotomy has been previously reported and recommended for aortic valve replacement after an esophagectomy with RGT reconstruction[5], just like the median sternotomy has been considered a feasible approach of the aortic valve after a careful examination of the gastric tube and the gastroepiploic artery[4]. Gillinov et al.[2] successfully chose the right parasternal incision for aortic valve replacement in a case with history of substernal colon interposition. Also, Mazzitelli et al.[6] described a right parasternal approach for aortic valve replacement, after a retrosternal gastropexy.

  Preoperative imaging exams are essential to decide for the better surgical access. This decision may be determined by the location of the gastric tube as well as the position of the gastroepiploic artery, which is responsible for the blood supply of the digestive conduct[2,3]. Computed tomography is the most used imaging study in these cases, probably due to its availability. However, MRI also may be used in preoperative evaluation, as described in this case.

  Since all surgical approaches have advantages and disadvantages, we highlight the importance of discussion and individualization of the surgical strategy for each situation.

  Being an unusual case, the discussion about the best and safer surgical approach with other surgeons was crucial and it promoted the success of the procedure. In the present case, previous experience and the characteristics of the imaging study determined the decision.

  With a right anterolateral thoracotomy, it was possible a safe dissection and retraction of the RGT, assuring excellent exposition of heart and great vessels. The femoral artery cannulation also contributed to this good surgical view.

  In conclusion, it is possible to say that a right anterolateral thoracotomy is an applicable and safe approach for treatment of left atrial myxoma in patients with RGT reconstruction.
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Table 2. Presence and type of symptoms distribution of patients submitted to arch aneurysm repair in a hospital in the city of Belo
Horizonte between groups hybrid surgery and conventional surgery,in the period 2003-2012.
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‘Table 3. Presence and type of comorbidities distribution of patients submitted to arch aneurysm repairin a hospital in the city of

Belo Horizonte i the groups hybrid surgery and conventional surgery, in the period 2003-2012.
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Table 6. Causes of in-hospital deaths in patients submitted to arch aneurysm repair in a hospital in the city of Belo Horizonte in the:

groups hybrid surgery and conventional surgery, in the period 2003-2012.

ridtechnique | Conventional technique
Causes of in-hospital deaths e - =
Stoke 1 —
Cardiogenic shock 1 _

Diffuse bleeding 1 2

Total 3 2
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Fig. 6 - Denise Danall the fst donor for
heart transplane
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‘Table 7.1CU and hospitalization times in patients submitted to arch aneurysm repair in a hospitaln the city of 8elo Horizonte in
the groups hybrid surgery and conventional surgery in the period 2003-2012.

Hybrid technique | Conventional technique Total
edian o m Palue
(min; max) (min; max) (min; max)
1CU time (days) 30,16 2(0,25) 300,25 0805
Hospitalzation time (days) 865,70 18(342) 176:17) 0862
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Fig. 5 - On the left, Dr. Barnard and, on the right, Louis Waxhkanxky the firstrecipient.
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‘Table 4. Presence and type of complications distribution of patients submitted to arch aneurysm repair in a hospital in the city of

Belo Horizonte i the groups hybrid surgery and conventional surgery, in the period 2003-2012.

Hybrid technique | Conventional technique Total
Complications Pualue
n % n % n %

No complications 3 208 - - 3 2 0220

Complications
Diffuse bleeding 1 769 3 2 4 16 0322
Y 1 769 1 833 2 8 ™
Pleural effusion 3 208 4 53 7 » 0673+
Stroke. 2 1538 2 1667 4 16 g
Mediastinitis _ _ 1 833 1 4 080"
Phrenic nerve injury — — 1 833 1 4 480"
Preumothorax 1 769 1 833 2 8 100"
Hemodynamic instabilty — — 1 833 [ 4 480"
Cardiogenic shock _ _ 1 833 1 4 080"
Preumonia 3 2208 2 1667 s 0 1
Tar _ _ 2 1667 2 8 0220"
Wound infection _ _ 1 909 1 417 0458+
A 2 1538 1 833 3 2 1
Sepsis _ —_ 1 833 1 4 480"
Pericardial effusion 1 769 — _ 1 4 1
Respiratory failure 1 769 _ _ 1 4 100"
ARF 1 769 — — 1 4 100"

" Fisher's exact test. AFatrialfbrillation; AMi=acute myocardialinfarction; ARF-

cute renal failure; TQT=tracheostomy
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Table 5. In-hospital mortality in patients subitted to arch aneurysr repair in a hospital i the city of Belo Horizonte in the groups
hybrid surgery and conventional surgery, in the period 2003-2012.

Hybrid technique | Conventional techni Total

Deaths Pyalue
n % n % n %

In-hospital 3 ] 2 7 5 20% 0248

= Fisher's exact test
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‘Abbreviations, acronyms & symbols

ACT = Activated clotting time

aF = Atrial ibrillation
AMI = Acute myocardial nfarction

ARE = Acute renalfailure

COPD = Chronic obstructive pulmonary disease
PB =Cardiopulmonary bypass.

DM =Diabetes mellitus

ECC = Extracorporeal rculation

HE
icu

UFMG

=Heartfailure:
=Intensive care unit

= Madre Teresa Hospital

= Research Ethics Committee

= Systemic arterial hypertension
=Tracheostomy

= Federal Universiy of Minas Gerais
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Table 3. Treatment outcome.

Results Frequency
Resolved between 07 days 690%
Resolved between £-14 days 2759%
Resolved in more than 15 days 5057%
Do not resolved, surgery 575%
Do not resolved, died 020%






OPS/images/artigo4.png
SOCIEDADE BRASILEIRA DE
CIRURGIA CARDIOVASCULAR
JCVS winwbjosorg

(@ viosesbecvorgbr it combios

3w facebook comibiors 5y wisog





OPS/images/a14img06.png
Authors' roles & responsibilties

NMC

3

e

18

Substantial contributions to the conception or design of
the work; or the acquisition; final approval of the version
tobe published

Drafting the work or revsing it crtically for important
intellectual content; final approval of the version to be
published

Acquisition, analyss, or interpretation of data for the
work; final approval of the version to be published
Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately
investigated and resolved; final approval of the version
tobe published






OPS/images/a15img01.png
Table 1. Population characteristics (n=1,378).

Characteristic Non-transfused (n=498) |  Transfused (n=880) Pualue
Agen (6
<65 years 336 (675) 441(501) <0001
651075 years 136073) 30835 —
=75 years %662 131049 —
Female,n () 770155) 354(402) <0001
Preoperative Hb, /L 144215 136217 <0001
Minimum Hb, g/dl 89:13 79:12 <0001
Weight, kg 8062141 7282141 <0001
‘Anoxia time, minutes 506206 6172251 <0001
ECC time, minutes 7429 93+38 <0001
Logistical EuroSCORE (%) 3182454 58279 <0001
Gl <30 mg/dL, n (6) 500 265 001
EF < 50%,n (%) 181 (68) 32267) 095
Diabetes melltus n (%) 19940) 371622) 045
A0 09 29661 764 868) 074
Smoker.n ()
Non-smoker 22626 418675 o1
Current smoker 11023 160(182) -
Exsmoker (- 1 year) 175 G51) 302643 -
COPD,n () 264 569 079
Prior stoke/TIA 1 () 256) 54(61) 047
Carotid disease (> 50%),1 %) 2006) 54(61) o1
Peripheral vascular disease, n 06) 806 203 032
AN last 30 days,n 09 64(129) 144(169) 008
‘Combined MR, n (%) 54(108) 188014) <0001
Affected arteries, n )
Uni o biarterial 14603) 205 244) 002
Trarteral ot trunk 336(69) 635756 -

‘AMi=acute myocardial infarction; COPD=chronic abstructive pulmonary disease; CrCl=creatinine clearance; ECC=extracorporeal
circulation; EF=ejection fraction; Hb=hemoglobin; MR=myocardial revascularization surgery; SA=systemic arterial ypertension;
TiA=transitory ischemic attack
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Table 4. Association between outcome and used strategy.

Results Hypoglossal diet | Fasting +TPN | Fasting + TPN + Octreotide | Fasting + Chylo lldiet
Resolved in 07 days. 2% a5% —_ _
Resolved i &14 days 2% 2% 74% T66%
Resolved in more than 15 days 33% 355% 77.7% s66%
Do not resolved, surgery 2% 2% 3% 166%
Do not resolved, died —_ 1% 1% _
Total 100% 100% 100% 100%

TPN=total parenteral nutrition
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‘Abbreviations, acronyms & symbols

TPN  =Total parenteral nutrition
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‘Table 3. Multivariate logistic analysis for the prediction of three co-primary outcomes.

Mortality Infectious outcome Ischemic outcome
OR (95%Cl) r OR (95%Cl) P OR (95%Cl) P
Tansfusion 307053613 | 0002 | 26707419 | <0001 | 24207349 | <0001
Age
6575 years 138079241 | 0257 | 136091200 | 0136 | 122088169 | 0231
> 75 years 3370175648 | <0001 | 2240132380 | 0003 | 14309226 | 012
Female 107064179 | 0795 | 136092200 | one | 147007200 | 0017
B kg/m’ 102097107 | 043 | 111007115 | <0001 | 103099108 | o114
Preoperative Hb, /L 091078109 | 023 | 106094119 | 0319 | 0960087105 | 037
=30 mg/al 298111802 | 0030 | 2090124729 | 0015 | 042015116 | 093
SAH 230089608 | 0086 | 146077279 | 0245 | 154096249 | 0076
Dibetes melltus 173008278 | 0023 | 125088179 | 0206 | 129097172 | o008
Family history of CAD 2360115 | 0035 | 091045189 | 0797 | 1810129 | o019
Tobaccouse
Exsmoker 1170068209 | 0566 | 099066149 | 0975 | 085061118 | 0328
Current smoker 200537 | 003 | 1509324) | oos | 10807160 | 0712
copo 13305135 | 058 | 21700843 | 003 | 14907289 | o2
Pror stroke 172071419 | 0229 | 127061269 | 0527 | 134073248 | 0345
PriorTIA 114013985 | 0906 | 053006435 | 05% | 0290004231 | 0247
Carotid disease > 50% 054019151 | 0292 | 153079299 | 0206 | 13072239 | 038
Peripheralvasculardisease | 18(09361) | 00% | 135(07624) | 0302 | 129079210 | 031t
Prior AMI 1200079210 | 0311 | 12084172 | o4 | 10708149 | oss3
Trarteralor trunk injury 1058179 | 09% | 126084190 | 0267 | 121087168 | 0267
EF <50% 05806167 | 0949 | 09106:13) | 063 | 08706+118 | o34

‘AMi=acute myocardial infarction; B

body mass index; CAD=coronary artery disease; C1 95%=95% confidence inerval

COPD=chronic obstructive pulmonary disease; CrCl=creatinine clearance; EF=sjection fraction; Hb=hemoglobin; OR=odds ratc;

SAt=systemic arterial hypertension; TlA=transitory ischemic attack
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‘Table 2 Transfusion rates and mean transfused units.

n(%) | Meanunits+SD
Packed red blood cells | 817 (593) 2372168
Packed platelets 157(114) 8342691
Cryoprecipitate. 82() 8042345
Fresh frozen plasma 274 (199) 2772212

SD=standard deviation





OPS/images/a15img03.png
%
a0k

ETRANSHUSED  MNON-TRANSFUSED

Fig. 1 - Outcomesin patients with EuroSCORE < 2.
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass grafting surgery
a0 =Confidence interval
OR  =Oddsratio
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Abbreviations, acronyms & symbols

CPB = Cardiopulmonary bypass
MR =Magnetic resonance imaging
RGT = Retrosteral astric tube
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‘Table 1. Data fiom this case report organized in chronological order
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Fig. 1 - Stent-graft system.

251035 kg), used in this study, were derived from social donation
after physical examination, vaccination and  disinsectization
performed. All animals were fed with special dog food and also
quaranteed free access to water and provided an adequate
housing. The dogs were handled and treated in accordance with
strict quiding principles of the National Institutes of Health for
experimental care and use of animals. The implantations were
performed in a month and the experimental period lasted for
more than 2 years. The order and time of necropsy are shown in
Table 1.
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Table 1. Order and time of necropsy of dogs

Dog

1,2

3,4

56

7.8

Time of necropsy
(after surgery)

3 months

6months

9months

12 months

>12months
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Fig. 4~ Inflammatory factors at pre-and, 2,4, 8 and 12 weeks after
implantation. Panels A-8 show changes of levels of TNF-a and CRP,
respectively.

Data are the means + SEM (n=9).
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Fig. 5 - Immunological indexes at pre- and 1, 2, 4,8 and 12 weeks
afterimplantation. Panels A-C show changes of levels of C3, IgG and
IgM, respectively.

The data are the means + SEM (n=9).
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Fig. 2 - Angiography. (A) Preoperative angiography image. (8) The
delivery system reached the present position. (C) The release of stent-
graft firstly. (D) Postoperative angiography image.
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Fig. 3 - Blood routine indexes at pre-and 1,2, 4, 8and 12 weeks after
implantation. Panels A-D show changes of WBC counts, RBC counts,
Hb levels and PLT counts, respectively.

*Donate significant difference (P<0.05). Data are the means + SEM (n=5).
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Fig. 8- Histopathological changes in thoratcic ortaimplanted with
stent-graft. (4) Thoracic aorta of 3 months after implantation. (8)
Thoracic aorta of 6 months after implantation. (C) Thoracic aorta of
9 months after implantation. (D) Thoracic dorta of 12 months after
implantation. Magnification, x100.
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Fig. 6 - Thoratcic aorta implanted with stent-graft
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Fig. 7 - Histopathological changes in thoracic aorta with no
stent-gratt. (4) Thoracic aorta of 3 months after implantation. (8)
Thoracic aorta of 6 months after implantation. (C) Thoracic aorta of
9 months after implantation. (D) Thoracic aorta of 12 months after
implantation. Magnification, x100.





OPS/images/a11img06.png
‘Table 5. Comparison of current study with previous retrospective comparative studies

Vaiale cltecta. | s xst | sumouctatn | onasarstatn | pasonetatrs
; 0 ] 5 5 )
o T s T s
Isolated CABG 7(438) 15 (484) 38(775) 25(510) 209 (649)
Fosptamoraly S0 T62 e Teo e

‘CABG=coronary artery bypass graft surgery.
Data presented 2s number (%) or mean + standard devation.
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‘Abbreviations, acronyms & symbols

W =JehovahsWitness
HCPA  =Hospitalde Clinicas de Porto Alegre.
PSS =Statistical Package for Social ciences
VAP =Ventilator-assocated pneumonia
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Table 4. Hospital morbidity.

o w Nom W
Hospital morkidity (n=16) (ned8) °
Mechanical ventilation > 48h 4(250) 4(83) 0099
Need for hemodialysis® 3000) e 0039
Reintubation 3(188) 3(63) 0159
Aot wse 203 1008 one
Creatinine > 2 m/aL” 160 163 10
Perioperative MI 1(63) 2042 10
Need for 18P 169 _ 0250
Reinterention for bleeding 169 369 10
Stroke: __ 2(42) 10
Wesehovas Winess IABPinta-soric balloon porp Mi-myocardil farcion

* Excluding a chronic kidney disease on hemodialysis patien.

*Excluding an active endocardits patient,
Data presented as number (%)
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3 - A 67year-old man with stemal wound dehiscence due
to mediastinits after valve. replacement surgery underwent
reconstruction using the left pectorals major muscle flap. (4)
Stemal wound dehiscence. (B) Hyperemia of the lower scar due to
Subcutaneous granuloma three months surgery. (€) Three-month
postoperatve period after corrction of the granuloma using local
Thomboid fap. (D) Computed tomography six monthsafter sugery






OPS/images/a11img08.png
Authors' roles & responsibilties

FHY

e

Bs6

™

ve

MG

Substantial contributions 10 the conception or design of the.
ek or the acquiston, analysi,or interpretation of data for
the work; drafting the work of revising it rtcalyfor important
intellctual content; final approval f te version to be publihed
Substantial contributions 10 the conception or design of the
ek or the acquiston, analysi,or interpretation of data for
the work; drafting the work of revising it rtcalyfor important
intellctual content; final approval of the version o be publihed
Substantial contributions o the conception or design of the.
work; or the acquisition, analysi, o interpretation of data
for the work final approval of the version to be published

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

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

Substantial contributions 10 the conception or design of the.
ek or the acquistion, analysi,or interpretation of data for
the work; drafting the work or revising it ritcallyfor important
intellctual content; final approval f the version to be publihed






OPS/images/a12img01.png
to mediastinits after Ludwig’s syndrome. (4) Cervical-stemal
wound dehiscence. () Transposition o the lef pectoralis major
muscle fiap after the section of ts origin at the humerus. (C)
Left thoraco-acromial pedicle. (D) Flap positioned and fired,
Covering the entire extent of the sternal clft. (E and ) Four
months after surgery






OPS/images/a13img01.png
Table 1. Descriptive analysis of patients undergoing surgical revascularization (CABG) or percutaneous intervention (PCY).
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Table 4. Multvariate ogistic regression model.
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‘Table 2. Relapse to smoking in patients undergoing surgical revascularization (CABG) or percutaneous intervention (°C).
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‘Table 3. Univariate logistic regression model.
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‘Abbreviations, acronyms & symbols

CABG = Coronary artery bypass grafting
CRP = Cereactive protein

INCA = instituto Nacional de Cancer

P =Percutaneous coronary intervention






OPS/images/sumario.png
BRAZILIAN JOURNAL ISSN 16769741 - Onlne
OF CARDIOVASCULAR
SURGERY Impact Factor: 0.601

Braz ) Carciovasc Surg (530 Paulo, 5P - Brai) SEPIOCT - 2017,32(5)347450






OPS/images/a13img06.png
‘Table 5. Stratified analysis of the interaction between variables *Procedure” and *Fagerstrom test” in the relapse of smoking.
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‘Table 6. Stratified analysis of the interaction between variables *Passive smoking" and "Fagerstrom test” in the relapse of smoking.
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Table 2. Used treatment frequency.

Treatment Frequency | Percentage
Hypoglossal diet o 1034%
Fasting + TPN 5 5172%
Fasting + TPN + Octreotide 27 3103%
Fasting + Chylo Il diet 6 690%

TPN=total parenteral nutrition
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Fig. 1 - Debranching to zone I scheme (4, intraoperative pictur (£) and angiography confirming patency and endograft position without
‘endoleats (C). l=innominte artey; /=innominate vein; LCA=eft common carotid artery; SCA=left subclavian artery
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Table 3. Procedural data from TEVAR.

Intraoperative characteristics n %
Double debranching (zone 1) 7 100
Use of Dacron graft todebranch | 3 29
LSCALCCA 1
LCCAIA 2
One-stage procedure 6 857
Number of endoprosthesis

1 5 na

2 1 143

3 1 143
Occlusion of left subclavianartery |
Insertion through femoralartery | 7 100
Prosmal dimeeroffrstendogat | 1o | (o
(median, mm)
Number ofstents (median) 1| tangey
Total coverage length (median, mm) | 200 | (ange 200-330)

-
LSCAleft subelavian artery

nominate artery; LCCA=left common carotid artery;
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‘Table 1. Indications for hybrid aortic arch intervention.

Indications for intervention n %
Symptomatic 2 286
Chvonic dissection 1
Aneurysm 1
Asymptomatic 5 na
Chvonic dissection 2
Aneurysm 5






OPS/images/a09img03.png
‘Table 2. Diameters according to disease.

Disease Diameters (mm), range
Chonic dissection w4613
Aneurysm s0191
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Table 1. Characteristcs of Group Aand 8.

Group A Group B

40Patients 42Patients
Average age (years) | 5795+107 601421081
Female 16 (40%) 19(653%)
Male 24 (60%) 2 (547%)
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‘Table 4. Baseline characteristis of patients

Character n %
Mean age, = SD,years 622250 | Range 5568
Nales s 74
Hypertension s 857
Diabetes v 143
Hyperlipidemia 4 572
Chvonic renal disease _ _
‘Chvonic renal disease, dalytic _ _
Acute renal disease _ _
Smoker 7 100
o v 143
Famiy bistory _ _
Oyspepsia _ _
Stroke with deficis _ _
Stroke without deficts _ _
HY _ _
Cancer ' 143
Coronary artery disease 3 28
Historyof heart attack v 13
Thoracic pain 2 25
Marfan syndrome _ _
icuspid aortic vave _ _
Auilfrilation v 143
Alcohol abuse 2 25
Obesity GMI> 30 3 29
Elective 3 429
Urgent repair 4 572
Aneurysm 4 572
Acute type B disection _ _
Chvonic type B dissection 3 29
ol st uncion B .

BMi=body mass index; COPD=chronic obstructive pulmonary.
disease; EF=ejection fraction; HIV=human immunodefiiency
virus; SD=standard deviation
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TEVAR = Thoracic endovascular aortc repair
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Table 2. Assessed surgeries (Group A vs. Group §).

Group A

Group B

Surgeries | 4o patients | a2patients | 7V2Me
86 27750 | 5470w | 0369
Vahe nersow | 1208s0% | 0362
Combined | 1@50W) | saisow | o0z
Congental | 1050 — 088
orta — 2690 | 0054

‘CABG=coronary artery bypass grafting surgery
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‘Table 3. Values of variables in Group A andB.

Group A Group B
40 Patients 42Patients
Mean ECT (min) 8392294 95822931
BLR2PO (mg/d) 034(028045) | 052(037-099
LOG2PO (%) 026(021:037) | 050(029-1.60)
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‘Abbreviations, acronyms & symbols

Apache I = Acute Physiology And Chvonic Health Evauation Score
BLR2PO = Bilirubin dosage on the second postoperative day
CABG  =Coronary artery bypass graftng surgery

CASUS = Cardiac Surgery Score

ECT  =Extracorporeal circulation time

ICU =Intensive care unit

Log-CASUS = Logistic Cardiac Surgery Score

LOG2PO = Logistic CASUS Score on the second postoperative day
PO =Postoperative period

ROC = Receiver operating characteristic

SAPS  =Simplified Acute Physiology Score

SOFA  =Sequential Organ Failure Assessment Score
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Table 2. Surgical data.

w Non-JW

Varible (n=16) (n=49) ’
Norcecive sy Iz ITE) o
Sargery

Isolated CABG 7(438) 28(58.3) 0469

solated biological AR 3088 s025)

solated biological MVR 2025 e

CABG + biokogical AVR 163 e

'CABG + biokogical aortic valved graft 163 _

Isolated mechanical AVR 1(63) 3(63)

Mechanical AVR + MVR 1(63) —

Isolated mechanical MVR — 242

‘Mecharical sortc valved graft + aneurysmectormy — e

CABG + sorta pseudoaneurysm conection _ e

‘Mechanical aortic valved graft _ T

Biological aortc valved graft _ e

Heart tumor removal — 121

Interventricular communication correction — 121

Resection of subaoriic membrane + septoplasty — T
Extracorporeal circulation time (minutes) 585 (50.7-715) 675 (55.2-90.0) 0139
Guos-camp e (it 385612510) 280(00650) ooss

‘AVR=sortic valve replacement; CABG=coronary artery bypass graft surgery; MW=Jehovah's Witness; MVR=mitral valve replacement
Data presented as number (%) or median (interquartie range).
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‘Table 3. Hospital outcomes.

w Non-w
Outcome (n=16) (neas) °
Voratty S ) 0%
Vorsidy 2050 1409 10
Last hematocrit (%) 286(236-336) 288(265-329) 0625
Losthemoglobin (/) 5205118 5268109 059
Lengih ofstay Gay) 656095 700057 [

IW=lehovah's Withess Data presented 2s number () or median (interquartile ange).
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Table 1. Demographic characteristcs of the sample.

Variable W (n=16) Non-JW (n=4g) 3
e 606121 6232111 0416
Male sex 9663 32(667) 0652
Systemic hypertension 14675 ) 0
Previous smoking 6675 29 (604) 0192
Curent smoking (< 30 days) — 5004) 0319
Chonic pulmonary disease — ) 0
Pulmonary hyperension (= 31 mmta) 5612 E) 075
Previous M 5613 15613 0
Recenthi 163 10208 0265
Diabetes 4050 17654 0615
Diabetes on insulin — 463 056t
NYHA o IV heart falure 3087 90188) 0
WEF 560675670 555 @2687) 0351
CCS class 4 angina 163) 8067) 0430
Unstable angina _ ) 0
Previous heart surgery 163 262 0
Auial brllation 163 6025) 0669
Extracardiac ateriopathy 163 60125 0669
‘Active endocardits 163 — 0250
Geatinine dearance (mL/min)” 886(604-1023) 722651-989) 0617
Preoperative hemodialysis 163) _ 0250
Acetysalicyic acid use 6675 28683) 0247
Erythropoietin use” 167) _ 0238
Hematocrt (%) 397 G52-426) 374@1417) 0438
Hemoglobin (g/dl) 36017142 127011142) 0571
EuroSCORE I 129(066308) 143072269 [

CCS=Canadian Cardiovascular Society; JW=Jehovah's Witness; LV
NYHA=New York Heart Association

* Excluding a chronic kidney disease on hemodialyss patient.
Data presented as number (%), mean + standard deviation or median (interquartile range).

i ventricular ejection fraction; Mi=myocardial nfarction;





