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    New Performance of the BJCVS

  

   

   

  Domingo M. Braile

   

   

  The Brazilian Journal of Cardiovascular Surgery (BJCVS) has been going through a restructuring phase and has also conquered a large number of legacies in the last two months. We had the opportunity to notice the interest of the Associate Editors, Junior Editor, Reviewers, Authors and Contributors, thus, helping our journal to have a future of progressive steps, increasing the frequency and regularity of our publications.

   

   ASSOCIATE EDITORS 

  The BJCVS currently has 13 volunteer Associate Editors who are striving to fit the requirements of the new submission system in addition to capturing articles in the respective areas: Advances in Cardiovascular Surgery, Diseases of the Aorta, Basic Research, Cardiovascular Surgery, Cardiovascular Rehabilitation, Continuous Medical Education (CME), Congenital Diseases, Coronary Surgery, Transcatheter Aortic Valve Implantation (TAVI) and Valvar Surgery.

   

   SUBMISSION SYSTEM 

  The submission system has already received 50 manuscripts for evaluation. The barriers are being broken, and with each obstacle the BJCVS team develops a commendable advisory work so that all doubts are quickly cleared up.

  We are involved in a rigorous process for meeting deadlines. Reviewers who do not meet deadlines are replaced, resulting in the automatic generation of negative punctuation on ScholarOne evaluation system. Likewise, Associate Editors are also evaluated according to the fulfillment of deadlines and quality of opinions.

  We are very excited about this systematics, because Authors who do not submit the manuscript correction within the determined period, have the manuscripts invalidated, and must submit it as a new manuscript, losing its position in publication queue.

   

   MANUSCRIPTS IN ENGLISH 

  Spelling and Grammar have strongly been questioned by the Reviewers and Associate Editors, a reason of great concern for us; because English language is often so unsatisfactory, and in some cases it prevents content analysis.

  I request the Authors to collaborate with the BJCVS by sending us the manuscripts reviewed by professionals who are able to translate them accurately, thus, they won’t be returned, there will be no delays or higher costs to be paid by the authors. Our reviewers do not correct articles, they only check if the English language is good enough to be published.

  We would like to ask you to read the editorial written by Dr. Mariel Marlow[1], published in Clinics, which brings together the 10 most common mistakes made by Brazilians when writing English manuscripts.

   

   SOCIAL MEDIA 

  Under the guidance of the BJCVS team, the Junior Editor Dr. Gabriel Liguori took over the social media two months ago and created a team composed of Residents in Cardiovascular Surgery and Medical Academics, who update the Blog https:// bjcvs.wordpress.com and the BJCVS Facebook page https:// www.facebook.com/bjcvs.

   Facebook 

  After posting the material, the number of likes in 2 months (Figure 1) was increased by 33%, there was also an eight-fold increase in the number of people interacting with us in the first month (Figure 2)
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  Blog BJCVS 

  We had more than a 15-fold increase in the number of visitors and more than a 14-fold increase in the number of blog views in the first month (Figure 3).
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  Top Posts by Blog Viewing:

  1. Forming a Cardiac Surgeon - The New American Alternatives - 1,103 views

  2. How a Cardiac Surgeon Won a Nobel Prize in Medicine: The Invention of Catheterization - 550 views

  3. The woman as a cardiovascular surgeon: Is the cup half empty or half full? - 516 views

   BJCVS website 

  Access to BJCVS pages in September and October 2016 (Figures 4 and 5):
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  These accesses correspond only to those related to our site. We have a similar number of readers accessing our journal through Scielo or other Databases.

   

   ARTICLES AND CME 

  In this issue, there are two international editorials and 10 articles, eight of them are national and two international in the original article, review article and how-to article categories.

  The following articles that have been chosen to be part of Continuing Medical Education (CME) are also available, now under the responsibility of an Associate Editor specific to this important area: "In-Vitro Evaluation of Two Types of Neonatal Oxygenators in Handling Gaseous Microemboli and Maintaining Optimal Hemodynamic Stability During Cardiopulmonary Bypass" (page 343); "Intraoperative Analysis of Flow Dynamics in Arteriovenous Composite Y Grafts" (page 351); "Comparison of Early Outcomes with Three Approaches for Combined Coronary Revascularization and Carotid Endarterectomy" (page 365) and "Reference Values for the Six-Minute Walk Test in Healthy Children and Adolescents: a Systematic Review" (page 381).

  I emphasize that the CME is a valuable tool for learning and updating the knowledge, besides being important for the test to obtain the Specialist Title of the SBCCV.

  As always, I deeply thank all the Directors of the SBCCV, Associate Editors, Peer Reviewers, all the dedicated staff that help me a lot, and, finally, but not less important, I also thank the Authors who give prestige to our Journal sending the manuscripts to be considered for publication.

  Sincerely,

  
     Domingo M. Braile

      Editor-in-Chief - BJCVS
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    Cardiopulmonary Bypass: a Forgotten Area of Searching for New Knowledge in Brazil and the Importance of Translational Research

  

   

   

  Rodolfo Neirotti, MD, PhD, MPA, FEACTS (by invitation) 

  Clinical Professor of Surgery and Pediatrics, Emeritus Michigan State, Brookline, MA, USA and honorary member of Sociedade Brasileira de Cirurgia Cardiovascular (Brazilian Society of Cardiovascular Surgery), São Paulo, SP, Brazil

   

   

  The first heart transplantation in Latin America was performed less than six months after the pioneering work of Christian Barnard in this field[1]. As impressive as the fact that this procedure was the 17th heart transplant done in the world, is that this surgery was performed with a cardiopulmonary (CPB) machine made in Brazil.

  At that time, the homegrown cardiac surgery was side by side with the cardiac surgery of the developed world due to the capabilities of the bioengineering industry and the remarkable surgical skills and dedication of the local pioneers[2]. However, nowadays, there is an industry stagnation with low technology incorporation in the country and a gap in this field with the international technological development due to multiple factors. The diminished number of publications by Brazilian authors — less than 0.9% of total worldwide publications — registered in PubMed (US National Library of Medicine National Institutes of Health) database ratify the scientific stagnation in the knowledge of CPB.

  Translational research, a “bench-to-bedside and beyond" approach, aims to improve individual and public health by generating multicenter and multidisciplinary collaboration to pull discoveries from basic science arising from laboratory, clinical, or population studies into clinical applications[3].

   The importance of testing the devices used in our clinical practice 

  Recently, driven by the need of introducing translational research in CPB, the Heart Institute of University of São Paulo (Instituto do Coração da Universidade de São Paulo) began collaborative studies in pediatric CPB with the Penn State University Health Center for Pediatric Cardiovascular Research.

  Brazil has a large number of medical devices manufactured and available only in this region that are approved by the National Health Surveillance Agency (Agência Nacional de Vigilância Sanitária – ANVISA) without further clinical data or benchmarking with other similar devices. Moreover, only FDA approved or widespread used products in the developed countries are object of research by the international scientific community.

  Monitoring pressure, blood and water temperature, use of bubble detectors and blood level sensors devices are not incorporated neither in the clinical perfusion guidelines, nor in the training school curriculum and clinical practice. Furthermore, despite that some imported CPB machines equipped with all these safety devices are available for use in a great number of cardiac centers, only less than 5% of them are used with the servo control mode turned on. In other words, the majority of the clinical perfusions are conducted without any automatic safety device control, thus making impossible to identify, explain and document undesirable events. Building a stronger knowledge about CPB through basic research and clinical trials, and the incorporation of the new information in the perfusion curriculum, will help the management of children with congenital heart defects (CHD).

  Altogether, a better understanding of the hemodynamics characteristics and differences among these devices, as well the interaction between them and the patients, will help to improve clinical outcomes in pediatric cardiovascular surgery in Brazil and other Latin American countries using them.

  The manuscript entitled “In-vitro evaluation of two types of neonatal oxygenators in handling gaseous microemboli and maintaining optimal hemodynamic stability during cardiopulmonary bypass", published as an original article in this issue of the Brazilian Journal of Cardiovascular Surgery, represents an important initiative of an international multicenter and multidisciplinary collaboration. This study was conducted at the Pediatric Cardiovascular Research Center at the Penn State Milton S. Hershey Medical Center, under the supervision and mentorship of Prof. Akif Undar[4]. The purpose of this joint venture was to understand the characteristics of a Brazilian oxygenator by using an internationally used oxygenator as a benchmark rather than to determine the superiority of one of them.

  
    
      
        	

      

      
        	READ ORIGINAL ARTICLE
      

      
        	

      

    

  

  It is well known that only FDA approved devices are used in large clinical trials published by the international scientific community. Thus, this study represents the first published evaluation of the hemodynamics and handling capabilities of microemboli in a Brazilian made oxygenator, using a FDA approved oxygenator as a point of reference. Both oxygenators are clinically used for the same population and although with different characteristics regarding maximum flow and prime volume, they have a very similar hemodynamic performance. The undesirable passage of microemboli from the venous side of the oxygenator to the patient is sometimes forgotten, as well that the capability of capturing them by the oxygenator may be different and dependent on the membrane area/maximum flow rate ratio.

  Clinically, rather than the existence of microemboli in the arterial side of the oxygenator, the most important issue is to diminish the passage of air to the patient by placing an arterial filter in the circuit. Unfortunately, this practice is not yet part of the routine.

  I am aware that another study was done recently, in order to further understand the role of an arterial filter — to be published soon — testing the Braile pediatric oxygenator with and without an arterial filter in the CPB circuit, using another FDA approved oxygenator as a benchmark.

  The knowledge acquired with these and other experiments in CPB should enable the authors and others to improve the outcomes for their CHD patients. They should be congratulated for their initiative and efforts to embrace international parameters in their clinical practice.
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    Should a Cardiac Surgeon Blame Himself for Replacing a Mitral Valve? 

  

   

   

  Taylan Adademir, MD; Mete Alp

  Kosuyolu Yuksek Ihtisas Training and Research Hospital, Istanbul, Turkey

   

   

  Since the beginning of our residency, we have heard, read and learned a lot about the importance of repair for mitral valve. Besides, we have attended a lot of meetings describing several repair techniques for different pathologies. Both European and American guidelines offer mitral valve repair whenever it is possible and they even do not suggest surgery under some circumstances if the likelihood of successful repair is not more than 95%. Papers from Europe and United States declare up to 70% repair rate for mitral valve and the trend is increasing each year[1,2].

  Is it the case for us? As junior cardiac surgeons, we feel sorry for each valve we replace in our centre. That’s why we checked our databases to answer the question, “what are we doing to the mitral valve?"The result was far beyond the results of developed countries. We repaired 28% of mitral valves in 2014. This was almost 50% more than the year 2012 as we repaired only 20% of mitral valves but still too low. Low for whom? Developed countries…

  In a speech during the 28th European Association for Cardio-Thoracic Surgery Annual Meeting, Maldonado reported the rate of mitral repair in Latin America, and the results were almost the same as ours. Surgeons in Colombia, Chile, Mexico and Brazil repaired 30%, 32%, 39% and 42% of mitral valves, respectively, during 2013. What does this mean? Developing surgeons! Don’t they know how to repair mitral valves in developing countries? It shouldn’t be the case as each of the above countries has worldwide known and experienced surgeons, for example, the Brazilian Cardiac Surgery Society has more than 1200 surgeons performing around 70 thousand cardiac operations every year.

  Etiology of mitral valve disease is the most probable answer for the difference between developing and developed countries. Degenerative mitral valve regurgitation is the most suitable target for repair. Euro Heart Survey revealed that 72% of mitral valve diseases were pure mitral regurgitation and the majority (61%) of etiology was degenerative disease of the valve[1]. On the other hand, the Turkish registry of heart valve disease showed that only 30% of pure mitral regurgitation was due to degenerative valve disease and the majority has either ischemic or rheumatic origin. Only 15% of the mitral valves were repaired during the registry[3].

  As the majority of the valves referring to surgery are not suitable for repair, surgeons in developing countries, such as Turkey, will be replacing them for a long time. As it is the case, chordal preservation should be considered[4,5]. Repairable valve pool is so shallow that a relatively inexperienced surgeon may ignore it during his daily practice and replace a suitable valve. That shouldn’t be the case as repair is superior to replacement in many ways. That’s why all patients with mitral valve disease should be evaluated by an experienced clinician (echocardiographer) for the possibility of repair. Valve repair requires a unique collection of techniques. A valve with an isolated annular dilatation isolated posterior leaflet prolapse (chordal rupture) or isolated posterior leaflet restriction may be repaired by a relatively inexperienced surgeon but an experienced surgeon is needed for isolated anterior leaflet prolapse, bi-leaflet prolapse or diffuse prolapse of posterior leaflet. More complex lesions of mitral valve like, commissural prolapses, Barlow disease with diffuse involvement, rheumatic disease or calcified leaflet/annulus, should be operated by a reference surgeon in a Heart Valve Centre of Excellence[6].

  Physical conditions of a Heart Valve Centre of Excellence may be mimicked in a developing country but here comes another question, “who is a reference surgeon?’’. Lack of open access database for surgical results makes this question unanswerable in the developing world.

  As a conclusion, we believe in mitral valve repair. We don’t have as much suitable valve as developed countries so we are going to replace mitral valve for a long time. When a surgeon faces with a diseased mitral valve he/she should give a chance to repair. But one should be aware that '’not all that he/she can do is, what he/she has to do’’,  he/she must know what he can do but also he/she must know what he can’t do. We should know our limitations and don’t be afraid of asking for some help. The patient safety must always come first.
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    ABSTRACT

    OBJECTIVE: Usually only FDA-approved oxygenators are subject of studies by the international scientific community. The objective of this study is to evaluate two types of neonatal membrane oxygenators in terms of transmembrane pressure gradient, hemodynamic energy transmission and gaseous microemboli capture in simulated cardiopulmonary bypass systems.

    METHODS: We investigated the Braile Infant 1500 (Braile Biomédica, São José do Rio Preto, Brazil), an oxygenator commonly used in Brazilian operating rooms, and compared it to the Dideco Kids D100 (Sorin Group, Arvada, CO, USA), that is an FDA-approved and widely used model in the USA. Cardiopulmonary bypass circuits were primed with lactated Ringer’s solution and packed red blood cells (Hematocrit 40%). Trials were conducted at flow rates of 500 ml/min and 700 ml/ min at 35ºC and 25ºC. Real-time pressure and flow data were recorded using a custom-based data acquisition system. For gaseous microemboli testing, 5cc of air were manually injected into the venous line. Gaseous microemboli were recorded using the Emboli Detection and Classification Quantifier.

    RESULTS: Braile Infant 1500 had a lower pressure drop (P<0.01) and a higher total hemodynamic energy delivered to the pseudopatient (P<0.01). However, there was a higher raw number of gaseous microemboli seen prior to oxygenator at lower temperatures with the Braile oxygenator compared to the Kids D100 (P<0.01).

    CONCLUSION: Braile Infant 1500 oxygenator had a better hemodynamic performance compared to the Dideco Kids D100 oxygenator. Braile had more gaseous microemboli detected at the pre-oxygenator site under hypothermia, but delivered a smaller percentage of air emboli to the pseudopatient than the Dideco oxygenator.

    Keywords: Cardiopulmonary Bypass. Pediatrics. Oxygenators, Membrane.

  

   

   

  INTRODUCTION 

  Brazil, a country of continental dimensions with many regional differences, is experiencing an epidemiological transition, where congenital heart defects and chronic diseases are replacing infections as the primary cause of death[1]. Assuming that congenital heart disease can be treated, and that it can be considered a preventable death, the adequate treatment of this population should produce a significant reduction in infant mortality ratio.

  Pediatric cardiac surgery is a complex system, where outcomes depend not only on surgical skills, but also on the interaction between human resources, hospitals facilities and processes[2].

  Neonates and infants have cardiac lesions with a complex pathophysiology that often require technically demanding procedures, and are prone to complications and/or sequela related to bypass (CPB). Even well-trained and skillful surgeons, while being able to generate excellent results in children, have difficulties reproducing the same kind of outcomes with neonates and infants[2].

  Advancements in operative techniques and post-operative care have significantly decreased the mortality of pediatric patients undergoing cardiopulmonary bypass (CPB) procedures in the developed world. However, with this improved survival rate, an increase in morbidity due to surgical and post-surgical complications has been seen[3].

  There is significant association between CPB and neurological injury[4,5] due to a variety of mechanisms of neurological insult, such as ischemia, inflammation, and reperfusion injury associated with CPB, which are often exacerbated by problems specific to the pediatric patient because of anatomic, metabolic, and physiological differences compared to the adult population[5,6]. Furthermore, the delivery of gaseous microemboli (GME) from the CPB circuit to the patient is believed to be one of the main factors linked to neurological injury[5,7,8]. Air may enter the CPB circuitry from a non-occlusive atrial purse string, blood samplings, drug injections, excessive cardiotomy suction return, use of vacuum-assisted venous drainage (VAVD), as well as on initiation of CPB[9]. The various components of the CPB circuit, which includes the pump, venous reservoir, cardiotomy reservoir, oxygenator, and arterial filter — when used, also affect the amount of GME delivered to the patient[10-12]. Different perfusion methods, flow rates, and temperatures can also have an impact on GME production[13-15]. Continuous advancements in the design of CPB products have greatly improved the clearance of GME and thus, clinical outcomes, but constant investigation into safety and efficacy is necessary as companies release new versions of the various CPB components.

  Developing a medical industry that could gradually replace imports was a priority from the very beginning of cardiac surgery in some evolving countries like Brazil. Local CPB devices for pediatric patients are now available and approved for clinical use only by the local regulatory health system, without research on its hemodynamics and air-handling capabilities. Therefore, it is not surprising that the large clinical trials published by the international scientific community are generated by testing products approved by the Food and Drug Administration (FDA) and used in developed countries[16,17], and comparing them with other similar devices available in the same region.

  Finally, the purpose of this study was to investigate the effectiveness of two neonatal oxygenators: the Braile Infant 1500 (Braile Biomédica, São José do Rio Preto, Brazil), a membrane oxygenator widely used in pediatric CPB procedures in South America though not yet approved by the FDA, and the Dideco KIDS Neonatal D100 (Sorin Group, Arvada, CO, USA), that is FDA-approved and frequently used worldwide. We evaluated and compared the two oxygenators in terms of hemodynamic properties as well as microemboli clearance at both normothermic and hypothermic conditions at varying flow rates and perfusion modes.

   

  METHODS

  CPB Circuit Design

  The experimental circuit was constructed to be identical to the circuit set-up used in the pediatric cardiothoracic operating room. The circuit consisted of an HL-20 roller pump (Jostra, Austin, TX, USA), a Jostra-30 heater-cooler unit (Jostra, Austin, TX, USA), one of the two oxygenators being tested in the experiment and its accompanying venous reservoir, 6 feet of ¼ inch venous tubing, 5 feet of ¼ inch arterial tubing, a custom-made purge line, and a separate Capiox AF02 pediatric arterial filter (Terumo Corporation, Tokyo, Japan) (Figure 1). The two hollow-fiber membrane oxygenators investigated in this study were the Braile Infant 1500 and the Dideco KIDS Neonatal D100 oxygenator. The specifications for each oxygenator and venous reservoir can be seen in Table 1. The purge line consisted of 24 inches of tubing (1/8 in x 1/32 in) connected to a COBE 5 port manifold (Sorin Cardiovascular Inc., Arvada, CO, USA), and then 48 inches of tubing (3/32 in x 1/16 in) connecting the COBE 5 port manifold to the venous reservoir. Thus, the purge line was connected directly to the post-filter de-airing port of the oxygenator and the venous reservoir. A Capiox CR10 hard shell cardiotomy reservoir (Terumo Corporation, Tokyo, Japan) served as a “pseudopatient”.
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   Experimental Design 

  The circuit was primed with Lactated Ringer’s solution, first. Then, packed red blood cells were added to the circuit (hematocrit 40%). The total volume of the circuit was 700 ml. The venous reservoir was maintained at 200 ml and the pseudopatient was maintained at 300 ml during the experiments, simulating the average blood volume of a 3-4 kg pediatric patient. In addition, a Hoffman clamp was placed on the arterial line to allow us to maintain a constant arterial pressure of 100 mmHg. Another Hoffman clamp was also placed downstream of the venous reservoir to allow us to balance arterial and venous flow rates and maintain the pseudopatient’s volume. The arterial filter purge line was kept open for all experiments.

  Five ml of air were injected over 5 seconds into the venous line under both non-pulsatile and pulsatile perfusion conditions, at flow rates of 500 ml/min and 700 ml/min under both normothermic (35˚C) and hypothermic (25˚C) temperatures. A total of 10 air bolus injections were performed at each individual set of conditions for each oxygenator for a total of 160 injections.

   Data Acquisition 

  Two dual-channel Transonic ultrasound flow probes, model 6XL (Transonic Systems, Inc., Ithaca, NY, USA), and three Maxxim disposable pressure transducers (Maxxim Medical, Inc., Ithaca, NY, USA) were utilized. The flow probes were placed both upstream of the oxygenator and downstream of the arterial filter. The pressure transducers were placed upstream and downstream of the oxygenator as well as downstream of the arterial filter. The pressure transducer and flow meter outputs were connected to a data-acquisition device (NI USB-6521, National Instruments, Austin, TX, USA), and then connected to a computer via USB port. Using the Labview 7.1 software, we obtained a sampling rate of 1000 samples per second, and a 20 second segment of the flow rate and arterial pressure was recorded using the LabView program. The flow rate (f ) and pressure (p) values were used to calculate the energy equivalent pressure (EEP) during the time interval between t1 and t2, using the following formula[18]:

   EEP (mmHg) = [image: Caracter 1]

  EEP is a measurement of total hemodynamic energy (THE) per milliliter of blood that passes through a given arterial cross section. THE is then calculated by multiplying the EEP by a conversion factor of 1332.

  We used the Emboli Detection and Classification (EDAC) quantifier system (Luna Innovations, Inc., Roanoke, VA, USA) to collect data on the size and number of gaseous microemboli[19]. Three transducers were connected to the circuit in the following positions: before the oxygenator, after the oxygenator, and after the arterial filter proximal to the Hoffman clamp. The EDAC system was connected to a computer via USB port, and the data were transferred and analyzed through Microsoft Excel. The EDAC data samples were collected for three minutes after each injection of air. There was a waiting period before proceeding with each one to allow the circuit to clear emboli from the previous injection.

   Pulsatile Perfusion Mode Settings 

  The pulsatile perfusion setting reproduces the time between two R waves of an electrocardiogram by setting the base flow of the Jostra Roller pump to 20%, the pump head start point to 20%, and the pump head stop point to 80%. The pump head start and stop points represent percentages of one complete pump rotation. A pulsatile pump frequency of 70 beats per minute was used.

   Statistical Analysis 

  Analysis of variance (ANOVA) models were fit to the continuous outcomes (e.g., pressure drop) to compare both oxygenators (Braile and Dideco) and pulsatile mode (nonpulsatile and pulsatile) at given temperatures (25ºC and 35ºC) and flow rates (500 and 700 ml/min). A general linear model with correlated errors was fit to the continuous hemodynamic outcomes (e.g., THE) to compare oxygenators, pulsatile modes, and location in the circuit (e.g., pre-oxygenator, post-filter) within given temperatures and flow rates[20]. The general linear model with correlated errors is an extension of linear regression that accounts for the within-subject variability inherent to repeated measures designs. In this study, the repeated factor is the location in the circuit. For each outcome, P-values were adjusted for multiple comparisons testing using the Tukey procedure. All hypotheses tests were two-sided and all analyses were performed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

   RESULTS

  Gaseous Microemboli 

  Total GME counts delivered to the pseudopatient increased with increasing flow rates and decreasing blood temperatures (Tables 2 and 3). At hypothermic temperature, the Braile oxygenator had more GME recorded at the pre-oxygenator site compared to the Dideco oxygenator (P<0.01). At normothermic temperature and 700 ml/min flow rate, the Dideco oxygenator had a higher number of GME at the pre-oxygenator site (P<0.01). The majority of microemboli were smaller than 40 µm during all trials. There was no statistically significant difference between the two oxygenators at the post-oxygenator site and distal arterial line. When comparing GME delivered to the pseudopatient as a percentage of GME generated prior to oxygenator (post-oxygenator GME divided by pre-oxygenator GME times 100), the Braile oxygenator delivered a smaller percentage to the pseudopatient than the Dideco oxygenator (P<0.01) (Tables 2 and 3).
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   Pressure Drop and Hemodynamic Energy 

  For both oxygenators, the mean pressure drop across the oxygenator increased with a higher flow rate at both temperatures (Table 4). Consistently, the pressure drop was slightly lower at a higher temperature for both oxygenators. The Braile oxygenator showed a lower mean pressure drop than the Dideco (P<0.01). This difference was particularly highlighted at a higher flow rate.
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  THE decreased across the oxygenator in all experimental conditions. Pre-oxygenator THEs were higher at a higher flow rate as well as in hypothermic conditions (Figure 2). The Dideco oxygenator had higher pre-oxygenator THE than the Braile in all experimental conditions, with a lower post-filter THE delivered to the pseudopatient (P<0.01). The Dideco oxygenator exhibited a greater drop in THE across the oxygenator, resulting in a smaller percentage of original post-oxygenator THE being delivered to the patient as compared to the Braile oxygenator (P<0.01) (Figure 3).
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  “Stolen" Blood Flow 

  Blood flow shunted through the purge line of the arterial filter from the patient increased at higher flow rates and, in general, also increased at normothermia. The Braile oxygenator had a higher rate of “stolen" blood flow from the pseudopatient at a higher flow rate and hypothermia (P<0.01) (Table 4).

   Pulsatile and Non-Pulsatile Perfusion Modes 

  There was a slightly higher pressure drop as well as stolen blood flow at the pulsatile condition for both oxygenators (Table 4). The oxygenator pressure drop reached statistical difference (P<0.05) between non-pulsatile and pulsatile modes only at 700 ml/min in the Dideco group. The pre-oxygenator and post-arterial filter THEs were higher at pulsatile conditions (P<0.01) (Figure 2). However, the percentage of pre-oxygenator THE delivered to the patient was not significantly different between the two perfusion modes (Figure 3). There was always a higher number of GME generated prior to oxygenator under pulsatile mode as compared to the non-pulsatile mode, but there was a significant difference only at the pre-oxygenator site at 25˚C in the Braile group (P<0.05). In addition, the percentage of oxygenator GME trapping was similar between the two perfusion modes (P>0.05) (Tables 2 and 3).

   

   DISCUSSION 

  Gaseous microemboli remain an important challenge in CPB procedures because of the significant positive correlation between microemboli exposure during CPB and postoperative neurological injury[21]. Thus, minimizing the number of GME delivered to pediatric patients undergoing CPB procedures should lead to better clinical outcomes. Sources of air emboli are numerous and include bubbles in the venous line, the vent and suction lines, vacuum assisted venous drainage, perfusionist handling, as well as manual manipulation by the surgeon[9]. Most GME should be removed by the oxygenator, which is why we continue to test the various oxygenators on the market to determine which ones are the most effective at this task. In the present study, we found that the number of microemboli detected prior to oxygenator and following oxygenator was larger at higher flow rates. We believe that this happens because higher flow rates decrease the time the blood spends across the venous filters, thus preventing optimal microemboli trapping. In addition, total GME counts slightly increased under pulsatile mode compared to non-pulsatile mode, although there is no statistically significant difference between the two perfusion modes. This may be explained by reducing GME removal at a high instant flow rate under pulsatile mode. We also found the number of GME to be increased in hypothermic conditions due to increased blood viscosity. Therefore, flow rate, blood temperature and perfusion mode have great effects on GME transmission during CPB procedure, confirming our previous findings[13-15,22-25].

  The total GME count was higher for the Braile oxygenator before oxygenator at hypothermia and a higher flow rate. Discrepancies in GME produced before the oxygenator can be attributed to the differences in venous reservoir construction, capacity and filter pore size. The Braile venous reservoir’s maximum capacity is 450 ml and the venous filter pore size was 245 micrometers whereas the Dideco KIDS venous reservoir had a maximum capacity of 500 ml and a venous filter pore size of 51 micrometers. The smaller filter size could have played a role in the number of emboli delivered to the pseudopatient. Both limiting the number of microemboli delivered to the patient and maintaining optimal hemodynamic properties are important factors in determining the efficacy of the components of a CPB circuit to reduce morbidity and mortality, particularly linked to neurological damage, after open heart surgery. Regarding the post-oxygenator microemboli as a percentage of the pre-oxygenator, the Braile oxygenator appears to capture a greater percentage of microemboli because of the discrepancies in the venous filter port sizes and the membrane surface area.

  The pressure drop across the oxygenators is specific to the hollow-fiber configuration of each type of oxygenator. This may be in part due to the differences in membrane surface area, maximum blood flow, and fiber density of each oxygenator. The membrane surface area of the Braile oxygenator is 0.5 m2, more than double the size of the Dideco oxygenator, which is 0.22 m2. Maximum flow rate for the Braile oxygenator (1.5 L/min) was also more than double that of the Dideco oxygenator (700 ml/min). The pressure drop was significantly higher across the Dideco oxygenator than across the Braile at all flow rates, in both pulsatile and non-pulsatile modes. Those differences are important because a higher resistance of the circuit flow leads to a higher pressure drop across the oxygenator, meaning that the blood is being pushed only at a higher pressure against the membranes while passing through the oxygenator. This force is a potential cause for cellular damage and an increased inflammatory response that may significantly delay post-operative recovery. THE is a function of pump flow rate and arterial pressure; thus, the higher pressure drop seen with the Dideco oxygenator could explain why we see much higher pre-oxygenator THE values and lower post-oxygenator THE values, leading to a significant decrease in THE delivered to the patient with this oxygenator when compared to the Braile oxygenator. Pulsatile flow generates significantly greater THE than non-pulsatile flow regardless of type of oxygenator and blood temperature.

  Another major factor for neurological injury is the amount of blood shunted through an open arterial purge line. It has been shown that keeping the arterial purge line open can further reduce the total volume and size of microemboli delivered to the patient[22-25]. However, keeping the purge line open also shunts a significant amount of blood away from the patient and puts the patient at risk for hypoperfusion and a decreased post-arterial filter THE, especially at lower flow rates[26]. We should measure the true flow rate of blood to the patient using flow probes after the arterial filter. These circumstances are all parameters that can be affected by the types of devices used, the flow rate settings, and the temperature and viscosity of the blood. In addition, higher flow rates also result in a higher pressure drop across the oxygenator and a lower percentage of THE delivered to the patient. Thus, the ideal circuit would consist of an arterial filter and oxygenator that limit this “stolen" blood flow and pressure drop across the oxygenator while restricting the volume and size of microemboli delivered to the patient.

   Limitations 

  The most significant limitation of this study was that the maximum flow rate of each oxygenator was vastly different. The Braile oxygenator had a flow rate of 1.5 L/min whereas the Dideco oxygenator had a flow rate of 700 ml/min. The differing flow rates may influence the pressure gradient across the oxygenator, thus affecting resistance and potential for retained post-oxygenator GME. Although these differences are important, we feel that the oxygenators can and should be compared in terms of efficacy because they are used in the same types of medical procedures for the same patient population.

   CONCLUSION 

  Our results showed that the Braile Infant 1500 had a lower pressure drop and a higher total hemodynamic energy delivered to the pseudopatient in our simulated pediatric CPB circuits. There was a higher raw number of microemboli detected with the Braile Infant 1500 oxygenator at pre-oxygenator site in hypothermic conditions compared to the Dideco KIDS D100. However, the Braile oxygenator delivered a smaller percentage of micoemboli to the pseudopatient than the Dideco oxygenator.

  The higher number of GME could be attributed to the varying sizes of their respective venous reservoirs capacity, screen filters, and maximum flow rates. The greater capability of the Braile oxygenator to capture a greater percentage of microemboli could be explained by the discrepancies in the venous filter port size and the membrane surface area between both oxygenators. Hypothermia, pulsatile conditions and higher flow rates tended to deliver a higher number of GME compared to non-pulsatile conditions. Further studies are warranted to verify our findings.
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    ABSTRACT

    OBJECTIVE: Composite graft of left internal thoracic artery and great saphenous vein in revascularization of the left coronary system is a technique well described in literature. The aim of this study is to analyze blood flow dynamics in this configuration of composite graft especially in what concerns left internal thoracic artery's adaptability and influence of great saphenous vein segment on left internal thoracic artery's flow.

      METHODS: Revascularization of left coronary system with composite graft, with left internal thoracic artery revascularizing the anterior interventricular artery and a great saphenous vein segment, anastomosed to the left internal thoracic artery, revascularizing another branch of the left coronary system, was performed in 23 patients. Blood flow was evaluated by transit time flowmetry in all segments of the composite graft (left internal thoracic artery proximal segment, left internal thoracic artery distal segment and great saphenous vein segment). Measures were performed in baseline condition and after dobutamine-induced stress, without and with non-traumatic temporary clamping of the distal segments of the composite graft.

      RESULTS: Pharmacological stress resulted in increase of blood flow values in the analyzed segments (P<0.05). Non-traumatic temporary clamping of great saphenous vein segment did not result in statistically significant changes in the flow of left internal thoracic artery distal segment, both in baseline condition and under pharmacological stress. Similarly, non-traumatic temporary clamping of left internal thoracic artery distal segment did not result in statistically significant changes in great saphenous vein segment flow.

      CONCLUSION: Composite grafts with left internal thoracic artery and great saphenous vein for revascularization of left coronary system, resulted in blood flow dynamics with physiological adaptability, both at rest and after pharmacological stress, according to demand. Presence of great saphenous vein segment did not alter physiological blood flow dynamics in distal segment of left internal thoracic artery.

    Keywords: Coronary Artery Bypass, Off-Pump. Flowmeters. Mammary Arteries. Saphenous Vein.

  

   

   

  INTRODUCTION

  The composite Y graft using the left internal thoracic artery (LITA), associated to arterial or great saphenous vein (GSV) segments to revascularize the left or the right coronary system has been used to minimize the risk of cerebrovascular accident resulting from ascending aorta manipulation (AAM)[1-8].

  Although some authors recommend the use of only arterial composite grafts[3,9], several researchers have described the safety and effectiveness of LITA and GSV composite grafts[5-7,10,11].

  Even though it has been demonstrated that the LITA is capable of providing adequate blood flow for two or more arteries from the left coronary system (LCS)[10,12], there is still concern about the possibility of hypoperfusion[13]. There is still concern that the presence of the secondary graft of GSV can reduce blood flow in the LITA distal segment, due to phenomena of competition or steal of flow[14].

  Transit time flowmetry (TTFM) is the most frequently used method for the evaluation of graft flow and patency in coronary artery bypass surgery (CABG)[15-17]. Few studies have evaluated, in the intraoperative period, blood flow dynamics in arteriovenous composite Y grafts with this technique, leaving an important gap in the study of this graft configuration[9,18-20].

  This study aims to evaluate blood flow dynamics in LITA and GSV composite Y grafts, especially in what concerns LITA adaptability and the influence of GSV segment on LITA blood flow.

   

  METHODS

  Study Approval

  The study was approved by the Research Ethics Committee (Federal University of Ceará/PROPESQ) under the legal advice number 622589. All patients signed an Informed Consent Form.

  Patients Profile

  From July 2013 to June 2015, 23 patients were enrolled in this prospective study. Demographic data and preoperative variables are described in Table 1. Eligibility criteria were patients undergoing elective CABG without associated procedures. Patients undergoing off-pump elective CABG with arteriovenous composite Y- grafts revascularizing anterior interventricular artery (AIA) and another branch of LCS were included. Exclusion criteria were patients diagnosed with diffuse coronary artery disease, patients who underwent associated procedures. Arteriovenous composite Y graft were used mainly to minimize the AAM in the elderly patients, and in those with any evidence of atheromatous disease of this vessel, as well as in patients with comorbidities associated with this entity, such as diabetes, peripheral arterial occlusive disease and carotid artery disease.
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  Surgical Technique

  All patients underwent off-pump CABG through a median sternotomy. The LITA was harvested in a non-skeletonized way, then bathed in papaverine solution. GSV was harvested using interrupted incisions with skin bridges, atraumatically, and with minimal dilatation. Segments without valves were selected for the construction of the composite graft.

  Heparin was administered in the dose of 2 mg/kg. The interruption of blood flow to the anastomosis region was accomplished by snaring, with a 5-0 polypropylene wire and tourniquets, proximally and distally to the sites of the anastomosis. Aiming to protect these vessels, a small silicon tube was interposed between the tourniquets and the coronary artery.

  A tissue stabilizer was used to perform the coronary anastomosis. Initially, the GSV segment was anastomosed to a diagonal, diagonalis or marginal arterial branch. After that, LITA was anastomosed to the AIA. Finally, the proximal portion of the GSV segment was anastomosed terminal-laterally to the LITA, in a Y configuration. After the flowmetric measurements, protamine was administered to reversion of the heparin (Figure 1, Table 2).
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  TTFM Measurements

  The technique for use of TTFM was well described by D'Ancona et al.[15]. After performing all anastomoses, and before the administration of protamine, the analysis of flow in the grafts was performed using a Butterfly flowmeter (Medi-Stim, Oslo, Norway).

  To obtain the flowmetric parameters, a probe with appropriate size was placed sequentially:

  
    1. Around the LITA proximal segment;

    2. Around the LITA distal segment to collect the data without and with non-traumatic temporary clamping of the GSV segment;

    3. Around the GSV segment, to collect the data without and with non-traumatic temporary clamping of the LITA distal segment.

  

  All these measurements were performed initially at baseline condition and repeated after dobutamine infusion (6 µg/kg/min), administered during five minutes, to obtain the values of mean flow (MF), pulsatile index (PI) and diastolic fraction (DF).

  Coronary flow reserve (CFR) was calculated by the ratio between MF in stress divided by mean flow in baseline condition, in each segment. During the measurements, mean arterial pressure (MAP) was maintained between 65 and 75 mmHg. All patients enrolled in the study had presented PI < 5 and DF > 60%, which are considered as parameters of patency of the grafts[15,16].

  Statistical Analysis

  Flowmetric parameters referring to each segment of the composite graft were initially analyzed by Kolmogorov-Smirnov test to verify the normality of distribution. Mean and standard deviation were calculated and applied for statistical analysis. Comparisons between the flowmetric parameters, considering baseline situation and after pharmacological stress, in the LITA proximal segment, were performed using t test to paired data.

  The effects of pharmacological stress (factor 1), clamping of distal LITA and GSV (factor 2) on the MF measured at the distal LITA and at the GSV segment, and the interaction between these two factors, were analyzed by using analysis of variance (ANOVA) for two factors repeated measures associated with post-hoc Bonferroni's test.

  In all analyses, level of significance was established in 0.05 (5%), being considered as statistically significant a P value lesser than 0.05. The software GraphPad Prism® version 5.00 for Windows® (GraphPad Software, San Diego, California, USA, 2007) was used to accomplish statistical procedures.

   

  RESULTS

  The values of MF for each segment of composite graft, in baseline condition and after the administration of dobutamine, are shown in Figure 2. Without clamping of the distal segments of the composite graft, in baseline condition, LITA proximal segment, LITA distal segment and GSV segment had mean blood flow of 30.65±8.41, 16.22±5.16 and 13.78±5.11 mL/min, respectively. After the administration of dobutamine, flow values changed to 49.57±14.02, 24.70±11.42 and 22.04±8.93 mL/min, respectively. This increase, from baseline condition to stress, was statistically significant (P<0.01) for all the evaluated segments of the composite graft.
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  Clamping of the GSV segment did not result in a statistically significant alteration in mean blood flow values of the LITA distal segment in baseline condition (P=0.0633), nor under pharmacological stress (P=0.2344) (Table 3).
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  Likewise, clamping of the LITA distal segment did not result in statistically significant alteration in mean blood flow values of the GSV segment, in baseline condition (P=0.2955), or under pharmacological stress (P=0.5103) (Table 4).
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  In the LITA proximal segment, CFR was 1.69±0.50. In the LITA distal segment, CFR was 1.54±0.57 without GSV clamping, and 1.55±0.60, with clamping of this venous segment, without statistical difference (P=0.9393). Likewise, in the GSV segment, CRF was 1.66±0.65, without clamping of the LITA distal segment, and 1.61±0.57, with clamping of this arterial branch, also without statistical difference (P=0.6613) (Table 5).
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  All patients had an uncomplicated postoperative recovery. There was no occurrence of acute myocardial infarct (AMI), need for an intra-aortic balloon, cerebrovascular accident, acute renal failure, mediastinitis, osteomyelitis or sepsis. Mean length of intensive care unit (ICU) stay was 2.39±0.58 days, while mean length of hospital stay was 8.13±2.8 days. Patients are currently undergoing outpatient follow-up, without clinical evidences of ischemia.

   

  DISCUSSION

  In the 1980s, Mills and Everson published a study demonstrating the use of LITA and GSV composite graft to revascularize two coronary arteries, in order to avoid AAM in patients with atherosclerotic disease of this vessel[1]. Such technique sought to reduce the risks of neurologic complications. In the following decades, several other authors have been presenting their results with similar approaches with good clinical and angiographic outcomes[3-7,10,11].

  Several authors have reported series of patients undergoing off-pump CABG without AAM using composite grafts, demonstrating its viability and reproducibility[4-7,10,11].

  In this study, flowmetric analysis noted that pharmacological stress resulted in a statistically significant increase of blood flow values in all analyzed segments (P<0.05). It was also noted that non-traumatic temporary clamping of the GSV segment did not cause a statistically significant change in the blood flow of the LITA's distal segment, neither at baseline nor under pharmacological stress. Likewise, non-traumatic temporary clamping of the LITA distal segment did not cause a statistically significant change in the blood flow of the GSV segment, in neither baseline condition and under pharmacological stress.

  Despite studies demonstrating that the LITA is capable of providing adequate blood flow for two or more LCS arteries, both in baseline situation and in stress[9,10,12], other authors report that composite Y-grafts might present lower CFR than independent grafts[13]. CFR, defined as blood flow under stress divided by blood flow in baseline condition, is an effective parameter to evaluate if the graft is capable of providing adequate blood flow in a situation of higher demand. Previous studies show that the LITA in composite grafts increases its diameter[12,21] and flow supply[9,10,22], which means that it presents a morphological and functional adaptation, in addition to possessing a CFR appropriate to supply the myocardium, with values similar to the ones of single grafts[9,10,21]. Our study noted that, even in early situations, such as just after the confection of anastomosis, there is a statistically significant increase in blood flow of the LITA proximal segment and of other branches of the composite graft after pharmacological stress. It was also demonstrated by our study that CFR in LITA distal segment has not been modified by the clamping of GSV segment and vice versa. There were no records of clinical and/or laboratorial changes suggesting hypoperfusion.

  Gaudino et al.[9], in 2003, investigated, during intraoperative period, the capability of the LITA composite graft, with a right internal thoracic artery (RITA) segment as secondary conduit, to provide appropriate blood flow to the AIA and to a marginal branch of the left circumflex artery, in 21 patients undergoing CABG, ten of which were off-pump. The study of flow in the grafts was performed through TTFM in basal conditions and after pharmacological stress using dobutamine. They observed that blood flow in the interior of graft increased significantly under stress in both the LITA proximal segment, as in the LITA and RITA distal segments. In this study, the influence of the secondary branch of the composite graft in the flow of the LITA was not evaluated[9].

  Lobo Filho et al.[10], in 2006, compared, through LITA Dopplerfluxometry performed at least two months after CABG, the blood flow in two groups of patients undergoing this surgical procedure (group A – simple graft, and group B – composite graft). The LITA, as part of an arteriovenous composite Y graft, revascularizing the AIA and another LCS branch, presented a higher mean blood flow when compared to it as a single graft, and also an increase of blood flow from baseline situation to dobutamine-induced stress. There was no significant difference between CFR of both groups (CFR was 1.6 to single graft and 1.8 to composite graft)[10].

  In contrast to these findings, Sakaguchi et al.[13], in 2002, whose study evaluated blood flow from regional myocardium through PET scans, observed that, two weeks after the surgical procedure, LITA, when used as a segment of the composite graft, had lower CFR than the one of independent graft. According to data published by Markwirth et al.[21], in 2001, this can be attributed to early flow evaluation, and that the phenomenon of LITA flow adaptability may not occur until the sixth month.

  Blood flow into the graft can be also influenced by the utilization of cardiopulmonary bypass (CPB). Balacumaraswami et al.[19], in 2008, in a study involving patients undergoing CABG with different configurations of grafts, noted that patients with on-pump grafts had significantly higher mean blood flow values, as well as lower MAP levels when compared to those whose CABG was performed off-pump. They observed that, for a determinate MAP level, flow into the graft was higher in patients CPB. According to Balacumaraswami et al.[19], this is probably due to the occurrence of a more pronounced vasodilatation after the use of CPB, which can be explained by the release of inflammatory mediators, and by the occurrence of reactive hyperemia in the coronary vascular bed after aortic unclamping.

  Żelazny et al.[20], in 2012, published the results of flow analyses by TTFM in patients undergoing off-pump CABG with different configurations of grafts before and after dobutamine-induced pharmacological stress. At baseline, blood flow measured in the ITA proximal portion was higher in the configuration of composite grafts when compared to those found in simple grafts. After dobutamine infusion, all configurations had a significant flow increase, with mean CFR values varying between 1.4 and 2.01[20].

  Still in relation to the technique of construction of composite grafts, there is also some concern about the possibility of occurrence of competitive flow and flow steal phenomena, caused by the presence of significant flow in the native coronary and by the GSV segment, which could compromise the results of this approach[14]. In our study, blood flow values in the LITA distal segment, at baseline and under pharmacological stress, as well as CFR, were similar when the GSV segment was clamped or not. Likewise, blood flow in the GSV segment, at baseline and under pharmacological stress, as well as CFR, were similar when the LITA distal segment was clamped or not.

  Endorsing the above described results, Speziale et al.[18] published, in 2000, a study involving 76 patients undergoing on-pump CABG using arterial composite grafts to revascularize the AIA and another artery of the left or right coronary system. Secondary conduits were radial artery, inferior epigastric artery, right gastroepiploic artery or RITA. Blood flow in composite graft was evaluated by TTFM. When the distal ITA was temporary occluded, blood flow in the other arterial branch did not increase and the same happened to the distal ITA when the other conduit was occluded. As Speziale et al.[18] did not evaluate flow under pharmacological stress, no data could be concluded about CFR.

  LITA is universally recognized as the gold standard graft in CABG surgery due to its high patency index, improvement of long term survival, lower necessity of reoperations and lower incidence of myocardial infarction and angina[23]. The choice of the secondary conduit to this arterial graft is an important factor for the success of the composite grafting approach. Although some authors are favorable to the exclusive use of arterial grafts[3,9,18], GSV is being widely used by our group[4,10] and others[5-7,11]. Some authors compared the LITA and GSV composite graft to others with the LITA with arterial conduits, observing that in both situations early patency rates and within one year of follow-up, as well as clinical results, were similar[5,11].

  Despite lower GSV patency in the long term, we believe that it can provide better results when used as secondary conduit in LITA composite grafts, due to the following factors: grafts using small GSV segments without valves, which are predisposed sites for the development of atherosclerotic disease and which can provide a state of hemodynamic stasis and thrombosis[24]; GSV anastomosed to the LITA might present less circulatory stress and flow turbulence than when compared to GSV directly anastomosed to the aorta, possibly minimizing the development of venous graft disease[25]; in addition to this, it is possible that part of the endothelium protective factors, produced by LITA, may act in benefit of GSV segments[24,25].

  Limitations

  This study presents some limitations. Initially, it has a relatively small sample and the patients had a short follow-up. Furthermore, angiographic evaluation of the patients in the follow-up was not performed.

   

  CONCLUSION

  According to the flowmetric analysis, the composite graft with LITA and GSV for revascularization of the AIA and another branch of the LCS respectively, results in blood flow dynamics with physiological adaptability in all areas according to demand, both at rest and after pharmacological stress. The presence of the GSV segment in the disposition of the composite graft in question did not alter the physiological dynamics of blood flow in the distal segment of the LITA.
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    ABSTRACT

    OBJECTIVE: To compare pulmonary function, functional capacity and clinical outcomes amongst three groups of patients with left ventricular dysfunction following off-pump coronary artery bypass, namely: 1) conventional mechanical ventilation (CMV); 2) late open lung strategy (L-OLS); and 3) early open lung strategy (E-OLS).

      METHODS: Sixty-one patients were randomized into 3 groups: 1) CMV (n=21); 2) L-OLS (n=20) initiated after intensive care unit arrival; and 3) E-OLS (n=20) initiated after intubation. Spirometry was performed at bedside on preoperative and postoperative days (PODs) 1, 3, and 5. Partial pressure of arterial oxygen (PaO2) and pulmonary shunt fraction were evaluated preoperatively and on POD1. The 6-minute walk test was applied on the day before the operation and on POD5.

      RESULTS: Both the open lung groups demonstrated higher forced vital capacity and forced expiratory volume in 1 second on PODs 1, 3 and 5 when compared to the CMV group (P<0.05). The 6-minute walk test distance was more preserved, shunt fraction was lower, and PaO2 was higher in both open-lung groups (P<0.05). Open-lung groups had shorter intubation time and hospital stay and also fewer respiratory events (P<0.05). Key measures were significantly more favorable in the E-OLS group compared to the L-OLS group.

      CONCLUSION: Both OLSs (L-OLS and E-OLS) were able to promote higher preservation of pulmonary function, greater recovery of functional capacity and better clinical outcomes following off-pump coronary artery bypass when compared to conventional mechanical ventilation. However, in this group of patients with reduced left ventricular function, initiation of the OLS intra-operatively was found to be more beneficial and optimal when compared to OLS initiation after intensive care unit arrival.

    Keywords: Coronary Artery Bypass, Off-Pump. Respiration, Artificial. Positive-Pressure Respiration.

  

   

   

  INTRODUCTION

  Open lung ventilation strategy (OLS) consists of the application of short periods of high inspiratory pressures (to open the collapsed alveoli) associated with a relatively high level of positive end-expiratory pressure (PEEP) - to keep the alveoli open and low tidal volumes[1]. Recently, this strategy has demonstrated to be efficient in promoting faster improvement in functional and clinical parameters (i.e., pulmonary function, functional capacity, and clinical outcomes) following off-pump coronary artery bypass grafting (OPCAB) when compared to conventional mechanical ventilation (CMV)[1]. In this previous study, no differences were found between the OLS initiated intra-operatively and after intensive care unit (ICU) arrival. Nevertheless, the study included only patients with preserved left ventricular function.

  Future investigations assessing OLS interventions focused on patients with left ventricular dysfunction undergoing OPCAB are needed to determine whether there are instances where intraoperative initiation of this strategy would be beneficial. Therefore, the purpose of this study was to compare pulmonary function, functional capacity, and clinical outcomes amongst three groups of patients with left ventricular dysfunction following OPCAB: 1) CMV; 2) CMV plus early OLS (E-OLS); and 3) CMV plus late OLS (L-OLS).

   

  METHODS

  This study was conducted at Universidade Federal de São Paulo, São Paulo, Brazil. The Human Ethics Research Committee of our institution approved this study and every patient gave informed written consent. We prospectively studied 61 patients with stable obstructive coronary artery disease and ventricular dysfunction (left ventricular ejection fraction <45%), who electively underwent firsttime OPCAB between January 2007 and June 2012. Patients were excluded if: 1) were submitted to emergency CABG or reoperation; 2) presented with acute or chronic pulmonary disease; 3) presented with an intraoperative event (e.g., pulmonary edema, arrhythmias, and cardiac arrest); or 4) required prolonged time of CMV (>24 hours). Randomization was undertaken by a computer software and the patients were allocated into three groups: 1) CMV (n=21); 2) L-OLS (n=20); and 3) E-OLS (n=20). We used numbered, sealed and opaque envelopes to guarantee confidentiality. Pulmonary function and clinical outcomes served as primary endpoints. Functional capacity was our secondary endpoint.

  Endpoints

  The endpoints and the operative technique in this study followed the standard employed in our former report[1].

  Pulmonary function was evaluated at the bedside by forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1), on the day before surgery and on postoperative days (POD) 1, 3, and 5, by the same physiotherapist blinded to the patient's group allocation. The evaluation was performed by a portable spirometer (Spirobank G, MIR, Rome, Italy), in accordance with the American Thoracic Society guidelines[2].

  Arterial blood samples were collected for the analysis of partial pressure of arterial oxygen (PaO2) and partial pressure of arterial carbon dioxide (PaCO2) on the preoperative period and on POD1, always before spirometry with the patient breathing room air. Pulmonary shunt fraction was calculated using the Oxygen Status Algorithm software (Version 2.0; Mads&Ole Siggaard; Radiometer).

  The six-minute walk test (6MWT) was applied for evaluation of submaximal functional capacity. An experienced physiotherapist, blinded to the patient's group assignment, conducted the 6MWT on the day before surgery and on POD5, in accordance with the American Thoracic Society guidelines[3]. For all patients, predicted 6MWT distances were preoperatively calculated according to the equation proposed by Iwama et al.[4].

  Intraoperative

  The same anesthetic regimen was used for all patients. Anesthesia was induced with etomidate and midazolam and maintained with sufentanil and isoflurane (0.5% to 1%). According to our previous randomization, after the intubation procedure, the patients were allocated to one of the three groups, and ventilated by the same mechanical ventilator (Takaoka, Brazil):

  
    • Conventional mechanical ventilation group (n=21): These patients were used as our control group. CMV was started with volume control ventilation immediately after intubation and the following settings were adopted: 1) tidal volume of 8 mL/kg of predicted body weight; 2) 0 cmH2O PEEP, inspiration/expiration ratio of 1:2; 3) fraction of inspired oxygen (FiO2) set to guarantee a PaO2 between 80 and 100 mmHg; and 3) respiratory rate adjusted to keep PaCO2 between 35 and 45 mmHg. After surgery, the patients were transported to the ICU using a portable mechanical ventilator (Takaoka, Brazil), maintaining the same ventilatory settings, but with PEEP at 5 cmH2O. After ICU arrival, ventilation continued with PEEP at 5 cmH2O and the other aforementioned settings were maintained until the weaning started.

    • Late open lung strategy group (n=20): The same parameters used in the CMV group were followed after intubation, during surgery, and during transport to the ICU. Thirty minutes after ICU arrival, CMV was changed to an OLS, which was maintained until extubation. The OLS was initiated in pressure-controlled ventilation mode with the following settings: 1) FiO2 to keep the PaO2 between 80 and 100 mmHg, 10 cmH2O PEEP; 2) inspiration/expiration ratio of 1:2; 3) inspiratory pressure to achieve a tidal volume of 6 mL/kg of predicted body weight; and 4) respiratory rate adjusted to maintain a PaCO2 between 35 and 45 mmHg. Additionally, as part of the OLS, a lung re-expansion maneuver was employed by increasing peak inspiratory pressure to 40 cmH2O for 15 seconds to keep the PaO2/FiO2 ratio higher than 375 mmHg. If the PaO2/FiO2 ratio decreased below 375 mmHg due to an accidental disconnection, a new re-expansion maneuver was implemented. The OLS was maintained until the weaning procedure started.

    • Early open lung strategy group (n=20): These patients underwent pressure-controlled ventilation with OLS as previously described, but starting immediately after intubation. Ventilation according to the OLS was kept during the entire operative period and in the ICU. During surgery, whenever lung expansion blocked surgical exposure, PEEP was decreased to 5 cmH2O to construct the distal grafts, and lung deflation time was documented. We restored the ventilation settings used before the lung deflation as soon as possible. In addition, a lung re-expansion maneuver was performed by increasing peak inspiratory pressure to 40 cm H2O for 15 seconds to achieve a PaO2/FiO2 ratio greater than 375 mmHg. After surgery, the patients were transferred to the ICU using a portable mechanical ventilator (Takaoka, Brazil), and the same ventilatory settings were maintained. Ventilation with an OLS as previously described was kept until weaning initiation.

  

  Operative Technique and Postoperative

  The procedure was carried out according to our standardized protocol[5]. During surgery, temperature and preload were continuously monitored and a heated water mattress was used to maintain all patients normothermic. The OPCAB surgery was performed through a median sternotomy. The left internal thoracic artery was harvested by skeletonized technique and complemented with additional saphenous vein grafts. OPCAB followed our standards, with systemic heparinization to achieve an activated clotting time of over 250 seconds; proximal soft silicone snare was used for temporary occlusion of the grafted coronary artery. Distal anastomosis was accomplished with a 7-0 running polypropylene suture and stabilization was achieved with an Octopus 3 (Medtronic, Inc, Minneapolis, MN, USA), which was used in all cases. The vein top ends were connected to the ascending aorta using tangential clamping.

  After surgery, the patients were transferred to the ICU and ventilated according to CMV or OLS protocols, determined by previous randomization. When the patient was able to trigger the ventilator, we changed the ventilatory mode to pressure support ventilation. To compensate for the circuit and endotracheal tube resistance, a support level of 7 cmH2O was adopted. PEEP was adjusted to 10 cmH2O in both OLS groups and it remained unchanged during weaning until complete extubation. We kept PEEP levels in the CMV group at 5 cmH2O. Extubation was done when the patient was alert to maintain self-ventilation and had good blood gas values as well as hemodynamic stability. During the first 5 POD all patients received the same analgesia regimen (tramadol chlorhydrate - 100 mg four times a day). Pain sensation was evaluated on POD1, always before spirometry, and quantified by a modified standard score (0=no pain to 10=unbearable pain). The drains (mediastinal and/or pleural) were routinely removed on POD2. On the postoperative period, the patients were guided by a physiotherapist to perform breathing exercises until discharge.

  Clinical Outcomes

  Time on assisted ventilation, postoperative in-hospital length of stay, and respiratory events (pleural effusion, pneumothorax, atelectasis, and pneumonia) were documented according to our previous methodology[1]. Chest roentgenograms, obtained preoperatively and on POD1, 3 and 5, were evaluated by a radiologist blinded to the patient's group allocation.

  Statistical Analysis

  Data are reported as mean ± standard deviation. Based on a previous study[6], the sample size calculation considered FVC at POD1, taking into account a significance level of 5% and 80% power to detect a difference between groups of at least a 400 ml decrease compared to the preoperative period. This assumption suggested a sample of 60 patients, resulting in a total of 75 patients to account for subjects not completing the study. The values of FVC, FEV1 and 6MWT distance were expressed as a percentage of the preoperative value. Within–group variables comparing preoperative versus postoperative values were evaluated by paired Student t test and repeated measures ANOVA. The unpaired Student t test and the Mann-Whitney test for comparison between groups were used when necessary. The categorical variables were analyzed by the Pearson Chi-square test. A P-value <0.05 was considered statistically significant for all tests. Statistical analyses were performed using GraphPad Prism 3.0 Software (GraphPad Software Inc, San Diego, CA, USA).

   

  RESULTS

  During the study period, 102 patients were assessed for eligibility and, from that sample, 61 were in fact analyzed (Figure 1). The groups were homogenous in terms of perioperative characteristics (Table 1).
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  Regardless of the mechanical ventilation strategy, all groups demonstrated a significant impairment in pulmonary functional parameters (FVC and FEV1) until POD5, in comparison with preoperative values (P<0.05). However, the E-OLS group showed higher FVC and FEV1, expressed as a percentage of the preoperative value, on PODs 1, 3 and 5, compared to the L-OLS and CMV groups. When the L-OLS and CMV groups were compared to each other, pulmonary function variables were significantly higher in the L-OLS group in comparison with the CMV group (Table 2).
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  Similar results were found when other variables were compared. A significant increase in pulmonary shunt fractions and a drop in PaO2 at POD1 were observed in all groups in relation to preoperative data (P<0.05). However, the E-OLS group showed higher values of PaO2 and reduced pulmonary shunt fractions when compared to the L-OLS and CMV groups. A significant difference was observed in terms of the aforementioned variables when the L-OLS and CMV groups were compared. The L-OLS group presented higher values of PaO2 and decreased pulmonary shunt fractions compared to the CMV group. The PaCO2 values increased in the three groups and similar results were found amongst them (Table 3).
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  On POD5, a significant decrease was observed for the 6MWT distance in all groups (P<0.05). However, the distance (expressed as percentage of the preoperative value) was significantly higher in the E-OLS group (81.13±1.67%) when compared to the L-OLS (74.87±1.49%) and CMV group (68.12±2.09%); P<0.001. When the distance covered by the L-OLS and CMV groups was compared to each other, the L-OLS group presented a higher significant difference in relation to the CMV group (P<0.05).

  Adverse postoperative respiratory events (atelectasis, pleural effusion and pneumonia) were higher in the CMV group compared to both OLS groups until POD5. When the L-OLS and E-OLS groups were compared to each other, a significantly higher prevalence of atelectasis and pneumonia was observed in the L-OLS group (Table 4). No cases of pneumothorax were observed in any of the three groups.
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  Mechanical ventilation time and length of hospital stay after OPCAB was shorter in the E-OLS group in comparison to the other ones. However, the CMV group presented with a significantly longer time of intubation and hospitalization in comparison to the L-OLS group (Table 4).

  During application of the E-OLS, lung inflation impaired surgical exposure in 6 patients, necessitating the decrease of PEEP from 10 to 5 cmH2O to construct the distal grafts, resulting in a mean deflation time of 8.7±1.1 minutes.

   

  DISCUSSION

  In the present study, the OLS demonstrated better preservation of pulmonary function and recovery, functional capacity recovery, and clinical outcomes when compared to CMV in patients with left ventricular dysfunction who underwent OPCAB, especially when the OLS was applied earlier. Similar results were found in a study by Miranda et al.[7]. However, in this previous study[7], the patients had preserved left ventricular ejection fraction, which is a key characteristic differing from patients included in the current study. According to the literature assessing the on-pump surgical technique, the early reperfusion period is characterized by a high incidence of regional or global ventricular dysfunction, even in patients with a normal preoperative ejection fraction[8,9]. Perhaps this fact has contributed to the similarity of results in the present and previous investigations, despite the differences existent in terms of cardiac function amongst the aforementioned studies. In addition, evidence suggests that cardiopulmonary bypass produces greater impairment in lung function when compared to OPCAB in the early postoperative period[10-12]. OPCAB has been demonstrated to afford better outcomes in patients with left ventricular dysfunction compared to the on-pump technique[13].

  To our knowledge, this is the first study comparing the aforementioned outcomes between OLS and CMV in patients with left cardiac dysfunction who underwent OPCAB. Previous investigations demonstrated that OLS is more effective in preserving key clinical parameters and/or outcomes when compared to CMV in patients with preserved cardiac function[1]. Therefore, the novel aspect of the current study is the evaluation of the OLS on pulmonary function, functional capacity, and clinical outcomes in a population with impaired left ventricular function.

  In our previous investigation[1], unlike what was observed in the present study, no differences were found in relation to pulmonary function (FVC and FEV1) when E-OLS and L-OLS were compared. We believe that, in the previous study, patients with preserved cardiac function may have counterbalanced the aggressive fluid infusion needed to maintain hemodynamic stabilization and allow for heart displacement to construct the distal grafts, thereby preserving the lungs. Moreover, the lower negative impact on spirometric data in the E-OLS group observed in this study may be related to the relatively high level of PEEP (10 cm H2O) that kept the alveoli open and possibly promoted a more effective fluid distribution during ventilation in the intraoperative period. This mechanism may explain other findings, in particular, the group of patients with better pulmonary function preservation also presented with better oxygenation and lower pulmonary shunt fractions. Previous evidence suggests that PEEP could improve oxygenation during the early postoperative phase of cardiac surgery[14-18]. We hypothesize that this improvement in gas exchange could be associated with the reexpansion maneuvers (for pulmonary opening) associated with PEEP, which maintained the alveoli open.

  Our previous investigation[1] also demonstrated an association between pulmonary function impairment and greater loss in functional capacity. This association was also observed in the present study; the patients with poorer pulmonary function (e.g., CMV and L-OLS groups) also had shorter 6MWT distances.

  According to previous research, due to the multifactorial impairment of pulmonary function[5,19-23], there is a significant risk of respiratory complications during the postoperative period, which may result in prolonged time of mechanical ventilation, longer postoperative hospital stay, and possibly death[5,20,21]. Those results are in agreement with our findings; the CMV and L-OLS groups with greater pulmonary function impairment also showed a significantly greater intubation time and hospital stay in comparison to the E-OLS group.

  Clinical Implications

  In the present study, the OLS intervention was responsible for better preservation of respiratory and functional capacity, lower prevalence of respiratory events and reduction in hospital stay in patients with left ventricular dysfunction undergoing OPCAB. We also observed that the earlier we begin the OLS in this profile of patients, the greater the beneficial effects are. These findings may allow for the stratification of patients regarding ventilatory strategies to be adopted, possibly having a positive impact on the patient's ability to perform activities of daily living upon discharge.

  Study Limitations

  Technical difficulties were found in performing the grafts in 6 patients when a 10 cmH2O PEEP was used due to surgical exposure obstruction by the hyperinflated lungs. In those cases, PEEP was decreased to 5 cmH2O. However, PEEP was reduced for graft construction for a small period of time (approximately 9 minutes); a reexpansion maneuver was applied to minimize this derecruitment and PEEP was restored soon as possible. Thus, we believe that those maneuvers did not significantly influence our study findings.

   

  CONCLUSION

  Both OLSs (L-OLS and E-OLS) were able to promote higher preservation of pulmonary function, greater recovery of functional capacity, and better clinical outcomes following OPCAB when compared to CMV. However, in this group of patients with reduced left ventricular function, initiation of the OLS intra-operatively was found to be more beneficial and optimal when compared to OLS initiation after ICU arrival.
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    ABSTRACT

    OBJECTIVE: This study aims to compare three different surgical approaches for combined coronary and carotid artery stenosis as a single stage procedure and to assess effect of operative strategy on mortality and neurological complications.

      METHODS: This retrospective study involves 136 patients who had synchronous coronary artery revascularization and carotid endarterectomy in our institution, between January 2002 and December 2012. Patients were divided into 3 groups according to the surgical technique used. Group I included 70 patients who had carotid endarterectomy, followed by coronary revascularization with on-pump technique, group II included 29 patients who had carotid endarterectomy, followed by coronary revascularization with off-pump technique, group III included 37 patients who had coronary revascularization with on-pump technique followed by carotid endarterectomy under aortic cross-clamp and systemic hypothermia (22-27ºC). Postoperative outcomes were evaluated.

      RESULTS: Overall early mortality and stroke rate was 5.1% for both. There were 3 (4.3%) deaths in group I, 2 (6.9%) deaths in group II and 2 (5.4%) deaths in group III. Stroke was observed in 5 (7.1%) patients in group I and 2 (6.9%) in group II. Stroke was not observed in group III. No statistically significant difference was observed for mortality and stroke rates among the groups.

      CONCLUSION: We identified no significant difference in mortality or neurologic complications among three approaches for synchronous surgery for coronary and carotid disease. Therefore it is impossible to conclude that a single principle might be adapted into standard practice. Patient specific risk factors and clinical conditions might be important in determining the surgical tecnnique.

    Keywords: Coronary Artery Bypass. Endarterectomy, Carotid. Carotid Artery Diseases.

  

   

   

  INTRODUCTION

  Co-existence of coronary and carotid artery disease is common in clinical practice. It has been reported that the incidence of carotid artery disease in patients scheduled for coronary revascularization is 2.8%-22% and the incidence of coronary artery disease in patients scheduled for carotid endarterectomy (CEA) is 28-40%[1,2]. Simultaneous CEA and coronary artery bypass grafting (CABG) was first described by Bernhard et al.[3], in 1972. Since then, the most efficacious and safest surgical procedure, minimizing mortality and neurological complications, has been sought, but there is still no clear consensus on the ideal approach.

  The aim of this study is to compare safety and efficacy of different surgical techniques for combined CABG and CEA, with the main outcome measures being the in-hospital neurologic complications and mortality.

   

  METHODS

  This retrospective study involves 136 patients who had concomitant CABG and CEA in our institution, between January 2002 and December 2012. The institutional review board of the hospital approved the study. Preoperative, intraoperative and postoperative data of patients were reviewed from patient records.

  Mean age of patients was 65.9 years. There were 29 (21.3%) females and 107 (78.7%) males. Most of the patients (94.1%) had multivessel coronary involvement and only 8 (5.9%) patients had single vessel disease. Previous myocardial infarction (MI) was observed in 54 (39.7%) patients and 106 (77.9%) patients had unstable angina pectoris (USAP). Carotid duplex scanning was routinely performed in patients scheduled for coronary revascularization. Symptomatic patients with stenosis of more than 70% were considered for combined operation. Asymptomatic patients were further evaluated with conventional or tomographic angiography before decision making for combined surgery. Thirty two (23.5%) patients had history of stroke and 19 (13.9%) had history of transient ischemic attack (TIA), and 85 (62.5%) patients were asymptomatic. Bilateral involvement of carotid arteries was reported in 94 (69.1%) patients. Patients with permanent neurological deficit and patients having concomitant procedures besides revascularization were excluded. Demographic characteristics are presented in Table 1.
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  Preoperative neurological status of patients was defined as follows:

  
    • Asymptomatic: without any warning neurological symptoms within 3-6 months[4];

    • Transient ischemic attack (TIA): a syndrome of acute neurological dysfunction referable to the distribution of a single brain artery and characterized by symptoms lasting less than 24 hours[5];

    • Transient stroke: neurological symptom duration between 24 hours to 7 days[5];

    • Stroke: focal or global neurological dysfunction that persist more than 7 days[5];

    • Amaurosis fugax: a sudden transient (persists for < 60 minutes) monocular visual loss[5];

    • Perioperative neurological event: any new sensory or motor neurological deficit, TIA, stroke[5];

    • Perioperative MI: elevation of myocardial enzymes (serum creatine kinase-myocardial band or troponin T level) more than 5 times the normal reference range in the first 72 hours following CABG, in association with appearence of new Q waves or left bundle brach block[6].

  

  Surgical Technique

  Patients were divided into 3 groups according to the surgical technique used:

  
    • Group I included 70 patients underwent CEA first, followed by coronary revascularization with on-pump technique.

    • Group II included 29 patients underwent CEA, followed by coronary revascularization with off-pump technique.

    • Group III included 37 patients underwent coronary revascularization with on-pump technique followed by CEA under aortic cross-clamp and systemic hypothermia (22-27ºC).

  

  In the first group of patients, operation started with CEA and saphenous vein harvesting under general anesthesia. Carotid arteries were explored in standard manner, then clamped and opened, followed by endarterectomy using a carotid shunt in most of the cases. Arteriotomy was closed directly or by using saphenous patch, then it was deaired and clamps were released. Leaving the incision open to avoid hematoma formation, cardiac part of the operation was iniated with a standard median sternotomy. After this, left internal mammarian artery was harvested, cardiopulmonary bypass was established with standard aortic arterial-unicaval venous cannulation and systemic heparinization. Body temperature was lowered to 30-32ºC. Antegrade or combined antegrade-retrograde blood cardioplegia was used for cardiac arrest and myocardial protection. After distal anastomosis was completed, cross-clamp was removed and proximal anastomosis was constructed with a partial occlusion clamp while the patient was being rewarmed. With discontinuation of cardiopulmonary bypass, heparin was reversed and both incisions were closed in routine fashion.

  In the second group of patients, CEA was applied as described, followed by coronary revascularization with off-pump technique using mechanical stabilizers. Proximal anastomoses were performed with a partial occlusion clamp in an area of ascending aorta deemed free of atherosclerotic disease.

  In third group of patients, surgery started with the cardiac procedure. Cardiopulmonary bypass was established in routine manner, and after this, distal anastamosis were constructed. Continuous retrograde blood cardioplegia was used and patients were cooled to a mean systemic temperature of 25ºC (22ºC-27ºC) for cerebral protection. Afterwards cardiac procedure finalization, CEA was performed in the same manner, except without using a shunt while the aorta remained clamped. The remaining part of cardiac procedure was completed while the patient was being warmed to normal systemic temperature of 37ºC.

  Statistical Analysis

  Statistical analysis was performed using the Statistical Package for Social Science (SPSS) version 15.0 for Windows. Data were analysed using descriptive statistical methods (mean, standard deviation, frequency) and qualitative data were compared using Chi-square test for categorical variables. Quantitative data were analysed using Student t test for comparing intergroup differences of continous parameters. Kruskal Wallis and Mann Whitney U tests were used for comparing quantitative parameters not normally distributed between groups.

  Statistical significance was assessed with P value less than 0.05.

   

  RESULTS

  Preoperative characteristics were not significantly different between groups in terms of cardiac and neurological status. History of previous myocardial infarction was present in 24 (34.3%) patients in group I, 14 (48.3%) in group II and 16 (43.2%) in group III (P>0.05). Twenty five (35.7%) patients in group I, 10 (34.5%) in group II and 16 (43.2%) in group III had prior neurological event (TIA/stroke) (P>0.05). (Table 1)

  The average number of grafts was 2.95 with mean aortic cross clamp (ACC) time of 59.95±24.72 minutes and cardiopulmonary bypass (CPB) time of 90.70±28.99 minutes in group I and 2.56 grafts with ACC of 91.10±40.44 and CPB time of 131.45±33.98 minutes in group III. ACC and CPB times were significantly longer in group III compared to group I (P<0.01). Carotid shunt was used in 95.7% of patients in group I and 93.1% of patients in group II. Carotid shunt was not used in any case in group III. There was no significant difference between groups in terms of carotid artery closure technique; in group I carotid patchplasty was prefered for 40 (57.1%) patients, in group II for 17 (58.6%) patients and in group III for 22 (59.5%) patients (Table 2).
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  Overall early mortality was 5.1%. Cardiac events were responsible for 57.1% of mortality and 28.5% were due to neurological events. There were 3 (4.3%) deaths in group I; one was due to perioperative MI, the second was due to postoperative stroke and third one was following acute renal insufficiency complicated by infection and multiorgan failure. The 2 (6.9%) deaths in group II, one was due to MI and the other one was due to stroke. There were 2 (5.4%) deaths in group III, both were attributed to cardiac events, patients required inotrophic and intraortic baloon pump support and were lost due to low cardiac outcome syndrome. Statistically no significant difference was detected among groups in terms of mortality rates (P=0.860). Although ACC and CPB times were significantly longer in group III compared to group I (P=0.001), this difference did not contribute to mortality rates. No statistically significant difference was observed for mortality rates among the groups.

  Eleven (15.7%) patients in group I, 2 (6.9%) in group II and one patient (2.7%) in group III had perioperative neurologic events, including amaurosis fugax, recurrent laryngeal nerve paralysis, extremity weakness, TIA and stroke. Although no statistical difference was analysed between three groups (P=0.086, P>0.05) for neurological events, post-hoc analysis between groups I and III, identified a significant difference in favor of group III (P=0.048, P<0.05).

  Stroke was observed in 5 (7.1%) patients in group I. One patient, who did not awake from anesthesia, was detected to have bilateral infarcts in cranial tomography and died on the 4th postoperative day. Other 4 patients were referred for early physical rehabilitation and recovered almost completely. Two (6.9%) patients in group II had stroke. One patient that had bilateral carotid lesions (one site >70% stenosis, the other site with 50-69% stenosis) and preoperative MI, had stroke on the contralateral site and this patient died on 11th postoperative day. Other patient was left with minor sequelae in upper extremity. There was not any stroke observed in group III, and only one patient had recurrent laryngeal nerve palsy which recovered completely. No statistically significant difference was observed for stroke rates among the groups.

  Patients in group I had longer intensive care unit (ICU) and hospital stay compared to patients in group II (P<0.05) in post-hoc analysis, but there were no significant difference between groups I and III and between groups II and III (Table 3).
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  DISCUSSION

  Stroke is one of the major causes of morbidity and mortality after coronary revascularization[7]. Carotid artery disease has been shown to be an important etiological factor in postoperative stroke[8]. Naylor et al.[9], in their review article, reported the incidence of stroke following a total of 190449 CABG to be 1.5-2.0%, but in case of co-existing severe carotid artery disease, the risk increases to 6.7%. Once happens, mortality of post-CABG stroke was reported to be 23.1%. Nwakanma et al.[10] stated that adding CEA to CABG did not increase short and long term morbidity and mortality, and combined procedure can be done safely in this high risk group of patients.

  Optimal surgical treatment for patients having concomitant severe coronary artery and carotid artery stenosis remains uncertain. There are different surgical techniques that may be chosen depending on the patient characteristics, severity and morphology of lesions in vascular beds, the experience and preference of the center and the surgeon. Surgical options include staged approaches in which CEA or CABG are performed following one another with a certain time interval in between and synchronous approach in which CEA and CABG are performed under same anesthesiology session. Although several studies report higher mortality and stroke rates with combined surgery compared to staged surgery[11-13], most of the papers report comparable and better outcomes with synchronous procedures[14-17]. Outcomes of different studies documenting the results of synchronous surgery vary widely, with a stroke rate between 1% to 4% and mortality rate between 1% to 5.4%[16,18-20]. This variation might be due to patient profiles included in the studies (symptomatic versus asymptomatic). In our study stroke rate was 5.1% which is higher than would be expected, but 37.4% of our patients were symptomatic and 69.1% had bilateral involvement of carotid arteries.

  Postoperative stroke is believed to be multifactorial; besides carotid artery disease, atherosclerosis of ascending aorta is an important source of emboli in on-pump CABG. Inadequate cerebral perfusion pressure, systemic vasodilatory response, risk of atheroembolization due to cannulation and aortic clamping, increase the risk of operative stroke during CPB[21-24]. In order to avoid these factors, some centers preferred off-pump coronary revascularization with CEA. Meharwal et al.[22] reported results of their 82 patients who had combined CEA and off-pump CABG without stroke and mortality, stating off-pump CABG avoids cardiopulmonary bypass as one of the contributing factors for stroke. Two years later the same group reported that this procedure is safe and effective, with shorter intubation time, intensive care unit stay and hospital stay even in a group of patients with high risk for perioperative stroke due to aortic arch atherosclerosis, advanced age, severe ventricular dysfunction besides carotid artery disease[24]. The study by Gopaldas et al.[16], also supported off-pump CABG to be associated with lower stroke risk than on-pump CABG in synchronous surgery group. In our clinic, off-pump CABG has been in practice since 1993, and is mainly preferred for single or double vessel revascularization. A previous study by Eren et al.[25] from our center reported no stroke and 3.7% mortality for patients who had CEA and simultaneous off-pump CABG. In the literature, reported rate of mortality is between 0-4.5% and rate of stroke is between 0-3.1% for combined CEA and off-pump CABG[16,21-24]. In this group of patients, our mortality and stroke rates were 6.9% for both. One of the mortalities was secondary to stroke in a high risk patient with bilateral carotid lesions and recent MI who was probably operated by off-pump technique due to this profile. We did not observe any further benefit with off-pump technique compared to on-pump technique, except for shorter intensive care unit and hospitalization times.

  Systemic hypothermia reduces the metabolic tissue rate and is generally employed for neuroprotection during cardiac and aortic surgeries. Khaitan et al.[26] reported simultaneous CEA and CABG during single cross-clamp, under 25°C of hypothermia for further cerebral protection, as a safe technique with a mortality rate of 5.8% and stroke incidence of 5.8%. Guibaud et al.[27] also stated hypothermia below 28°C provides better cerebral protection especially for patients with bilateral carotid lesions. Eren et al.[28] reported the results of the first 15 patients of our center being operated under 25°C of hypothermia without stroke and mortality.

  Although statistically it was not found to be an important difference among groups, there was no postoperative stroke in group III. There was a statistically significant relation between postoperative stroke and body temperature; systemic temperatures > 28°C, increase stroke risk 6.7 times (OR: 6.712; 95% CI: 0.831-54.192). In contrast to this benefit, hypothermia was found to increase risk of myocardial infarction 3.5 times (OR: 3.490; 95% CI: 0.785-15.515). This might be due to increased ACC and CPB times which were increased significantly compared to group I and it might have contributed to cardiac event related to mortality seen in this group of patients.

  The main limitation of this study is its retrospective nature rather than being a prospective randomized clinical study. Patients were not divided into different surgical treatment groups depending on pre-determined criteria and the decision of using off-pump technique or moderate hypothermia was surgeon dependent. Although preoperative characteristics were not significantly different among groups in terms of cardiac and neurological status, this might have created bias.

   

  CONCLUSION

  In this study, we aimed to compare different management techniques of synchronous surgery for coronary and carotid disease, in order to obtain a consensus regarding the best approach. Low rate of neurological events with hypothermia was de-emphasized by its detrimental cardiac effects. We found no advantage of one technique over the other; therefore it was impossible to conclude that a single principle might be adapted into standard practice. Patient specific risk factors and morphology of the atherosclerotic disease might be more important determinants of postoperative morbidity and mortality rather than the surgical technique.
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    ABSTRACT

    OBJECTIVE: This study aims to assess the preoperative nutritional status of patients and the role it plays in the occurrence of clinical complications in the postoperative period of major elective cardiac surgeries.

      METHODS: Cross-sectional study comprising 72 patients aged 20 years or older, who underwent elective cardiac surgery. The preoperative nutritional assessment consisted of nutritional screening, anthropometry (including the measurement of the adductor pollicis muscle thickness) and biochemical tests. The patients were monitored for up to 10 days after the surgery in order to control the occurrence of postoperative complications. The R software, version 3.0.2, was used to statistically analyze the data.

      RESULTS: Clinical complications were found in 62.5% (n=42) of the studied samples and complications of non-infectious nature were most often found. Serum albumin appeared to be associated with renal complications (P=0.026) in the nutritional status indicators analyzed herein. The adductor pollicis muscle thickness was associated with infectious complications and presented mean of 9.39±2.32 mm in the non-dominant hand (P=0.030). No significant correlation was found between the other indicators and the clinical complications.

      CONCLUSION: The adductor pollicis muscle thickness and the serum albumin seemed be associated with clinical complications in the postoperative period of cardiac surgeries.

    Keywords: Nutrition Assessment. Postoperative Complications. Cardiac Surgical Procedures. Nutritional Status.

  

   

   

  INTRODUCTION

  According to the World Health Organization (2011), approximately 17 million people have died due to cardiovascular diseases (CVDs), i.e., three in each ten deaths[1]. Among these 17 million, 7 million died of ischemic heart disease and 6.2 million died due to cerebrovascular accident[1].

  Once the risk factors worsen or trigger the development of CVD, it is necessary to perform cardiac surgeries[2]. Myocardial revascularization and valve replacement stand out among these surgeries[2,3]. According to the Ministry of Health, approximately 275,838 circulatory system surgeries[4] were performed in 2013.

  Cardiac surgeries lead to metabolic changes and they may be defined as complex procedures responsible for relevant organic repercussions associated with changes in the physiological mechanisms[5]. Thus, several studies have shown great interest in studying clinical complications in the postoperative period of cardiac surgeries[6-10]. The time of hospital stay is also a factor of great relevance. A study found that the mean hospital stay time after cardiac surgeries is of approximately 10 days in the Brazilian Northeastern region; however, no time variation was found between different regions[3].

  Therefore, assessing the preoperative nutritional status may help adopting early nutritional interventions to patients at high risk of developing postoperative complications[5]. Thus, the preoperative nutritional status should be an important indicator to the selection of patients supposed to undergo surgery[11]. In light of the foregoing, the aim of the current study is to investigate the association between nutritional status and clinical complications in the postoperative period of major elective cardiac surgeries.

   

  METHODS

  The present study followed a cross-sectional design and it was conducted at Ana Nery Hospital and at Professor Edgard Santos Hospital Complex (COM-HUPES Complexo Hospitalar Professor Edgard Santos). Both hospitals are located in Salvador, Bahia State, Brazil.

  The sample size was estimated through the 58% prevalence of postoperative clinical complications found in the literature[10]. A standard deviation of 12 was adopted. A significance level of 5% was adopted to reject the equality hypothesis between ratios. The sample size was increased by 10%, due to the possibility of losses and refusals, thus totaling 72 individuals.

  Individuals from both genders, in the age group 20 years or older, who had undergone major elective cardiac surgery between August 2013 and January 2014, were included in the study. The following patients were not included in the study: patients subjected to angioplasty, pacemaker implantation and emergency cardiac surgery; patients who showed medical and physical conditions that prevented weighing or anthropometric measurements; patients diagnosed with infection, hepatic or renal dysfunctions; pregnant women; patients with acquired immunodeficiency syndrome (AIDS), cancer, and severe obesity (body mass index > 40 kg/m2); patients who refused to continue in the study; and patients with medical records missing relevant data. The preoperative variables were collected in the patients' records, namely: gender, age, clinical diagnosis, left ventricular ejection fraction and smoking history.

  The study protocol was approved by the Ethics Committee of the COM-HUPES- Federal University of Bahia, Brazil (385.042/2013). All subjects were informed about the aim of the present study, both orally and written. A written informed consent document was signed by the participants. The informed consent was in compliance with Resolution 466/12 of the National Health Council and Declaration of Helsinki.

  Variables Analyzed in the Preoperative Period

  The patients underwent nutritional assessment after the surgical indication was confirmed. The following parameters were used: 1. Nutritional screening – performed within 72 hours after hospitalization; 2. Anthropometry; 3. Preoperative Biochemical Testing: serum albumin, lymph cytometry, total cholesterol, LDL-c (Low Density Lipoproteins), HDL-c (High Density Lipoproteins), and triglycerides. Data of all examinations were collected from the medical records of the patients.

  The nutritional screening of the patients was performed through the NRS2002 (Nutritional Risk Screening) "score", according to disease severity (classified as mild, moderate and severe), to weight loss in the last three months, to food intake, and to body mass index (BMI)[11]. After the summation, the participants were classified as "no nutritional risk" (score lower than three) and "at nutritional risk" (score higher than or equal to three)[11].

  The anthropometric assessment consisted of measurements such as: usual weight, percentage of unintentional weight loss in the last six months, current weight, BMI calculation (kg/m2), arm circumference, triceps skinfold, waist circumference, adductor pollicis muscle (APM) thickness in the dominant (right) and non-dominant hand, subscapular skinfold, sum of the two folds (triceps and subscapular), height, and corrected arm muscle area. The knee height was used to estimate height. Arm muscle and calf circumferences were used to assess the muscle mass of patients age 60 years or older. The anthropometric parameters obtained herein were used according to the previously described methods[11-14], which were interpreted through percentilereference tables by taking age and gender into consideration[15].

  The weight loss percentage was used to calculate the difference between usual weight and current weight divided by the usual weight. Values higher than 10% were classified as significant or severe weight loss[16]. The patients were weighed on the Glass 200 G Tech® digital scale, with 0.1 g accuracy and maximum capacity 200 kg. Height was measured in the Seca® portable stadiometer with 2.20-m scale. The skinfolds[13] and the APM[14] were measured using the Lange® scientific skinfold caliper. The circumferences were measured using the TBW® inelastic tape. The height of the elder patients was estimated according to leg length (knee height) using the Caumaq® infantometer.

  The BMI resulted from the division of the current weight (kg) by the squared height (m). The BMI-based nutritional status classification followed the criteria suggested by World Health Organization (2000) and Lipschitiz (1994) for adults and seniors, respectively[17,18].

  The waist circumference was measured two centimeters above the umbilicus in order to standardize the measures and it was classified according to the cut-off points established herein[17]. The APM was measured according to the described technique[14]. All the herein described anthropometric measurements were performed in duplicate, and the mean of each measure was considered as real value. The three appraisers have been properly trained to minimize interappraiser errors. The calculation of the total lymphocyte count (TLC) was performed as described in the literature[16].

  Variables Analyzed in the Postoperative Period

  The transoperative variables recorded herein were: heart surgery type, cardiopulmonary bypass (CPB) and anoxia times (minutes); time (days) on mechanical ventilation; time (days) in the coronary care unit (CCU), hospitalization time (days), and death events.

  Surgical complications were assessed for up to 10 days after surgery, according to the time estimated in studies about hospital stay in the postoperative period of cardiac surgeries[3]. The complications were stratified as: Cardiac complications - acute myocardial infarction, low cardiac output syndrome, and atrial fibrillation; Pulmonary complications - tracheal intubation for more than 48 hours after surgery, atelectasis, bronchoconstriction, acute respiratory distress syndrome, acute respiratory failure, pleural effusion, mechanical ventilationassociated pneumonia, and pneumothorax; Renal complications - increased serum creatinine equal to 0.3 mg/dL, decreased urine output, and need of dialysis at any time after surgery; Infectious complications - lung, urinary tract and surgical site infections, mediastinitis, and endocarditis; Gastrointestinal complications mesenteric ischemia, gastrointestinal bleeding, and abdominal inflammation or obstruction; Neurological complications cerebrovascular accident; Hematologic complications – bleeding, thrombotic events and hydroelectrolytic disorders (HED)[10].

  Statistical Analysis

  The database was developed in Excel 2010 and analyzed in the R software (version 3.0.2). The descriptive analysis (absolute/relative frequency, mean, standard deviation, and median) was used to identify the general and specific features of the studied sample. The Chi-square test or the Fisher's exact test was used to check the associations between the qualitative variables and the occurrence of complications. The Student's t test or the nonparametric Mann-Whitney test was used to find the associations between the quantitative variables and the occurrence of complications. The significance level was set at P<0.05. The results obtained herein are presented in the tables and charts developed in Word 2010.

   

  RESULTS

  The studied population comprised 72 male and female patients at mean age 52.2±14.5 years; 41.6% (n=30) of these patients were elder, and 50% (n=36) of them were women. According to the nutritional screening, only 8.3% (n=6) of the patients were at nutritional risk. Sample featuring is described in Table 1.
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  It was observed that 51.4% (n=37) of the patients subjected to cardiac surgery were classified as overweight; however, 13.9% (n=10) of them were underweight (Table 1). The anthropometric profile was featured through mean BMI 26.2±4.3 kg/m2 (Table 2), minimum 18.4 kg/m2 and maximum 36.5 kg/m2.
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  The analysis of body compartment distribution showed significant distribution of adipose tissue excess in adults, 66.7% (n=28); however, 11.9% (n=5) of the patients showed depleted adipose tissue. The highest rate of elderly patients showed adequate fat reserve, 83.3% (n=25). The present study shows that 14.3% (n=6) of the adult individuals presented depleted muscle reserves; however, the highest rate of it was found among the elderly patients, 33.3% (n=10). The mean values of these measures and of other nutritional status parameters are shown in Table 2. The mean APM thickness in the dominant hand was 11.4±3.4 mm, and that in the non-dominant hand was 11.2±3.5 mm (Table 2).

  According to the biochemical analysis, 12.5% (n=9) of the patients showed hypoalbuminemia and 38.9% (n=28) of them had some degree of depletion, which was demonstrated through the TLC. Table 2 describes these findings.

  Transoperative variables such as mean CPB and mechanical ventilation time are shown in Table 2. Only one of the patients included in the study was not subjected to CPB. The mean CCU stay time was 4±4.5 days, it ranged from 1 to 34 days, and the mean hospital stay time was 29.3±20.5 days (Table 2), minimum 9 and maximum 118 days.

  Postoperative clinical complications affected 62.5% (n=45) of the studied patients, and non-infectious complications were the most common ones (Figure 1); however, no patient presented gastrointestinal and neurological complications. As for the observed postoperative complications, 38.9% (n=28) of the patients presented at least one type of complication. Some of them had up to four different types of complications.
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  Age was not associated with postoperative complications (P=0.077). In addition, no significant association with gender was found in NRS 2002 (Table 3).
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  Although a large number of overweight patients have shown complications, there was no significant association between the BMI categories and the occurrence of postoperative complications (Table 3). The same happened with the serum albumin levels; approximately 66.7% (n=6) of the patients who had hypoalbuminemia showed postoperative clinical complications; however, they had no statistical significance. The TLC was another laboratory parameter used in the current study, and it showed no association with the occurrence of complications. However, according to the aforementioned indicator, 60.7% (n=17) of the individuals who experienced complications had some degree of depletion (Table 3). The mean APM thickness showed no significant difference (P=0.217) in both hands, as shown in Table 3.

  The CPB and CCU times were significantly higher in patients with postoperative complications (P=0.007 and P=0.001, respectively). The mean time in mechanical ventilation was slightly higher in individuals who had complications. However, there was no significant relationship with the occurrence of clinical complications in the postoperative period of cardiac surgeries (Table 3).

  Table 4 shows the stratification of postoperative clinical complications. It was observed that 66.7% (n=6) of the individuals who had hypoalbuminemia presented renal complications (P=0.026). However, the other nutritional status variables were not associated with postoperative clinical complications.
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  The CPB and CCU times showed statistically significant association with the occurrence of cardiac complications, as shown in Table 5. The time in mechanical ventilation and the CCU time were strongly associated with pulmonary complications. Age, CPB time and CCU time were associated with renal complications. Only the thickness of the non-dominant APM was associated with infectious complications (Table 5).
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  Five point five percent (5.5%) (n=4) of the patients died. However, the postoperative mortality was not associated with any of the analyzed variables.

   

  DISCUSSION

  The nutritional risk before the cardiac surgery has been associated with adverse effects in the postoperative period[5,19] due to increased catabolism and metabolic requirements[5].

  The NRS 2002 is a nutritional screening instrument used to identify nutritional risk in hospitalized patients[11]. A small portion of the herein studied population was classified as "at nutritional risk", and these data were lower than those found by other authors[11,19].

  Lomivorotov et assessed the predictive value from nutritional status screening instruments applied to patients undergoing cardiac surgery. They found that the NRS 2002 method was the least sensitive to malnutrition detection. Such finding supports the importance of developing an instrument designed for surgical cardiac patients. Such instrument must take into account the severity of the congestive heart failure and the clinical signs of cachexia[19]. Several studies have shown the association between nutritional status and high incidence of complications in the postoperative period of major cardiac surgeries[6,9,19,20].

  The findings have shown high prevalence of clinical complications in the postoperative period of cardiac surgeries, with prevalence of non-infectious complications. Such data meet the findings by Soares et al.[10], who found 58% prevalence of clinical complications. However, Lomivorotov et al.[19] have observed this prevalence in 42% of the patients, only.

  The renal complications were the most frequent ones among all the complications analyzed herein. They were followed by the hematological and infectious complications. These findings contradict another study, which showed that pulmonary complications were the most frequent ones. Such complications were followed by the cardiac and neurological ones[10]. These divergent results may be explained by the association between the postoperative complications and pre-existing diseases such as pulmonary diseases, as well as with smoking[2], age[21], impaired nutritional status[19], and obesity[20].

  Age has been linked to the occurrence of postoperative complications[21] and to postoperative mortality[21,22], because the aging process leads physiological reserve losses. Thus, it affects different systems at different levels, as in the case of renal dysfunction[9]. Our findings did not show association between age and mortality, and between age and the presence of postoperative complications. However, the stratification showed association between age and renal dysfunction, and this result corroborates that of another study[22].

  Regarding the nutritional assessment, the BMI is used in clinical practices as nutritional status indicator, since it is a low cost and easy to measure method. The overweight values of most studied individuals are similar to those found in another study[20], but they were higher than those found in other results[6,9].

  The association between BMI and mortality after cardiac surgeries remains controversial. Some studies found no significant correlation between high BMI levels and mortality[9,20]; however, other studies found positive association between high BMI and postoperative complications[7,20].

  The literature has shown that the BMI higher than 30 kg/m2 is predictive of increased risk of surgical site infections[7]. Contrary to such result, the current study found no association between BMI and the presence of clinical complications in the postoperative period of cardiac surgeries. Other authors showed findings similar to those in the current study[6].

  The bodily compartments and the adipose and muscle tissues showed no association with clinical complications. These findings meet the results found in valve heart disease patients subjected to cardiac surgery[6].

  The mean APM thickness values found in the current study differ from the results found by other authors[6,23]. The mean APM presented by valve heart disease patients subjected to valve replacement was lower than that found in the presented study. However, according to their study, 19% of the patients were classified as having some degree of malnutrition. Approximately 48% of these patients had significant lean body mass loss in the preoperative period[6]. These data contradict the findings in the present study, which has classified most of the patients as overweight.

  Lameu et al.[14] assessed 421 healthy subjects and found values similar to those found in the current study, mean 11.5±2.7 mm. It is worth highlighting that much of the studied population comprised overweight patients and some of the analyzed anthropometric indicators were related to body fat distribution; all indicators were proportional to the adiposity increase.

  Bragagnolo et al.[23] performed a cross-sectional study comprising 87 patients eligible for major surgery in order to determine the reliability of APM thickness and its correlation with other anthropometric, biochemical and clinical parameters. Their results showed that APM thickness was a reliable method to assess the nutritional status of patients undergoing surgery.

  There was significant association between APM thickness in the non-dominant hand and infectious complications, although a study performed with patients subjected to valve replacement has found such an association in patients with significant tropism loss in the adductor muscle, only (less than 6.5 mm)[6]. However, the study by Bragagnolo et al.[23] showed an average for the adductor pollicis muscle thickness to detect 13.4 and 13.1 mm malnutrition in the dominant and in the non-dominant hand, respectively.

  The CPB is used in most patients subjected to cardiac surgeries; however, it has been shown that CPBs longer than 90 minutes are predictors of renal complication development[24], since there is induction of systemic inflammatory condition[2,24]. The CCU time is approximately four times longer in these patients, despite the association with increased hospital mortality[22].

  The studied patients showed significant association between CPB time and the herein studied complications, besides the association with cardiovascular complications. Thus, the current study corroborates another study. The causes of renal complications are multifactorial and have been related to the type of surgery, to surgery duration and to CPB time[2,22,24].

  Our results corroborate the findings of other authors who showed that serum albumin was significantly associated with renal complications, since hypoalbuminemia is a renal failure predictor[7].

  Serum albumin, which is routinely used as nutritional status marker, is sometimes inconsistent with malnutrition detection[5], since it is influenced by factors such as catabolism[5], inflammatory activity of the disease, hospitalization, and liver and kidney diseases[19], although it is described as postoperative mortality prognostic indicator[5,7]. The findings in the present study show that albumin was not associated with death. Another variable associated with CPB time was the presence of pulmonary complications[2].

  With respect to the biochemical assessment, no difference was found between patients who had or not postoperative complications. However, these results contradict the literature, which shows association between TLC and infectious complications after cardiac surgeries[6].

  The results found herein in the studied population showed mean CCU time similar to that found in another study[2]; longer times were described by other authors[10]. A retrospective multicenter study performed in Brazil and a retrospective cohort study with patients undergoing cardiac surgery found mean stay time 3.8 days and 4 days in CCU, respectively[2,25], thus confirming our findings. Stay time longer than two days has been defined as prolonged[19]. However, in another study, the median post-surgical CCU durations were 5 days and the median hospital stay was 16 days, opposing the hospitalization time found in the present study[26].

  Contrary to the results found in patients subjected to cardiac surgery, the mean hospital stay was higher than that described in the literature[6,25,26].

  The mortality rates found in the current study were lower than those found in patients undergoing heart valve surgery[6,20]. This variation may be explained by the age and profile of the studied population.

  The data presented in the current study demonstrated that the impaired nutritional status of the patients has affected the surgical outcome after cardiac surgeries.

   

  CONCLUSION

  The preoperative nutritional status may be associated with postoperative complications in patients undergoing major elective cardiac surgeries. Albumin was associated with renal complications and the adductor pollicis muscle thickness was associated with infectious complications. Therefore, it becomes extremely important to study nutritional status indicators because they are effective surgical risk predictors in patients undergoing cardiac surgeries.
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    ABSTRACT

    OBJECTIVE: The aim of the study is to compare the available reference values and the six-minute walk test equations in healthy children/adolescents. Our systematic review was planned and performed in accordance with the PRISMA guidelines. We included all studies that established reference values for the six-minute walk test in healthy children/adolescents.

      METHODS: To perform this review, a research was performed in PubMed, EMBASE (via SCOPUS) and Cochrane (LILACS), Bibliographic Index Spanish in Health Sciences, Organization Collection Pan-American Health Organization, Publications of the World Health Organization and Scientific Electronic Library Online (SciELO) via Virtual Health Library until June 2015 without language restriction.

      RESULTS: The initial research identified 276 abstracts. Twelve studies met the inclusion criteria and were fully reviewed and approved by both reviewers. None of the selected studies presented sample size calculation. Most of the studies recruited children and adolescents from school. Six studies reported the use of random samples. Most studies used a corridor of 30 meters. All studies followed the American Thoracic Society guidelines to perform the six-minute walk test. The walked distance ranged 159 meters among the studies. Of the 12 included studies, 7 (58%) reported descriptive data and 6 (50%) established reference equation for the walked distance in the six-minute walk test.

      CONCLUSION: The reference value for the six-minute walk test in children and adolescents ranged substantially from studies in different countries. A reference equation was not provided in all studies, but the ones available took into account well established variables in the context of exercise performance, such as height, heart rate, age and weight. Countries that did not established reference values for the six-minute walk test should be encouraged to do because it would help their clinicians and researchers have a more precise interpretation of the test.

    Keywords: Cardiopulmonary Bypass. Adolescent. Cardiology. Child Health.

  

   

   

  INTRODUCTION

  The six-minute walk test (6MWT) is a functional test conceptually performed in a submaximal effort, which has been proposed to reflect activities of daily living[1]. Since the development of the 6MWT in the early 1970s[2], this test is growing its importance in clinical practice and research. This exercise test is enshrined in patients with several cardiopulmonary and metabolic disorders, such as chronic obstructive pulmonary disease, exercise tolerance in severely ill children, postoperative cardiac surgery, congenital heart disease and as predicted mortality in patients with heart failure[3-8].

  The 6MWT is growing its importance in clinical practice and in scientific context because it is of easy implementation, low cost and the maximal walked distance represents high prognostic value in several cardiopulmonary disorders[3,4]. This test is also widely used to assess exercise capacity before and after an intervention, such as an exercise-training program[2]. Briefly, patients are instructed to walk both ways for six minutes on a corridor around 30 meters, which is delimited by two cones. The maximum walked distance is the main outcome in the 6MWT[2].

  Although the 6MWT has been widely used in adults, its use in children and adolescents only increased significantly in the scientific literature over the past decade. In health children, the 6MWT has been proposed to be a reliable and valid functional test for assessing exercise tolerance[7]. Up to the present moment the literature brings the use of the 6MWT in children/adolescents with, congenital heart disease[6], severe cardiac impairment (pre cardiac transplantation or pulmonary)[8], cardiovascular disease, atherosclerosis, hypertension, and obesity in youth[9], asthma[10], cystic fibrosis[11], end-stage renal disease[12] and pulmonary hypertension[13].

  Measuring pretransplant 6-MWT tests for pediatric patients is valuable in predicting peri-operative outcomes after lung transplantation.

  Considering the worldwide interest in the 6MWT, many countries already have established reference values for their children/adolescents. Moreover, it is not uncommon that clinicians and researchers from a country use a foreign reference value for the 6MWT. In this context, reference values are crucial to a correct interpretation of the test in clinical practice and scientific field[14-25].

  The aim of this report was to perform a systematic review of the reference values and equations for the 6MWT in healthy children/adolescents published in the literature. Our hypothesis is that the published reference values for the 6MWT can be different between countries, what deserves some attention from clinicians and researchers.

   

  METHODS

  This systematic review was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement[26].

  Eligibility Criteria

  This systematic review was planned to include all studies that established reference values for the 6MWT in healthy children/adolescents. Studies were considered for inclusion regardless of language or size. Studies enrolling health children (from 4 to less than 12 years) and adolescents (from 12 to 18 years old) were included in this review[22]. We excluded studies: 1) that enrolled adults; 2) with unclear description of the population; 3) that used any equipment to incentive, assistors motivate the participants; and 4) that enrolled participants with any musculoskeletal, neurological, cardiovascular or respiratory disorders.

  Outcome of Interest

  The main outcomes of interest were the reference value and the reference equation for the walked distance in the 6MWT established in different countries.

  Research Strategy

  We did a researched on PubMed, EMBASE (via SCOPUS), and COCHRANE, Latin American and Caribbean Health Sciences (LILACS), Spanish Bibliographic Index on Health Sciences (IBECS), Collection of the Pan American Health Organization (PAHO), Publications from the World Health Organization (WHO, WHOLIS) and Scientific Electronic Library Online (SciELO) via Virtual Health Library (VHL) until June 2015 without language restriction. A standard protocol was set and, whenever possible, a standardized vocabulary was used. The following terms were used in our research: "walk test", "children", "reference", "adolescent". We reviewed the reference list of the included studies in order to detect other potentially eligible studies.

  Data Collection and Analysis

  The research strategy was used to obtain titles and abstracts that might be relevant for our review. Two reviewers independently checked each title and abstract. If at least one of the reviewers considered one reference eligible, the full text was provided. Two reviewers also evaluated the full text articles and filled inclusion and exclusion criteria in a standard form. The reviewers discussed disagreements and a final decision was made by a third one[27].

  Two authors independently extracted data using standard data extraction forms, considering: 1) aspects of the study population, such as age, body mass index and gender; 2) if the test circuit is in accordance to the American Thoracic Society (ATS) guidelines; 3) length of the corridor (meters); 4) instructions; 5) encouragement; 6) standardization; 7) average of the walked distance; 8) reference equation for the walked distance; 9) side effects; 10) number of tests performed. A third reviewer resolved disagreements. Any relevant information about the selected studies was requested by e-mail.

  Quality of the Studies and Risk of Bias

  The risk of bias was assessed according to Standards for Reporting of Diagnostic Accuracy (STARD)[28]:

  
    1. Distribution by sex and age of the study population;

    2. Date of inclusion and follow-up period of the study;

    3. Test standard reference suitability of the chosen gold standard, evaluating whether this does not lead to misclassification of disease status;

    4. Technical aspects of testing;

    5. To evaluate the degree of data loss (missing data);

    6. Earnings original false and true-positive, false and truenegative. Eventually, this data can be estimated from sensitivity, specificity, and positive and negative values of endpoint or reference test;

    7. Guidelines for the gold standard and to examine research in a clear and representative form of the disease in question;

    8. The confidence intervals and the standard error for the examination of performance measures;

    9. The number of evaluators and their training for the exam in question and the gold standard;

    10. Review Bias Attendance: verify that the test results in the study were evaluated in a masked form for outcomes and other tests (independent interpretation);

    11. Verification Bias Attendance: the reference test may have been performed preferably in patients with positive tests, which is more frequent when the tests considered the gold standard are invasive. In this case, the selection of patients to perform the gold standard test is not random;

    12. If the reference test was applied to all patients. If the examination in research and the gold standard have not been applied to all patients, which is ideal to assess whether the choice of patients for the tests occurred randomly, reducing the chance of bias;

    13. Clinical Spectrum Bias Presence: absence of clinical spectrum representation of the studied disease in the study population. Evaluate demographic and clinical data of patients, such as age, sex, race, clinical features, symptoms, disease stage, duration, and comorbidities. The prevalence of the condition in this population offers broader view of the spectrum, circumstances and potential generalization;

    14. In screening tests, there may be over-diagnosis bias (when a disease that could evolve asymptomatically is detected), representing excess bias (for diseases that develop slowly progressive, making them more "show" for because of screening) and early detection bias (overestimate the effects of clinical benefit) (Table 1).
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  RESULTS

  Description of the Selected Studies

  The initial research identified 276 abstracts, from which 30 studies were considered as potentially relevant and were considered for detailed analysis. Considering the analysis, 1 article was a review; 3 used equipment as incentive or motivation during the walking test; 1 assessed children and adults and 13 were duplicated. Manual search found 2 references.

  Twelve studies matched the inclusion criteria and were fully analyzed and approved by both reviewers. Figure 1 shows the PRISMA flow diagram of studies in this review. The reference list of the included studies did not show additional relevant studies.
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  Quality of the 6MWT

  The majority of the selected studies matched the ATS guidelines for the 6MWT (Table 2).
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  Study Characteristics

  From the 12 studies, 11 were written in English and one in Spanish. The reference values for the 6MWT covered 12 different countries: China[17], United Kingdom[20], Tunisia[18], Chile[23], Turkish[24], United States of America[14], Thailand[16], India[25], Belgium[19], Switzerland[21], Saudi Arabia[15] and Brazil[22] (Table 2). The final sample of the selected studies ranged from 100[14] to 1445[17] children/adolescents, and age of participants ranged from 4[20] to 18[24] years old. Ten of 12 studies included both genders. One study only included boys[19] and another one only girls[15] (Table 2).

  All the included studies used a convenience sample size that was partially or totally recruited from schools. Six (50%) studies reported the use of randomization for sample selection[15-17,19,24,25].

  Length of the Corridor

  All studies performed the 6MWT indoors, along a flat and straight corridor with a hard surface following the ATS guidelines. Among the studies, the corridor length ranged from 15 to 50 meters[14,20]. Most of the studies used a corridor of 30 meters[15-17,21,23-25], 2 studies used a corridor from 40 to 50 meters[18,11] and 2 from 15 to 25 meters[14,19].

  ATS Guidelines Confrontation

  Seven from 12 (58%) studies described a pretest rest period (10 minutes) and 8 (67%) studies marked the turnaround points with a cone[15-18,20,23,25]. All studies used the test instructions to participants outlined in the ATS guidelines. Participants were instructed to walk as fast as possible without running or jogging being allowed to stop. Researchers encouraged the participants with standardized phrases (Table 2).

  Number of Tests

  More than half of the searched studies in our systematic review performed a unique test[15-17,19-21,23-25], most of them in a 30 meters corridor[15-17,19-21,23-25]. Three studies performed 2 different tests with a 15, 30 or 60 min of interval[14,18,22] (Table 2). Two studies used the best walked distance to establish the reference value, although the authors had reported statistical difference between them[14,18]. Although no statistical difference among different corridors in the studies, volunteers walked longer distances on the 30 meters corridor[16,17,25].

  Walked Distance and Reference Equations (Variables Influencing the Walked Distance).

  Of the 12 included studies, 7 (58%) reported descriptive data and 6 (50%) formulated reference equation for the walked distance in the 6MWT[17-19,22,23]. Considering the 6 studies that established the reference equations, 2 established specific equations for males and females[17,21]. Hence, we have 7 available equations in the literature to predict the walked distance in the 6MWT. In most studies, the reference equations were obtained by using linear multiple regression models, including demographic and anthropometric features as independent variables (Table 3). The prevalence of the variables associated with the walked distance was: height (100%), heart rate (80%), age (70%) and weight (60%).
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  The study by Tonklang et al.[16], performed in Thailand, showed the highest walked distance in the 6MWT (677±67 meters, using corridors between 15 and 25 meters). On the other hand, the study by Klepper et al.[14], performed in the United States of America, showed the lowest walked distance (518±73 meters, using corridors of 30 meters) (Table 2). The walked distance ranged 159 meters between these studies. The variable sex influenced the distance, being higher in men than in women[14,16].

  Side Effects

  None of the studies reported any side effect related to the 6MWT (Table 2). The 6MWT is a very safe method to assess exercise capacity in healthy children and adolescents.

   

  DISCUSSION

  The main findings of this systematic review showed that the reference value for the 6MWT ranged up to 159 meters. The walked distance was higher in Thailand[16] and lower in the United States of America[14]. The most prevalent variables in the reference equations were height (100%), heart rate (80%), age (70%) and weight (60%). The majority of the studies performed the 6MWT according to the ATS guidelines.

  Although there are systematic reviews about the 6MWT, none aimed to compare the walked distances and reference equations for healthy children/adolescents of different nationalities[14-25]. The importance of our review is to warn clinicians and researchers about the differences of the reference values for the 6MWT found in the literature. Caution is needed when using a foreign reference value for the interpretation of a 6MWT in children/adolescents. Our systematic review clearly showed that the reference value for the walked distance can vary up to 159 meters, which is of great clinical importance if we consider the minimally significant difference already established in several adult populations, such as 32 meters for heart failure[29], 25 meters for coronary artery disease[30] and 30 meters for chronic pulmonary obstructive disease[31]. Unfortunately, no minimally significant difference is available for children and adolescents.

  Despite the wide range of the maximum walking distance, none of the studies outlined the socioeconomic profile of the participants. A curious fact is that the highest walked distance was obtained in a developing country (Thailand)[16] and the lowest in a developed country (United States of America)[14]. Nevertheless, the corridor length used in Thailand was lower than that used in the United States of America, what can underestimate the maximal walked distance.

  From a methodological point of view, the studies used random and multicentric samples, but no data of sample size calculation was available in the studies. In addition, the studies did not report the importance of including centers in other regions of the country itself, which could contribute to more consistent establishment of reference values in countries with large territory, such as Brazil.

  The most prevalent variables in the reference equations were height, heart rate, age and weight. This prevalence was not surprising because they are well known to be associated with exercise performance. In general, taller individuals tend to have longer leg length and consequently wider last[19]. The behavior of the heart rate has been associated with an increased physical performance, since the lower resting heart rate usually reflects a greater prevalence of the parasympathetic nervous system and higher fitness[32]. It is also well known that oldest children and adolescents have better exercise performance than youngest ones[20]. This may be a reflection of greater stature and greater influence of anabolic hormones throughout the growth[33]. In adults, we know that exercise capacity can decline from 8% to 10% per decade in both sedentary and athletic populations[34]. Just as in adults, it is known that children and adolescents with higher weight have lower exercise capacity than the ones with normal weight[35].

  Except for one study, the reliability of the 6MWT reference equation was investigated comparing the predicted distance to the measured distance. Studies that performed just one test considered this information as study limitation, once the learning effect can happen[2].

  The use of the reference values for the 6MWT brings a more precise interpretation of this test in clinical practice and research. However, health professionals from countries that do not have reference values for the 6MWT should be aware about the selection of a reference value established in another country. Otherwise, the test interpretation can be compromised.

  Our systematic review has limitations. First, there is no wellestablished tool to assess risk of bias for studies that aimed to investigate reference values. Second, it was not possible to analyze the reference values for children and adolescents separately.

  We suggest for future research the use of standardized corridor length according to new guidelines for the 6MWT, i.e., at least 30 meters. Furthermore, it is important to have a sample size calculation and distribute the sample in different regions of the country, especially for those with large territory. Authors should also provide reference equation for their population.

   

  CONCLUSION

  The reference value for the 6MWT in children and adolescents ranged substantially from studies in different countries. A reference equation was not provided in all studies, but the ones available took into account well established variables in the context of exercise performance, such as height, heart rate, age and weight. Countries that did not established reference values for the 6MWT should be encouraged to do because it would help their clinicians and researchers have a more precise interpretation of the test.
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    ABSTRACT

    OBJECTIVE: The purpose of this study was to evaluate the effect of a cycle ergometer exercise program on exercise capacity and inspiratory muscle function in hospitalized patients with heart failure awaiting heart transplantation with intravenous inotropic support.

      METHODS: Patients awaiting heart transplantation were randomized and allocated prospectively into two groups: 1) Control Group (n=11) – conventional protocol; and 2) Intervention Group (n=7) – stationary cycle ergometer exercise training. Functional capacity was measured by the six-minute walk test and inspiratory muscle strength assessed by manovacuometry before and after the exercise protocols.

      RESULTS: Both groups demonstrated an increase in six-minute walk test distance after the experimental procedure compared to baseline; however, only the intervention group had a significant increase (P=0.08 and P=0.001 for the control and intervention groups, respectively). Intergroup comparison revealed a greater increase in the intervention group compared to the control (P<0.001). Regarding the inspiratory muscle strength evaluation, the intragroup analysis demonstrated increased strength after the protocols compared to baseline for both groups; statistical significance was only demonstrated for the intervention group, though (P=0.22 and P<0.01, respectively). Intergroup comparison showed a significant increase in the intervention group compared to the control (P<0.01).

      CONCLUSION: Stationary cycle ergometer exercise training shows positive results on exercise capacity and inspiratory muscle strength in patients with heart failure awaiting cardiac transplantation while on intravenous inotropic support.

    Keywords: Heart Failure. Heart Transplantation. Respiratory Mechanics. Muscle Strength/*Physiology. Respiratory Therapy/*Methods

  

   

   

  INTRODUCTION

  Despite significant advances in clinical therapy, heart failure (HF) remains a primary reason for hospitalizations and morbidity and mortality[1]. Histological, metabolic and functional adaptations induced by HF promote a decrease in inspiratory and peripheral muscles strength and endurance, leading to exercise intolerance[1]. Inspiratory (present in 30% to 50% of the HF patients) and global peripheral muscle weakness[2] are associated with reduced functional capacity, impaired quality of life, and poor prognosis[3].

  Consistent scientific evidence has shown that aerobic exercise training is an efficient nonpharmacological tool for HF management[4,5]. However, evidence related to exercised-based cardiac rehabilitation (CR) involving hospitalized HF patients requires further examination. In addition, decreased mobility associated with prolonged bed rest during hospitalization could potentiate the detrimental effects of HF[3]. For this reason, the early establishment of exercise training is advantageous.

  Although optimal drug therapy is initiated in the hospital setting during the acute decompensation period (i.e., intravenous inotropic), many patients become refractory to conventional therapy, requiring consideration for heart transplantation[6]. Moreover, after being listed as an appropriate candidate for this surgical procedure, therapeutic management in the pre-transplant phase may be delicate and taxing[7]; the main objective during this pre-surgical phase is to avoid further deterioration and death.

  Despite the well-established safety and efficacy of exercise training in stable outpatients with HF, the impact of exercise in end-stage HF patients awaiting heart transplantation while on intravenous positive inotropic support remains largely unreported[8]. Therefore, the purpose of this study was to evaluate the effects of a stationary cycle ergometer program on exercise capacity and inspiratory muscle function in hospitalized patients awaiting heart transplantation on intravenous inotropic support.

   

  METHODS

  This study was conducted at São Paulo Hospital – Federal University of Sao Paulo. The Institutional Ethics Committee approved this study and a written informed consent was obtained from all patients after explanation of the purpose and procedures of the study.

  Subjects

  For this prospective study, patients hospitalized with endstage HF awaiting heart transplantation were recruited. Patients were considered eligible according to the following criteria: both genders; between 18 and 65 years of age; and with HF diagnosis determined by the referring clinicians on the basis of clinical presentation [New York Heart Association (NYHA) classes III and IV] and confirmed by echocardiography.

  Patients with unstable angina pectoris, acute coronary syndromes, atrial and ventricular arrhythmias leading to hemodynamic compromise, chronic renal failure or dialysis, neuromuscular and psychiatric conditions that could potentially interfere with performance on the 6-minute walk test (6MWT), and those in need of non-invasive ventilation support during exercise were excluded. Patients with chronic lung disease confirmed by pulmonary function testing according to the American Thoracic Society (ATS) were also excluded[9].

  All patients received an individually optimized medical treatment, including intravenous inotropic support, angiotensin-converting enzyme inhibitors, aldosterone antagonists and other diuretics.

  Randomization and Blinding Procedures

  The randomization procedure was performed through a computer program and allocation secrecy was kept by numbered, sealed, opaque envelopes. The patients were randomized into two groups: 1) Control Group (n=11) – conventional protocol; and 2) Intervention Group (n=7) – stationary cycle ergometer exercise program.

  Procedures

  The study protocol was initiated 24 hours after hospital admission or clinical stabilization, and consisted of two different exercise protocols, applied twice a day during hospitalization. Regardless of group allocation, all patients were able to walk unaided for short distances (e.g., from the bed to the bathroom) and were instructed to sit upright in a chair at least twice a day outside of sessions associated with the protocol.

  Patients were familiarized with a perceived exertion Borg (PEB) scale prior to each exercise session, and were instructed to exercise at a PEB scale rating of 3–4 ('moderate' to 'somewhat strong').

  Study Protocols

  Control Group – each session consisted of breathing exercises and global active exercises of the upper and lower limbs while in the upright seated position.

  Intervention Group – each session included stationary cycle ergometer exercise (Mini bike E5, Acte Brazil - lower extremity) while in the upright seated position for 20 minutes. The protocol was performed intermittently with 5 periods; each period consisted of 3 minutes of cycling followed by 1-minute of rest (Figure 1).

  
    

    [image: Figure 1]

  

  Measurements and Outcomes

  Inspiratory Muscle Strength Evaluation

  Evaluation of respiratory muscle strength consisted of measuring the maximal inspiratory pressure (MIP) by an analog manovacuometer (GerAr med®). The recordings were performed for both pre and post training protocols. Each maneuver was performed five times with 1 minute rest between them, and sustained pressure during 2 seconds by the patient was recorded according to established guidelines[10]. MIP was measured from residual volume; the patient was requested to perform a forced expiration and then take a maximal inspiratory effort against an occluded airway (Mueller maneuver). The prediction equation proposed by Neder et al.[11] was used to predict maximal inspiratory pressure for all patients.

  Submaximal Functional Capacity Assessment

  All patients underwent a 6MWT to assess their baseline submaximal functional capacity, which was performed according to ATS standards[12] by an evaluator blinded to group allocation. The prediction equation proposed by Iwama et al.[13] was used to predict walking distances for all patients. The follow-up 6MWT was conducted approximately 3 weeks later, immediately following protocol completion. During the test, all patients were on intravenous inotropic support administered by an infusion pump, which was carried out by the same blinded evaluator who walked at the patient's side.

  Exercise Interruption Criteria

  The exercise protocol or the 6MWT was discontinued if the subject presented signs of exercise intolerance, such as low cardiac output (i.e., cyanosis, pallor and nausea), bradycardia, a drop in systolic blood pressure of >15 mmHg in comparison to baseline, an excessive rise in systolic blood pressure defined as > 200 mmHg, a rise in diastolic blood pressure during exercise >110 mmHg, chest pain or symptoms of fatigue.

  Statistical Analysis

  Data were reported as mean ± standard deviation. Normal distribution for all variables was verified using the Kolmogorov-Smirnov test. When variables were compared between groups, the unpaired Student's t-test and Mann-Whitney test were used as appropriate. For intragroup analysis, the paired Student's t-test was used. Categorical variables were analyzed by the Pearson Chi-square test. The Pearson correlation coefficient was used to evaluate associations of interest. A P-value of <0.05 was considered statistically significant for all tests. Statistical analyses were performed using GraphPad Prism 6.0 Software (GraphPad Software Inc, San Diego, CA, USA).

   

  RESULTS

  A flow-chart illustrating progression of patients through the study is shown in Figure 2. The groups were homogeneous and no statistical difference was found when comparing baseline demographic and clinical characteristics, as shown in Table 1.
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  In the overall cohort, before initiation of the study protocol, a significant positive correlation was observed between 6MWT distance and inspiratory muscle strength (r=0.58; P<0.02).

  The assessment of functional capacity, for both groups, demonstrated an increase in 6MWT distance after the experimental procedure compared to the baseline. However, only the intervention group had a statistically significant increase (P=0.08 and P=0.001 for the control and intervention groups, respectively). Intergroup comparison showed an increase of 15.5% (48 meters) in the intervention group compared to control (16 meters) after completion of the study protocol (P<0.001) (Table 2).
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  In regard to the inspiratory muscle strength evaluation, the intragroup analysis demonstrated an increased strength after the protocols compared to baseline for both groups. However, a statistically significant difference was only demonstrated in the intervention group (P=0.22 and P<0.01, respectively). Intergroup comparison revealed a significant increase of 15% in the intervention group compared to the control group after the study protocol (P<0.01) (Table 2).

   

  DISCUSSION

  The findings of the current study indicated that a stationary cycle ergometer exercise training program positively and significantly impacted functional performance and respiratory muscle strength in end-stage HF patients on continuous inotropic support awaiting heart transplantation.

  Few data are available regarding the effects of exercise training in hospitalized patients with advanced HF. In addition, there are gaps in the literature regarding the impact of exercisedbased CR in pre-cardiac transplantation patients while receiving continuous inotropic infusion. To our knowledge, this is the first pilot study demonstrating the effects of a stationary cycle ergometer exercise training program on functional capacity and inspiratory muscle strength in HF patients with this end-stage condition.

  Previous studies showed that inspiratory muscle weakness is closely linked to the deterioration of cardiac function, the impairment of the ability to exercise and disease severity (NYHA class)[14].

  Several mechanisms are responsible for respiratory muscle weakness in patients with HF, among them a reduction in the total number of cross-bridges between actin and myosin and muscle cross-sectional area in the diaphragm[15,16]. Skeletal muscle dysfunction induced by HF pathophysiology and compounded by physical inactivity can result in a substantial decrease in strength and endurance of the respiratory musculature. Meyer et al.[17] showed that patients with a MIP greater than -70 cmH2O had a higher one-year mortality rate when compared to patients with a MIP lower than -90 cm H2O. Thus, dysfunction of the respiratory musculature is considered an independent predictor of poor prognosis in patients with HF[17]. In the current study, when the data were analyzed in the overall cohort at baseline, the patients showed a MIP greater than -70 cmH2O and a significant positive correlation was observed between 6MWT distance and inspiratory muscle strength. Therefore, patients with a low 6MWT distance had a higher likelihood of poor inspiratory muscle strength.

  Evidence indicates that some performance modification on the 6MWT following an intervention reflects changes in clinical functional status[18]. In this study, to evaluate functional capacity, all patients underwent a 6MWT. This test is a simple, practical and safe form of evaluation in HF patients, particularly those who are hospitalized, and demonstrate advanced disease severity. In regard to submaximal functional capacity, our results demonstrate that both groups obtained an increase in 6MWT distance after the protocol compared to baseline; however, only the intervention group had a statistically significant increase. When comparing groups, after the study protocol, those participating in the cycle ergometer exercise program showed a statistically significant greater increase (48 meters) in 6MWT distance compared to the control group in relation to baseline. Previous studies have reported that 6MWT distance indicates changes in a patient's functional status. A recent study found that a change of 45 meters during the 6MWT indicates a minimal clinically significant improvement following rehabilitation in patients with HF[19,20]. Thus, in the present study, only the cycle ergometer exercise program group reached a meaningful clinical improvement in 6MWT distance.

  A positive impact on functional capacity and quality of life in outpatients with HF following exercise training has been clearly established[21-24]. For the in-hospital phase, limited published literature shows that early mobilization with daily cycle ergometer exercise training was able to improve quadriceps strength and functional capacity in critically ill inpatients subject to prolonged bed rest[25]. For HF inpatients, a case report used a progressive, semi-independent interval-walking program in a patient with advanced HF on continuous dobutamine therapy showed functional improvements and the clinical utility of the 6MWT[26]. Similar results were reported in another case report that used ambulation sessions and seated lower extremity ergometer sessions[27]. Moreover, Arena et al.[8] demonstrated in a case report that exercise training consisting of ambulation on a treadmill, lower extremity ergometer, and resistive exercises improved aerobic exercise time and sustainable exercise workload in an inpatient awaiting heart transplantation while on intravenous positive inotropic support. Our study adds to this limited body of literature, as it was the first pilot study to demonstrate that an exercised-based training program could bring about positive and statistically significant improvements in end-stage HF patients awaiting cardiac transplantation.

  Changes in the inspiratory musculature play an important role in the pathophysiologic milieu induced by HF and lead to oftentimes substantial exercise limitations[17]. There is a compelling body of evidence that indicates the degree of respiratory muscle weakness is related to the severity of HF, functional capacity limitations, and diminished quality of life[15-17,28,29]. It is important to highlight that exercise training leads to a notable improvement in ventilatory capacity, independent of the type of program - endurance exercise performed either with constant load intensity or with interval training, combining different periods of intensity or a program that includes resistance training sessions[30]. There are studies showing that aerobic training alone can prevent diaphragm tumor necrosis factor-α (TNF-α)-induced loss of force and significantly improve MIP in patients with HF[31]. Ours results are consistent with other studies and revealed that the intervention group had a statistically significant increase between baseline and follow-up MIP evaluation, reflecting improved inspiratory muscle strength.

  Therefore, this study demonstrated that a stationary cycle ergometer exercise training program could improve functional capacity and inspiratory muscle function in hospitalized patients awaiting heart transplantation while on inotropic support. These results support a new standard approach to the management of this HF condition, benefiting the patient in terms of quality of life, functional capacity, and post-surgical trajectory.

  We speculate that the observed improvement in functional capacity and inspiratory muscles function could aggregate to attain better operative outcomes at the time of the heart transplantation surgery.

  There are some important limitations to this study. Our investigation included a low number of patients, despite being the largest so far. In the intervention group, 5 patients were excluded due to incapacity to complete the stationary cycle ergometer exercise program without non-invasive ventilation support. Therefore, future research is needed to further assess this type of exercise programs in HF patients with these clinical characteristics to further support the findings reported herein.

   

  CONCLUSION

  This current study demonstrates that a stationary cycle ergometer exercise program leads to positive improvements in functional capacity and inspiratory muscle strength in patients with HF who are hospitalized and awaiting heart transplantation while on intravenous inotropic support.
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    ABSTRACT

    OBJECTIVE: To apply the InsCor in patients undergoing cardiac surgery in a university hospital in Brazil's northeast.

      METHODS: It is a retrospective, quantitative and analytical study, carried out at the University Hospital of the Federal University of Maranhão. InsCor is a remodeling of two risk score models. It evaluates the prediction of mortality through variables such as gender, age, type of surgery or reoperation, exams, and preoperative events. Data from January to December 2015 were collected, using a Physical Therapy Evaluation Form and medical records. Quantitative variables were expressed as mean and standard deviation and qualitative variables as absolute and relative frequencies. Fisher's exact and Kruskal-Wallis tests were applied, considering significant differences when P value was < 0.05. Calibration was performed by Hosmer-Lemeshow test.

      RESULTS: One hundred and forty-eight patients were included. Thirty-six percent were female, with mean age of 54.7±15.8 years and mean body mass index (BMI) equal to 25.6 kg/m2. The most frequent surgery was coronary artery bypass grafting (51.3%). According to InsCor, 73.6% of the patients had low risk, 20.3% medium risk, and only 6.1% high risk. In this sample, 11 (7.4%) patients died. The percentage of death in patients classified as low, medium and high risk was 6.3, 7.1% and 11.1%, respectively.

      CONCLUSION: InsCor presented easy applicability due to the reduced number of variables analyzed and it showed satisfactory prediction of mortality in this sample of cardiac surgery patients.

    Keywords: Cardiac Surgical Procedures. Mortality. Risk Factors.

  

   

   

  INTRODUCTION

  Cardiovascular diseases contribute to high rates of morbidity and mortality in health systems. In Brazil, one third of deaths are a consequence of such diseases, leading to a significant increase in health costs[1].

  Cardiac surgery is widely used to treat those diseases [2]. It is indicated to provide better quality of life to the patients. Among the surgeries performed, the most recurrent is coronary artery bypass grafting (CABG). About 90% of CABG patients present significant improvement in cardiac function and, consequently, better quality of life. However, despite advances in cardiac surgery in Brazil, success depends on adequate pre- and postoperative assistance[3].

  Application of risk scores as predictor of postoperative complication and mortality is well established, especially in cardiac surgery. Nevertheless, development and validation of local models are becoming increasingly necessary due to demographic, socioeconomic, and cultural aspects of different populations[4,5]. The combination of the data resulting from the risk score models allows for adaptation, improvement and even innovation in treatment programs[2].

  Nowadays, there are about 20 risk score models in cardiac surgery around the world. The most applied are: Parsonnet score, Society of Thoracic Surgeons risk score (STS score), Higgins score, Northern New England score (NNE score), Ambler score, 2000 Bernstein-Parsonnet score, and EuroSCORE. The last two can be used bedside for both CABG and valvar surgery[6].

  The InsCor risk score was developed at Instituto do Coração do Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (InCor-HCFMUSP) to predict mortality of patients undergoing CABG and/or valvar surgery at that hospital. It includes the following variables: age, gender, type of surgery, prior myocardial infarction, reoperation, ejection fraction, and preoperative events[7]. InsCor is a remodeling product of EuroSCORE and 2000 Bernstein-Parsonnet, that shows better applicability and greater ease of assistance care[2,7].

  In our institution, there is no mortality prediction risk model for patients undergoing cardiac surgery. Therefore, it is necessary to apply scores validated in other samples. Thus, in this study, the application of InsCor as predictor of mortality in patients undergoing cardiac surgery at a university hospital in Brazil's northeast was investigated.

   

  METHODS

  This is a retrospective, quantitative and analytical study performed in a university hospital of São Luis, Maranhão, Brazil. Data were collected from the Physical Therapy Evaluation Form and medical records of patients who underwent cardiac surgery and were admitted to the Cardiologic Intensive Care Unit (ICU) between January and December 2015. Patients whose forms did not contain enough information for the study were excluded.

  A form, developed exclusively for this study, was used to record the data. It included the following:

  
    a) Demographic and anthropometric data: gender, age, weight, height, and BODY MASS INDEX (BMI);

    b) Clinical data: clinical diagnosis and comorbidities;

    c) Surgical data: type of surgery, duration of surgery, cardiopulmonary bypass (CPB), and aortic clamp;

    d) Postoperative data: duration of mechanical ventilation, postoperative complications, length of stay in ICU, and death.

  

  InsCor

  The score ranges from 0 to 30 and defines three categories of risk of mortality after cardiac surgery: low risk (0-3 points); medium risk (4-7 points) and high risk (> 8 points), as described by Mejia et al.[7] (Table 1).

  
    

     [image: Table 1]

  

  Statistical Analysis

  Data were evaluated using the Stata/SE statistical software version 12.0 (StataCorp, College Station, TX, USA) and Microsoft Office Excel 2013. Calibration was performed by correlation between observed and expected mortality through the Hosmer-Lemeshow test. Quantitative variables were described as means and standard deviation and their differences were verified using the Kruskal-Wallis test. Qualitative variables were expressed as absolute frequency and proportions. Association between categorical variables and outcomes were verified using Fisher's exact tests. Results were considered statistically significant when P value was < 0.05.

  Ethics and Informed Consent Form

  This study was approved by the Institutional Ethics Committee under number 1.469.394, being exempted from the need for informed consent as explained by the type of design applied.

   

  RESULTS

  One hundred and forty-eight patients were included. Of those, 11 (7.4%) died. Mean age was 54.7±15.8 years and 54 (36.5%) patients were female. Regarding the procedures, 76 (51.3%) patients underwent coronary artery bypass grafting, 65 (43.9%) underwent valve surgery and seven (4.8%), coronary bypass + valve surgery. There were six (4%) reoperations and three (2%) patients presented creatinine level > 2 mg/dl. Demographic, clinical, and surgical data are shown in Table 2.
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  Mean risk score was 2.5±2.4. Low risk was found in 73.6% of patients, while 20.3% had medium risk and 6.1%, high risk. Percentage of death in each group was, respectively, 6.3%, 7.1% and 11.1%. Calibration of InsCor was adequate (P=0.116) (Table 3).
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  Comparing surgical variables of risk categories, significant difference was found between low and medium risk, concerning CPB, aortic clamp, and surgery duration. Surgical data, mechanical ventilation duration, and ICU length of stay are shown in Table 4.
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  DISCUSSION

  Patients undergoing cardiac surgery may present unsatisfactory post-operative evolution, with severe clinical conditions, requiring long hospital stay and, occasionally, with sequelea that can compromise their quality of life[8].

  Several models of risk scores have been developed in order to predict mortality in cardiac surgery[9]. These systems of risk prediction, based on preoperative data, allow for the stratification of patients and prior planning of intra and postoperative periods[10]. Some risk scores developed abroad are used in Brazil, such as EuroSCORE, which is widely accepted worldwide[11].

  InsCor is a national risk score based on the remodeling of two international risk scores: 2000 Bernstein-Parsonnet and EuroSCORE. Like previous studies, we found adequate calibration of InsCor. Mejía et al.[11] analyzed the performance of the two aforementioned scores in a group of 744 patients at InCor-HCFMUSP and showed that both had proper calibration, with no difference between the expected and observed mortality. Garofallo et al.[6] found similar results in a study performed at the Instituto de Cardiologia do Rio Grande do Sul (IC/FUC). Thus, it appears that the InsCor has adequate applicability in predicting mortality after cardiac surgery.

  Lisboa et al.[5] analyzed the performance of EuroSCORE II in 1000 patients undergoing cardiac surgery, comparing it to the InsCor and EuroSCORE. The authors concluded that only the last two were adequate in all stages of validation, due to mistakes in the design of EuroSCORE II, hence reinforcing the importance of a national risk score model.

  It is expected that patients with higher mortality risk require a longer period of CPB and aortic clamping during cardiac surgery, as found in this study. Al-Sarraf et al.[12] demonstrated a connection between age, ejection fraction < 50%, emergency surgery, and associated surgical procedures (CABG + valve) with prolonged CPB and aortic clamp duration. Such variables increase the risk of mortality according to InsCor.

  Olmos et al.[13] reported that factors such as BMI, smoking, and elderly age contribute to the occurrence of respiratory complications and consequent increase in hospital length of stay. Female gender, reoperation, heart valve surgery, and associated surgeries are also related to prolonged length of stay[14,15]. It is noteworthy that several of these variables are included in the InsCor assessment.

  Although InsCor was proposed to verify the prediction of mortality, perhaps this score might be related to the occurrence of postoperative complications and prolonged length of stay. Therefore, other studies are suggested to clarify such points.

  Limitations

  The short period of data collection, possibly an explanation for the small number of patients, particularly high-risk patients, is pointed as the main limitation of this study. Scarce publications about InsCor also made it difficult to discuss the results of this study.

   

  CONCLUSION

  InsCor presented easy applicability due to the reduced amount of analyzed variables and showed satisfactory prediction of mortality in this sample of cardiac surgery patients.
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    ABSTRACT

    Carcinoid heart disease is a rare but important cause of intrinsic right heart valve disorders leading to right heart failure. Occasionally, left-sided heart valves may also be involved. The characteristic cardiac pathological findings of carcinoid heart disease are endocardial thickening as a result of fibrous deposits on the endocardium. Echocardiographic examination and right heart catheterization are very useful for the diagnosis of the lesion. If more cardiac valves are affected, multiple valve replacement should be considered. The management of the pulmonary valve lesion depends on the extent of the diseased valve, either by valvulotomy, valvectomy, or valve replacement. Percutaneous valve implantations in the pulmonary and in the inferior vena cava positions have been advocated for high-risk patients.

    Keywords: Carcinoid Heart Disease. Heart Failure. Pulmonary Valve Stenosis. Tricuspid Valve Insufficiency.

  

   

   

  INTRODUCTION

  Carcinoid heart disease, also known as Hedinger syndrome, is rare affecting at least 20% of patients with carcinoid syndrome. It is considered as a result of high circulating hormone levels, mainly serotonin, impacting on the heart, leading to most commonly valvular fibrosis[1]. It is an important cause of intrinsic right heart valve disorders with significant morbidity and mortality secondary to right heart failure[2]. Cardiac involvement in carcinoid disease generally results in right-sided valvular lesions, accompanied by tricuspid insufficiency and pulmonary stenosis. The typical valvular lesions of carcinoid heart disease include both tricuspid regurgitation and pulmonary valve stenosis, and the evolving right heart failure may lead to more prominent symptoms[3]. In addition, Materazzo et al.[4] and Le Métayer et al.[5] reported left-sided cardiac involvement in carcinoid disease.

   

  PATHOLOGY

  Carcinoid heart disease are caused by endocardial deposition of pearly fibrotic plaques (notable for absence of elastic fibers) that generally extend to the right-sided valves, leading to multiple patterns of severe valve dysfunction. Plaque formation causes annular constriction, leaflet thickening, and fusion of the subvalvular apparatus. Marked degeneration of the leaflet architecture leads to severe retraction and noncoaptation of the valve[6]. Typically, carcinoid heart disease involves the right-sided endocardium, valves and subvalvular apparatus[1]. The deposition of carcinoid plaques, fibrous tissue, myofibroblasts and collagen results in annular constriction, leaflet thickening and retraction, and subvalvular fusion and shortening[7]. Tricuspid regurgitation was almost universal at 92-100%, followed by tricuspid stenosis (38-44%), pulmonary regurgitation (31-38%), and pulmonary stenosis (25-31%). The prevalence of left-sided disease was 0-39%, and most of the advanced right-sided cardiac abnormalities had a lower frequency of left-sided disease than did those with mild right-sided abnormalities[8]. Luis et al.[9] defined the proportions of the valve pathologies of carcinoid heart disease (Table 1).
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  The characteristic pathological findings are endocardial plaques of fibrous tissue that may involve the tricuspid valve, pulmonary valve, cardiac chambers, venae cavae, pulmonary artery, and coronary sinus. The fibrous reaction may involve not only the valve leaflets, but also the subvalvar apparatus, including the tendinous chords and papillary muscles of the tricuspid valve, and more rarely the mitral valve in cases with left sided involvement. The fibrous tissue in the plaques results in distortion of the valves leading to either stenosis, regurgitation, or both. The preferential right heart involvement is most likely related to inactivation of the vasoactive substances by the lungs. In the 5-10% of cases with left-sided valvar pathology, one should suspect either extensive liver metastases, bronchial carcinoid, or a patent foramen ovale[2]. Cardiac carcinoid plaques have been related to the exposure of the right heart to serotonin and other tumor byproducts released from hepatic metastases[10]. Ninetyseven percent of the patients with cardiac involvement had tricuspid valve disease, of whom 90% displayed moderate or severe tricuspid regurgitation; smaller numbers had coexistent tricuspid stenosis. Pulmonary valve pathology was noted in 88% of patients, of whom 81% had pulmonary regurgitation, 53% had pulmonary stenosis, and only 7% had left-sided involvement, in whom the most typical feature was mild-to-moderate mitral regurgitation[2].

  In carcinoid heart disease, the characteristic cardiac pathological findings are endocardial plaques of fibrous tissues[11]. Usually, only carcinoid tumours that invade the liver result in pathological changes to the heart. The cardiac manifestations are caused by the paraneoplastic effects of vasoactive substances, such as 5-hydroxytryptamine (5-HT or serotonin), histamine, tachykinins, and prostaglandins released by the malignant cells rather than any direct metastatic involvement of the heart. Ordinarily, the vasoactive tumor products are inactivated by the liver, lungs, and brain, but the presence of hepatic metastases may allow large quantities of these substances to reach the right side of the heart without being inactivated by the liver[2]. Serotonin is a common product of carcinoid tumors and it contributes to cardiac failure as a result of fibrous deposits on the endocardium. Most such tumors contain tryptophan hydroxylase, which is able to produce serotonin after hydroxylation and subsequent decarboxylation of the tryptophan. 5-Hydroxyindoleacetic acid (5-HIAA) is the main metabolite, an oxidation product, of serotonin. In urine samples, 5-HIAA can be detected for the determination of serotonin levels in the body. There is a significant correlation between carcinoid heart disease and elevated urinary 5-HIAA excretion, which is indicative of serotonin production. However, non-carcinoid heart disease patients reported in literature have significantly lower serotonin release[12]. Zuetenhorst et al.[13] also found that median levels of N-terminal pro B-type natriuretic peptide and 5-HIAA were significantly higher in patients with carcinoid heart disease compared to those without (894 ng/L vs. 89 ng/L, P<0.001; 815 mmol/24 hours vs. 206 mmol/24 hours, P=0.007), but no significant differences were detected in atrial natriuretic peptide levels. Dilation of the right atrium and ventricle as well as thickening of the tricuspid valve and degree of regurgitation were statistically significant correlated with N-terminal pro B-type natriuretic peptide levels. Patients in the progression of carcinoid heart disease with a cardiac score increase >25% had a significant higher urinary peak 5-HIAA levels than those <25% (265 mg/24 hours vs. 189 mg/24 hours; P=0.004)[10]. Patients with carcinoid syndrome therefore have raised concentrations of 24 hour urinary 5-HIAA. In a large series of patients with carcinoid syndrome and cardiac involvement the mean 24 hour urinary excretion of 5-HIAA was 10-fold higher than the reference value (reference value, 50 mmol/L/24 hours). Some studies suggest that a positive correlation exists between urinary concentrations of 5-HIAA, disease progression and worsening prognosis. This has been attributed to the fact that higher circulating concentrations of vasoactive substances produced by the tumor (especially 5-HT causing fibroblast proliferation) are likely to induce more cardiac damage. In patients with both right- and left-sided carcinoid heart disease, urinary values of 5-HIAA appear to be higher in patients without interatrial shunts compared to those with interatrial shunts[2].

   

  DIAGNOSIS

  The characterized triad symptoms of carcinoid syndrome are cutaneous vasomotor flushing, gastrointestinal hypermotility and cardiac involvement[14]. Symptoms of flushing and diarrhea were almost threefold more common in the cardiac group. Circulating serotonin levels were more than twofold higher in the cardiac group. Urine levels of the serotonin metabolite 5-HIAA were almost fourfold higher in the heart disease patients compared with the noncardiac group (219±124 mg/24 hours vs. 55.3±141 mg/24 hours, P<0.001). Elevated serum serotonin (above the upper limit of normal range, i.e., >1500 µmol/mL) was 100% sensitive but only 46% specific for carcinoid heart disease[8]. Carcinoid tumors secrete a variety of agents, including kallikrein, histamine, prostaglandins, adrenocorticotropic hormone, gastrin, calcitonin, and growth hormone; however, serotonin has received the most attention in hypotheses concerning the genesis of heart disease. Elevated urinary 5-HIAA is a less-thanideal serotonin surrogate because it misses 10% of patients with true elevated circulating serotonin levels[8]. These symptoms are caused by the release of vasoactive substances, mainly 5-HT as well as 5-hydroxytryptophan, histamine, bradykinin, tachykinins, and prostaglandins[15]. Tricuspid valve disease (especially regurgitation) was most prevalent. The left-sided valve lesions tended to be less common and of milder severity than their right-sided counterparts. Cardiac catheterization and echocardiography had an overall concordance of 91% on the basis of valvular lesions[8]. Some 92% had New York Heart Association class III or IV symptoms of congestive heart failure, and 8% had class II symptoms. Right-sided filling pressures were mildly to moderately elevated, whereas left-sided filling pressures were generally normal[8]. In such patients, physical examination usually reveals a systolic murmur along the left sternal edge, produced by tricuspid regurgitation; concomitant murmurs of pulmonary stenosis or regurgitation may also be present[2]. In many patients, the structural valvular lesions will lead to symptomatic right-sided heart failure (edema, hepatomegaly, fatigue with exertion, and low cardiac output) [10]. The diagnosis of carcinoid syndrome is usually suspected by the clinical features and confirmed by identification of the primary tumor, localization of metastatic lesions, and detection of increased urinary excretion of the by-product of serotonin metabolism, 5-HIAA[16]. Laboratory tests may reveal an elevated γ-glutamyl transpeptidase due to liver metastases[17]. Patients with carcinoid heart disease typically present with symptoms of right heart failure (hepatomegaly, edema, ascites, fatigue and low cardiac output)[6]. The diagnosis of carcinoid heart disease can be delayed as hepatic dysfunction and may conceal the signs and symptoms of right heart failure[17]. Right ventricular enlargement and decreased right ventricular function can also be noted on echocardiography[18]. Echocardiographic examination and right heart catheterization are very useful in defining the disease. Catheterization confirms severe tricuspid incompetence with a v-wave in the right atrium and marked regurgitation evident on right ventricular angiography[3]. Characteristic echocardiographic findings include endocardial thickening and lack of compliance of the right ventricle, in addition to the typical thickening of both pulmonary and tricuspid valves, with significant pulmonary stenosis and tricuspid insufficiency[17]. The echocardiographic visualization of carcinoid heart disease is listed in Table 2.
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  TREATMENT

  Commonly diuretic therapy and supportive therapy are essential for peripheral edema, hepatic congestion and ascites[9]. Medical treatment include somatostatin analogs (such as, octreotide and lanreotide) for reducing urinary 5-HIAA, cytotoxic chemotherapy for extensive disease and dual endothelin receptor antagonist (such as, bosentan) for preventing valvular and mural fibrosis and improving heart function[9]. The somatostatin analogues act by binding to somatostatin receptors, inhibiting secretion of tumor byproducts, and alleviating symptoms in the majority of patients[10]. Relief of symptoms can be achieved surgically by debulking the tumor, and sometimes, in those with hepatic metastases, by hepatic artery ligation or embolization[2].

  The surgical indications of carcinoid heart disease are, 1) symptomatic right ventricular failure; 2) severe valvular dysfunction; 3) systemic venous pressure elevation[6]; and 4) as a prelude to planned surgical hepatic tumor resection[9]. Whereas, the contraindications are, 1) end-stage metastatic disease, and 2) patients with poorly controlled carcinoid symptoms despite octreotide therapy, or hepatic dearterialization[15]. When the pulmonary insufficiency is mild and very well tolerated and when the left heart filling pressures are normal, pulmonary valve replacement is unnecessary. The optimal surgical approach to right-sided valvular lesions remains a subject of debate. Tricuspid valve replacement has been accepted by most centers, however, the management of pulmonary valvular disorder remains debatable. If pulmonary valve regurgitation is left untreated, there would be right ventricular overload in the long run; whereas in patients with pulmonary valve replacement, the postoperative recovery appear to be more favorable[6]. By comparison, the limitations for homograft use for pulmonary valve replacement are homograft constriction, homograft calcification, homograft plaque deposition; while the advantages of bioprosthesis are remarkable in better short-term outcomes, longer valve durability, free of anticoagulate uptake and uncommon carcinoid involvement[15]. When the pulmonary and tricuspid valves are both involved, open pulmonary valvulotomy is a reasonable option. If more cardiac valves are affected, multiple valve replacement should be considered. In most cases, involvement of the valve leaflets is too extensive to allow surgery for commissurotomy or valvotomy, and pulmonary valvectomy surgery is required. Narine et al.[19] recommend the use of mechanical prostheses in carcinoid heart disease with a concern of the fibrous degeneration of the bioprosthetic valves. Some reports of surgical treatment of tricuspid insufficiency due to carcinoid disease describe use of mechanical prostheses[20,21], and pulmonary valve replacement has been advocated[22]. Due to the increased risk for repeat surgical valve replacement, percutaneous stent implantation into the pulmonary artery, followed by the implantation of a balloon expandable transcatheter heart valve is warranted. A simplified approach including pulmonary valvectomy and bioprosthetic tricuspid valve replacement surgery are the procedures of choice. While surgical valve replacement is currently the gold standard treatment for symptomatic carcinoid valve disease, transcatheter pulmonary valve replacement should be considered as an alternative approach in high-risk candidates[18]. Percutaneous valve implantation in the pulmonary and in the inferior vena cava positions may offer a novel, minimally invasive option avoiding open-heart surgery in the high-risk patients[23]. The Medtronic Melody® valve and the Edwards SAPIEN® valve are in use today for percutaneous pulmonary valve implantation (PPVI) in children and in adults with congenital heart disease[24,25]. Surgical complications can include bleeding, carcinoid crises, right ventricular dysfunction, cardiac conduction disorders, renal failure and sepsis[9].

   

  DEBATES

  Contrary to conventional guidelines of heart valve operation and choices of heart valve prosthesis[26,27], most surgeons prefer bioprostheses in the tricuspid position because of the lower propensity to thrombosis in carcinoid heart disease. However, questions have been raised about the long-term durability of porcine valves exposed to the metabolic products of carcinoid tumors. Progression onto a pulmonary valve homograft and onto a tricuspid bioprosthetic valve has been reported[28,29]. While most surgeons would prefer to use a bioprosthetic valve for replacement of the tricuspid valve, many reports of the surgical treatment of carcinoid heart disease describe the use of mechanical valves, because of the concern about secondary development of carcinoid lesions in bioprostheses. An antibiotic sterilized aortic homograft can be a candidate prosthesis for pulmonary valve replacement[3]. In addition, pulmonary valvotomy or valvectomy, as opposed to pulmonary valve replacement, remains controversial[3]. Patients who have no contraindication for valve surgery and whose cardiac symptoms develop at an early stage of the disease should undergo operation. The comparisons of the valve prosthesis of choice are shown in Table 3.
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  OUTCOMES

  Severity of tricuspid valve regurgitation was an important predictor of outcome[10].

  In these patients with advanced metastatic carcinoid disease, prognosis was poor, with a median survival of only 2.6 years after diagnosis of cardiac involvement. The severity and hemodynamic consequence of carcinoid heart disease contributes to the high mortality[10]. Analysis of 17 series with carcinoid heart disease patients who had undergone surgical biological tricuspid valve replacement revealed a 30-day mortality of 20%. It was suggested that biological valves have an acceptable lifespan in carcinoid heart disease[30,31]. Long-standing severe pulmonary valve regurgitation, as seen after pulmonary valvectomy, may have a detrimental effect on right ventricular remodeling[15]. Schoen et al.[32] reported a case of carcinoid heart disease, in which they observed carcinoid plaque that involved the tricuspid bioprosthesis at postmortem examination. The 3-year mortality for patients with carcinoid heart disease showed a 31% survival rate, significantly lower than that of patients without cardiac involvement[2]. Conradi et al.[33] reported transcatheter pulmonary valve replacement resulted in a favorable acute outcome in both of their patients, with adequate valve function and good heart function. The patients tolerated the procedure well without any complications. The perioperative mortality rate was reduced from >20% to currently <10%[10]. The overall operative mortality was 10%[15]. The survival between the cardiac and noncardiac groups was not statistically different (survival from onset of symptoms: 13.6 years vs. 9.7 years; survival from time of diagnosis: 4.8 years vs. 7 years)[8].

   

  CONCLUSION

  Carcinoid heart disease is a rare cause of right-side heart valve disease. Echocardiography remains a reliable method for the definite diagnosis. Valve replacement is currently the gold standard treatment for symptomatic carcinoid valve disease. However, debates remain in terms of the choice of heart valve prosthesis. The surgical management of the pulmonary valve relies on the pathological extent and patient's condition. Transcatheter pulmonary valve replacement should be considered as an alternative approach in high-risk candidates.
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    ABSTRACT

    We present a case of a 41-year-old female with deep vein thrombosis after abdominal surgery. The patient quickly developed severe pulmonary embolism and stroke representative of paradoxical embolism. Echocardiography showed a thrombus straddling a patent foramen ovale, which was confirmed intraoperatively. An accurate diagnosis and rapid treatment decisions are crucial for preventing patient deterioration in the form of new pulmonary embolisms or stroke.

    Keywords: Embolism, Paradoxical. Venous Thrombosis. Stroke. Pulmonary Embolism.

  

   

   

  INTRODUCTION

  The identification of a thrombus in a patent foramen ovale (PFO) is a relatively rare event[1-4], despite the relative frequency of this anatomical anomaly of the atrial septum, which can be found in almost 20% of the normal population[1]. Generally, thrombus straddling a PFO is a complication of severe thromboembolic disease and is a consequence of thrombus migration into the left heart chambers, which itself is due to pulmonary hypertension. Its association with massive pulmonary embolism (PE) leads to worse prognosis[1].

  Treatment options for thrombus in PFO include thrombolysis, heparin therapy, or surgery. Fauveau et al.[2] reported a list of 88 cases in the literature; they found a mortality rate of 36% when thrombolysis was used, 14% when heparin was administered, and 13% when surgical treatment was employed. We report a case of a straddling thrombus in a patient with a PFO that was associated with massive PE and treated surgically.

   

  CASE REPORT

  A 41-year-old female patient who was previously healthy had undergone a laparoscopic cholecystectomy ten days prior. Nine days after the procedure, the patient developed dysarthria and acute respiratory distress, requiring supplementary oxygen therapy via oxygen mask. Clinically, the patient presented left calf tenderness. Doppler ultrasound revealed lower limb venous thrombosis. Brain computed tomography (CT) showed no significant change; a chest CT confirmed the existence of an atrial thrombus straddling a PFO.

  Transthoracic echocardiogram revealed systolic pressure of the right ventricle to be 56 mmHg, as well as moderate tricuspid regurgitation secondary to pulmonary hypertension and a thrombus straddling a PFO (Figure 1A). Surgical treatment was indicated to remove the thrombus from the heart and for PFO closure. Figure 1B shows the thrombus removed from the atrium during the surgical intervention.
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  During the surgery, the manipulation of the heart was avoided in order to minimize the risk of another PE. The thrombus was found in the right atrium and it went through the PFO into the left atrium (Figures 2A and 2B). The thrombus was resected and PFO was closed using a 4-0 Prolene running suture.
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  Cardiopulmonary bypass weaning failed twice. Left atrial pressure was 30 mmHg, end-tidal CO2 (ETCO2) was 10-12 mmHg, and oxygen saturation was 89% (a value likely due to the PE). Norepinephrine (0.2 mcg/kg/min) and milrinone (0.75 mcg/kg/min) were useful for successfully weaning the patient off ventricular assistance.

  The patient was admitted to the intensive care unit (ICU) under mechanical ventilation with a fraction of inspired oxygen (FiO2) of 60%, saturation at 89%, central venous pressure (CVP) of 24 mmHg, arterial pressure (AP) of 80x40, norepinephrine at 0.7 mcg/kg/min, and milrinone 0.75 mcg/kg/min. She remained unstable overnight but gradually exhibited improvements in hemodynamic stability, CVP reduction, and improved oxygen saturation in the days following. She was extubated on the sixth postoperative day and discharged from the ICU on the eighth postoperative day.

  The present study was approved by Ethics Committee under number 1.401.186.

   

  DISCUSSION

  Deep vein thrombosis (DVT) is the third largest cardiovascular disease in developed countries, followed by myocardial infarction and stroke. The risk factors for developing DVT include recent surgery and hormonal contraceptive therapy; DVT is also more common in women. These risk factors increase the likelihood of clot formation in the pelvis and lower limbs, which can eventually cause PE[5].

  The foramen ovale is closed by a flap-like valve on the left side of the left atrium. In patients with acute cor pulmonale, higher rightsided pressure may induce a reopening of the foramen ovale and a right-to-left atrial shunt or an increase in the shunt in patients with a PFO[1]. Most venous thrombi pass through the inferior vena cava and flow directly through the PFO, subsequently reaching the left atrium.

  Reports of thrombus straddling the PFO are rare[1-4]. Guffi[6] demonstrated the efficacy of the surgical closure of PFO as prophylaxis to prevent cryptogenic strokes. However, in Guffi's study, no patients were found to have thrombosis on the edges of the PFO, as was the case in our patient.

  Generally, the diagnosis of paradoxical embolism is presumed[6]. Tests such as D-dimer, venous Doppler of lower limbs, and chest CTs are useful for the study of DVT and PE[5], but when stroke is concurrent, brain CT and echocardiogram are mandatory[2]. In our patient, D-dimer was not performed because the initial symptoms were dyspnea and dysarthria. Therefore, chest and brain CTs were selected.

  Although heparin therapy has been associated with the same mortality rate as surgical treatment[2], and though PFO closure has not been associated with a reduction in cases of late recurrent stroke[7], the presence of an intracardiac thrombus increases the risk of another acute PE and stroke, risks which justify emergency surgery for the intracardiac thrombus[1,8].

  Aggressive treatment should not be delayed. Surgical outcomes are more promising in stable patients without cardiogenic shock or massive systemic embolism. It should also be pointed out that most paradoxical embolisms occur early; they typically occur at the time of PE, as in our patient, and are likely caused by the increase in right atrial pressure[1].

  We have presented the case of a patient with PE and stroke in the early postoperative period following abdominal surgery. It is important to emphasize the need for full diagnostic investigations and swift decisions regarding treatment in order to avoid the worsening of symptoms in the form of new pulmonary embolisms or stroke.
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Table 1. Oxygenator specifications.

Oxygenator Braile Infant 1500 KIDS D100
Max Flow Rate 15 L/min 700 ml/min
Priming Volume 65ml 31ml
Hollow.Fiber Material Polypropylene Phosphorylcholine
Bundle Surface Area 05m* 022m?
Venous reservoir Braile Venous Reservoir 500 KIDS D100
Capacity 450 ml 500 ml
Cardiotomy Filter Pore Size 200 ym 33um
Venous Filter Pore Size 245 um 51 um
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Pre-oxygenator site Post-oxygenator site Distal arterial line. %
Flow e | Oygensor MOde e cC) Pt 2 a0 o M gy S o Count
Comimin | Bale | W |7iEorazor| om0 | 43 |1eeoreasor] e | w2 | 1seesmoees | 12 | o | 2
7 [astorsseor| wswet | 5w |1eborzer| ws | w1 | seomasor | 5 | o | 71
D | W 1| 1 | 11 [skwniier| e | o | vEemEe| on | o | e
7 [1sorazer| ori0 | 1 |1e6eemaoics| 55 | o | toktomEio | o0 | o | m
Tomimn | Bak | W |a7oreieer| s | en |seborateor| s | 1 | sskosmieos | 22 | o | %7
7 [1stosmsstor| w2 | 7t |seorsoeer| et | 2 | koo | 21 | o | 8
Do | W |150eslew || 55 |1Eaeioeos | oo | 67 | soeomsees | s | o | or
7 |15eosrsetor | momst | 5wt |seeossestos | 1ee7| e | steosezieos | 57 | o | i
NP—ron pulstleflow;P-pusatlefow

9% GME Count=Post-oxygenator count/Pre-oxygenator count x 100; *P<001, Braile vs. Dideco





OPS/images/a13img06.png
Authors' roles & responsibilities

LAPC

visF
LGM

Realization of operations andlor trials final manuscript
approval

‘Conception and design study; final manuscript approval
Manuscrpt redaction or critical review of its content; final
manuscript approval

Manuscrpt redaction or critcal review of fts content; Final
manuscript approval

‘Conception and design study; final manuscript approval
Realization of operations andlor trials final manuscript
approval






OPS/images/a14img03.png
Table 1. Patients'baseline characteristics.

Variables Conr,rzlﬁl]oup Imervez:in;; Group nf“e
Age (years) 454112 4834102 044
Female/Male(n) 02/9 s 060
BMI (k/m) 223430 242431 008
Etiology (n) 7 ischemic 5 ischemic 035
1 idiopathic 1 idiopathic
3 hypertensive 1 non-compact myocardium
ICD / pacemaker (n) 3 2 055
LVEF 036:003 033:003 022
Pulmonary function
FVC ) 32486 35478 065
9% predicted 839+1508 8541168
FEV,(1) 278472 25463 034
9% predicted 8854117 86+139
MIP (cmH,0) 575+102 604151
9% predicted 526+106 544:182
Drug Therapy
ACE inhibitors (mg/d) 2234112 2320:93 037
Furoseride (mg/d) 287:89 27:92 022
Dobutamine (mcg/kg/min) 9.18:584 878468 055
Beta-blocker (mg/d) 2812410 2914411 042
Laboratory tests
NT-Pro-BNP(pg/mi) 1178942576 1089721998 044
Functional Capacity
EMWT (meters) 3212144 3105512 055
9% predicted 552410 614957
Length of exercise sessions (days) 194435 223445 019

Values expressed as mean + standard deviation
ACE=angiotensin converting enzyme; BMi=body mass index; ICD=implanted cardioverter defibrilltor; FEV,=forced expiratory
volume n 1 second; FVC=forced vital capacity; LVEF=left ventricular ejection fraction; MIP =maximal inspiratory pressure; NT-pro-
BNP=Amino-terminal pro-brain natriuretic peptide: GMWT=6-minute walk test
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Table 2. Functional capacity and maximal inspiratory pressure between groups aiter protocol.

Control Group.

Intervention Group

Variables a1y e P
EMWT (m) 33724372 3584424 <0001
% pre 104922 115532

MIP (cmH,0) 575412 6962141 <001
% pre 107:222 1152242

Values expressed as mean + standard deviation. P value refers to the difference between the groups.

% pr

onsidering 100% of the baseline value pre-protocol: 6MWT=6-minute walk test; MIP=maximal inspiratory pressure
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training.
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Table 1. InsCor.

Variables Score

Age (> 70 years)

Gender (female)

‘CABG + valve surgery

Recent infarction (< 90 days)

Reoperation

Surgical ueatment of aortic valve

Surgical eatment of tricuspid valve

Creatinine (> 2mg /d)

Ejection fraction < 30%

Events®

“Includes at least one of the following stuations prior to
surgery:intra-aortic balloon, cardiogenic shock, ventricular
tachycardia or fibrillation, orotracheal intubation, acute renal
failure, inotropic drugs, and cardiac massage.
CABG=coronary artery bypass grafting
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Table 2. Demographic and clinical data of patients

undergaing CABG.
Variables n(%) Mean (SD)
Gender 54(65)
e 94(635)
Age (years) 547(158)
BMI (kg/m’) 256(42)
C.o:mnb s (n) 95(642)
lypertension 47318
Diabetes mellitus
19.128)
Smoking A
©5)
Dyslipidemia
8(54)
Myocardial infarction S
stioke Saa
<)
InsCor
Lowrisk 111036)
Medium risk 28(203)
High risk 9(61)

BMI=body mass index; CKD=chronic kidney disease;

InsCor=mortality risk score
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Table 3. Mortality risk score calibration by groups.
InsCor Cases. % observed 95%CI % predicted 95% CI
LL uL LL uL
Low 11 63 18 108 68 21 115
Medium 28 71 -24 166 68 25 162
High 9 11.1 -94 316 66 96 228

95% Ci= 95% confidence interval; LL=lower limit; UL=upper imit

Hosmer-Lemeshow test

116)
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Table 4. Surgical data, mechanical ventilation duration, and length of stay at ICU of patients undergoing cardiac surgery, according
to InsCor categories of risk.

Variables Low Medium High P

CPB duration (min) 90(70;110) 1115 (887,1462) 115 (85;230) 0004°
Aortic clamp duration (min) 66 (44,5,89) 88 (695, 113) 88 (65; 150) 0003
Surgery duration (min) 373040 4337:47) 43(32:62) 0002
MV duration (hours) 143(117,183) 151(82,176) 145 (121,24 082
Length of ICU stay (days) 435 537 737,85 002

CPB=cardiopulmonary bypass; ICU=intensive care unit; MV=mechanical ventlation
Data shown as median (q25; a75). Kruskal- Wallis test (Dunn's post hoc)
*P<0.05 comparing low and medium risk: *P<0.05 comparing low and high risk
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Table 2. Echocardiographic indings of carcinoid heart disease™ .

Echocardiographic
technique

Echocardiographi

Two-dimensional

Leaflet: thickening, retraction, reduced mobilty, laminar regurgitant flow
Valve: incomplete coaptation

Right ventricular free walk thickening

Small pericardial effusions

Right atrium and (on right ventricle enlargement (81%)

Thickened immobile tricuspid valve (56%)

Continuous Doppler

“Dagger” shaped Doppler profile with early peak & rapid decline (severe tricuspid regurgitation)
Typical parabolic profil (less severe tricuspid regurgitation)

Increased requrgitant flow (2605 mys; range, 1540 m/s)

Prolonged pressure half.time (116 + 43 ms; range, 45-200 ms) (ricuspid regurgitation)

Steep pressure half time (pulmonary regurgitation)

Color Doppler

Colored reverse flow
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Table 3. Aavantages and disadvantages of valvular prostheses of choices for carcinoid heart disease patients™ *.

Valvular Prosthesis Advantage Disadvantage
Mechanical No carcinoid involvement. Long-term coagulation therapy
Better short-term outcomes
Valve durability Carcinoid plaque deposition
Bioprosthesis Uncommon carcinoid involvement Prosthetic degeneration

Avoidance of long-term warfarin use &
secondary coagulopathies

Organizing thrombus.

Bioprosthesis (stentless)

No need of long-term coagulation therapy

Short durability
Potential of restenasis
Higher incidence of reintervention

Homograft

No need of long-term coagulation therapy

Homograft constriction

Homograft calcification

Plaque deposition

Premature dysfunction with accelerated stenosis
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Table 1. Relative proportions of valvular pathologies in carcinoid heart disease.
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Most common

Less common
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Table 1. Preoperative clinical characteristics.

Group l (n=70) Groupl(n=29) | Group il (n=37) B
n (%) n (%) n (%)
<65 30 (429) 8(276) 19(514)
Age 0148
265 40(57.1) 21(724) 18 (486)
Male 62(886) 20759 3622
Gender 0.006**
Female 8(114) 7041) 14678)
Preoperative USAP 55(786) 24(828) 27 (730) 0625
Previous MI 24(343) 14 (483) 16 (432) 0379
Multivessel coronary disease 70 (100) 23(793) 35(946) 0001
Asymptomatic 45(643) 19 (655 21(568)
Preoperative neurological TIA 11(157) 40138 4(108) 0661
symptoms
Stroke. 1400 6007) 12(324)
Biateral carotid disease 50 (714) 21(724) 23(622) 0560

Ki-kare test **P<001

Mi=myocardial infarction: TIA=transient ischemic attack: USAI

instable angina pectoris
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Abbreviations, acronyms & symbols

GMWT  =six-minute walk test
MV =Conventional mechanical ventilation

ICU —intensive care unit

L-OLS  =Late open lung ventiation strategy

OLs  =Open lung ventilation strategy

OPCAB =Off-pump coronary artery bypass

Paco, =partial pressure of arterial carbon dioxide
a0,  =partial pressure of arterial oxygen

PEEP  —Positive end-expiratory pressure

POD  —postoperative day
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Abbreviations, acronyms & symbols

ACC =Aortic cross clamp
CABG  =Coronary artery bypass grafting
CEA  =Carotid endarterectomy

PB  =Cardiopulmonary bypass

U =intensive care unit

M =Myocardial infarction

PSS =statistical Package for Sodial Science
TIA  =Transientischemic attack

USAP  Unstable angina pectors
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Table 2. Intraoperative variables.

Group | (n=70) Group Il (n=29) Group Ill (n=37) P
*ACC time (minute) 509542472 91104044 0001
*CPB time (minute) 907042899 1314543398 0001+
++Shunt used 67957 27(93.) _ 0001+
++Patch closure 40(57.1) 17(586) 22(595) 0972
*+Primary closure 301429) 12414) 15 (405)

“Student ttest (between group | and group 1) *+P<001 **
ACC=Aortic cross-clamp; CPB=Cardiopulmonary bypass

Kare test
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Table 3. Postoperative outcome.

Group1(n=70) | Groupli(n=29) | Group lll(n=37) »
n (%) n (%) n (%)

*Perioperative M 343 3(103) 5(135) 0220
“IABP _ 164) 360 0061
“Neurological event 11(157) 2(69) 127 0086
“stroke 5@ 2669 _ 0251
“Infection 10(143) — 2054 0050*
*Renal dysfunction 5@.) 2(69) 361 0978
*Hospital mortality 343 269 2054 0860
+ICU stay (day) 4024354 03) 296+254(2) 394:3903) 0032*
+Hospital stay (day) 1001464 (8) 786+272(7) 045+461(8) 0061

+Ki_kare test +Kruckal Wallic Test *P<0.05
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Fig. 1 - Distribution of cinical complications found n the postoperative period of maorelective cardiac surgeries.
HED=hydroelectrolytic disorders
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Table 1. Characterization of patients subjected to major

elective cardiac surgery.

Variables n=72 %
Age
> 60 years 30 416
Gender
Female 36 50
Smoking
Abstainer 36 50
Ethnic group
Non-white 67 931
Previous heart surgery 12 167
NRS-2002
Atnutritional risk 6 83
Body mass index classification
Underweight 10 139
37 514
Coronary artery disease 28 375
Congestive heart failure 3 319
Rheumatic heart disease 3 319
Mitral failure 18 2
Aortic insufficiency 10 139
Aortic stenosis 10 139
Atral fibrillation 7 97
Acute myocardial infarction 5 69
Pulmonary hypertension 4 56
Congenital heart disease 2 28
Chagas cardiomyopathy 2 28
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Table 2. Clinical, anthropometric, biochemical and postoperative features of patients undergoing surgical procedure.

Variables Mean Median Standard deviation

Age (years) 522 525 145
Ejection fraction (%) 623 62 104
Body mass index (kg/m) 22 264 43
Waist circumference (cm) 919 932 116
Corrected arm muscle area (cm?) 379 375 124
Arm musdle circumference (cm) 237 243 35
Calf circumference (cm) 352 34 4

'Dominant adductor pollicis muscle (mm) 14 " 34
"Non-dominant adductor pollicis muscle (mm) n2 104 35
Triceps skinfold (mm) 165 153 53
Sum of the two skinfolds (mm) 378 373 122
Alburnin (g/dL) 38 38 04
Total lymphocyte count (mm’) 2128 2135 7999
Total cholesterol (mg/dl) 1856 1725 598
HDL-c (mg/dL) 385 38 114
LDLc (mg/dL) 1155 1125 47

Triglycerides (mg/dL) 150 1440 1328
Length of anoxia (min) 742 65 405
Extracorporeal circulation (min) 918 80 39
Mechanical ventilation (days) 15 [ 18
Stay i the coronary care unit (days) 4 3 45
Length of hospital stay (days) 293 215 205

HDL-c—high-density lipoprotein cholesterol: LDL<

—ow density lipoprotein cholesteral
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Table 5. Association between the pre-and postoperative variables and the presence of postoperative complications in patients
undergoing cardiac surgery.

Complication”
Variables Cardiac Pulmonary Renal Infectious Hematologic
Mean/sD | P-value | Mean/sD_| P-value | Mean/sD | P-value | Mean/sD | P-value | Mean/sD | P-value
Agelyears)’ | 5954151 | 0134 | 5594169 | 0421 | 5794151 | 0023 | 5404177 | 0660 | 4524168 | 0066
EEC(minf™ | 14214678 | 0020 | 12462548 | 0054 | 11602538 | 0005 | 1023+484 | 0499 |1025+448] 0282
DAPM(mm)® | 119452 | 0534 | 111226 | 0401 | 115632 | 0ss9 | 9ss2s | 0157 | 11as1s | ooss
NDAPM (mm)? | 116452 | 0732 | 110+24 | 0500 | 113134 | 0981 | 94+23 | 0030 | 108416 | 0844
MV days” 29449 | 0456 | 36s45 | 0001 | 23:31 | o083 | 18415 | 0232 | 13409 | 0435
CCU (Gays)™ 68147 | 0006 | 104:09 | 0001 | 70s70 | oooo | 72494 | 0095 | e0sa1 | o641

“Presented some of the specified complications.

SD=standard deviation; EC

ngth of stay i the coronary care unit

tracorporeal circulation; DAPM=adductor pallicis muscle in the dominant hand; MAPND=adductor
pollicis muscle in the non-dominant hand; MV=mechanical ventilation; CCl

MDescriptive level of probability by the Student's t-test. ®Descriptive level of probability by the nonparametric Mann-Whitney U-test.
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Table 3. Association between anthropometric and transoperative variables and the occurrence of postoperative complications in
individuals undergoing major elective cardiac surgeries.

Variables ‘Absent Present Pvalue
Mean/sD Mean/sD
Age (years) 483412 5424155 oo77m
Dominant APM (mm) 12344 107:29 o217
Non-dominant APM (mm) 121342 105429 01487
Extracorporeal circulation (min) 746:341 10232463 0007
Length of stay in CCU (days) 24108 50455 00017
Mechanical ventilation (days) 15604 16422 06157
Variables n (%) n(%) Pvalue
Gender 04657
Female 1263) 2467
Male 1542) 21(8)
Weight loss 10004
No loss 2508) 41(62)
Significant loss 1(100)
Severe loss 2(40) 360
NRS-2002 04004
No nutritional risk 2609 40(61)
Atnutritional risk 137 563
Body mass index 02507
Underweight 200 8(80)
Eutrophia 8(32) 17(68)
Overweight 17 46) 20(54)
Triceps skinfold 05651
Depletion of adipose tissue 2040) 3(60)
Good fat reserve 500 200
Summation of the two skinfolds 0186
Depletion of adipose tissue 100 4(80)
Good fat reserve 363 6(67)
Excess adipose tissue 16 (57) 12(43)
Waist circumference 0350
Normality 7(32) 15(68)
Increased risk 760 1670)
Very increased risk 13¢48) 14(52)
Calf circumference 043110
<31em 160 160
>31em 602 2108)
Corrected arm muscle area 0665
Underweight 203 4(67)
Good muscle mass reserves 18(50) 18(50)
Arm muscle circumference 0657
Muscle mass depletion 360 700)
‘Good muscle mass reserves 400 16 (80)
Albur 1.0004
<35g/dL 363) 6(67)
>350/dL 2438 39(62)
Total lymphocyte count 0807
> 1500 cel/mm® 16 36) 28(64)
1.500 - 1200 cel/mm’ 765) 1365
800~ 1.200 cel/mm’ 267) 163
< 800 cel/mm® 260 360
Type of surgery
Myocardial revascularization 1369 20(61) 07607
Mitral valve replacement 6025 1875 01217
Tricuspid valve surgery 263) 4(67) 1,000
Mitral valve surgery 5(62) 368) 01420
Aortic valve replacement 6(6) 1704 01718
Correction of congenital anomalies 1(100) 1,000

* Presentation of at least one dlinical complication in the postoperative period,
SD=Standard deviation; APM=adductor pollicis muscle; CU=length of stay in the coronary care unit

"Descriptive level of probability by the Student' -test. “Descriptive level of prabability by the nonparametric Mann-Whitney U-test.
MDescriptive level of probability by the chi-square test. “Descriptive level of probability by the Fisher's exact test.
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1able 4 - Association between the presence of clinical complications in the postoperative period of cardiac surgery and the nutritional

status variables.
Complication*
Variables Cardiac Pulmonary Renal Infectious Hematologic HED
n(%) [Pvalue| n(%) |Pvalue| nee)|Pvalue| n%) |Pvalue| n(e) |Pvalue| n(se)|P-value
BMI 0454 0186 02677 08217 08297 1.000"
Underweight | 2(20) 360 5(50) 200 100) 100
Eutrophia 302 2@ 96) 302 500 2@
Overveight | 3@ a0 924 6016) 606) 40n
TSF 1.000" 100 033" 0556" 0538 1.000"
Depletion 100 100 100 o 100 o
Eutrophia 406) 406 13(52) 5(100) 302 406
2D summation 1.000" 0554 0540" 1.0007 1.0007 0704
Depletion o 100 200 100 100 o
Eutrophia 101 Tan 202 1a1) 202 0
Excess 20 20) 508) 404 508 30m
Albumin 1.000" 500" 0026" 03377 03407 585"
<asgdl | 10 o 6 (67) 0 o 0
=3sg/dl | 701) 904 1707) nan 12019 701
TiC 0883" 668" 0233" 0743" 05647 0154
>1500 501 501) 1309) 8018 604 300
1500-1200] 305 400 9ws) 200 505 2010
800-1200 [ 0 o 163) 0 o 0
<800 [ [ 0 100 100 200
*Presented some of the specified complications.
HED=hydroelectrolytic disorders; BMi=body mass index; TSF=triceps skinfold; 2D summation=sum of the two skinfolds; TLC=Total

lymphocyte count

MDescriptive level of probability by the Fisher's exact test. PDescriptive level of probability by the chi-square test.
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Table 2. Characteristics of the selected studies.
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NP=non-pulsatie flow; P=pulsatie flow
9 GME Count=Post-cxygenator count/Pre-arygenator count x 100;
*P<001 Braile vs Dideco: tP<0.05, NP vs. P mode.
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Fig. 3 - Percentage of pre-oxygenator total hemodynamic energy
(THE) delivered to pseudopatient under non-pulsatile (NP) and
pulsatie () mode.

*P<0.01 Braile vs. Dideco
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Table 4. Pressure drop across the oxygenators and “Stolen”blood flow from arterial hiter purge line.

Flowrate | Oxygenator | Mode | 2¥gEnatorpressure drop (mmtg) StoIeAn blood flow (mllmilt)
35°C 25°C 35°C 25°C
500 ml/min Braile NP 353103 39802 1328429 1382408
P 364103 411103 1347436 1385418
Dideco NP 922423 1107:08* 1289:43 1229:05*
P 94417 1129413 1208453 1229413
700 ml/min Braile NP 475+01 543100 1543415 1358411
P 494103 563103 1554417 1367417
Dideco NP 1255402° 1637429 133.1404% 1156414
P 1298:07* 1680+29 "t 1339+18° 1161522*

NP=non-pulsatil flow; P=pulsatie flow

*P<0.01 Braile vs. Dideco: 1P<005. NP vs P mode
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. 2 - Pre-oxygenator and post-filer total hemodynamic energy
(THE) under non-puisatile (NP) and pulsatile (P) mode.
*P<0.01. Braile vs. Dideco: 1P<0.01. NP vs. P mode
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Fig. 1 - Schematic lustation of the surgical procedure performed
inallpatients.
AA=anterior interventricular artery; Gx Marginal=marginal branch
of circumflex artery; GSV=great saphenous vein; LITA=lef internal
thoracic artery





OPS/images/a09img03.png
Table 2. Artery of left coronary system revascularized by LITA

and GSV composite graf.
Graftand coronary | Number of N
artery revascularized | patients
LITA- AIA 23 100
GSV-DG 7 3043
GSV-DGLS 3 1304
(GSV - MGCX 13 5652

AlA=anterior interventricular artery; DG—diagonal branch of
anterior interventricular artery; DGLS=diagonalis branch of left
coronary artery; GSV=great saphenous vein; LITA=left internal
\arginal branch of dircumflex artery

thoracic artery: MG
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Table 1. Demographic data and preoperative clinical
characteristcs of the 23 patients.

Characteristic Patient (s)
Mean age (years) 64561021
Age > 75 years 521.73%)
Female 2(869%)
Male 21013%
Previous AMI 114782%
Functional Class IVIV (NYHA) 30304%)
BMI 28142345
Smoking history 12(5217%)
oPD 30304
Diabetes 12(5217%)
Dyslipidemia 12(52.17%)
Hypertension 12(5217%)
Lesion of left main coronary artery. 5(21.73%
Two vessel disease 7 (3043%)
Three vessel disease 11(47.82%)
LVEF (mean) 61461068
LVEF < 35% 1434%)
Left ventricular mass index (g/m?) 1014621871
Left ventricular mass 1856024645
Cerebrovascular disease 1434%)
Carotid disease (lesion > 60%) 401739%)
EuroSCORE 103:052
STS SCORE, 090:050
Atial fbrillation 1434%)
Creatinine 104:021

Data described as mean + standard deviation

AMi=acute myocardial infarction; BMI=body mass

index; COPD=chronic obstructive pulmonary disease;
FuroSCORE=European System for Cardiac Operative Risk
Evaluation; LVEF=left ventricular ejection fraction; NYHA=New
York Heart Association; STS-score=The Society of Thoracic
Surgeons Risk Score
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Fig. 2 - Phamacological stress influence on blood flow parameter in arteriovenous composite Y graft.
GSV=great saphenous vein; GSV-LITA Clamp=GSV segment with clamping of LITA; LITA=left internal thoracic artery; LITA-GSV Clamp=LITA

distal segment with clamping of GSV; GSV-LITA Free=GSV segment without clamping of LITA; LITA-GSV Free=LITA distal segment without
clamping of GSV





OPS/images/a09img05.png
Table 3. Influence of non-traumatic temporary clamping of G5V segment on mean flow values of LITA distal segment.

Without GSV Clamping With GSV Clamping P
LITA dista segment baseline 16224516 18394847 00633
flow (mLJmin)
LITA distal segment 247041142 2670£1084 02344

dobutamine flow (ml/min)

Data described as mean  standard deviation. P<0.05 was considered statistically significant

GSV=great saphenous vein; LITA

tinternal thoracic artery
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Table 4. Influence of non-traumatic temporary clamping of LITA distal segment on mean flow values of G5V segment.

Without LITA clamping With LITA clamping P
GSV segment. N N
baseline flow (ml/min) 1378511 15.0447.99 02955
GSV segment onses S p—

dobutamine flow (ml/min)

Data described s mean + standard deviation. P<0.05 was considered statistically significant

G

reat saphenous vein; LIT/

ft internal thoracic artery





OPS/images/a09img09.png
Authors' roles & responsibilities

HGLF

JGLF

Analysis andior data interpretation; conception and design
study; manuscript redaction or critical review of its content;
realization of operations andior trals; final manuscrpt
approval

‘Analysis andior data interpretation; manuscript redaction or
articalreview of its content; realization of operations andor
trial; final manuscript approval

‘Analysis andior data interpretation; manuscript redaction or
artical review of ts content; final manuscipt approval
‘Analysis andior data interpretation; manuscript redaction or
artical review of ts content; final manuscript approval
‘Analysis and/or data interpretation; final manuscript approval
‘Analysis andior data interpretation; manuscript redaction or
artical review of ts content; final manuscipt approval

MCAL Analysis and/or data interpretation; final manuscript approval

PR

Analysis andor data interpretation; manuscrpt redaction
or aitical review of its content; statitical analysis; finl
manuscript approval






OPS/images/a10img01.png
Assessed for eligibility

(0=102)
Excluded (n=27)
= Refused to participate (1=2)
= Emergency surgery (1=2)
= LV ejection fraction > 0.45 (n=9)
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Fig. 1 - Participants flow.
6MWT=six-minute walk tesi; CMV=conventional mechanical ventilation; COPD=chronic obstructive pulmonary ~disease;

CPB=cardiopulmonary bypass; E-OLS=early open lung ventition strategy; -OLS=late open ung ventilation strategy; LV=left ventricuiar;
MV—rnechanical ventilation
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Table 5. Coronary flow reserve in LITA proximal segment and in distal branches of composite graft.

LITA distal segment GSV segment
LITA proximal -
segment Without GsV | withgsy | Pvalue w.:[:m WithLma | Pvalue
clamping | clamping doonng | clamPing
D 1692050 1542057 | 155:060 | 09393 | 1662065 | 1612057 | 06613

Data described as mean + standard deviation. P<0.05 was considered statistically significant

oronary flow reserve; GSV=great saphenous vein; LITA

ft internal thoracic artery
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Abbreviations, acronyms & symbols

AAM  =Ascending aorta manipulation
AA  =Anterior interventricular artery
AMI  =Acute myocardial infarction
ANOVA  =Analysis of variance
~Coronary artery bypass graft
~Coronary flow reserve
~Cardiopulmonary bypass
=Diastolic fraction

~Great saphenous vein
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Table 3. Arterial blood gas and shunt fraction measurements
i the first postoperative day.

Variables CMV Group | E-OLS Group
Pa0, (mmHg) 587241867 | 75.18:246"
PaCO, (mmHg) 3027213 | 3812:158
Shunt fraction (%) 027001 | 013:001"

Data expressed as mean + standard deviation
CMV=conventional mechanical ventilation; E-OLS=early open
lung ventilation strategy; L-OLS=late open lung ventilation
strategy; PaCO,=partial pressure of arteral carbon dioxide;
PaO,=partial pressure of rterial oxygen

*P<0.0001 refers to comparison between groups: a=CMV vs.
L-OLS: b=CMV vs. E-OLS: and c=L-OLS vs. E-OLS
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Table 4. Postoperative clinical outcomes.

Variables

CMV Group (n=33)

L-OLS Group (n=31)

E-OLS Group (n=31)
Atelectasis, n (%) 144242 8(25.80)° 4(1240)"
Pleural effusion, n (%) 92727 5(16.12)° 3067
Preumonia, n (%) 82424 4(12.90)° 1322
Mechanical ventilation time, hours** 14562206 122241487 0.49+147>
Hospital stay, days** 1089+1.83" 842+1.74° 6881145

**Data shown as mean + standard deviation

CMV=conventional mechanical ventilation; E-OLS=early open lung ventilation strategy; L-OLS=late open lung ventilation strategy
Comparison between groups: a=CMV vs. L-OLS: b=CMV vs. E-OLS; and

_OLS vs. E-OLS. *P<0.05
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Table 1. Pre- and intraoperative clinical and demographic
parameters.

Voriabes MV Group [ EOLS Growp
‘Age (years) 5854+1432 | 5043+1368
Male/ferale (n) 15/6 15/5
BMI (kg/m?) 25426122 | 25894241
LEF 039:004 040003
EUroSCORE I 64122 6634
Pulmonary function
0 3212044 3351054
% predicted 8413+1426 | B486:1612
FEV, () 2641042 271048
% predicted 022141345 | 89881485
Pa0, (mmHg) 7826513 | 7883396
PaCO, (mmHg) 3849:312 | 3928:383
Shunt fraction (%) 004:001 003:001
EMWT (m) 3856+1888 | 389282523
Operative time (min) | 3104£2284 | 316242448
Intact pleura (n) " 9
Grafts per patient (n) 248047 256044
10fluidbalance (ml) | 27304438 | 27804360

Data shown as mean + standard deviation
BMi=body mass index; CMV=conventional mechanical
ventilation; E-OLS=early open lung ventiltion strategy;
FEV,=forced expiratory volume in 1 second; FVC=forced vital
capacity; L-OLS=late open lung ventilation strategy; LVEF=left
ventriculr ejection fraction; PaCO, =partial pressure of artrial
carbon dioxide; PoO,=partial pressure of arterial oxygen;
EMWT=six-minute walk test: IO=Intraoperative *P<0.05
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Table 2. Pulmonary function test values on PODs 1, 3 and 5, in percentage of the preoperative values.

CMV Group L-OLS Group E-OLS Group

FVC (%) FVC (%) FVC (%) FEV, (%)
PODI 3222:94 4055410437 48654112 4944+1387
POD3 3054+122" 5133+1102° 673341327 6522+119"
PODS5 65671497 7745415667 893341520 8651+143"

Data shown as mean + standard deviation

CMV=conventional mechanical ventilation; E-OL S=early open lung ventilation strateqy; FEV,=forced expiratory volume n 1 second;
FVC=forced vital capacity; L-OLS=late open lung ventilation strateqy; POD=Postoperative day

Comparison between groups: a=CMV vs. L-OLS: b=CMV vs. E-OLS: and c=L-OLS vs. E-OLS *P<0.05: **P<0.001





