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  BJCVS HIGHLIGHT

  
    "The most important part of an art is to be able to observe properly"

    René-Théophile-Hyacinthe Laennec

  

  In 2016, the stethoscope completed 200 years since its first monaural description by Rene Laennec, in 1896. To the best of our knowledge, no national publication has highlighted this major event. The invention of the familiar "binaural" stethoscope is credited to the Irish physician Arthur Leared, in 1851. The first binaural stethoscope commercially produced was developed by George Camman, in 1852, in New York, USA.

  After these brief historical vignettes, Harbison[1] emphasizes that since 1816 a number of technologies have been developed to challenge the stethoscope: X-rays in the 1890s, diagnostic ultrasound in the 1950s and computed tomography in the 1970s, but none have adequately replaced it. Nowadays, its real value has been argued in some editorials [2,3], and passionate defenses were published [4]. However, it is important not to underestimate it as a diagnostic tool where complex technology is not available. Besides detecting bronchospasm, the stethoscope may still overcome an echocardiogram in cases of diastolic heart failure and may be an adjuvant tool in the diagnosis of acute respiratory distress syndrome (ARDS). Indeed, requesting a chest computed tomography (CT) or echocardiogram from a radiologist or cardiologist without being able to describe the auscultatory findings probably will trigger a curt response [1]. Remember that the stethoscope should be a good idea against the diagnosis of "moderate injury" described on imaging, often avoiding cardiac valve prosthesis surgery.

  Almost 50 years ago, Ashbaugh et al. [5] ﬁrst used the term ''acute respiratory distress in adults'' to describe 12 patients with respiratory failure. The syndrome hallmarks associated with respiratory distress were hypoxemia refractory to supplemental oxygen, diffuse radiographic opacities, and histological evidence of diffuse alveolar damage in most, but not all, fatal cases. Later, Petty and Ashbaugh [6] created the final term ARDS. Considering the strong historical association between ARDS and the Vietnam War and the sophistication of current imaging methods [7,8], we remembered the 1970s, when the stethoscope and a simple chest X-ray were our weapons. Interstitial pulmonary edema occurring in association with non-cardiac disease (e.g., sepsis, aspiration or shock) is secondary to an increase in the permeability of the pulmonary microvasculature and is the pathophysiological basis of ARDS. It is said that ARDS is a "barrier problem" (alveolar-capillary barrier). The radiological image, although often exuberant, is incompatible with the findings on pulmonary auscultation and the amount of pulmonary secretions present. Here, pulmonary auscultation is poor in findings, and this is the hallmark for the diagnosis of this condition. The diagnosis of ARDS is made by cardiologists in intensive care units (ICU), usually in postoperative patients, and includes respiratory distress and progressive arterial desaturation with a decrease in PaCO2. In the 1970s, during ICU rounds, the ARDS chest X-ray films (especially ARDS class III) invariably had the diagnosis of "extensive bilateral pneumonia". We must have repeated hundreds of times that ARDS is a "barrier" problem, and the radiological image was incompatible with the findings of auscultation and pulmonary secretions.

  In conclusion, we were living in an era of advanced imaging techniques, but excellent clinical observation (especially the time course of symptom development) and the use of this "ancient" 200 year-old tool may rule out many confounding diagnoses, indicate the appropriate treatment, or dictate advanced investigation.

   

  ARTICLES IN THIS ISSUE

  This issue of Brazilian Journal of Cardiovascular Surgery (BJCVS) presents a blind peer-reviewed selection of 16 papers that will surely please our readers. The vast majority is related to various perioperative problems. We selected 15 articles in order of acceptance (10 original articles, 2 review articles, and 3 elected case reports) and 1 editorial addressed to the fundamental concepts to Biostatistics.
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  The concept of critical reading of research articles is widely accepted as essential for the practice of Medicine. It is known that the use of evidence-based practices can lead to better care and outcomes, thus, it is fundamental that the medical doctor is able to critically appraise the available literature. If the surgeon who reads us aims not only to learn from literature but also to perform research him or herself, it is even more important to be very well informed about the methods involved in scientific studies.

  Among the several topics embraced within the scientific method, probably the most discussed and less understood is statistical analysis. For this reason, we created this editorial series entitled "Operating with Data - Statistics for the Cardiovascular Surgeon". The series will merit five editorials, each one describing a different aspect of statistical analysis relevant for the cardiovascular surgeon, as follows:
  
  
    • Part I. Fundamentals of Biostatistics

    • Part II. Association and Risk

    • Part III. Comparing Groups

    • Part IV. Correlations and Regression

    • Part V. Survival Analysis

  
 
  In this first editorial, we will address the fundamental concepts required for understanding Biostatistics.

   

  TYPES OF VARIABLES IN STATISTICS AND RESEARCH

  An important initial concept everyone should understand is that "data", as a term originated from the Latin language, is the plural form of "datum", which, in turn, meant "something given". So, "datum" is the minimal amount of information one can describe. This "datum" could be translated as a single value of a determined variable (e.g. a single measurement of the blood glucose) and it can assume different interrelation with other "datum", as well as diverse ways to be described. In this regard, according to how the "datum" behaves, the variable represented by it can be classified in different manners.

  The first manner to classify a variable is describing it as independent or dependent. Independent variables are those which their data are not modified by any other data. An example of an independent variable is the study group. Once determined by the researcher, the study group cannot be modified by any other data. The opposite of an independent variable, naturally, is a dependent variable, described as the one that can be modified by other variables - in this case, the independent variables. An example of dependent variable could be the mortality rate of a treatment. The mortality rate does not modify other parameters but is modified by, for instance, the study group. So, in a scenario in which the researcher is willing to understand if three different surgical techniques - A, B, and C - result in different mortality rates, the study group i.e. the surgical technique is the independent variable and the mortality rate is the dependent one. A variable can assume both independent or dependent behavior, but they can never coexist in the same analysis. Let's say we use blood glucose as a variable. If we are willing to understand how blood glucose influence, for instance, the infection rates after cardiovascular procedures, blood glucose is an independent variable. On the other hand, if we want to evaluate the effects of different diets on blood glucose, blood glucose behaves as a dependent variable.

  The second manner to classify a variable is according to how it can be described. This classification includes two main groups, four subgroups, and one subtype (Figure 1). The first group belongs to the qualitative variables. These variables are those which are not numeric, but represent categories; for this reason, they can also be called categorical variables. Qualitative variables can be subdivided into two subgroups, the nominal and the ordinal variables. Nominal variables are those in which categories do not present a natural order (e.g. blood type). Nominal variables present a particular subtype denominated binary variables; these variables are those in which there are only two possible and opposite categories, like yes/no, present/absent, live/dead. Ordinal variables, in turn, are those in which a natural order exists within the categories [e.g. New York Heart Association (NYHA) classification of heart failure]. For these variables, it is possible to determine which categories come before and after each other. The second group of variables is represented by the quantitative variables. Quantitative variables embrace data that can be objectively measured and represented by numbers, like dimensions, concentrations, time, etc.; for this reason, they can also be called numeric variables. These variables can also be divided into two subgroups, the discrete and the continuous variables. Discrete variables are defined as those which data can only be represented by integers (e.g. number of surgeries). Continuous variables, however, allow data to be expressed as any number within the set of real numbers, including numbers with decimal places (e.g. hemoglobin count). For practical purposes, quantitative variables can be converted into qualitative variables, more specifically into ordinal or binary variables. Let's say, for instance, that we have a dataset with the age of a series of patients. We could use these numeric values as they are, but, maybe, for a particular study, what really matters is a potential difference between children, adult, and elderly patients. Thus, we could convert the numeric values of age into categorical values, separating them into three groups: children (0-18 years), adult (>18-65 years), and elderly (>65 years); this case represents the conversion of a discrete variable into an ordinal variable. Another interesting example can be described by the categorization of blood glucose levels. Here, instead of using the exact value given by the blood glucose test, we could separate them into two categories: non-diabetic (<126 mg/dL) and diabetic (≥126 mg/dL); this case represents the conversion of a continuous variable into a binary variable.

  
    

    [image: Fig. 1. Types of variables in statistics and research. For practical purposes, quantitative variables can be converted into qualitative variables.]

  

   

  THE WAYS QUANTITATIVE DATA CAN BE DISTRIBUTED

  Quantitative variables can be described according to the distribution of their data. This distribution can be better understood if we consider an XY graph in which the X-axis represents the different values a variable can assume, and the Y-axis represents the number (or percentage) of times the values in X-axis appear within the whole sample. Although data can be distributed in virtually any manner, there are two most common ways for it to happen. The first is what is called normal distribution, also known as symmetric or Gaussian distribution (Figure 2A). In this kind of distribution, the representation of the frequency of each value in the sample results in a bell-shaped curve in the XY graph explained above, with the peak of the curve representing the mean and the median - concepts which will be explained later in this editorial - simultaneously and equal distributions being found to the left and right sides of this peak, as mirror images. The normal distribution is the rule for most of the biological variables. The second type of data distribution is the skewed distribution, also referred to as asymmetrical distribution. This kind of distribution is found when data is clustered toward one end of the distribution curve and there is no value in the X-axis that can divide the curve into two equal parts. Indeed, in the skewed distribution, the mean and the median of the data do not coincide and none of them are at the peak of the curve. The skewed distribution can be found in two different forms, the negative-skewed distribution (or left-skewed distribution) and the positive-skewed distribution (or right-skewed distribution). In the negative-skewed distribution, data is clustered in the right side of the graph and the skew i.e. the long tail is to the left, resulting in mean and median being moved to the left side of the peak, with the mean being left to the median (Figure 2B). Exactly the opposite is found in the positive-skewed distribution: data is clustered in the left side of the graph and the skew is to the right, resulting in mean and median being moved to the right side of the peak, with the mean being right to the median (Figure 2C). Although exceptions exist, and some rare skewed distributions can show the mean in the opposite side of what is expected[1], for practical purposes the rules described above are valid for virtually any variable in medical research. Although most variables can be considered as normal distributed, several situations may lead to a skewed distribution of biological variables, thus every dataset must be analyzed individually. To reveal if your data is normally distributed or not, it is possible to use specific statistical tests. The two most commonly used are the Shapiro-Wilk test, indicated to samples smaller than 50 subjects, and the Kolmogorov-Smirnov test, for samples greater than 50 subjects.

  
    

    [image: Fig. 2. The ways quantitative data can be distributed. A. Normal distribution. B. Negative-skewed distribution. C. Positive-skewed distribution.]

  

   

  HOW TO PRESENT YOUR DATA

  Once one knows what the kind of variables are and what is the distribution of the data that will be analyzed, it becomes easy to know how this data must be presented.

  Qualitative Variables

  Qualitative variables are generally described as the proportion - usually the percentage - of subjects within each category of the sample. This simple calculation will result in a single value (e.g. 50%); however, it is possible to determine a confidence interval for that value using the sample size (n) and the critical value of the standard normal distribution. The concepts of confidence interval and critical value of the standard normal distribution will be discussed in the next section of this editorial, but for now it is only necessary to know that the confidence interval is a range of values in which there is a specified probability that the value of the studied variable lies within and that the critical value of the standard normal distribution for a 95% confidence interval (CI 95) is 1.96. Thus, the CI 95 of a proportion (p) can be defined by the following formula:

     
    [image: formula.]

  

  The graphical representation of qualitative variables can be done with several different graphs that allow showing proportion, but two of them are the most commonly used. The first of them is the pie chart, in which proportions are displayed as "slices of a pie". This kind of graph should be saved for variables containing few categories and large sample sizes, otherwise they can become confusing and/or misleading. The second type of graph commonly used to represent proportions is the bar chart, in which the values for each category are represented by the height or length of bars with equal width. The bar chart can be combined with the confidence interval of the proportion (as described above) to constitute a more robust graphical representation.

  Quantitative Variables

  Quantitative variables are mathematically represented by a measure of central tendency followed by a measure of statistical dispersion.

  Measures of central tendency are values that can represent the data within a single number. The most commonly used measures of central tendency in medical research are the arithmetic mean, or simply mean, and the median. The mean is the sum of the values of all observations divided by the number of observations. The median, in turn, is the value separating the higher half of a sample from the lower half, i.e. the value at the exact middle of the set of values. When the sample is composed of an even number of observations, the median is the mean of the two central values. Mean and median present, both, advantages and disadvantages. While mean allows broad possibilities of algebraic treatment (and consequently statistical analysis), it is affected by extreme values i.e. outliers that can distort results. The median, on the other hand, is a more robust measure, not being affected by aberration values, and is also an easy to understand measure - 50% of the sample is below it and 50% is above it. However, median does no account for all observations and, thus, presents limited possibilities for algebraic treatment.

  The measures of central tendency are always followed by a measure of statistical dispersion, which, in turn, represent how the sample is distributed around the measure of central tendency. The sample could be, for instance, clustered around the mean or median, but could also be spread far from them. The two most important measures of statistical dispersion for medical research are the standard deviation (SD) and interquartile range (IQR). SD is mathematically defined as the square root of the variance of a given dataset. For practical purposes, however, what is important to understand is that the value of the SD represents a range of values in which a determined percentage of the sample lies within it, in a normally distributed dataset. For this reason, SD is always used together with the mean - not the median. The rule is that, if you take the values lying between -1SD and +1SD from the mean, you will have 68% of the sample; if you take between -2SD and +2SD, you will have 95% of the sample; and if you take between -3SD and +3SD, you will have 99% of the sample (Figure 3A). This is the reason why a 95% CI is defined within the 2SD (in fact, 1.96SD) limits; these limits are the 95% critical value of the standard normal distribution (this is the origin of the formula to calculate the CI 95 of a proportion, as stated previously). For skewed curves, however, the mean and SD cannot infer the same patterns as those found in the normal distributions and, thus, the median and IQR are necessarily used. The IQR is calculated as the difference between the 75th and the 25th percentiles. Differently from SD, IQR cannot give more information than what is already known to calculate it i.e. the range of values that embrace 50% of the observations in the middle of the sample. IQR can be used, however, to construct the box plot charts employed for the representation of non-normal distributions (Figure 3B).

  
    

    [image: Fig. 3. The measures of central tendency and dispersion. A. Mean and standard deviation (SD) in a normally distributed sample. B. Median and interquartile range (IQR) in a non-normally distributed sample.]

  

  The graphical representation of quantitative variables can be done in several ways, but it will majorly depend on the distribution of the data. For normally distributed samples, the most commonly used graph is the column chart with error bars in which the top of the column is the mean and the error bars represent the SD or standard error of the mean (SEM), which is the SD divided by the square root of the sample size (the lower the SEM, the more representative the sample). While SD describes the dispersion of the measured values, SEM represents the range within there is a probability of 68% to include the real value of the mean of the study population. For non-normal distributions, in turn, the most frequently chosen method of representation is the box and whisker plot. This chart represents 1) the median, 2) the IQR and 3) either the total range of the values (minimum and maximum) or the 1.5 IQR range with outliers. The use of 1.5 IQR range with outliers was proposed by the mathematician John W. Tukey[2], in the 1970's and, since then, has been widely used for the representation of non-normal distributions; still, the use of 1.5 IQR as the limit for outliers was chosen by convenience. Box and whisker plots can also be used for normally distributed data, although the opposite - to use column charts with error bars for non-normally distributed data - is not appropriate (Figure 4). Besides these two graphical representation methods, many other exists both for normal and non-normal distributions, but the ones explained in this editorial are the most used.

  
    

    [image: Fig. 4. Graphical representation of quantitative variables. The same datasets are represented with bar chart and box and whisker plot. While column chart is strongly affected by an outlier, the box and whisker plot remains essentially the same.]

  

   

  (IN)FAMOUS STATISTICAL ENTITIES IN MEDICAL RESEARCH

  Probably the most famous entity in medical research statistics is the P-value. But what does it mean? The P-value is a value ranging from 0 to 1 i.e. 0% to 100% that will tell what is the probability that a difference (or an association, a correlation, etc.) was found due to chance. This - finding a difference when it does not exist - is called type I error. Usually, in the medical literature, we can find the use of a predefined threshold for P-value named level of significance (α). Most of the time, this level of significance is arbitrary defined as 0.05 (or 5%) and is set as the limit above which the result of a test cannot be considered as true. However, in many situations, we will find P-values considered to be marginal i.e. they are close to the 0.05 cutoff. For this reason, we - and the reviewers and editors from other journals[3,4] - advocate that authors always report the exact P-value so that the readers can draw their own conclusions. Some people might accept a 10% probability of error, while others might prefer to be right 99% of the time. An alternative to the use of P-values is the use of CI. Ideally, both should be reported together. The CI limits a range in which there is a determined percentage of certainty that the true value of the population lies within; in the medical literature, it is most commonly used the 95% CI, that coincides with the 5% level of significance. It is important to notice that the CI is not the range that contains a determined percentage of the values.

  Another frequently discussed entity in medical research statistics is the sample size. It is easily understandable that small samples present a limited capacity for estimating the findings of the real population, as well as that large samples have a high precision to perform these estimations. But what is the minimum sample size required to find results which can be extrapolated to the real population? To calculate sample size, a series of factors must be observed in advance. First, what is the minimum difference considered to be clinically relevant? Second, what is the pattern of dispersion of this variable - how broad is the SD/IQR? Third, what are the expected losses in follow-up? Fourth, what is the statistical test to be performed for analyzing differences for this variable? And fifth, what are the limits for type I and type II errors we are willing to accept. Type I error was defined above. The type II error is the opposite i.e. not finding a difference when it does exist. While type I error is defined as α i.e. the level of significance, type II error is defined as β. Calculating 1-β you will find what is defined as the power of the test i.e. the probability of correctly inferring a difference. A level of confidence of 5% (α=0.05) and a power of 80-90% (0.1<β<0.2) are the standard values used for calculating sample size. The exact calculation of the sample size, as explained above, will depend on the statistical tested to be used. For this reason, further detailed discussion on sample size calculation for each kind of test will be carried in the next editorials.

   

  A FEW CONCEPTS TO CHOOSE THE RIGHT STATISTICAL TEST

  After understanding the types of variables, the ways data can be distributed and how we can present our findings, it is fundamental, now, to learn about statistical tests - how they work and when to choose each of them. Before that, however, and to close this editorial on the fundamentals of Biostatistics, we will present a few concepts necessary for choosing the right statistical tests.

  The first fundamental concept in this regard is the difference between parametric and non-parametric tests. Parametric tests are the ones that assume specific parameters i.e. distributions for the sample. Parametric tests assume that the sample distribution is normal, and all the calculations are based on this assumption. Some famous examples of parametric tests are the t-tests, the analysis of variance (ANOVA), and the Pearson coefficient of correlation. Non-parametric tests, in turn, are those that do not assume any specific distribution of the sample. These tests use other means (e.g. ranking) to calculate probabilities. Besides non-normal distributions, non-parametric tests are also indicated for small sample sizes. Examples of non-parametric tests are Wilcoxon tests, the Kruskal-Wallis test, and the Spearman's rank correlation. Since parametric tests are based on normal distributions, they use the mean as a measure of central tendency, while non-parametric tests use the median. In conclusion, parametric tests should be used for normally distributed samples and non-parametric tests for non-normally distributed samples. Still, the use of non-parametric tests for normally distributed samples is possible, but the opposite - using parametric tests for non-normally distributed samples - is not appropriate.

  The second concept which is important to understand when choosing a statistical test is the difference between paired and unpaired data. Paired data are data which are somehow related. Usually, paired data refers to measurements taken before and after a given procedure (e.g. measuring transvalvular pressure gradient before and after valvuloplasty). However, data can be considered paired also in other situations, for instance when comparing an intervention in a specific anatomic structure with its contralateral equivalent [e.g. implanting an experimental tissue-engineered blood vessel in the left carotid artery and a control polytetrafluoroethylene (PTFE) tube in the right carotid artery of the same animal]. Other more extreme examples of paired data are studies using twins, husband/wives, brothers/sisters, and matched cases. Still, properly matching cases - for example by sex, age, body mass index (BMI), etc - is difficult and perfect matches rarely can be achieved. Unpaired data, in turn, are those which there is no link between the subjects submitted to the measurement of the variable. The importance to define if a dataset is composed of paired or unpaired data is because paired tests are considered more powerful to identify differences related to the intervention. In these cases, the variability of the sample is bypassed by using each subject is his/her own control.

  Understanding when data is normal or non-normal distributed i.e. requires parametric or non-parametric tests, and if data is paired or unpaired is the basic requirement to know which statistical test to choose. The detailed discussion on which test to use for each type of research question will come in the next editorials.
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    ABSTRACT

    OBJECTIVE: The present study aimed the functional recovery evaluation after long term of cardiac arrest induced by Custodiol (crystalloid-based) versus del Nido (blood-based) solutions, both added lidocaine and pinacidil as cardioplegic agents. Experiments were performed in isolated rat heart perfusion models.

    METHODS: Male rat heart perfusions, according to Langendorff technique, were induced to cause 3 hours of cardiac arrest with a single dose. The hearts were assigned to one of the following three groups: (I) control; (II) Custodiol-LP; and (III) del Nido-LP. They were evaluated after ischemia throughout 90 minutes of reperfusion. Left ventricular contractility function was reported as percentage of recovery, expressed by developed pressure, maximum dP/dt, minimum dP/dt, and rate pressure product variables. In addition, coronary resistance and myocardial injury marker by alpha-fodrin degradation were also evaluated.

    RESULTS: At 90 minutes of reperfusion, both solutions had superior left ventricular contractile recovery function than the control group. Del Nido-LP was superior to Custodiol-LP in maximum dP/dt (46%±8 vs. 67%±7, P<0.05) and minimum dP/dt (31%±4 vs. 51%±9, P<0.05) variables. Coronary resistance was lower in del Nido-LP group than in Custodiol-LP (395%±50 vs. 307%±13, P<0.05), as well as alpha-fodrin degradation, with lower levels in del Nido-LP group (P<0.05).

    CONCLUSION: Del Nido-LP cardioplegia showed higher functional recovery after 3 hours of ischemia. The analysis of alpha-fodrin degradation showed del Nido-LP solution provided greater protection against myocardial ischemia and reperfusion (IR) in this experimental model.

    Keywords: Models, Animal; Cardioplegic Solutions; Myocardial Reperfusion Injury; Heart Arrest, Induced/Methods.

  

   

   

  INTRODUCTION

  Cardioplegic solution administration in open-heart surgeries has been the main strategy enable to antagonize the effects of global ischemia and reperfusion (IR). Cardioplegic arrest in combination with hypothermia corresponds to a standard method to reduce cardiac metabolism during the period of absence of oxygen and substrate, avoiding the collapse of contractile function after reperfusion[1,2].

  Despite being essential, this scientific field faces a major challenge in determining a single type of cardioplegic solution protocol amidst a variety of surgical procedures. A pharmacological approach to drugs that act as cardioplegic agents makes this puzzle even more difficult to understand. In the presence of cardioplegic agents, these solutions can block or open ion channels present in the sarcolemma, influencing on the ion dynamic between extra and intracellular means.

  In the present study, two cardioplegic agents with distinct actions on ion channels were evaluated, followed by (I) pinacidil, a potassium channel opener, and (II) lidocaine, a sodium channel blocker. Rationally, two different types of solution, very eminent in clinical practice, were elected to drive these drugs on myocardium during global ischemia[3].

  Firstly, Custodiol solution (Custodiol®-HTK), commonly known as HTK solution (histidine/tryptophan/alpha-ketoglutarate) and which has been used primarily in organ preservation, was conceived as an alternative to crystalloid hyperkalemic cardioplegic solutions[4,5]. Custodiol solution has been used in some countries as the first choice for conventional cardiac surgeries, mainly in myocardial preservation[6]. It is considered a type of microplegia or cardioplegia solution with intracellular action due to reduction of potassium, sodium, and calcium concentration, resulting in cardiac arrest by polarization and avoiding damages from hypercontractures related to the depolarized arrest. In addition, Custodiol solution has an important buffering effect attributed to the amino acid histidine, which is important in controlling the balance of hydrogen ion levels released during a long period of ischemia[7,8].

  Secondly, del Nido cardioplegia, initially developed to be used in a single dose in neonatal surgeries, is classified as a modified hyperkalemic type due to high potassium concentration, although the lidocaine in its composition avoids the ionic imbalance by blocking sodium current flow[9-11]. This sodium channel blockage prevents intracellular calcium overload, avoiding contractile dysfunction after reperfusion[11]. Lidocaine is a selective and reversible blocker frequently used in clinical practice for the treatment of ventricular tachycardia and also has been assisted recovery hearts submitted to IR in experimental models[12,13].

  This study aimed to evaluate cardioplegic solutions under pharmacological modification. Pinacidil was added to both solutions and lidocaine only to the Custodiol solution, since del Nido cardioplegia original formulation already has this agent. Cardioplegic solutions were termed as Custodiol-LP and del Nido-LP. The main goal was to evaluate functional recovery after 3 hours of ischemia and 90 minutes of reperfusion. Moreover, cardiomyocyte integrity by alpha-fodrin degradation was also evaluated from heart samples collected at the end of the protocol.

   

  METHODS

  Animals

  A total of 18 male Wistar rats weighing 250-350 g were used in this study, which was approved by the Ethics Committee on the Use of Animals (CEUA) of the Universidade Estadual de Campinas (Unicamp) and follows the ethic statements of the "Guide to the Care and Use of Laboratory Animals", published by the National Institute of Health of USA (NIH Publication No. 85-23, revised 1996), and the Brazilian Council for Animal Experimentation (COBEA).

  Surgical Protocol for Heart Perfusion

  All animals received sodium thiopental anaesthesia (80 mg/kg) and sodium heparin (2,500 IU/kg) intraperitoneally. Then, a bilateral thoracotomy was performed exposing the heart to cardiectomy. The aorta was fixed to the system cannula with silk suture 4-0 and the perfusion was kept under constant pressure throughout the experiment. The catheter with latex balloon connected to the transducer pressure probe was inserted through the mitral valve and allocated to the left ventricle (LV). LV functional measurements of developed pressure, maximum dP/dt, minimum dP/dt, and rate pressure product (RPP) and the coronary resistance (CR) were done.

  Experimental Groups and Protocol

  The hearts were assigned to one of the following three groups: control (n=4), Custodiol-LP (n=6) and del Nido-LP (n=6). They were initially perfused for 10 minutes stabilization to obtain baseline measurements. Cardiac arrest was induced with a single dose of cardioplegia (30 ml/kg), and the hearts were maintained in global ischemia at 4°C for 3 hours. Reperfusion was performed by re-establishing the heart perfusion.

  Cardioplegic Solutions Preparation

  The Custodiol solution was acquired from a commercial vendor (Table 1). Blood cardioplegia del Nido was prepared with autologous blood collected directly from the thoracic cavity after heart explantation 1:4 (blood:solution) (Table 1).
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  Immunoblot by Western Blot Technique

  The total protein extract with 50 µg per left ventricular sample was applied on 12% polyacrylamide gel (SDS-PAGE). Separation of the proteins of interest was performed by electrophoresis in mini-gel cell (Mini-PROTEAN II Cel® Bio-Rad) with buffer solution for electrophoresis previously diluted. Proteins were then transferred to a nitrocellulose membrane using electrotransfer equipment (Trans-Blot® Turbo(tm) Transfer System Bio-Rad). After transference, membranes were blocked with milk for subsequent incubation with primary alpha-fodrin (Abcam®, ab39165) at 4°C with constant stirring overnight (14-16 hours). These membranes were then washed with PBS solution and incubated in a chemiluminescent solution (Thermo Scientific Pierce ECL Western Blotting Substrate). Images were obtained by the multi-function system (Gel Logic Imaging System®, Rochester, NY, USA) to capture chemiluminescent reactions. All images were quantified by densitometry and normalized by colourimetric method with Ponceau[14].

  Statistical Analysis

  All data were expressed as percentage of recovery and as mean and standard error of mean (SEM). The hemodynamic data were normalized with baseline values. Analyses were performed by 2-way ANOVA with Sidak's post-hoc test for multiple comparisons. Comparison of protein expression was performed using non-parametric Student t-test. Statistical significance was assumed P<0.05. All statistical analyses were performed using GraphPad® Prism 6 software.

   

  RESULTS

  Functional Left Ventricle Analysis

  Two hearts from the control group were excluded due to ventricular fibrillation and no beating recovery after ischemia. Lower levels of developed pressure (Figure 1A) and RPP (Figure 1B) recovery were found in the control group than in Custodiol-LP and del Nido-LP groups, respectively. However, no relevant differences among the cardioplegic solution groups were found with these variables. Relevant lower levels of maximum dP/dt (Figure 1C) and minimum dP/dt (Figure 1D) were found in the control group than in Custodiol-LP and del Nido-LP groups, respectively. However, at 90 minutes of reperfusion, higher levels of maximum dP/dt (Figure 1C) and minimum dP/dt (Figure 1D) were found in del Nido-LP group than in Custodiol-LP.
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  Coronary Resistance

  CR levels found in the control group were higher than in Custodiol-LP group up to 60 minutes of reperfusion (Figure 2). Compared to del Nido-LP group, the control group showed high levels of CR throughout reperfusion. However, del Nido-LP group showed lower levels of CR than Custodiol-LP group at 90 minutes of reperfusion (Figure 2).
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  Protein Expression by Western Blot Technique

  Higher degradation of alpha-fodrin expression was found in Custodiol-LP group than in del Nido group in samples collected after 3 hours of ischemia and 90 minutes of reperfusion (Figure 3).
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  DISCUSSION

  Myocardial global IR insult is well known to promote multifactorial effects on cellular metabolism resulting in irreversible damage to the heart function. Cardioplegic solutions with pharmacological combination as an alternative to provide further myocardial protection have encouraged researchers to carry out different combinations[15]. Therefore, the present study evaluated pharmacological modifications with sodium inhibitor channels and potassium channel openers added to clinical relevant cardioplegic solutions, Custodiol and del Nido.

  The potassium channel opener pinacidil has two main effects: vasodilatation and contractility reduction, due to its effect on potassium efflux avoiding calcium overload into the cardiomyocytes[16]. In experimental models, pinacidil induced cardiac arrest by polarization, consequently reducing the adenosine triphosphate (ATP) consumption, compared to the cardiac arrest induced by depolarization[17,18]. Pinacidil has a non-selective pharmacological effect regarding the potassium channels' location, being able to activate them in the sarcolemma and mitochondria, since both have an important role in myocardial protection[17,19]. Differently, lidocaine is a reversible sodium channel blocker which has a pharmacological effect on calcium overload, preventing sodium-calcium exchanger reverse-mode action during IR[9,10]. In combination, these cardioplegic agents might improve cardiac resistance against long-term ischemia.

  Custodiol-LP showed detrimental effects on cardiac function by the maximum and minimum dP/dt at 90 minutes of reperfusion compared to del Nido-LP. However, developed pressure and RPP parameters were similar throughout reperfusion time. CR analysis showed Custodiol-LP group with higher levels than del Nido-LP and marked reduction of coronary flow after 90 minutes of reperfusion.

  The superiority of del Nido-LP solution may be associated with its greater ability to protect the myocardium over prolonged ischemia. The immunoblot assay performed by Western blot technique showed alpha-fodrin significant degradation in Custodiol-LP group compared to del Nido-LP. Alpha-fodrin present in extracellular matrix is consumed as a substrate for calpains after IR. The increase of calpain activity is correlated with myocardial injury and loss of contractile function[20-22]. Therefore, alpha-fodrin degradation is an indirect marker for cell integrity.

  According to our findings, the addition of pharmacological agents to cardioplegic solutions showed greater myocardial protection in del Nido-LP group than in Custodiol-LP. Other components present in this solution may have possibly collaborated for these results. A single dose of the del Nido original formulation per se has shown great efficacy in pediatric and adult surgeries; perhaps, new solution proposals to induce long periods of ischemia should be based on its composition.

   

  CONCLUSION

  The addition of cardioplegic agents pinacidil and lidocaine provided greater protective capacity to del Nido-LP solution than to Custodiol-LP in hearts submitted to 3 hours of ischemia and 90 minutes of reperfusion. Contractile function data, according to variables of maximum dP/dt, minimum dP/dt and CR, showed a higher percentage of recovery in del Nido-LP group. Also, lower levels of alpha-fodrin degradation in del Nido-LP can support these findings showing higher myocardial protection against IR injury.
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    ABSTRACT

    OBJECTIVE: Postoperative atrial fibrillation (PoAF) is a common complication after coronary artery bypass grafting (CABG). The aim of the present study was to evaluate the association between development of PoAF and vitamin D levels in patients undergoing isolated CABG.

    METHODS: This prospective randomized clinical trial was conducted on the patients with isolated CABG. The study was terminated when 50 patients in both PoAF(+) group and PoAF(-) group were reached. Development of AF until discharge period was assessed. Vitamin D level was measured immediately after AF; it was measured on the discharge day for the patients without PoAF. Predictive values of the independent variables were measured for the development of PoAF.

    RESULTS: The groups were separated as PoAF(-) group (66% male, mean age 58.18±10.98 years) and PoAF(+) group (74% male, mean age 61.94±10.88 years). 25(OH) vitamin D level (OR=0.855, 95% CI: 0.780-0.938, P=0.001) and > 65 years (OR=3.525, 95% CI: 1.310-9.483, P=0.013) were identified as an independent predictor of postoperative AF after CABG surgery in multivariate analysis. The cut-off level for 25(OH) vitamin D level in receiver-operating characteristic curve analysis was determined as 7.65 with sensitivity of 60% and specificity of 64% for predicting PoAF (area under the curve: 0.679, P=0.002).

    CONCLUSION: Vitamin D level is considered an independent predictor for development of PoAF. Lower vitamin D levels may be one of the reasons for PoAF.

    Keywords: Vitamin D; Postoperative Period; Atrial Fibrillation; Coronary Artery Bypass.

  

   

   

  INTRODUCTION

  Postoperative atrial fibrillation (PoAF) is a common complication after coronary artery bypass grafting (CABG), affecting about 20% to 35% of all patients in the early postoperative period[1]. PoAF is commonly associated with hemodynamic instability, thromboembolic events, increase in early and late mortality rates, heart failure progression and increased duration of hospitalization[1].

  Vitamin D exists in two forms: D2 (ergocalciferol) and D3 (cholecalciferol). Vitamin D is converted into calcidiol and calcitriol, respectively in the liver and kidney; and acts on specific target tissues via vitamin D receptors[2]. Vitamin D receptors were found in other extra-osseous tissues, as well as all major cardiovascular cell types, including cardiomyocytes, vascular smooth muscle cells, endothelial cells, the brain, pancreatic beta-cells, skeletal muscles, breast, prostate, colon, macrophages, and skin, exerting several pleiotropic effects, and their expression decreases with age[3].

  Deficiency of vitamin D may cause a number of diseases. Some of these diseases include type 2 diabetes mellitus, metabolic syndrome, obesity, hypertension, and some cardiovascular disease[4]. Several pathophysiological mechanisms were suggested for the association between vitamin D deficiency and atrial fibrillation (AF). One of the most important mechanisms is the activation of the renin-angiotensin-aldosterone system (RAAS), as it is responsible for both structural and electrical remodeling of the atrium. Vitamin D negatively affects the RAAS, and it has antioxidant effects that reduce oxygen free radicals in the atria which are associated with inflammation and the production of proarrhythmic materials[5].

  Presence of vitamin D receptor in extra-osseous tissues; and the link between vitamin D and the RAAS may be shown relationship between vitamin D and AF risk factors. The aim of this study was to determined the relationship between vitamin D levels and PoAF in patients undergoing isolated CABG.

   

  METHODS

  The Patients

  This prospective randomized clinical trial was conducted on the patients with isolated CABG diagnosed at of Cardiovascular Surgery Department within Bursa Yuksek Ihtisas Training and Research Hospital, Bursa, Turkey, between November 2016 and May 2017. The study was approved by the local institutional Ethical Committee of the University of Health Sciences. All procedures were performed in accordance with the Declaration of Helsinki.

  Inclusion criteria was isolated CABG. The exclusion criterias were having preoperative AF or flutter, previous treatment with amiodarone, presence of valvular heart disease, chronic obstructive pulmonary disease (COPD), prolonged intensive care unit (ICU) stay, patients who underwent more than one cardiac surgery, bleeding revision, chronic renal failure. Patients who underwent isolated CABG were followed until the day of discharge from the hospital. Patients who developed AF during the this period were included in the POAF(+) group, and patients without AF were enrolled in the PoAF(-) group. The study was terminated when 50 patients were reached in both groups.

  The data of PoAF(+) group (74% male, mean age 61.94±10.88 years) and PoAF(-) group (66% male, mean age 58.18±10.98 years) are shown in Table 1.
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  All data were recorded as age, gender, history of hypertension, diabetes mellitus, preoperative drug use [beta-blockers, statins, angiotensin-converting enzyme (ACE) or angiotensin receptor blocker (ARB) inhibitors], ejection fraction, left atrial diameter, body mass index, body surface area, aortic cross clamp time, cardiopulmonary bypass time. Laboratory parameters were also studied from venous blood sample before the surgery except for 25-OH vitamin D levels. In the PoAF(+) group, the level of vitamin D was measured immediately after development AF. In the group of PoAF (-), the level of vitamin D was measured on the day patients were discharged from the hospital.

  The inactive vitamin D precursors are first exposed to 25-hydroxylation in the liver to form 25-hydroxy vitamin D [(25(OH) vitamin D]. This is the actual circulating form of vitamin D and therefore is usually considered as a circulating biomarker for vitamin D status[6].

  The 25-OH vitamin D levels were measured through Architect 25-OH vitamin D- Reagent Kit (Abbott, Diagnostic Division Lisnamuck, Longford, Ireland). Reference ranges of the 25-OH vitamin D Kit used were 6.2 to 45.5 ng/mL for winter season and 7 to 53.2 ng/mL for summer season.

  Diagnosis of PoAF

  The patients were monitored in ICU with continuous heart rhythm and invasive blood pressure monitoring. In addition, a 12-lead electrocardiography (ECG) record was also obtained daily in the ICU. Patients were monitored continuously by five-lead telemetry in the regular ward. When the patients complained about palpitation, dyspnea and angina, 12-lead ECG was taken. AF was confirmed by 12-lead ECG. Postoperative AF was described as irregular, fast oscillations or fibrillatory waves instead of regular P waves at ECG. An AF episode longer than 5 minutes was accepted as PoAF. Standard medical cardioversion treatment was conducted with amiodarone (5 mg/kg) for 30 minutes, followed by 900 mg/day.

  Statistical Analysis

  Statistical analysis data were analyzed with the Statistical Package for the Social Sciences (IBM SPSS Statistic Inc. version 21.0, Chicago, IL, USA). Continuous and ordinal variables were expressed as mean ± standard deviation and nominal variables were expressed as frequency and percentage. Kolmogorov-Smirnov test and Shapiro-Wilk tests of normality were used to identify distribution of variables. Student's t test was used to compare two groups for continuous variables with normal distribution. Chi Square test was used to compare two groups for nominal variables. Mann-Whitney U test was used to compare two groups for continuous variables without normal distribution. For all tests, a P value of <0.05 was considered statistically significant. The relationship between the preoperative independent variables and the development of postoperative AF was evaluated by a logistic regression analysis. Receiver-operating characteristic (ROC) curve was applied for the prediction of PoAF development in patients undergoing isolated CABG and the area under the curve was calculated for vitamin D levels.

   

  RESULTS

  In the present study, 50 patients were enrolled into each group. The demographic and clinical characteristics of the participants are summarized in Table 1. Being over 65 years of age was evaluated as a different parameter. Patients with PoAF were similar to patients without PoAF in regards to demographic properties, in generally. But, in terms of in patients with age > 65 years was statistically significant difference between two groups (P=0.035) (Table l).

  The comparison of laboratory and operative parameters are shown in Table 2. Significant difference only was observed between two groups in terms of 25(OH) vitamin D levels. Twenty-five(OH) vitamin D level were significantly lower in the PoAF group (P=0.002) (Table 2). However, all other parameters were not significantly different between the groups (Table 2).
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  Risk factors related to the development of PoAF were included univariate logistic regression analysis. In univariate logistic regression analysis, the PoAF was significantly correlated with 25(OH) vitamin D level (OR [odds ratio]=0.867, 95% CI [Confidence interval]: 0.793-0.949, P=0.002) and age > 65 years (OR=0.402, 95% CI: 0.171-.946, P=0.037), but was not correlated with age (OR=1.032, 95% CI: 0.995-1.071, P=0.091), hypertension (OR=1.379, 95% CI: 0.628-3.029, P=0.424), diabetes mellitus (OR=1.176, 95% CI: 0.534-2.593, P=0.687), ejection fraction (OR=1.011, 95% CI: 0.969-1.055, P=0.609), left atrium diameter (OR=1.019, 95% CI: 0.927-1.120, P=0.700) and cardiopulmonary bypass (CPB) time (OR=1.003, 95% CI: 0.984-1.023, P=0.742) (Table 3). Similar to the results in the univariate analysis, 25(OH) vitamin D level (OR=0.855, 95% CI: 0.780-0.938, P=0.001) and age > 65 years (OR=3.525, 95% CI: 1.310-9.483, P=0.013) were identified as an independent predictor of postoperative AF after CABG surgery in multivariate analysis (Table 3). Additionally, it was determined a cut-off level of 7.65 for 25(OH) vitamin D level for predicting PoAF with a sensitivity of 60% and a specificity of 64%, in ROC curve analysis (area under the curve: 0.679, 95% CI: 0.576-0.783, P=0.002) (Figure 1).
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  DISCUSSION

  In our study, the effect of the vitamin D levels was assessed on development of PoAF in patients who had isolated CABG. The association between lower vitamin D levels and PoAF development was determined. Plasma 25 (OH) vitamin D levels was found significantly lower in patients who developed PoAF than the patients with sinus rhythm. In univariate and multivariate logistic regression analysis, lower plasma 25 (OH) vitamin D levels and age > 65 years were found to be an independent variable predicting the development of PoAF. Also it was determined for cut-off level of 7.65 of vitamin D level for predicting PoAF with a sensitivity of 60% and a specificity of 64% in ROC analysis.

  The incidence of PoAF following CABG surgery is seen in 25%-40% of cases. However, its frequency reaches to 62% following combined CABG and valve surgery[7]. The risk of PoAF in valvular and combined surgery, including coronary and valvular, was reported to be higher than that in coronary surgery alone. Mariscalco et al.[8] identified the PoAF rates as 22.9%, 39.8%, and 45.2% for the isolated CABG, valve surgery, and combined surgery, respectively. Therefore, patients with valvular heart disease were excluded to not affect on the outcome of the study.

  Postoperative hypoxemia was shown to be the most common cause of cardiac arrhythmias. COPD is an independent risk factor for arrhythmias, especially for AF and cardiovascular morbidity and mortality. In a large-scale, retrospective, case-control study, patients with COPD had a 4.41 times higher risk of AF and COPD is present in 10-15% of patients with AF[9]. Mathew et al.[10] have showed that COPD increased the incidence of both persistent and paroxysmal AF and the incidence of PoAF increased to 43% in the presence of COPD. For this reason, patients with COPD were not included in order to make our results more accurate.

  In majority of the studies, hypertension, diabetes mellitus, left atrium diameter and low ejection fraction were shown to play a role in the development of PoAF[11]. In our study, in terms of these parameters there were not significantly different between the groups. However, these factors which are effective in AF development are included in the logistic regression analysis. Any of these variables were not significantly associated with development of PoAF. These results may contribute to the effectiveness of the vitamin D level which measured for predicting PoAF in this study.

  Age-related changes, including atrial fibrosis and accumulation of amyloid, can cause intraatrial reentry which leads to the development of AF[12]. Age has been repeatedly shown to be the major risk factor for AF after cardiac surgery[13]. In our study, significant difference was not observed between two groups in terms of age. But, in terms of in patients with age > 65 years was statistically significant difference between two groups. In our study, in binary logistic regression analysis, age > 65 years was found to be an independent variable predicting the development of PoAF. Cerit et al.[14] found that age was significantly associated with development of PoAF following CABG in univariate logistic regression analysis. In another study, Geçmen et al.[15] showed that age was as an independent variable predicting the development of PoAF in both univariate and multivariate logistic regression analyses. It was found in two different studies that search the relationship between vitamin D and AF in patients undergoing CABG that age was not significantly associated with development of PoAF following CABG[16,17]. Our results were generally consistent with the literature. When age is considered as a risk factor, it is known by researchers that elder patients have a risk for development AF.

  The relationship between low 25(OH) vitamin D levels and AF has not been clarified yet. Several studies demonstrated a close association between vitamin D deficiency and AF. Demir et al.[18] found that the relationship between vitamin D deficiency and non-valvular AF. Previous a study has shown that there is a relationship between low vitamin D levels and increased C-reactive protein levels[19]. The vitamin D has antioxidant properties that protect against oxidative stress in the atrium[20]. Zhang et al.[21] in a meta-analysis suggested that there is a positive association between vitamin D deficiency and the risk of AF.

  On the other hand, The Framingham Heart study, in which approximately 3000 patients were included and follow-up for approximately 10 years. Rienstra et al.[22] found that vitamin D status is not an important contributor to AF in the general population. In a study in which they investigated postoperative AF, Skuladottir et al.[23] found higher preoperative plasma 25(OH) vitamin D2 levels to be associated with an increased risk of POAF. In contrast, they did not observe an association between plasma levels of 25(OH) vitamin D3 or total 25(OH) vitamin D and the incidence of POAF. In another prospective cohort study based on the Rotterdam study, vitamin D level is not associated with AF[5].

  There are limited number of studies indicating the relationship between the vitamin D levels and PoAF in patients undergoing isolated CABG. In one of these studies, Gode et al.[16] reported that 25(OH) vitamin D level were significantly lower in the PoAF group (P=0.007). In two similar studies, investigators found that there was no relationship between lower 25(OH) vitamin D levels and AF[14,17]. In our study, 25(OH) vitamin D level were significantly lower in the PoAF(+) group (P=0.002). Also, in our study, both in univariate logistic regression analysis and in multivariate logistic regression analysis, lower vitamin D levels were found to be as independent variables predicting the development of PoAF.

  According to the US Endocrine Society guidelines, vitamin D deficiency was defined as 25(OH) vitamin D level less than 20 ng/mL, vitamin D insufficiency was defined as 25(OH) vitamin D level between 21 and 29 ng/mL[24]. The Institute of Medicine found that 25(OH) vitamin D serum levels of 16 ng/mL covers the requirements of approximately 50% of the population[25]. There are different opinions regarding the cut-off values for insufficient or deficient vitamin D level. In our study, 25(OH) vitamin D levels were as 12.13±7.98 ng/mL (range: 2.8-36.8), (percentiles 25; 6.67 ng/mL, percentiles 75; 15.35 ng/mL) in patients without PoAF. In patients with PoAF, 25(OH) vitamin D levels were found as 7.49±3.81 ng/mL (range: 1.5-20.5), (percentiles 25; 4.7 ng/mL, percentiles 75; 9.05 ng/mL). When these levels are taken into consideration, a vast majority of the patients in our study are in the vitamin D deficiency group according to the guidelines. It may be due to study period in the winter months. The average blood vitamin D level of the population studied is not clear. Although the blood vitamin D levels in most patients were insufficient according to the guidelines, the cut-off value that 7.65 ng/dl for vitamin D in this study was found to be statistically significant. Furthermore, it was determined a cut-off level of 7.65 for 25(OH) vitamin D level for predicting PoAF with a sensitivity of 60% and a specificity of 64% (AUC: 0.679, P=0.002).

  In our study, the risk factors for arrhythmia were minimized and provided homogeneity between the groups; lower vitamin D levels would not affect the outcome of the study. It was more important for us that statistical differences in terms of vitamin D levels between groups are statistically significant predictors of postoperative AF development. On the other hand, our study had homogeneity. For this reason, the risk factors for development atrial fibrillation as COPD and valvular heart diseases were excluded. Therefore, the results of our study may be more specific in terms of the relationship between lower vitamin D levels and PoAF.

  Limitations of the Study

  Our study has some limitations. The small sample size may be considered as the first limitation of this study, but the excess of exclusion criteria minimized the risk factors for PoAF. This may allow us to ignore the size of the sample, which appears to be a limitation of study. Secondly, parathyroid hormone levels were not measured. Also our work was only carried out in the winter and spring seasons. Further prospective studies with a larger number of patients are required.

   

  CONCLUSION

  Many factors contribute to the development of AF after CABG. Many studies have been done on PoAF development. The lack of vitamin D can cause some of cardiovascular disease. In this study, lower vitamin D level was found to be an independent predictor of the development of PoAF. Low vitamin D level may be one of the reasons for PoAF development.
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    ABSTRACT

    OBJECTIVE: Hemodilution is a concern in cardiopulmonary bypass (CPB). Using a smaller dual tubing rather than a single larger inner diameter (ID) tubing in the venous limb to decrease prime volume has been a standard practice. The purpose of this study is to evaluate these tubing options.

    METHODS: Four different CPB circuits primed with blood (hematocrit 30%) were investigated. Two setups were used with two circuits for each one. In Setup I, a neonatal oxygenator was connected to dual 3/16" ID venous limbs (Circuit A) or to a single 1/4" ID venous limb (Circuit B); and in Setup II, a pediatric oxygenator was connected to dual 1/4" ID venous limbs (Circuit C) or a single 3/8" ID venous limb (Circuit D). Trials were conducted at arterial flow rates of 500 ml/min up to 1500 ml/min (Setup I) and up to 3000 ml/min (Setup II), at 36°C and 28°C.

    RESULTS: Circuit B exhibited a higher venous flow rate than Circuit A, and Circuit D exhibited a higher venous flow rate than Circuit C, at both temperatures. Flow resistance was significantly higher in Circuits A and C than in Circuits B (P<0.001) and D (P<0.001), respectively.

    CONCLUSION: A single 1/4" venous limb is better than dual 3/16" venous limbs at all flow rates, up to 1500 ml/min. Moreover, a single 3/8" venous limb is better than dual 1/4" venous limbs, up to 3000 ml/min. Our findings strongly suggest a revision of perfusion practice to include single venous limb circuits for CPB.

    Keywords: Cardiopulmonary Bypass; Pediatrics; Oxygenators; Membranes.

  

   

    

  INTRODUCTION

  Cardiopulmonary bypass (CPB) is commonly utilized during surgical repair for congenital heart defects. The CPB circuit prime hemodilutes the patient once CPB is initiated. Limited hemodilution is known to provide the benefits of decreasing blood viscosity and improving microcirculatory flow[1]. However, hemodilution is also associated with a number of adverse side effects, including decreased plasma colloidal oncotic pressure, increased total body water, and coagulation abnormalities[2,3]. In consideration of these issues, perfusionists typically minimize the CPB circuit prime volume so as not to cause excessive hemodilution[4-6]. Other intraoperative techniques such as conventional ultrafiltration during CPB and modified ultrafiltration at the end of CPB are also important to minimize hemodilution and reduce the requirement for transfusions[7]. These are central concerns in pediatric cardiac surgeries since the bypass circuit prime volume tends to be larger than the patient's own circulating blood volume. In neonates, the CPB circuit prime may be as much as 200-300% of the patient's blood volume[8].

  The bypass circuit prime volume comprises the prime volume of primary components, including the oxygenator, cardiotomy venous reservoir (CVR), arterial pump head, arterio-venous (A-V) loop, arterial line filter (ALF), hemoconcentrator, and sampling lines[7]. The prime volume of most disposable components is constant when devising a CPB circuit. However, some aspects of the circuit are less standardized: the length, the inner diameter (ID), and at some centers, the number of venous lines utilized when bicaval cannulation is required. In addition to the number of venous lines used, the bypass circuit venous component can further vary with the drainage technique employed - gravity siphon drainage (GSD) versus vacuum-assisted venous drainage (VAVD)[7]. The use of VAVD is quite common as it can provide adequate venous drainage with smaller ID tubing, but it does not come without a downside risk. In fact, VAVD has been shown to increase the potential for gaseous microemboli (GME)[9,10]. While the effect of GME on overall pediatric patient outcomes is unclear[11], most clinicians agree that, intuitively, we should minimize GME on bypass since the adult literature supports their negative impact on patient outcomes after cardiac surgery[12,13]. Therefore, while minimizing venous line tubing ID and maximizing the use of VAVD would decrease bypass circuit prime volume, other important considerations must be taken into account.

  Finally, the selection of a venous line tubing has an important impact on venous drainage during bypass. Venous limb tubing is typically upsized compared with the patient's size owing to the increased kinetic potential of tubing sizes with larger internal diameters. Specific flow limitations for each size, dual or single limb venous circuits, are not well defined since table height relative to reservoir height, venous limb length, and reservoir construction vary across institutions[7]. Adequate venous drainage is essential for the optimal conduct of perfusion and this is, in large part, a function of the flow specifications for the venous limb. Inadequate venous drainage can result in edema and organ dysfunction[14,15].

  We currently employ three different circuits at the Heart Institute, University of São Paulo Medical School, Brazil. We categorize our circuits according to the sizes of the single arterial limb and the dual venous limbs, in this order. They are defined as neonatal (3/16" x 3/16" x 3/16"), pediatric (1/4" x 1/4" x 1/4") and adult (3/8" x 3/8" x 3/8"), since it is common practice in Brazil to provide individual venous drainage lines to each cava for bicaval cannulation. This has been a unique standard clinical practice for decades which deserved an evaluation.

  The objective of this study was to evaluate venous limb options currently in use and to compare resistance and maximum flow rate capacity on the venous side of simulated CPB circuits in order to better qualify a current practice for anticipated bypass flow rates up to 3000 ml/min. A prime volume comparison of the different circuits was also done.

   

  METHODS

  Experimental Circuits

  Circuit designs employed in this study simulated pediatric CPB and utilized the standard equipment in clinical use at the Heart Institute, University of São Paulo Medical School. The experimental circuit included Maquet (Maquet Cardiopulmonary AG, Rastatt, Germany) hardware, with a Jostra HL-20 roller pump and an HCU-20 heater-cooler system. The pseudopatient consisted of a 2000 ml capacity hardshell reservoir (Maquet Cardiopulmonary AG, Rastatt, Germany). The pseudopatient reservoir level was located 80 cm above the CVR and it was connected to options for venous tubing. Setup I included two 3/16" venous limbs and one 1/4" venous limb running from the pseudopatient to the CVR (Figure 1, Setup I). Setup II included two 1/4" venous limbs and one 3/8" venous limb running from the pseudopatient to the CVR (Figure 1, Setup II). Venous limb lengths were standardized to 120 cm. Maquet disposable oxygenator-reservoirs included either their Neonatal or Pediatric options. The arterial pump head for all test conditions included 150 cm of 1/4" ID tubing. A Hoffman clamp was placed at the distal end (just before the pseudopatient reservoir) of the arterial limb to maintain a constant post arterial cannula pressure during all trials. The CPB circuit was first primed with lactated Ringer's solution (Baxter, São Paulo, Brazil) and then packed red blood cells were added to achieve a circuit hematocrit of 30%. The venous reservoir level was kept at 200 mL for both oxygenators-reservoirs in use.
  
  
    

    [image: Fig. 1. Setup I allows for testing Circuits A and B. Setup II allows for testing Circuits C and D. Heater-cooler units allowed for experiments to be done at 35°C and 28°C. Hoffman clamp on the circuit arterial limb allowed for a constant post-cannula pressure.]

  

  Experimental Design

  Table 1 lists the four circuits tested: A) two 3/16" ID venous limbs, B) a single 1/4" ID venous limb, C) two 1/4" ID venous limbs, and D) a single 3/8" ID venous limb. Circuits A, B and C included 1/4" arterial limbs whereas Circuit D included a 3/8" arterial limb.

  
    

    [image: Table 1. Venous limb circuit test specifications. Volume was measured using the circuit tubing tested in Setups I, II, and III.]

  

  To evaluate the performance of these circuits we used two different setups as shown in Figure 1 (Setups I and II).

  Setup I was used to test circuits A and B at flow rates of 500 ml/min to 1500 ml/min in 500 ml/min increments, with Maquet Neonatal oxygenator-reservoir. We adjusted the Hoffman clamp for position A or B to test each venous option independently. Setup II was used for circuits C and D at flow rates between 1500 ml/min and 3000 ml/min in 500 ml/min increments, with Maquet Pediatric oxygenator-reservoir. We adjusted the Hoffman clamp for position C or D to test each venous option independently. The blood level of the pseudopatient was kept at 80 cm above the CVR in all experiments. Arterial line pressure (P3) was maintained at 50 mmHg during all trials. Experiments were conducted at 36°C and 28°C. Data were electronically collected.

  A second experiment was done using a 1600 ml capacity soft bag (Medtronic, Minneapolis, MN, USA) simulating the pseudopatient to test Circuits C and D in a different condition (Figure 2, Setup III). Setup III was used to test Circuits C and D with controlled venous pressure at flow rates between 1500 ml/min and 3000 ml/min in 500 ml/min increments, with Maquet Pediatric oxygenator-reservoir. A Hoffman clamp was placed near the distal end of the arterial line to maintain an arterial line pressure (P3) of 50 mmHg during all trials. The CPB circuit was primed with lactated Ringer's solution, and then packed red blood cells were added into the circuit to maintain the blood hematocrit at 30%. The reservoir venous pressure was kept at 3 to 4 mmHg, simulating the pseudopatient's venous pressure. The venous pressure was controlled using an open hardshell reservoir and a Hoffman clamp at the experimental venous limb. The total priming volume of the circuit was 2600 mL (Circuits C and D), including the pseudopatient's volume. We adjusted the Hoffman clamp for Setup D, then we repeated the experiment without any adjustments to Setup C. Experiments were conducted under normothermia (36°C) and hypothermia (28°C), separately. The entire process was repeated six times for each unique combination.

 
    

    [image: Fig. 2. Setup III for testing Circuits C and D using a soft bag as pseudopatient. During this experiment, venous pressure was kept at a constant range of 3 to 4 mmHg, simulating a controlled venous pressure more similar to a clinical scenario. Heater-cooler units allowed for experiments to be done at 35°C and 28°C. Hoffman clamp on the circuit arterial limb allowed for a constant post-cannula pressure of 50 mmHg.]

  

  Data Acquisition

  Two Transonic ultrasound flow probes (Transonic Systems, Inc., Ithaca, NY, USA) were used for each set of test conditions. One flow probe was located at the venous inlet to the CVR and the other was located before arterial cannula, as shown in Figure 1. Three Edwards TruWave disposable pressure transducers (Edwards Lifesciences Corp., Irvine, CA, USA) were placed. The first transducer was located at the beginning of the venous limb (P1), the second was at the venous limb insertion to the CVR (P2), and the third was at the pre-arterial cannula site (P3). Pressure transducers were connected to pressure monitors CPB-100 (Bioengineering Division, InCor, São Paulo, Brazil). Pressure monitors and flowmeter outputs were connected to a DataQ DI-710 data acquisition device (DataQ, Akron, OH, USA) and then connected to a computer via universal serial bus (USB) port. WinDaq data acquisitions software (DataQ, Akron, OH, USA) was used to record real-time data at 1000 samples per second per channel. A 30 s segment of pressure and flow waveforms was recorded at all sites.

  Calculating Venous Line Resistance

  Venous line resistance of each tubing set was calculated using the following equation (Tables 2, 3, and 4).

   Venous  line  resis tan ce    wood  units   =     P 2 − P 1    mmHg    Venous  flow    L / min 
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  Statistical Analysis

  A linear mixed-effects model was fit to continuous hemodynamic outcomes to compare tubing sizes (e.g., 1/4" and 3/16") and temperatures (e.g., 28°C and 36°C) within specific flow rates. The linear mixed-effects model is an extension of linear regression that accounts for the within-subject variability inherent in repeated measures designs. In this study, the repeated factor is the location in the simulated system. For each outcome, P values were adjusted for multiple comparisons testing using Tukey-Kramer procedure. All hypotheses tests were two-sided and all analyses were performed using SAS software, version 23 (SAS Institute, Inc., Cary, NC, USA).

   

  RESULTS

  Venous Limb Prime Volumes

  The total volume necessary to fill 120 cm tubing of the venous limb was measured for each circuit option with results shown in Table 1.

  Venous Line Resistance and Flow Rate

  The results for Circuits A and B using Setup I are shown in Table 2. Results for Circuits C and D using Setups II and III are shown, respectively, in Tables 3 and 4.

  Circuits A and B

  Setup I compared dual 3/16" venous limbs (Circuit A) versus a single 1/4" venous limb (Circuit B) as shown in Table 2. The resistance across the circuit venous limb was assessed as well as the set pump flow rate versus the measured venous flow rate. Venous drainage was better with a single 1/4" venous line than with dual 3/16" venous lines, as indicated by a higher venous flow rate and a lower venous resistance at flow rates of 500 ml/min to 1500 ml/min, for both sets of temperature condition. Though, finding that the dual 3/16" circuit was less favorable at 1500 ml/min may be academic, as most clinicians would not limit inferior vena cava (IVC) flow to a single 3/16" venous line at such flow rate with a dual venous limb circuit. The IVC flow is typically thought to provide two-thirds of the return to the heart and this experimental design doesn't account for that. The 1/4" venous circuit had an advantage over the dual 3/16" venous limb, with small savings in prime volume (Circuit B has 5 ml less than Circuit A).

  Circuits C and D

  Setup II compared dual 1/4" venous limbs (Circuit C) versus a single 3/8" venous limb (Circuit D) as shown in Table 3. The single 3/8" venous circuit had a higher flow at both temperature conditions with a slightly increased limitation at 28°C. The single 3/8" venous circuit had an apparent advantage over the dual 1/4" venous limb with a clinically insignificant 10 ml (Circuit C has 10 ml of prime volume less than Circuit D) prime volume increase.

  The results of using Setup III to test Circuits C and D with controlled venous pressure and flow up to 3000 ml are shown in Table 4. A higher achievable flow rate was also evident, although less marked, with a single 3/8" tubing in the venous limb compared with the dual 1/4" venous limb.

  Venous Line Resistance

  The venous line resistance of both Circuits A and B is shown in Figure 3. Arterial line (P3) pressures were maintained at 50 mmHg by a Hoffman clamp during all trials, pre-reservoir pressures increased (became less desirable) at higher flow rates and hypothermia. The difference between the venous line resistance of both Circuits A and B was statistically significant (P<0.001). Venous line resistance of both Circuits C and D is shown in Figure 4. The venous line resistance in Circuit C was significantly higher - less desirable - than in Circuit D at higher flow rates and hypothermia; the difference was also statistically significant (P<0.001).
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  DISCUSSION

  All of the CPB circuit components - oxygenator with or without an integrated ALF, venous and cardiotomy reservoirs, A-V cannulae, and tubing - should be evaluated in vitro to determine their hydrodynamic performance before they are used in clinical practice[16-18]. Brazil has a large number of medical devices manufactured and available only in this region which are approved by the National Health Surveillance Agency. These devices commonly do not have large clinical studies comparing clinical data or doing benchmarking of similar devices[19-21]. In this context, cultural issues associated with the widespread clinical use of devices without any scientific evidence could be responsible for suboptimal outcomes related to perfusion practice. Brazilian manufacturers and international distributors only offer three types of pre-mounted and pre-connected circuits - neonatal, pediatric and adult. There's not the possibility of customizing these circuits for each heart center. Furthermore, oxygenators are sold with a bypass tubing circuit to nearly all cardiac centers around the country. In this framework, the market dictates clinical practice with the common perception that smaller tubing ID is the most important feature when choosing a circuit for small patients. As a point of reference, the neonatal circuit has a dual 3/16" ID venous limb and a single 3/16" ID arterial limb. The pediatric circuit has a dual 1/4" ID venous limb and a single 1/4" ID arterial limb. Furthermore, the adult circuit commonly has a dual 3/8" ID venous limb - even in cases that this might not be needed - and a single 3/8" ID arterial limb.

  The use of smaller ID A-V tubing for neonates and infants undergoing CPB procedures is a common perfusion practice in order to minimize the priming volume. However, it is important to remember that smaller ID tubing affects the hemodynamic profiles of CPB circuits, especially when combined with small-sized A-V cannulae for neonates and infants[4]. Adequate venous return is essential to provide the prescribed arterial flow to the patient during CPB. Gravity drainage allows for the movement of blood through the circuit (cannulae and venous limb of bypass circuit), from a higher area (patient on operating room [OR] table) to a lower area (venous reservoir), as long as the fluid column is not interrupted by air. Gravity drainage is dependent on the relative heights of the patient versus the venous reservoir, the length and diameters of the venous limb(s), the maintenance of a continuous fluid column, the patient volume status, and CVR characteristics[7]. Smaller CPB circuits may reduce blood bank transfusions at the beginning of CPB run, but if the drainage is suboptimal due to small ID tubing, an extra volume may need to be added to the reservoir to achieve the prearranged pump flow rate. Volume required to keep the venous reservoir volume above the minimum operating level is "dynamic" and may differ from the initial "static" priming volume. Our study shows that there is an insignificant difference in the prime volume of dual venous limb circuits versus a single venous limb circuit. Therefore, the primary consideration becomes the ability to achieve the calculated flow rate with the selected circuit. The findings of this study indicate that the pressure drop in venous limb related to the tubing ID was the main resistance in the venous side of these simulated pediatric CPB circuits. A high resistance in the venous limb (pre-reservoir pressure) may result in insufficient venous return, limiting the perfusionist's ability of maintaining an adequate and safe minimum operating level in the venous reservoir. A higher venous pressure with siphon drainage - less negative-pressure - may require volume addition during CPB which eliminates the initial advantage of a decreased prime volume. As pointed out in our findings, this is the case for dual 3/16" venous limbs when compared to a single 1/4" venous circuit, as well as when comparing dual 1/4" venous limbs to a single 3/8" venous limb.Our results also showed that hypothermia could increase circuit resistance across CPB circuits most probably by increasing the blood viscosity of the perfusate and vascular resistance, which further elevates circuit pressure. Unfortunately, the latter effect cannot be seen in an in vitro study due to the fixed compliance of the tubing. Although there was higher (less desirable) pre-reservoir pressure under hypothermia than normothermia, the arterial flow delivered to the pseudopatient was similar.

  We intentionally evaluated the circuits at routine CPB pump flow rates along with lower flow rates because the latter may be used during hypothermic CPB and CPB weaning. To be clear, we do not suggest using low flow rates for routine normothermic CPB procedures. For instance, pump flow rates of 500 mL/min can be used during weaning but not during a normothermic full-flow CPB. However, with the same circuit it is possible and it is not uncommon to use high-flow rates during rewarming.

  Our data support that a dual 3/16" venous limb may be acceptable but not necessarily practical for venous drainage at a flow up to 1500 ml/min. Ultimately though, a single lower resistance 1/4" venous limb is preferable when compared to a dual 3/16" venous limb at the same arterial flow rate. Finally, a single 3/8" venous limb circuit may be acceptable with gravity drainage at a flow rate up to 3000 ml/min. It is important to note that this experimental design measured overall flow and that clinicians must consider the flow differential between the upper body and lower body when using bicaval cannulation connected independently to dual venous limbs in the pump circuit. It is our hope that these data support a change towards single limb venous circuits which allow for improved achievable flow rates while, at the same time, does not introduce the variable of a limiting dual venous line, which can negatively impact lower body drainage when one limb is connected to the IVC cannula.

  Limitations

  Our results can be affected by the fact that this experiment was performed under in vitro conditions that may not represent all clinical CPB scenarios. Cannulae selection, table height relative to CVR level, gravity versus VAVD, and CVR design impact achievable venous flow rates. Temperatures and flows utilized during congenital heart surgery also vary significantly. Further, individual caval flow may vary considerably in this patient population based on patient's cardiac anatomy.

   

  CONCLUSION

  There was an insignificant difference in priming volume between dual venous and single venous limb circuits. Smaller dual limb venous circuits exhibited a higher venous resistance that was associated with reduced achievable flow and would likely result in impaired venous return during CPB. In addition, impaired venous return with smaller dual limb venous circuits could impose a volume penalty increasing hemodilution in order to keep a safe minimum operating level in the reservoir, which is contrary to the accepted rationale for using smaller ID tubing. Our data indicate that using a single 1/4" venous limb is better than using a dual 3/16" venous limb at all flow rates up to 1500 ml/min flow rate. Moreover, a single 3/8" venous limb is better than a dual 1/4" venous limb up to 3000 ml/min. Assisted venous drainage would improve all values for all circuits, but without any clear benefit since priming volumes are nearly identical.

  Our findings strongly suggest a revision of the perfusion practice in Brazil and justify the use of single venous limb circuits for CPB.

   

  REFERENCES

  1. Lenz C, Rebel A, Waschke KF, Koehler RC, Frietsch T. Blood viscosity modulates tissue perfusion: sometimes and somewhere. Transfus Altern Transfus Med. 2008;9(4):265-72.

  2. Koning NJ, Lange F, Vonk ABA, Ahmed Y, van den Brom CE, Bogaards S, et al. Impaired microcirculatory perfusion in a rat model of cardiopulmonary bypass: the role of hemodilution. Am J Physiol Heart Circ Physiol. 2016;310(5):H550-8.

  3. Cooper Jr JR, Giesecke NM. Hemodilution and priming solutions. In: Gravlee GP, Davis RF, Kurusz M, Utley JR, eds. Cardiopulmonary bypass: principles and practice. 2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2000.

  4. Wang S, Rosenthal T, Kunselman AR, Ündar A. Evaluation of different diameter arterial tubing and arterial cannulae in simulated neonatal/pediatric cardiopulmonary bypass circuits. Artif Organs. 2015;39(1):43-52.

  5. Allen J, Berrios L, Solimine M, Knott-Craig CJ. Bloodless surgery in a pediatric Jehovah's Witness. J Extra Corpor Technol. 2013;45(4):251-3.

  6. Boettcher W, Merkle F, Huebler M, Koster A, Schulz F, Kopitz M, et al. Transfusion-free cardiopulmonary bypass in Jehovah's Witness patients weighing less than 5 kg. J Extra Corpor Technol. 2005;37(3):282-5.

  7. Matte GS. Perfusion for congenital heart surgery: notes on cardiopulmonary bypass for a complex patient population. Oxford: Wiley-Blackwell; 2015. p.1-26.

  8. De Somer F, Fourbert L, Poelaert J, Dujardin D, Van Nooten G, François K. Low extracorporeal priming volumes for infants: a benefit? Perfusion. 1996;11(6):455-60.

  9. Wang S, Undar A. Vacuum-assisted venous drainage and gaseous microemboli in cardiopulmonary bypass. J Extra Corpor Technol. 2008;40(4):249-56.

  10. Wang S, Baer L, Kunselman AR, Myers JL, Undar A. Delivery of gaseous microemboli with vacuum-assisted venous drainage during pulsatile and nonpulsatile perfusion in a simulated neonatal cardiopulmonary bypass model. ASAIO J. 2008;54(4):416-22.

  11. Naik R, Wagner J, Chowdhury D, Barnes Ml, Wagner DS, Burson KC, et al. The impact of cerebral embolization during infant cardiac surgery on neurodevelopmental outcomes at intermediate follow-up. Perfusion. 2014;29(5):443-9.

  12. Pugsley W, Klinger L, Paschalis C, Treasure T, Harrison M, Newman S. The impact of microemboli during cardiopulmonary bypass on neuropsychological functioning. Stroke. 1994;25(7):1393-9.

  13. DeFoe GR, Dame NA, Farrell MS, Ross CS, Langner CW, Likosky DS. Embolic activity during in vitro cardiopulmonary bypass. J Extra Corpor Technol. 2014;46(2):150-6.

  14. DiNardo JA, Zvara DA. Anesthesia for cardiac surgery. 3rd ed. Oxford: Blackwell Publishing; 2008. p.323-74.

  15. Hessel EA, Hild PG. Pathophysiology of cardiopulmonary bypass. In: Hensley FA, Martin DE, Gravlee GP, eds. A practical approach to cardiac anesthesia. 3rd ed. Philadelphia: Lippincott, Williams and Wilkins; 2003. p.537-56.

  16. Ündar A, Wang S, Palanzo DA, Wise R, Woitas K, Baer LD, et al. Impact of translational research on optimization of neonatal cardiopulmonary bypass circuits and techniques: The Penn State Health approach. Artif Organs. 2017;41(3):218-23.

  17. Undar A. Translational research on evaluation of pediatric cardiopulmonary bypass oxygenators. artificial organs. Wiley Online Library. 2018;42(1):103-3.

  18. Matte GS, Neirotti RA. Translational research: comparing oxygenators from different international markets. Artif Organs. 2018;42(1):100-2.

  19. Neirotti R. Cardiopulmonary bypass: a forgotten area of searching for new knowledge in Brazil and the importance of translational research. Braz J Cardiovasc Surg. 2016;31(5):IV-V.

  20. Marupudi N, Wang S, Canêo LF, Jatene FB, Kunselman AR, Undar A. In-vitro evaluation of two types of neonatal oxygenators in handling gaseous microemboli and maintaining optimal hemodynamic stability during cardiopulmonary bypass. Braz J Cardiovasc Surg; 2016;31(5):343-50.

  21. Wang S, Caneo LF, Jatene MB, Jatene FB, Cestari IA, Kunselman AR, et al. In vitro evaluation of pediatric hollow-fiber membrane oxygenators on hemodynamic performance and gaseous microemboli handling: an international multicenter/multidisciplinary approach. Artif Organs. 2017;41(9):865-74.

   

   

  Correspondence Address: 

  Luiz Fernando Caneo 

  Instituto do Coração do Hospital das Clínicas da Faculdade de Medicina da 

  Universidade de São Paulo (InCor-HCFMUSP) – Pediatric Cardiac Surgery Unit 

  Av. Dr. Eneas de Carvalho Aguiar, 44 – Bloco II, 2° andar, sala 5 – São Paulo, SP, Brazil 

  Zip code: 05403-900 

  E-mail: luiz.caneo@incor.usp.br

   

   

  Article received on March 9th, 2018. 

  Article accepted on March 9th, 2018. 

  Fast-Track Publication

  This study was carried out at Instituto do Coração, Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (InCor-HCFMUSP), São Paulo, SP, Brazil; Penn State Health Milton S. Hershey Medical Center, Penn State College of Medicine, Penn State Health Children’s Hospital, Hershey, PA, USA. 

  No financial support. 

  No conflict of interest. 

  
    [image: abb ]

  

   
    [image: abb ]

  





  DOI: 10.21470/1678-9741-2017-0164

  ORIGINAL ARTICLE

  
    Parlar H, Şaşkın H. Are Pre and Postoperative Platelet to Lymphocyte Ratio and Neutrophil to Lymphocyte Ratio Associated with Early Postoperative AKI Following CABG?. Braz J Cardiovasc Surg 2018;33(3):233-241

  

  
    Are Pre and Postoperative Platelet to Lymphocyte Ratio and Neutrophil to Lymphocyte Ratio Associated with Early Postoperative AKI Following CABG?

  

   

   

  Hakan ParlarI, MD; Hüseyin ŞaşkınI, MD

  IDepartment of Cardiovascular Surgery, Derince Training and Research Hospital, Kocaeli, Turkey

   

  
    ABSTRACT

    OBJECTIVE: In this study, we investigated the role of two of the recent biomarkers of inflammation on the development of acute kidney injury in the early postoperative period of isolated coronary artery bypass grafting.

    METHODS: Three hundred and eleven patients, who underwent isolated coronary artery bypass grafting with cardiopulmonary bypass by the same surgery team in our clinic between May 2010 and October 2014, who had a preoperative serum creatinine level lower than 1.5 mg/dl were included in the study. These patients' records were reviewed retrospectively. The diagnosis of acute kidney injury was performed according to the Kidney Disease Improving Global Outcomes 2012 Acute Kidney Injury Guideline criteria. Patients who developed acute kidney injury in the early postoperative period were classified as Group-1 (n=62) and the patients with normal postoperative renal functions were classified as Group-2 (n=249). The demographic data, body mass index, comorbidities, hematologic/biochemical profiles, preoperative ejection fraction, blood transfusion history, and operative data of the groups were compared. Univariate analyses were performed to determine significant clinical factors, and multiple logistic regression analyses were subsequently done to determine independent predictors of acute kidney injury.

    RESULTS: Sixty-two (19.9%) patients developed acute kidney injury during the first 72 hours postoperatively. Multivariate logistic regression analyses revealed preoperative increased creatinine (P=0.0001), C-reactive protein (P=0.02), neutrophil-lymphocyte ratio (P=0.04) and platelet-lymphocyte ratio (P=0.002); increased postoperative first day leukocyte count (P=0.03), C-reactive protein levels (P=0.02), neutrophil-lymphocyte ratio (P=0.002), platelet-lymphocyte ratio (P=0.01) and increased intubation time (P=0.006) as independent predictors of early postoperative acute kidney injury in patients who underwent isolated coronary artery bypass grafting.

    CONCLUSION: The preoperative and postoperative increased levels of neutrophil-lymphocyte ratio and platelet-lymphocyte ratio which can be calculated by simple methods from routine blood analysis showed us that these parameters are independent biomarkers directly related to development of acute kidney injury in the early postoperative period.

    Keywords: Coronary Artery Bypass; Acute Kidney Injury; Biomarkers; Inflammation.

  

   

   

  INTRODUCTION

  Acute kidney injury (AKI) is one of the frequent pathological conditions following cardiac surgery which causes prolonged hospital and intensive care unit stay, higher health costs and mortality[1]. The incidence of AKI after cardiac surgery was reported as 5-30% and 1-2% of these patients required renal replacement therapy (RRT)[2]. AKI is a complicated pathology in a broad clinic spectrum from minimally increased serum creatinine levels to anuric status[3]. Multiple factors have been implicated as contributors to postoperative AKI including advanced age, female gender, chronic kidney disease, time delay between heart catheterization and surgery, aortic cross clamping time, duration of cardiopulmonary bypass (CPB) time, differences in the preoperative and intraoperative mean arterial pressures and blood transfusion following surgery[3-5].

  Neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) are recently described clinical parameters which can be found by detailed analysis of hemogram. There are many disorders with severe prognosis including peripheral vascular diseases, coronary artery disease, some of the malignancies of hepatobiliary and gynecological systems which are associated with elevated PLR levels. Elevated NLR levels have been demonstrated in systemic inflammation, cardiovascular disorders and gastrointestinal cancers[6-8].

  There have been no reports that focused on the association between the biomarkers NLR and PLR and AKI following coronary artery bypass grafting (CABG) in the recent literature. The aim of this study is to indicate the relationship between values of NLR and PLR and the development of AKI in patients in the early postoperative period of isolated CABG.

   

  METHODS

  The medical records of a total of 506 patients who underwent isolated CABG between May 2010 and October 2014 were reviewed retrospectively. The operations were performed at the same center by the same surgery team; 311 patients who had serum creatinine levels of < 1.5 mg/dl who underwent isolated CABG with CPB were included in the study. The diagnosis of AKI was made by comparison of the baseline and postoperative serum creatinine levels to determine the presence of a predefined significant change based on the Kidney Disease Improving Global Outcomes (KDIGO) definition (increase in serum creatinine by ≥ 0.3 mg/dl within 48 hours of surgery or increase in serum creatinine to ≥ 1.5 times of baseline within 3 days of cardiac surgery)[9].

  The diagnosis of AKI was based on the highest serum creatinine concentration measured during the first 3 days after surgery compared with the baseline serum creatinine concentration, defined as the last concentration measured before surgery. Urine output was not used to define AKI, because it might be altered by diuretics administered during anaesthesia and CPB. Patients who developed AKI in the early postoperative period were classified as Group-1 (n=62) and the patients with normal postoperative renal functions were classified as Group-2 (n=249).

  AKI was also staged for severity according to the following KDIGO criteria:

 
    • Stage 1 - increase in serum creatinine by ≥ 0.3 mg/dl or 1.5 to 1.9 times of baseline,

    • Stage 2 - increase in serum creatinine 2.0 to 2.9 times of baseline,

    • Stage 3 - increase in serum creatinine 3.0 or more times of baseline or an increase in serum creatinine by ≥ 4.0 mg/dl or initiation of RRT[10].
  
  We excluded the patients previously diagnosed with end-stage renal disease who were on dialysis. The patients who had peripheral arterial disease, valvular heart disease, decompensated congestive heart failure, congenital cardiac disease, left ventricular systolic function disorder (left ventricular ejection fraction ≤ 30%), cerebrovascular disease in the last 30 days, renal impairment (serum creatinine > 1.5 mg/dl), chronic obstructive pulmonary disease, malignancy, endocrinologic disorders (hypothyroidism, hyperthyroidism), systemic inflammatory diseases, hematological proliferative diseases, low hemoglobin levels (≤ 10 g/dl); patients with acute infections, emergency operations, patients who were reoperated due to hemodynamic instability or bleeding, patients who required intra-aortic balloon pump, patients who had an acute myocardial infarction and percutaneous coronary intervention in the last 30 days prior to operation, patients with a diagnosis of active or chronic autoimmune diseases, patients who had steroid treatment or chemotherapy, patients who were operated on beating heart or redo CABG were also excluded from the study. Additionally, patients for whom data such as serum creatinine levels or urine output were missing, were excluded.

  The demographic and clinical data of the patients were obtained by using the software system of the hospital for records and archives to investigate the patient files, epicrisis, operation notes and laboratory results. Age, gender, smoking history, diabetes, hypertension, hyperlipidemia, left ventricular ejection fraction (LVEF), preoperative and postoperative laboratory parameters (hemoglobin levels; leukocyte, platelet, lymphocyte and neutrophil counts; fasting blood glucose levels; serum creatinine and urea), operation information, the number of grafts used, duration of CPB and aortic cross clamping, amount of blood products used and length of stay in the intensive care unit and hospital were recorded.

  Hypertension was accepted as a blood pressure of ≥ 140/90 mmHg or the use of antihypertensive drugs; smoking was accepted positive if the patient had not quitted smoking for the last one year. Diabetes was accepted as fasting blood glucose ≥ 126 mg/dl or the use of antidiabetic drugs, hyperlipidemia was accepted as total cholesterol > 220 mg/dl and LDL-cholesterol > 130 mg/dl or the use of antihyperlipidemic drugs.

  Approximately 5 to 7 ml of venous blood samples were placed into a sterile tube with EDTA. Hematologic parameters were calculated by an automated blood count device (Abbott CELL-DYN 3700; Abbott Laboratory, Abbott Park, Illinois, USA) following a waiting time of one hour. PLR was calculated by dividing the number of platelets to the number of lymphocytes. NLR was calculated by dividing the number of neutrophils to the number of lymphocytes.

  All patients were transferred to intensive care unit intubated postoperatively. They were extubated following onset of spontaneous breathing and normalization of orientation and cooperation if the hemodynamic and respiratory functions were appropriate. If there was no contraindication, 50 mg/day of metoprolol was started orally to all patients following the first postoperative day. The diagnosis of postoperative atrial fibrillation was made by standard 12 derivation electrocardiography (ECG).

  Written informed consent form was obtained from all the patients included in the study. This study complied with the Declaration of Helsinki and was carried out following approval of Ethics Committee for Clinical Trials of Medical Faculty of Kocaeli University.

  Operative Technique

  All patients were operated with median sternotomy under general anaesthesia and CPB with aortic and venous cannulations following systemic heparin administration (300 IU/kg). Activated clotting time (ACT) was maintained over 450 seconds during the operations. Standard CPB circuit and surgical management were used. Antegrade hypothermic and hyperkalemic blood cardioplegia was applied to all patients. Surgery was performed under moderate systemic hypothermia (28-30ºC). Cardiopulmonary bypass flow was maintained 2.2-2.5 l/min/m2, mean perfusion pressure was maintained between 50 and 80 mmHg, hematocrit level was maintained between 20 to 25 percent during CPB. For the coronary bypass operations, the left internal mammary artery (LIMA) was preferred for the arterial graft for left anterior descending artery (LAD) revascularization, whereas saphenous venous grafts were used for the other vessels. Distal anastomoses were done during aortic cross clamping period and proximal anastomoses were done on beating heart onto the ascending aorta using lateral clamp.

  Statistical Analysis

  Statistical analysis was performed using the SPSS software version 13.0 (SPSS Inc, Chicago, IL, USA). Among the data measured, those showing normal distribution were expressed as mean ± standard deviation, those not showing normal distribution were expressed as median (minimum-maximum). The data obtained by counting were given as percentages (%). Among the data measured, the normality of distribution was evaluated by histogram or Kolmogorov-Smirnov test, the homogenity of distribution was evaluated by Levene's test for equality of variance. Among the data measured, the difference between the groups was evaluated by Student's t-test in normal and homogenous distribution and by Mann-Whitney U test in distribution which is not normal and homogeneous. Among the data obtained by counting, the differences between the groups were evaluated by parametric or non-parametric Pearson Chi-Square test or Fisher's Exact test according to the distribution being parametric or not. The effects of the risk factors suggested to be influential on the early period AKI were studies through the univariate logistic regression analysis. The multiple effects of the risk factors which are influential or which are suggested to be influential in predicting the early period AKI as a result of the univariate statistical analysis were studied through the retrospective selective multivariate logistic regression analysis. The odds ratio, the 95% confidence interval and the significant level for each of the risk factors, was found. The sensitivity and the specificity of PLR and NLR in predicting the early period AKI via receiver operating curve (ROC) were computed and results were found as statistically significant for P<0.05.

   

  RESULTS

  The demographic characteristics and clinical data of the patients were summarized in Table 1. There were no differences between the two groups in terms of demographic or clinical data.
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  According to the KDIGO classification, 51.6% (n=32) of the patients were Stage-I, 38.7% (n=24) were Stage-II and 9.7% (n=6) were Stage-III. The preoperative blood analysis and hematological parameters of the patients were summarized in Table 2. Preoperative creatinine levels (P=0.0001), urea levels (P=0.0001), lymphocyte counts (P=0.04), neutrophil counts (P=0.03), PLR (P=0.0001), NLR (P=0.0001) and C-reactive protein (CRP) levels(P=0.0001) were significantly different between the groups.
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  The early postoperative blood analysis and hematological parameters of the patients were summarized in Table 3. Leukocyte counts (P=0.0001) in the first and third postoperative days; CRP levels (P=0.0001), lymphocyte counts (P=0.0001), neutrophil counts (respectively P=0.009, P=0.03, P=0.0001), NLR (P=0.0001) and PLR (P=0.0001) in the first, third and seventh postoperative days were significantly different between the groups.
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  The intraoperative and postoperative data of the patients were shown in Table 4. Intubation time (P=0.0001), length of stay in the intensive care unit (P=0.0001), use of inotropic support (P=0.02) and total length of stay in the hospital (P=0.0001) were significantly different between the groups. We performed LIMA anastomosis to LAD in 57 (91.9%) patients in Group-1 and in 241 (96.8%) patients in Group-2.
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  The results of univariate and multivariate regression analyses of patients who developed AKI in the early postoperative period were shown in Table 5. In the multivariate analysis of the variables which were found statistically significant in univariate analysis associated with postoperative AKI, increased serum creatinine (P=0.0001), CRP levels (P=0.02), PLR (P=0.002) and NLR (P=0.04) in the preoperative period, increased leukocyte counts (P=0.03), CRP levels (P=0.02), NLR (P=0.002) and PLR (P=0.01) in the first postoperative day and prolonged intubation time (P=0.006) were found as independent predictors of early postoperative AKI.
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  The ROC curves for preoperative NLR and PLR were in connection with postoperative AKI following isolated CABG (Figure 1). The area under curve (AUC) for the preoperative NLR was 0.697 (95% CI 0.620- 0.774; P=0.0001). Using a cut-off value of 2.65, the preoperative PLR predicted postoperative AKI with a sensitivity of 66.1% and specificity of 64.7%. The AUC for the preoperative PLR was 0.786 (95% CI 0.719- 0.851; =0.0001). Using a cut-off value of 136.85, the preoperative PLR predicted postoperative AKI with a sensitivity of 71.0% and specificity of 70.7%.
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  The ROC curves for the postoperative first day NLR and PLR were in connection with postoperative AKI following isolated CABG (Figure 2). The AUC for the preoperative NLR was 0.864 (95% CI 0.815- 0.914; P=0.0001). Using a cut-off value of 6.15, the preoperative PLR predicted postoperative AKI with a sensitivity of 80.6% and specificity of 77.9%. The AUC for the preoperative PLR was 0.899 (95% CI 0.856- 0.943; P=0.0001). Using a cut-off value of 139.25, the preoperative PLR predicted postoperative AKI with a sensitivity of 82.3% and specificity of 81.1%.
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  DISCUSSION

  In this study, increased preoperative and early postoperative NLR and PLR were associated with postoperative AKI following isolated CABG operation. To the best of our knowledge; this is the first study to evaluate the association of NLR and PLR with early postoperative AKI after CABG operation.

  AKI is a common postoperative complication of cardiac surgery, associated with a prolonged hospital stay and increased morbidity and mortality, even for patients who do not progress to renal failure. The incidence of AKI following cardiac surgery is 5-30%[2]. In our study, we have identified the occurrence of AKI after CABG as 19.9%.

  The pathophysiology of AKI is complex and multifactorial, and the locus of injury is typically the tubular cells and involves toxins (exogenous and endogenous), inflammation, ischemia-reperfusion injury, neurohormonal activation, metabolic factors and oxidative stress[11]. Another cause of AKI following cardiac surgery could be a pro-inflammatory event such as operative trauma, blood exposed to the artificial surface of the CPB circuit or ischaemia-reperfusion injury[2]. C-reactive protein is a marker of inflammation that is extensively used in clinical practice. Recently, several prospective clinical studies have shown that modest elevations in baseline CRP levels predict future cardiovascular events[12]. Shacham et al.[13] reported >9 mg/l of high sensitive CRP levels as an independent risk factor for AKI following primary percutanous interventions of the patients with ST-elevated myocardial infarction (STEMI). In our study, we found that the preoperative and early postoperative increased CRP levels are independent risk factors for the development of AKI in the early postoperative period.

  Several inflammatory biomarkers including white blood cell (WBC) count, leukocyte subtypes, platelet, CRP, NLR and PLR have been demonstrated to be important prognostic predictors in various cardiovascular diseases[14]. Each WBC subtype, including neutrophils, lymphocytes, monocytes, and eosinophils, has a discrete role in inflammation, host defense, and repair[15]. Each of these components are one of the immunologic factors that play a pivotal role in most processes of organ damage and this role can apply to the issue of kidney damage[16]. In our study, we have determined that the blood leukocyte levels were significantly higher in the AKI group in the 1st and 3rd days postoperatively.

  NLR is a new inflammatory marker which is associated with inflammation[17]. It has also been shown that NLR was associated with adverse events following CABG in stable and unstable angina pectoris. Ünal et al.[18] have observed that preoperative NLR was correlated with mortality after CABG. Yilmaz et al.[19] reported that NLR is superior to CRP and WBC, to predict the development of AKI in the patients with severe sepsis. In our study, we identified that the preoperative and postoperative NLR values were significantly high in patients with AKI.

  To our knowledge, there have been no studies in the literature with patients who underwent isolated CABG with CPB, that investigated the relationship between the development of postoperative AKI and NLR as a biomarker, so we suppose that our findings are valuable. PLR is a recently defined hematological parameter which is associated with both aggregation and inflammation pathways, and it can be more valuable than either platelet or lymphocyte counts alone in predicting coronary artery disease[20]. PLR has been used to predict the prognosis of patients with different inflammatory and ischemic events in the literature[21]. Temiz et al.[22] have observed elevated PLR to be associated with hospital mortality in patients with STEMI. Akin et al.[23] reported in their study including 630 patients who underwent percutanous coronary intervention (PCI) after STEMI that the patients who had higher PLR values before the procedure developed contrast-induced AKI. In our study PLR values of AKI Group were significantly high.

  Limitations of the Study

  A few limitations of our study deserve mention. This is a single centre retrospective study with a relatively small sample size. Although we have found some parameters associated with AKI, we could not draw a causal relationship.

   

  CONCLUSION

  In our study, we observed that elevated NLR and PLR were independent predictors of early postoperative AKI following isolated CABG. NLR and PLR, which can easily be obtained from a simple whole blood count, may predict adverse events after CABG. Although we could not establish a causal relationship in this study, the results of this study may have some clinical implications if approved by large scale prospective studies.
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    ABSTRACT

    INTRODUCTION: Donor shortage and organ allocation is the main problem in pediatric heart transplant. Mechanical circulatory support is known to increase waiting list survival, but it is not routinely used in pediatric programs in Latin America.

    METHODS: All patients listed for heart transplant and supported by a mechanical circulatory support between January 2012 and March 2016 were included in this retrospective single-center study. The endpoints were mechanical circulatory support time, complications, heart transplant survival and discharge from the hospital.

    RESULTS: Twenty-nine patients from our waiting list were assessed. Twelve (45%) patients were initially supported by extracorporeal membrane oxygenation (ECMO) and a centrifugal pump was implanted in 17 (55%) patients. Five patients initially supported by ECMO were bridged to another device. One was bridged to a centrifugal pump and four were bridged to Berlin Heart Excor®. Among the 29 supported patients, 18 (62%) managed to have a heart transplant. Thirty-day survival period after heart transplant was 56% (10 patients). Median support duration was 12 days (interquartile range [IQR] 4 - 26 days) per run and the waiting time for heart transplant was 9.5 days (IQR 2.5-25 days). Acute kidney injury was identified as a mortality predictor (OR=22.6 [CI=1.04-494.6]; P=0.04).

    CONCLUSION: Mechanical circulatory support was able to bridge most INTERMACS 1 and 2 pediatric patients to transplant with an acceptable complication rate. Acute renal failure increased mortality after mechanical circulatory support in our experience.

    Keywords: Heart Transplantation; Heart Defects, Congenital; Heart-Assist Devices; Heart Failure/Therapy.

  

   

   

  INTRODUCTION

  Heart failure is a complex pathophysiological syndrome that can occur in children due to a variety of diseases, including cardiomyopathies, myocarditis, and congenital heart disease (CHD)[1]. The incidence of dilated cardiomyopathy from large population-based studies in the United States and Australia range from 0.57 to 0.73 per 100000 children per year[2,3]. Among these patients, only 66% were alive without heart transplant one year after diagnosis[4].

  Heart transplantation (HTx) is increasingly accepted as the gold-standard treatment for end stage heart disease (either functional, anatomic or both) in the pediatric and adult congenital population[5,6]. Donor shortage and difficulties in allocation increase mortality during the waiting list for transplantation, specifically in low-weight receptors, and high-risk congenital heart and cardiomyopathy patients that develop cardiogenic shock[7].

  The use of mechanical circulatory support (MCS) systems as a bridge to transplantation or bridge to recovery are the main indications in infants and children[8-11]. Recently published data from the International Society for Heart and Lung Transplantation reported that approximately 25% of pediatric patients receive some kind of MCS before HTx[12]. Long and short-term MCS is associated with higher survival to HTx in these patients[13].

  Although the majority of Latin America countries faces serious economic issues, in order to increase survival in advanced heart failure, the implementation of MCS programs is welcome in these locations.

  The waiting list time in Latin America is three times higher than in United States of America (USA) and two times higher than in Europe[8]. Mean waiting list time for transplantation in Brazil is 6 months, but in patients less than 5 kg this period is greater than 10 months[8].

  HTx program in Brazil is financed by the government and until now, there is no financial support for any kind of MCS. Nevertheless, a small percentage of patients are insurance covered that may have access to MCS technology and few Brazilian institutions support an MCS program financed by research grants.

  Our institution represents the largest Pediatric HTx Program in Latin America. We have performed an average of 17 pediatric and congenital HTx annually in the last five years, and our waiting list mortality, especially for the patients classified as INTERMACS 1 and 2, is higher than 80%[7,13]. Our MCS program is supported by our institutional fund and restricted to extracorporeal membrane oxygenation (ECMO) and centrifugal pumps (Rotaflow® - Maquet Getting Group, Rasttat, Germany).

  The present study aims to evaluate initial results, risk factors, lessons learned and future directions after this experience.

  These are the first series of a mechanically supported bridge to transplant pediatric and congenital heart patients including short and long-term support devices published in Latin America.

   

  METHODS

  A retrospective study using electronic medical record of 29 consecutive patients listed to HTx who required MCS between January 2012 and March 2016 at our institution.

  The institutional ethics committee on human research under the number CAAE 60236316.5.0000.0068 approved this study and due to the retrospective nature of the study, the need for individual patient consent was waived.

  Timing and Indications

  ECMO indications as a bridge to HTx or bridge to bridge was mainly in cardiogenic shock or post-cardiotomy cardiac failure (INTERMACS level 1). Neck vessels assessment was the elected cannulation site, but central cannulation was approached when there was a recent previous sternotomy or in post-cardiotomy patients.

  Centrifugal pumps (Rotaflow® - Maquet Getting Group, Rasttat, Germany, and PediVas® or Centrimag® - Thoratec Corporation, USA) were implanted mainly in waiting list patients with rapid clinical deterioration despite inotropic support (INTERMACS 2 level) or in two INTERMACS level 1 cases where an ECMO circuit was not available at the time. Patients were cannulated using bypass cannulas or Berlin Heart EXCOR® cannulas. The preferred cannulation sites were left ventricle (LV) apex and aorta, but in the beginning of the cohort and in restrictive cardiomyopathy cases, left atrium cannulation was preferred. When LV cannulation was used, the procedure was performed under cardiopulmonary bypass (CPB) and beating heart. When biventricular support was indicated, right atrium and pulmonary artery were cannulated.

  Right ventricular (RV) support was considered in the presence of severe RV dysfunction or in case of moderate RV dysfunction with a central venous pressure above 15 mmHg and persistently depressed RV function after LV decompression guided by transesophageal echocardiography (TEE) at the operating room.

  Berlin Heart Excor® was implanted in four cases, always after an ECMO run for circulatory resuscitation. The implant was performed under CPB and beating heart with LV apical and aortic cannulae.

  Management

  Device selection was performed based on the initial clinical status, where INTERMACS level 1 was a primary indication for ECMO and INTERMACS level 2 was an indication for a centrifugal pump. Due to our financial restriction, INTERMACS level 3 was not an indication for MCS in our institution. In cases where ECMO was the first-line therapy, conversion to centrifugal pump or Berlin Heart Excor® was attempted after 5 to 10 days of ECMO initiation and clinical stabilization. In two cases where an ECMO circuit was not available, MCS was achieved using a centrifugal pump.

  Conversion to a centrifugal pump was considered in one case in the context of the potential for recovery (post-cardiotomy ECMO in a single ventricle physiology) to minimize complications while performing a thorough transplant assessment (e.g., neurologic assessment) and because renal replacement therapy or respiratory support was not necessary at the time.

  Conversion from a centrifugal pump to an ECMO circuit occurred in one patient who developed multi-organ failure during centrifugal pump run and needed renal replacement therapy and prolonged respiratory support.

  Anti-coagulation was based on the Edmonton protocol[14] where unfractionated heparin (UFH) was started within 12 to 24 hours of device implantation, depending on the degree of postoperative bleeding based on chest tube output. An acceptable chest tube output as a trigger for starting UFH was considered if less than 2 ml/kg/h. UFH was titrated to a target anti-Xa level of 0.35 to 0.6 U/ml, with a goal activated clotting time range that correlated with the anti-Xa target. Anti-coagulation goals and agents were adjusted individually depending on the circuit condition as well as on the patient's bleeding and thrombotic profile.

  Outcomes

  The primary outcome of this study was decannulation from any type of MCS due to transplantation, recovery or death. Complete follow-up data were available for all patients.

  Five types of MCS-related complications were accessed in this cohort and included bleeding, neurologic events, infection, ischemic organ damage, and mechanical device failure.

  Bleeding as the requirement for re-exploration for bleeding or hematoma were considered significant.

  Neurologic events included intracranial bleeding or ischemic stroke diagnosed by computed tomography (CT) scan.

  Infections were defined as the presence of positive culture from blood, urine, intravenous catheter, or sputum with associated clinical symptoms. In the absence of a defined positive culture, antibiotic use alone was not considered as an evidence of infection, but clinical symptoms with suggestive laboratory findings.

  Acute kidney injury (AKI) in any time of treatment was defined according to pediatric Risk, Injury, Failure, Loss, End Stage Renal Disease (pRIFLE) score[15].

  Finally, mechanical device failure was defined as a malfunction of one or more components rendering the system incapable of functioning and requiring a device exchange. This did not include exchanges for pump thrombosis or clots in the circuit, considered as thrombotic events.

  Circuit thrombosis included any identified cloth in the circuit with or without a need for pump, membrane or complete circuit exchange.

  All data were analyzed to identify risk factor for survival to transplantation, survival to hospital discharge and stroke.

  Studied risk factors included age, weight, gender, primary diagnosis (cardiomyopathies x CHD), univentricular heart physiology, type of primary MCS (ECMO x centrifugal pump), number of MCS implants, preoperative cardiac arrest, preoperative AKI, AKI during hospitalization, stroke, preoperative mechanical ventilation, systemic inflammatory response syndrome (SIRS), preoperative serum creatinine value, preoperative serum total bilirubin value, preoperative serum lactate value, preoperative serum brain natriuretic peptide (BNP) value, infection, major bleeding and circuit thrombosis.

  The time of support was considered as the time between the implantation and any outcome (transplantation, explant or death).

  Statistical Analysis

  Descriptive statistics were presented in the median with interquartile range (IQR) for continuous variables and number and percentile for the other variables. Normality test used was Shapiro-Wilk. Chi square, Mann-Whitney, and Exact Fisher test were used to compare groups. Binary logistic regression with multivariable analysis and Hosmer-Lemeshow goodness of fit test was used to identify risk factors for mortality and stroke. A P value < 0.05 was considered significant. The software SPSS 21.0 (SPSS, Chigago, IL, USA) was used for statistical analysis.

   

  RESULTS

  Twenty-nine patients listed for HTx had at least one MCS implanted. Twelve patients in refractory cardiogenic shock or postcardiotomy cardiac failure (INTERMACS level 1) were supported initially by an ECMO circuit. The other 17 patients, mostly classified as INTERMACS level 2 underwent centrifugal pump implantation.

  Demographic and preoperative variables are listed in Table 1.
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  Five (41.7%) ECMO patients were bridged to another device before the HTx. One of them received a centrifugal pump and the other four were connected to a paracorporeal ventricular assist device (VAD; Berlin Heart Excor®). Two (16.7%) ECMO patients died during MCS run. One patient died due to multiple organ failure and a massive circuit thrombosis was found in the other patient leading to death. Six (50%) patients received an HTx during ECMO run (Figure 1).
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  Among the four Berlin Heart patients, two (50%) were transplanted and two died during MCS, one due to sepsis and one due to multiple organs dysfunction (MODs).

  Seven (41.2%) centrifugal pump patients died during MCS run, five of them due to MODs and two due to massive cerebral damages (MCD). While 58.8% (10 patients) managed to have a HTx (Figure 1).

  Median time in MCS was 12.4 days (IQR= 4.3-26.3 days) and there was no correlation between time on support and survival. There was no difference in time of support or any other result variable between initial types of support (Table 2). HTx was achieved in 18 (62%) patients with 55.5% (10 patients) 30-day survival, while eight (44.5%) patients survived to discharge.
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  Comparisons

  All causes of post HTx death and patients characteristics are listed in Table 3.
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  Sixteen (55.2%) patients had at least one resuscitated cardiac arrest before MCS implant. Any kind of cerebral damage was identified in 17 (58.6%) patients. On the other hand, circuit thrombosis or preoperative cardiac arrest were not risk factors for cerebral damage (P=0.9 and P=0.6, respectively).

  Seven patients died from MCD, five post-Htx (Table 3) and two during CP run. Six other patients affected by cerebral damage died during MCS run, but the cerebral damage was not the main cause of death in these patients.

  Among the eight patients that were discharged home, four presented some kind of cerebral damage. Three of them did not have any sequelae, but one patient suffered significant motor impairment and needed a specialized assistance at home after discharge.

  Other complications during MCS run included infection in any site in 13 (44.8%) patients, but none were mediastinitis or cannulae related infection. Respiratory tract (6 cases), blood stream infection (4 cases) and urinary tract (3 cases) were the identified sites of infection.

  In seven (24.1%) patients, circuit thrombus was identified and six of them were submitted to circuit replacement. One patient presented sudden massive ECMO circuit thrombosis and circuit change was impossible leading to death. No mechanical device failure was detected, except due to thrombosis.

  Six (20.1%) patients presented increased mediastinal bleeding and need for chest re-exploration. AKI was observed in 16 (55.2%) patients and among them, 12 (75%) had already presented AKI before MCS implantation. Mortality in AKI patients was 94% compared to 46% in preserved renal function cases (P=0.01).

  It was not observed any case of significant ventricular function recovery leading to MCS discontinuation. On the other hand, 11 patients died while on MCS, seven due to MODs, two due to massive cerebral stroke, one due to sepsis and one due to circuit thrombosis. Univariate analysis showed AKI during hospitalization and major bleeding as a risk factor while multivariate analysis identified AKI as a predictor of death during support (OR=50.8; IC: 1.9-1370; P=0.02).

  Regarding survival to hospital discharge, univariate analysis showed BNP over 1000 post-MCS, SIRS, and AKI as risk factors, but multivariable analysis and Binary logistic regression identified that only AKI during hospitalization was a predictive variable of mortality (OR=22.6 [CI=1.04-494.6]; P=0.04; Table 4).
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  DISCUSSION

  Pediatric and congenital HTx programs have an intrinsic complexity that mixes elective dilated cardiomyopathy patients with cardiogenic shock and complicated congenital hearts. Besides that, waiting time on list tends to be a lot longer than that for bigger patients, due to the donor scarcity[8,16].

  Definitely, heart failure pediatric patients that present with a critically ill condition have a bad prognosis, especially in our environment. Our group previously reported less than 10% on 30-day survival in non-supported cardiogenic shock cohort[7].

  The International Society for Heart and Lung Transplantation report demonstrates that the number of pediatric HTx previously supported by MCS grows exponentially every year[8].

  Although facing a serious public health financing crisis in our country, especially concerning new technology, institutional politics stated that MCS should be implemented in our HTx program. Counting almost exclusively with ECMO circuits and centrifugal pumps (Rotaflow®, Maquet Getting Group, Rasttat, Germany) was possible to offer an alternative to the proven failed conventional treatment to these patients.

  It was necessary a lot of commitment and investment in staff training leading to improving results with MCS previously demonstrated in a series of post-cardiotomy ECMO[17]. Paracorporeal VAD (Berlin Heart Excor®) and Centrimag (Thoratec Inc, USA) were available only for insurance covered patients that represent the vast minority of our patients.

  As short-term MCS, ECMO and centrifugal pump were used, while Berlin Heart Excor® was the only long-term device implanted in this initial experience, available in selected insurance covered patients.

  Our initial results showed an improvement in survival to HTx (55.2%) in these patients compared to our historical cohort where a 10% survival to HTx was observed[7]. Although these results cannot be compared to developed countries' experience[18,19], it may be considered the first step towards a successful program.

  Concerning that, during the initial experience with Berlin Heart for pediatric patients, the results were very unsatisfactory with a 100% mortality for patients aged less than one year[20]. Therefore, after the learning curve and program adjustments in cannulation and avoidance of late indications, their results improved dramatically[20,21].

  Long-term MCS is not routinely available for government or insurance funded patients. This scenario imposes late indications for MCS as a bridge to HTx, mainly in patients in critically-ill condition (INTERMACS levels 1 and 2) and using short-term MCS what might, in part, explain suboptimal results. Indisputably, most of these issues were caused by the lack of long-term support, leading to long courses of short-term MCS and its well-known complications. Even Berlin Heart Excor® patients in our series were supported for a considerable amount of time on ECMO while waiting for bureaucratic issues. That lead to a 50% mortality during Berlin Heart run caused by sepsis and multi-organ failure.

  Recent data suggest that patients who underwent ECMO support have inferior post-transplant survival when compared to those who underwent VAD bridge to transplantation or direct transplantation. Patients in ECMO group had a lower median age and were significantly smaller[16].

  Meanwhile, between 2006 and 2011, Great Britain had a fourfold increase in their Berlin Heart use in the pediatric population. A retrospective study of their first 7-year experience in 102 children who received Berlin Heart Excor® support, 84% survived to transplant or explant of the VAD, and 81% survived to discharge[18].

  As the first report from PediMACS, analyzing 200 pediatric patients supported with durable VADs, showed a 1-year survival rate of 81%. Approximately 60% of all patients were transplanted in the 6th month and 75% in the 12th month. On the other hand, survival was significantly lower in patients who were in INTERMACS level 1[19], what might in part explain our high mortality.

  It is well known that there is a considerable gap between excellence medical centers accomplishments and Latin America follow through[22]. Nevertheless, as in Brazil, some isolated efforts in Argentina and Colombia are noticed in this direction leading to promising results, as the recently published Garrahan's group initial experience with MCS[23].

  Even though, a lot of concern was raised regarding our mortality after MCS patients HTx. A 37.5% 30-day mortality rate was much higher than the less than 10% mortality observed in non-MCS supported patients previously reported by our group[24].

  Trying to understand the results we noticed that Htx was considered and even performed in very sick patients supported with MCS. At that time, neglected neurologic damage and underestimated multiple organ dysfunctions drove us to HTx in irreversible non-cardiac malfunctions.

  Although a high percentage of SIRS and cerebral damage was identified in this series, AKI was the only identified isolated risk factor for mortality. Nevertheless, it is well known that AKI and MODs are correlated.

  That fact led us to improve our protocol and withdraw patients from the waiting list after the initiation of MCS and re-listing them only after better neurologic and multi organic assessment, preferably with spontaneous breathing patients.

  Still, new challenges remain regarding the incorporation of MCS by Latin America centers. Apart from financial support, continuous education and training are required to use these devices and is the key point to achieve excellence centres' results. International partnership plays an important role in this scenario, where foreign assistance should be adjusted to the local context avoiding dropping a replica of a proven model into an obsolete system.

  Limited resources are a barrier to the development of academic, teaching, and cost-effectiveness MCS programs in Latin America. These programs should be designed based on the local needs, centralized in active transplants centers and financed by the public national systems.

   

  CONCLUSION

  Our initial results showed that MCS was able to bridge most INTERMACS 1/2 pediatric and congenital heart patients to HTx. The poor clinical condition of this population and the lack of largely available long-term MCS could explain the sub-optimal mortality observed in this series, where AKI was identified as a risk factor.
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    ABSTRACT

    OBJECTIVE: To compare the effects of extended- versus short-time noninvasive positive pressure ventilation on pulmonary function, tissue perfusion, and clinical outcomes in the early postoperative period following coronary artery bypass surgery in patients with preserved left ventricular function.

    METHODS: Patients were randomized into two groups according to noninvasive positive pressure ventilation intensity: short-time noninvasive positive pressure ventilation n=20 (S-NPPV) and extended-time noninvasive positive pressure ventilation n=21 (E-NPPV). S-NPPV was applied for 60 minutes during immediate postoperative period and 10 minutes, twice daily, from postoperative days 1-5. E-NPPV was performed for at least six hours during immediate postoperative period and 60 minutes, twice daily, from postoperative days 1-5. As a primary outcome, tissue perfusion was determined by central venous oxygen saturation and blood lactate level measured after anesthetic induction, immediately after extubation and following noninvasive positive pressure ventilation protocols. As a secondary outcome, pulmonary function tests were performed preoperatively and in the postoperative days 1, 3, and 5; clinical outcomes were recorded. 

    RESULTS: Significant drop in blood lactate levels and an improvement in central venous oxygen saturation values in the E-NPPV group were observed when compared with S-NPPV group after study protocol (P<0.01). The E-NPPV group presented higher preservation of postoperative pulmonary function as well as lower incidence of respiratory events and shorter postoperative hospital stay (P<0.05).

    CONCLUSION: Prophylactic E-NPPV administered in the early postoperative period of coronary artery bypass surgery resulted in greater improvements in tissue perfusion, pulmonary function and clinical outcomes than S-NPPV, in patients with preserved left ventricular function.

    TRIAL REGISTRATION: Brazilian Registry of Clinical trial - RBR7sqj78 - http://www.ensaiosclinicos.gov.br 

    Keywords: Coronary Artery Bypass; Lactic Acid/Blood; Lung/Physiology; Forced Expiratory Volume; Positive-Pressure Respiration..

  

   

   

  INTRODUCTION

  Elevated blood lactate level and low central venous oxygen saturation (ScvO2) have been independently associated with an increased risk of complications and longer postoperative hospital stay following cardiac surgery, contributing to increased morbidity and mortality after coronary artery bypass surgery (CABG)[1-3]. In addition, several studies have shown that postoperative pulmonary dysfunction following CABG is inevitable, which could increase the occurrence of respiratory complications and delay recovery[4-6].

  Noninvasive positive pressure ventilation (NPPV) has been used to accelerate the recovery of pulmonary function as well as to prevent and treat postoperative pulmonary complications. Previous evidence indicates a significant drop in blood lactate concentration 60 minutes following NPPV[7].

  To date, no study has addressed the influence of early use of NPPV on key measures and clinical outcomes following cardiac surgery. In this context, the aim of the current study was to compare the effects of extended- versus short-time prophylactic NPPV, applied in the early postoperative period following CABG, on pulmonary function parameters, tissue perfusion determined by ScvO2, blood lactate level, and clinical outcomes. We hypothesized that NPPV would provide numerous beneficial effects and that the extended-time mode would be superior to short-time NPPV.

   

  METHODS

  This randomized controlled trial was conducted between June 2013 and May 2014, at Santa Rosa and São Mateus Hospitals, Brazil. All ethical aspects were respected, with approval of the institutions' Clinical Ethical Research Committees. All subjects were informed about the study and they have signed a written consent form prior to the enrollment.

  Patients

  Patients undergoing elective first-time on-pump CABG were prospectively included in the current study. Inclusion criteria were: both genders and 18 years of age or older. Inability to perform spirometry, hemodynamic instability, left ventricular ejection fraction less than 45%, emergency surgery, chronic or acute pulmonary disease, intraoperative death, renal failure (creatinine > 1.3 mg/dL), anatomical abnormalities interfering with NPPV mask fit, obesity [i.e., body mass index (BMI) > 30], steroid treatment, and uncooperative state served as primary exclusion criteria.

  The patients were prospectively randomized into two groups: short-time NPPV (S-NPPV; n=20) and extended-time NPPV (E-NPPV; n=21). A random sequence was performed through a software on "random.org" and allocation secrecy was kept by numbered, sealed, opaque envelopes.

  Surgical Procedure

  All patients received the same anesthetic regimen during CABG. Anesthesia was induced in a routine manner with etomidate and midazolam and maintained with fentanyl and sevoflurane (0.5% to 1%). Mechanical ventilation was started with volume-controlled ventilation at the following settings: 1) tidal volume at 8 ml/kg of predicted body weight; 2) positive end-expiratory pressure (PEEP) at 0 cmH2O; 3) inspiration/expiration ratio at 1:2; 4) inspired oxygen fraction (FiO2) set to keep oxygen saturation above 90%; and 5) respiratory rate adjusted to achieve a PaCO2 between 35 and 45 mmHg. During the operation, mean arterial pressure, central venous pressure (CVP), arterial blood gas, temperature, urine output, electrocardiography, and heart rate were continuously monitored.

  Operation was performed through a median sternotomy, using the left internal thoracic artery (LITA) graft, which was harvested according to the skeletonized technique and complemented with additional saphenous vein grafts. Meticulous care was routinely taken to preserve the pleura integrity during LITA harvesting. In all patients, before chest closure, in the presence of incidental left pleura opening, a soft tubular PVC drain was inserted and exteriorized at the subxiphoid region and positioned in the left costophrenic sinus. In all subjects, a mediastinal drain was also placed via a subxiphoid entry.

  Cardiopulmonary bypass (CPB) was established with ascending aorta cannulation and single cannula venous drainage, after systemic heparinization to keep the activated coagulation time above 480 seconds. Myocardial protection was achieved using intermittent hypothermic antegrade blood cardioplegia, associated with systemic mild hypothermia (34ºC).

  Postoperative Management

  All patients were transferred to the intensive care unit (ICU) and ventilated on volume-controlled ventilation using the following parameters: 12-14 breaths/minute with a FiO2 level set to maintain arterial oxygen saturation (SpO2) above 90%; inspiratory/expiratory ratio of 1:2; PEEP of 5 cmH2O; and pressure support to maintain a tidal volume of 8 ml/kg of predicted body weight. Extubation was performed when patients were hemodynamically stable and alert to maintain self-ventilation and good blood gas values. All patients received the same analgesic protocol (100 mg of tramadol chlorhydrate, 4 times a day) administered until postoperative day (POD) 5. Patients also underwent daily physical therapy sessions until discharge. Chest tubes were routinely removed on POD2 and patients had daily chest X-ray.

  Study Design

  Following extubation, all E-NPPV patients received NPPV with bilevel positive airway pressure (BIPAP) for at least six hours in the immediate postoperative period (IPO) and 60 minutes, twice a day, from POD1 to POD5. S-NPPV patients received NPPV with BIPAP administered for 1 hour in the IPO period and 10 minutes, twice a day, from POD1 to POD5, according to the ICU routine. In both groups, during NPPV application, patients were in semi-recumbent position, with the head of the bed elevated at 45°. BiPAP(r) Synchrony(r) equipment (Respironics) was used with an adjustable face mask with the following parameters: inspiratory positive airway pressure sufficient to ensure a tidal volume of 8 ml/kg; and PEEP of 10 cmH2O with FiO2 adjusted to maintain SpO2>90%.

  End Points

  As a primary outcome, tissue perfusion was determined by ScvO2 and blood lactate level. As a secondary outcome, pulmonary function and clinical outcomes were assessed.

  Tissue Perfusion

  For tissue perfusion analysis, blood samples directly drawn from the CVP catheter were analyzed to assess the ScvO2 and, simultaneously, blood samples collected from the arterial catheter were used to evaluate blood lactate levels. Low ScvO2 was defined as <65% and hyperlactatemia was defined as a blood lactate level >3 mmol/l. Blood samples were collected in three moments at the IPO: intraoperative period (after anesthesia induction and invasive mechanical ventilation), immediately after extubation (spontaneous ventilation), and immediately after the NPPV protocol.

  Pulmonary Function

  Forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) were evaluated at the bedside on the day before the operation and repeated on POD1, 3, and 5 (after NPPV protocols) by the same respiratory physiotherapist, using a portable spirometer (Spirobank G, MIR, Rome, Italy), according to the American Thoracic Society standards[8].

  Clinical Outcomes

  Length of mechanical ventilation and duration of postoperative hospital stay were recorded for all patients. A radiologist who was blinded to subject group allocation evaluated chest roentgenograms taken preoperatively and through POD1 to POD5. Respiratory events were also evaluated (atelectasis, pleural effusions, and pneumonia). Pleural effusion was considered relevant when exceeding the phreno-costal angle and fluid drainage was monitored hourly[4]. Atelectasis was acknowledged when a clear atelectasis radiological shadow exceeded 15 mm in width[4]; linear atelectasis was disregarded in this study. Pneumonia was defined by the presence on chest radiographs with new or persistent pulmonary infiltrates not otherwise explained, in combination with at least two of the following criteria: body temperature of >38°C; leukocytosis (>10,000 cells/mm3); and purulent respiratory secretions[9]. Assessors blinded to group allocation documented the incidence of respiratory events.

  Statistical Analysis

  Data are reported as mean ± standard deviation. Based on previous studies[4], sample size calculation was based on FVC at POD1, considering 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 40 patients, resulting in a total of 60 patients recruited to account for patients not completing the study[10]. Initially, the Kolgomorov-Smirnov test was applied to determine the distribution of variables. When variables were compared between groups, we used the unpaired Student's t-test; and Mann-Whitney test was used when deemed necessary. For intragroup analysis, we used the paired Student's t-test; and ANOVA was used for repeated measures, as appropriate. For categorical data, the Pearson's chi-square test was performed. The Pearson correlation coefficient was used to evaluate associations.

  In this study, clinically relevant threshold values of 3 mmol/l for blood lactate level and 65% for the ScvO2 were used. Trend analysis of these variables was performed using simple linear regression models. The construction of scatter plots of the variables showed in all cases that a linear evaluation could be assumed, which supported the use of this model. Simple linear regression models were adjusted for each group. As a measure of precision of these models, we used the coefficient of determination (r2), later transformed into Pearson's correlation coefficient. Statistical analysis was performed by computerized statistical program (SPSS13.0, Chicago, IL, USA) software. For all statistical tests, a P-value <0.05 defined statistical significance.

   

  RESULTS

  During the study period, 70 patients were assessed for eligibility. From that sample, 16 were excluded, 54 were randomized, and 41 were, in fact, analyzed (Figure 1).

 
    

    [image: Fig. 1. Flowchart of consecutive CABG patients enrolled in the study.]

  

  The groups were homogeneous; pre- and intraoperative patients' characteristics are summarized in Table 1. Following extubation, patients in the E-NPPV group received prophylactic NPPV for 6.21±0.44 hours.
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  A significant increase in blood lactate levels and a drop of ScvO2 were observed in both groups after extubation in comparison with pre-anesthetic values (P<0.05). A strong negative correlation (r=-0.84) was observed between blood lactate levels and ScvO2 after trend analysis by linear regression, with all patients breathing spontaneously (before NPPV application) during the IPO period (P<0.001).

  After NPPV, a significant drop in blood lactate levels and an improvement in ScvO2 values were observed in the E-NPPV group when compared with S-NPPV group (P<0.05) (Figures 2 and 3, respectively).
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  In patients with blood lactate levels above 3 mmol/l (considering baseline values as 100%) during the IPO period, the use of E-NPPV lead to a 30.3% reduction in blood lactate levels. Conversely, the S-NPPV group demonstrated a 15.6% decline in blood lactate levels during the IPO period. In patients with ScvO2 values below 65% during the IPO period (considering baseline values as 100%), E-NPPV was able to increase in 23.3% the ScvO2 values, while in the S-NPPV group a 1.2% further decline was seen.

  In Figure 4, the distribution of both groups was graphically analyzed regarding to blood lactate levels and ScvO2 values. Nine (45%) S-NPPV patients and two (9.5%) E-NPPV patients had blood lactate peak above 3 mmol/l and ScvO2 <65% (upper left quadrant). In the lower right quadrant, 17 (80.9%) E-NPPV patients and eight (40%) S-NPPV patients showed peak blood lactate levels below 3 mmol/l and ScvO2 >65%.
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  A significant impairment in FVC and FEV1 until POD5 was observed in both groups in comparison with the preoperative data (P<0.01). However, the E-NPPV group presented with higher FVC and FEV1 values on POD1, 3 and 5 than the S-NPPV group. Significant differences were found in FEV1 on POD1 between these groups. FVC and FEV1 were significantly different between S-NPPV and E-NPPV groups on POD5 (Table 2).
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  Hospital stay after CABG was significantly shorter in the E-NPPV group than in the S-NPPV group (P<0.05). Moreover, the incidence of respiratory events on POD5 was greater in the S-NPPV group than in the E-NPPV group (Table 3).
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  DISCUSSION

  Prophylactic E-NPPV intervention demonstrated a positive impact on tissue perfusion, preservation of pulmonary function, and clinical outcomes compared to S-NPPV in the early postoperative period after CABG in this group of patients with preserved cardiac function. To our knowledge, this is the first study comparing the aforementioned outcomes between E-NPPV and S-NPPV after a major cardiac surgery.

  A previous investigation[11] demonstrated that the prophylactic use of E-NPPV is able to promote a better improvement in arterial oxygenation and some clinical outcomes than the S-NPPV. However, the above-mentioned study did not evaluate the effects of NPPV on tissue perfusion. Another study[7] suggested that NPPV could be considered an effective and safe therapy to minimize dyspnea, improve tissue perfusion, and decrease arrhythmia frequency, reintubation rate, length of ICU stay, and mortality in patients after cardiac surgery when compared to oxygen therapy alone. Therefore, the novel aspects of our study were the influence of E-NPPV and S-NPPV application on tissue perfusion, pulmonary function, and clinical outcomes in patients who underwent CABG.

  Recently, an investigation documented that a significant impairment in tissue perfusion (i.e. elevated lactate level and low ScvO2) could delay operation recovery, increase the risk of complications, and lead to a longer postoperative hospital stay, contributing to the risk of morbidity and mortality following CABG[1-3]. As a result, special interest has been given to strategies to improve tissue perfusion[12].

  In agreement with other studies[1], our data revealed a significant increase in blood lactate levels and impairment in ScvO2 during the IPO period in comparison with preoperative values. According to Ranucci et al.[13], ScvO2 and blood lactate level used in combination could be a clinical tool to help discern if an elevated lactate level is due to hypoperfusion or other mechanisms. In our study, a strong negative correlation supported the relationship between a ScvO2 drop below 65% and an increase in blood lactate levels. For this reason, we assume that blood lactate levels found in the current study were associated with impairment in tissue perfusion.

  After NPPV application, there were a significant drop in blood lactate levels and a significant improvement in ScvO2 values in the E-NPPV group when compared with the S-NPPV group. Based on these findings, we believe that NPPV was the interventional mechanism for improvement in tissue perfusion in patients undergoing CABG, in particular E-NPPV.

  In general, some potential mechanisms may explain our findings. Firstly, we believe that NPPV promoted a beneficial effect on cardiac function. After on-pump CABG, early reperfusion precipitates a period of relative hemodynamic instability in which small and rapid changes in ventricular loading, myocardial perfusion pressure, and endogenous inotropic state can change global ventricular performance considerably[14]. In addition, the early reperfusion period is characterized by a high incidence of regional or global ventricular dysfunction. Even in patients with a preoperative preserved ventricular function, a significant ejection fraction reduction could be noted in the first four hours after surgery[15]. Previous research has shown that NPPV application in patients with cardiac dysfunction could increase cardiac index, systemic oxygen delivery, and oxygen consumption[16-19]. Despite the fact that patients in the present study had preserved cardiac function, we believe that NPPV could have prevented acute cardiac alterations related to the operation. Secondly, studies have shown experimentally that atelectasis causes a significant increase in right ventricular afterload, thereby affecting left ventricular performance. This effect of atelectasis on right ventricular afterload during mechanical ventilation could be explained by two mechanisms: overdistention in aerated lung areas and local hypoxic pulmonary vasoconstriction in non-aerated lung areas[20,21]. In the current study, the E-NPPV group demonstrated a lower prevalence of atelectasis than the S-NPPV group. We speculate that E-NPPV reduced the risk of atelectasis and subsequently right ventricular stress by a reduction in hypoxic pulmonary vasoconstriction.

  Zarbock et al.[11] demonstrated that prophylactic NPPV application at least six hours after the operation increased pulmonary oxygen transfer, reduced pulmonary complications, and also decreased ICU readmission rates following elective cardiac surgery. Similar results were found in our study. The use of E-NPPV was associated with a significantly better preservation of pulmonary function than the S-NPPV.

  A greater degree of pulmonary dysfunction increases the risk of pulmonary complications during the CABG postoperative course, which may result in longer postoperative hospital stay and increased mortality[4-6]. These results are in agreement with our findings; the S-NPPV group presented with a higher pulmonary function impairment which was associated with a significantly greater intubation time, occurrence of atelectasis, and pneumonia until POD5, and longer hospital stay than the E-NPPV group.

  We were able to show that E-NPPV application significantly preserved pulmonary function and reduced respiratory events in patients deemed to be at low surgical risk. The literature had demonstrated that high-risk patients could potentially have more benefits with NPPV application[7]. Therefore, we speculate that the benefit of E-NPPV in high-risk patients following cardiac surgery could be even more pronounced, which may also lead to a more profound reduction in length of hospital stay.

  Limitations

  Our study has some limitations that should be highlighted. The duration (one hour, twice a day) of NPPV after ICU discharge in the E-NPPV group may not have been enough to promote a faster return of the pulmonary function to baseline values. However, the E-NPPV protocol was able to promote a better preservation of pulmonary function and to prevent postoperative complications when compared to the S-NPPV.

   

  CONCLUSION

  Prophylactic E-NPPV administered in the early postoperative period of CABG resulted in greater improvements in tissue perfusion, pulmonary function, and clinical outcomes than S-NPPV in patients with preserved left ventricular function. These findings hold clinical relevance and should be considered when developing the care plan for individuals undergoing a major cardiac surgery.

   

  REFERENCES

  1. Holm J, Hakanson E, Vánky F, Svedjeholm R. Mixed venous oxygen saturation predicts short- and long-term outcome after coronary artery bypass grafting surgery: a retrospective cohort analysis. Br J Anaesth. 2011;107(3):344-50.

  2. Chiumello D, Chevallard G, Gregoretti C. Non-invasive ventilation in postoperative patients: a systematic review. Intensive Care Med. 2011;37(6):918-29.

  3. Hu BY, Laine GA, Wang S, Solis RT. Combined central venous oxygen saturation and lactate as markers of occult hypoperfusion and outcome following cardiac surgery. J Cardiothorac Vasc Anesth. 2012;26(1):52-7.

  4. Guizilini S, Alves DF, Bolzan DW, Cancio AS, Regenga MM, Moreira RS, et al. Sub-xyphoid pleural drain as a determinant of functional capacity and clinical results after off-pump coronary artery bypass surgery: a randomized clinical trial. Interact Cardiovasc Thorac Surg. 2014;19(3):382-7.

  5. Guizilini S, Bolzan DW, Faresin SM, Ferraz RF, Tavolaro K, Cancio AA, et al. Pleurotomy with subxyphoid pleural drain affords similar effects to pleural integrity in pulmonary function after off-pump coronary artery bypass graft. J Cardiothorac Surg. 2012;7:11.

  6. Guizilini S, Gomes WJ, Faresin SM, Bolzan DW, Buffolo E, Carvalho AC, et al. Influence of pleurotomy on pulmonary function after off-pump coronary artery bypass grafting. Ann Thorac Surg. 2007;84(3):817-22.

  7. Chen XF, Ye JL. Efficacy and safety of non-invasive positive pressure ventilation in the care of dyspnea after cardiac surgery. Zhongguo Wei Zhong Bing Ji Jiu Yi Xue. 2007;19(9):542-5.

  8. Standardization of Spirometry, 1994 Update. American Thoracic Society. Am J Respir Crit Care Med. 1995;152(3):1107-36.

  9. Murphy TF, Sethi S. Bacterial infection in chronic obstructive pulmonary disease. Am Rev Respir Dis. 1992;146(4):1067-83.

  10. Vargas FS, Terra-Filho M, Hueb W, Teixeira LR, Cukier A, Light RW. Pulmonary function after coronary artery bypass surgery. Respir Med. 1997;91(10):629-33.

  11. Zarbock A, Mueller E, Netzer S, Gabriel A, Feindt P, Kindgen-Milles D. Prophylactic nasal continuous positive airway pressure following cardiac surgery protects from postoperative pulmonary complications: a prospective, randomized, controlled trial in 500 patients. Chest. 2009;135(5):1252-9.

  12. Pölönen P, Ruokonen E, Hippeläinen M, Pöyhönen M, Takala J. A prospective, randomized study of goal-oriented hemodynamic therapy in cardiac surgical patients. Anesth Analg. 2000;90(5):1052-9.

  13. Ranucci M, Isgrò G, Carlucci C, De La Torre T, Enginoli S, Frigiola A; Surgical and Clinical Outcome REsearch Group. Central venous oxygen saturation and blood lactate levels during cardiopulmonary bypass are associated with outcome after pediatric cardiac surgery. Crit Care. 2010;14(4):R149.

  14. Leung JM, O'Kelly B, Browner WS, Tubau J, Hollenberg M, Mangano DT. Prognostic importance of postbypass regional wall-motion abnormalities in patients undergoing coronary artery bypass graft surgery. SPI Research Group. Anesthesiology. 1989;71(1):16-25.

  15. Mangano DT. Biventricular function after myocardial revascularization in humans: deterioration and recovery patterns during the first 24 hours. Anesthesiology. 1985;62(5):571-7.

  16. Kallet RH, Diaz JV. The physiologic effects of noninvasive ventilation. Respir Care. 2009;54(1):102-15.

  17. Acosta MF, DiBenedetto R, Rahimi A, Acosta MF, Cuadra O, Van Nguyen A, et al. Hemodynamic effects of noninvasive bilevel positive airway pressure on patients with chronic congestive heart failure with systolic dysfunction. Chest. 2000;118(4):1004-9.

  18. Baratz DM, Westbrook PR, Shah PK, Mohsenifar Z. Effect of nasal continuous positive airway pressure on cardiac output and oxygen delivery in patients with congestive heart failure. Chest.1992;102(5):1397-401.

  19. Buda AJ, Pinsky MR, Ingels NB Jr, Daughters GT 2nd , Stinson EB, Alderman EL. Effect of intrathoracic pressure on left ventricular performance. N Engl J Med. 1979;301(9):453-9.

  20. Duggan M, McCaul CL, McNamara PJ, Engelberts D, Ackerley C, Kavanagh BP. Atelectasis causes vascular leak and lethal right ventricular failure in uninjured rat lungs. Am J Respir Crit Care Med. 2003;167(12):1633-40.

  21. Creamer KM, McCloud LL, Fisher LE, Ehrhart IC. Ventilation above closing volume reduces pulmonary vascular resistance hysteresis. Am J Respir Crit Care Med.1998;158(4):1114-9.

   

   

  Correspondence Address:

  Solange Guizilini 

  Department of Human Movement Sciences – Universidade Federal de São Paulo 

    Rua Silva Jardim, 136, Edifício Central – Santos, SP, Brasil – 

  Zip code: 11015-020 

  E-mail: s_guizilini@yahoo.com.br

  Article received on December 23rd, 2017. 

  Article accepted on February 20th, 2018.

  This study was carried out at Universidade Federal de Mato Grosso (UFMT), Cuiabá, MT, Brazil. 

  Financial support: Fundação de Amparo à Pesquisa do Estado de Mato Grosso. 

    No conflict of interest. 

  
    [image: abb]

  

  
    [image: abb]

  





  DOI: 10.21470/1678-9741-2017-0218

   ORIGINAL ARTICLE

  
    Geldi O, Kubat E, Ünal CS, Canbaz S. Acetaminophen Mitigates Myocardial Injury Induced by Lower Extremity Ischemia-Reperfusion in Rat Model. Braz J Cardiovasc Surg 2018;33(3):258-264

  

  
    Acetaminophen Mitigates Myocardial Injury Induced by Lower Extremity Ischemia-Reperfusion in Rat Model

  

   

   

  Onur GeldiI, MD; Emre KubatII, MD; Celal Selçuk ÜnalII, MD; Suat CanbazIII, MD

  IDepartment of Cardiovascular Surgery, Zonguldak Atatürk State Hospital, Zonguldak, Turkey

  IIDepartment of Cardiovascular Surgery, Karabük Training and Research Hospital, Karabük, Turkey

  IIIDepartment of Cardiovascular Surgery, Trakya University Faculty of Medicine, Edirne, Turkey

  
    ABSTRACT

    OBJECTIVE: The injury-reducing effect of acetaminophen, an effective analgesic and antipyretic on ischemia-reperfusion continues to attract great attention. This study analyzed the protective effect of acetaminophen on myocardial injury induced by ischemia-reperfusion in an experimental animal model from lower extremity ischemia-reperfusion.

    METHODS: Twenty-four Sprague-Dawley female rats were randomized into three groups (n=8) as (i) control group (only laparotomy), (ii) aortic ischemia-reperfusion group (60 min of ischemia and 120 min of reperfusion) and (iii) ischemia-reperfusion + acetaminophen group (15 mg/kg/h intravenous acetaminophen infusion starting 15 minutes before the end of the ischemic period and lasting till the end of the reperfusion period). Sternotomy was performed in all groups at the end of the reperfusion period and the heart was removed for histopathological examination. The removed hearts were histopathologically investigated for myocytolysis, polymorphonuclear leukocyte (PMNL) infiltration, myofibrillar edema and focal hemorrhage.

    RESULTS: The results of histopathological examination showed that acetaminophen was detected to particularly diminish focal hemorrhage and myofibrillar edema in the ischemia-reperfusion + acetaminophen group (P<0.001, P=0.011), while there were no effects on myocytolysis and PMNL infiltration between the groups (P=1.000, P=0.124).

    CONCLUSION: Acetaminophen is considered to have cardioprotective effect in rats, by reducing myocardial injury induced by abdominal aortic ischemia-reperfusion.

    Keywords: Aorta, Abdominal; Acetaminophen; Reperfusion Injury.



   

   

  INTRODUCTION

  Ischemia is the shortage of oxygen and metabolites needed for continuity of cellular metabolism, resulting from the restriction of blood supply to tissues. Timely blood flow to ischemic tissue limits ischemia only to reversible cell damage. Blood re-flow to the ischemic tissue is important for the prevention of irreversible tissue damage; however, reperfusion may increase tissue damage caused by ischemia. This is defined as "ischemia-reperfusion injury" and induces a wide pathologic spectrum from reversible cell damage to multi-organ dysfunction[1]. Several studies are ongoing to halt or slow the effects of ischemia-reperfusion injury with preconditioning or postconditioning, while there are also molecular studies to reduce or halt the activity of oxygen radicals[2-4]. Many previous studies have reported the presence of reactive oxygen radicals resulting from cross-clamping to abdominal aorta, and myocardial ischemia-reperfusion injury induced by inflammatory response in the surgical treatment of abdominal aortic aneurysm, which is a common disease in cardiovascular surgery[4-6].

  Increase in cardiac morbidity and mortality and, in turn, cardioprotective approaches, have been subject to many studies to date. Therapeutic studies particularly aimed at the reduction and prevention of cardiac ischemia-reperfusion injury still continue to be relevant[7-9]. Acetaminophen or N-acetyl-p-aminophenol (APAP), which is included in the list of essential medicines for the primary health system, published by the World Health Organization, is commonly used as an analgesic and antipyretic[10]. APAP has been used in some experimental studies as a cardioprotective agent during myocardial ischemia-reperfusion[11-13]. There is no histopathological study in the literature addressing the cardioprotective role of APAP in cardiac distant organ ischemia-reperfusion injury induced by lower extremity ischemia. In this light, the present study was aimed to make histopathological examination of whether acetaminophen, which has well-defined analgesic and antipyretic effects and which is currently addressed by laboratory and pre-clinical studies for its cardioprotective effects, reduced the myocardial ischemia-reperfusion injury induced by lower extremity ischemia induced by cross-clamping to the abdominal aorta.

   

  METHODS

   

  ANIMALS AND EXPERIMENTAL GROUPS

  This study was conducted after receiving approval (Protocol No: TÜHDYEK-2011/70 and Decision No: 2011.09.04) of the Trakya University Animal Experiments Local Ethics Committee. Experimental animals were obtained from the Experimental Animals Unit of the Faculty of Medicine, Trakya University. Twenty-four female Sprague-Dawley rats approximately 3-5 months old and weighing 190-250 grams were randomized in equal numbers (n=8) into the control group, the ischemia-reperfusion (I/R) group and the ischemia-reperfusion + acetaminophen (I/R+A) group. Rats were kept in rooms automatically illuminated for 12 hours and darkened for the subsequent 12 hours, heated at 20-22ºC and moisturized by 40-45% during the whole experiment. During this period, all rats were kept in transparent cages and fed with standard rat food, and tap water.

  The rats were randomized into three groups (n=8) as (i) control group (only laparotomy), (ii) aortic ischemia-reperfusion group (60 min of ischemia and 120 min of reperfusion), and (iii) ischemia-reperfusion + acetaminophen group (15 mg/kg/h intravenous acetaminophen infusion starting 15 minutes before the end of the ischemic period and lasting till the end of the reperfusion period). In a study, Kiris et al.[4] found that cardiac free oxygen radicals production, lipid peroxidation, and neutrophil activation significantly increased after 30 min ischemia and 60 min reperfusion in rats undergoing cross-clamping to the abdominal aorta. Therefore, in our study, we aimed to perform a histopathological examination after applying myocardial ischemia-reperfusion injury through 60 min ischemia and 120 min reperfusion in a rat model.

   

  SURGICAL TECHNIQUE

  All study rats were weighted before the procedures and their weights were recorded. After eight hours of fasting, ketamine hydrochloride 40 mg/kg (Ketalar® 50 mg/ml flacon, Pfizer) + xylazine hydrochloride 5 mg/kg (Rompun® 23.32 mg/ml, 50 ml flacon, Bayer) were administered intramuscularly under anesthesia.

  An additional dose of ketamine hydrochloride was planned to be administered if required during the experiment. An additional dose of ketamine hydrochloride was administered to ensure spontaneous respiration of rats during the whole procedure. Rats were laid on the table in the supine position under a heating lamp. Samples were cannulated in the tail vein, using a yellow cannula. After the skin of all rats be prepared aseptically, laparotomy was performed through the midline just under the xiphoid process up to 0.5 cm above the pubis. The intestines were shifted to the right using a wet cloth after the laparotomy. The infrarenal abdominal aorta was explored via blunt dissection. All rats were administered heparin (100 unit/kg) (Nevparin® 25000 IU 5 ml flacon, Mustafa Nevzat) as an anticoagulant. 10 ml/kg 0.9% NaCl was administered from the tail vein for fluid resuscitation during the whole experiment. Infusion was performed using the Braun® Perfusor.

  Ischemia-Reperfusion (I/R) Group

  An atraumatic microvascular clamp (Novaclip® 12 mm Angle) was inserted in the infrarenal abdominal aorta. After clamping, approximately 5 ml of warm physiological saline solution was administered to the peritoneal cavity. The abdomen was closed by three silk sutures to prevent fluid loss. Following 60 min ischemia, the atraumatic microvascular clamp was removed from the infrarenal abdominal aorta and a 120 min of reperfusion period was introduced. Aortic ischemia was followed by pulsation loss after the clamping procedure and reperfusion by aorta pulsation after clamp removal. After these procedures, the rats were sacrificed and their hearts removed.

  Ischemia-Reperfusion + Acetaminophen (I/R+A) Group

  In addition to the procedures performed on the rats in the ischemia-reperfusion group, rats in this group were started on infusion with 15 mg/kg/min acetaminophen (Perfalgan 1000 mg/100 ml flacon, Bristol-Myers Squibb) 15 minutes before the aortic clamp was removed, with the infusion lasting till the end of the reperfusion period. Infusion was performed through the tail vein using Braun® Perfusor. At the end of the procedures, the rats were sacrificed and their hearts removed.

  Control Group

  No clamping was performed in the aorta. 5 ml of warm, 0.9% NaCl was injected in the abdomen which was then closed by three silk sutures to prevent fluid loss. The rats were kept under this condition for 180 minutes, the time equivalent to 60 min of ischemia plus 120 min of reperfusion performed in the other two groups. The rats were then sacrificed and their hearts removed.

   

  HISTOPATHOLOGICAL EXAMINATION

  Sternotomy was performed in all groups at the end of the reperfusion period, and the heart was removed for histopathological examination. The tissues were fixed in 10% neutral-buffered formalin (Carlo Erba Reagents) and embedded in paraffin wax. Ten-micrometer - thick serial sections were obtained and stained with hematoxylin and eosin (Sigma Aldrich Co.) for histological evaluation. The specimens of the test and control groups were examined and photographed in the light microscope.

  There is no standard histopathological scoring system in the literature to assess distal end-organ injury for I/R related myocardium. Following aortic cross-clamping, free oxygen radicals in the ischemic lower extremity during reperfusion, complement activation, and neutrophil chemotaxis are the main components of distal end-organ ischemia-reperfusion injury[5,14]. The main target of all these components is the endothelial barrier in the coronary microvascular region. An intraendothelial gap is created due to endothelial injury and myocardial edema, eventually[15,16]. With endothelial injury, the chemotaxis of polymorphonuclear leukocyte (PMNL) infiltration occurs[5,14]. In addition, activation of the complement system enhances tissue edema, directly leading to cardiomyocyte lysis[5,17]. Complete injury of the endothelium in the coronary microvascular region results in focal hemorrhages. Thus, the removed hearts were histopathologically investigated for myocytolysis, polymorphonuclear leukocyte infiltration, myofibrillar edema and focal hemorrhage.

   

  STATISTICAL ANALYSIS

  Statistical analysis was performed using the PASW version 19.0 (SPSS Inc., Chicago, IL, USA) of the Department of Biostatistics, Faculty of Medicine of Trakya University (License No=10240642). Data were expressed in median (min-max) values or number and percentage. The Kruskal-Wallis test was used for intergroup data comparisons. The Bonferroni-corrected Mann-Whitney U test was used to detect groups which recorded a difference. Statistical significance was set at P<0.0167 for the Bonferroni-corrected Mann-Whitney U test. A P value of less than 0.05 was considered statistically significant.

   

  RESULTS

   

  HISTOPATHOLOGICAL EXAMINATION

  At the cellular level, no myocytolytic appearance was observed in all groups. However, only two samples in the I/R group (25%) were observed to develop light PMNL infiltration. Myofibrillar edema and focal hemorrhage were detected at a mild and moderate level. Data pertaining to microscopic examination of heart tissue sections of the test groups were compared using Kruskal-Wallis test. Comparison of the three groups produced no statistically significant difference in terms of myocytolysis (P=1.000) and PMNL infiltration (P=0.124), whereas there was a statistically significant difference with regards to myofibrillar edema (P=0.011) and focal hemorrhage (P<0.001) scores of the groups.

  Histopathologic scoring was rated as +1: no change; +2: light injury; +3: moderate injury; +4: diffuse injury. Results for all the groups are shown in Table 1.

   

    [image: Table 1. The histopathological results of all test groups and the control group.]

  

  In the control group, histology of the myocardium was found to be normal and there were no changes in the myofibrillar appearance. However, myofibrillar swelling and thick focal hemorrhage were observed in the I/R group, and mild myofibrillar swelling in the I/R+A group (Figure 1).

  

    [image: Fig. 1. Acetaminophen attenuates the morphological changes associated with aortic I/R-induced myocardial injury. %" (A) In the control group, the normal appearance of cardiac myofibrillar. (B) In the aortic I/R group, changes in the myofibrillar swelling and thick focal hemorrhage. Erythrocytes are seen as evidence of an intense hemorrhage (black arrows) (C) In the aortic I/R + acetaminophen group, there is mild myofibrillar swelling and focal hemorrhage (blood vessels have a normal appearance) (black arrows). Heart sections are stained by hematoxylin and eosin, and examined by a light microscope. Magnification: original ×200; scale bar: 300 µm.]

  

  Data pertaining to microscopic examination of heart tissue sections of the study groups were compared using the Kruskal-Wallis test. Comparison of the three groups demonstrated no statistically significant difference in terms of myocytolysis (P=1.000) and polymorphonuclear leukocyte infiltration (P=0.124), whereas myofibrillar edema (P=0.011) and focal hemorrhage (P<0.001) scores of the groups differed on a statistically significant level.

  Group-related distributions of histopathological scores of myofibrillar edema and focal hemorrhage, which were detected using the Kruskal-Wallis test, revealed statistically significant differences between the study groups.

  The Bonferroni-corrected Mann-Whitney U test was used to make statistical analysis of pair comparisons between the study groups. Statistical significance was set at P<0.0167. Myocytolysis and PMNL infiltration were not considered in the pair group comparisons since they were not found in heart tissue sections, and the Kruskal-Wallis test revealed no statistically significant difference.

  Comparison of the control and I/R groups using Bonferroni-corrected Mann-Whitney U test revealed a statistically significant difference between the focal hemorrhage (P<0.001) and myofibrillar edema (P=0.009) scores of the two groups.

  Comparison of the I/R and I/R + A groups using Bonferroni-corrected Mann-Whitney U test revealed a statistically significant difference between the focal hemorrhage (P=0.007) scores, while the difference between the same two groups in terms of myofibrillar edema (P=0.046) was found to be statistically insignificant (Table 2).
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  DISCUSSION

  Results of the present study demonstrate that, acetaminophen can reduce myocardial injury in rats, induced by the I/R which is caused by abdominal aortic cross-clamping. Histopathological examinations showed that the acetaminophen administered group suffered less from focal hemorrhage and myofibrillar edema induced by I/R injury in rats, which supports the suggestion of this study. No statistically significant difference was detected between the two groups in terms of myofibrillar edema; however, myofibrillar edema was observed to be suffered less by the acetaminophen + I/R group.

  Aortic cross-clamping inserted during abdominal aortic aneurysm operation, induces ischemia in the lower extremity. Reperfusion of the ischemic leg with oxygenized blood results in the formation of toxic oxygen metabolites, leukocyte activation, cytokine release and activation of the complement cascade[17]. I/R injury is known to develop in organs such as the lungs, liver and kidney due to oxidative stress and inflammatory response caused by high amount of reactive oxygen products produced by lower extremity reperfusion after the removal of cross-clamping[5,14]. Hydrogen peroxide, hydroxyl and superoxide radicals, the main reactive oxygen products, are shown to result in peroxidation in membrane phospholipids of myocardial tissues cells[4]. In addition, I/R injury is suggested to increase by remote organ infiltration of activated neutrophils due to aortic I/R and the myeloperoxidase enzyme released by them[4,18,19]. Moreover, released cytokines, particularly tumor necrosis factor-, induce leukocyte activation and also damage capillary continuity[17]. Formation of membrane attack complex, the final product of the complement cascade due to activation of the complement cascade, contributes to damage the integrity of the cell membrane. C3a and C5a, which are products of this cascade and known as anaphylatoxins, increase leukocyte chemotaxis[17]. As understood, distant organ I/R injury is not a single reaction, but rather a complex process with intracellular and extracellular pathophysiologic changes. Histological changes in the heart, resulting from I/R, can be seen via the light microscope[19]. Variables such as myofibrillar edema and focal hemorrhage detected under the light microscope were recorded in the I/R group, but not in the control group, which is suggested to be an indicator of distant organ I/R injury in the heart due to abdominal aorta operation.

  When a radical catcher is used to decrease reperfusion injury, considering the fact that free radicals rapidly develop within a few minutes after reperfusion, the catcher should be used just before the ischemic period starts or 15 minutes before reperfusion since it has no preventive effect if used after reperfusion[20]. As a result, in the scope of the present study, APAP infusion started 15 minutes before aortic cross-clamping removal.

  There are discussions on the mechanism of action of APAP, one of the most popular and common drugs used in the treatment of pain and temperature. The drug continues to be a mystery of pharmacology due to its unknown therapeutic effects[21]. There are experimental studies showing the possible effects of APAP on reduction of ischemia-reperfusion injury[11-13,22-30]. Different studies offer different mechanisms in explaining the effect of APAP. An experimental study by Hadzimichalis et al.[22] showed that one of the main mechanisms of I/Rinjury is the opening of mitochondrial permeability transition pore and the increase in mitochondrial cytochrome release, and that APAP reduces I/R injury and induces myocyte apoptosis by preventing this opening and increase. In a study by Baliga et al.[23], acetaminophen was shown to prevent mitochondrial dysfunction thanks to a similar affect it creates in I/R in rat brains. In another experimental study, Merrill[24] revealed that APAP, some phenols of which have antioxidant characteristics, is a phenol compound, and in turn prevents the release of hydroxyl radicals, which develop in high amounts in the first minutes of reperfusion, and also reduces peroxide production. In an experimental study by Rork et al.[25], APAP was shown to have cardioprotective effects by reducing I/R injury by preventing destruction of matrix metalloproteinase-2-induced troponin-I activated by peroxynitrite. Many studies were conducted according to different systems, showing the antioxidant characteristics of APAP[26-28]. These studies also showed that APAP reduces in-vivo and in-vitro mitochondria-induced reactive oxygen amount and suggest that APAP does it by acting like α-tocopherol and like a direct phenolic radical scavenger. In addition, Nam et al.[30] showed in their study that acetaminophen reacts with peroxyl radicals more than with other phenol compounds used as antioxidant. In their study, Jaques-Robinson et al.[31] showed that APAP is a cardioprotective and antiarrhythmic agent against the oxidative damage induced by hydrogen peroxide in canine heart.

  Different studies offer different durations for I/R in the development of myocardial damage after lower extremity I/R. In a study by Kiris et al.[4] in which the rats were induced with 30 min ischemia followed by 60 min reperfusion, malonyldialdehyde, catalase, superoxide dismutase levels, and myeloperoxidase activity were found to be statistically, significantly higher in the aortic I/R group compared to the control group. In the aforementioned study, the authors found that the heart was biochemically affected by elevated oxidative stress metabolism biomarkers with 30 min ischemia and 60 min reperfusion[4]. In their study where 120 minutes of ischemia were followed by 120 minutes of reperfusion, Narin et al.[19] found statistically significant higher malonyldialdehyde, catalase, and superoxide dismutase levels in the aortic I/R group compared to the control group. In the histopathological examination, myocardial disorganization, myocardial swelling, and myofiber eosinophilia were examined and all these variables were found to be statistically, significantly higher in the ischemia-reperfusion group. However, Koçarslan et al.[7] performed 45 min ischemia and 60 min reperfusion and found no significant difference in the I/R injury using cardiac biochemical or histopathological parameters. In an experimental study, Aydin et al.[8] performed 60 min ischemia and 120 min reperfusion, as in our study. Similar to Koçarslan et al.[7]'s study, the authors examined interstitial edema, inflammatory cellular infiltration, and coagulation necrosis, and they were able to find a significant difference only in the myofibrillar swelling in the I/R group. Koçarslan et al.[7] showed that, although the biomarkers of the oxidative stress metabolism increased during I/R, there was no histopathological sign indicating that 45 min ischemia does not lead to cardiac injury as assessed by light microscopy. These findings suggest that 60 min ischemia at least should be applied for distal end-organ injury in the lower extremity I/R model in rats, as in our study. Although PMNL is a component for I/R injury, it did not lead to a statistically significant difference in cardiac infiltration in our study and previous studies. Although we found a significant difference in myofibrillar swelling and focal hemorrhage between the control and ischemia-reperfusion groups, we observed no myocytolysis and PMNL infiltration, indicating no severe reaction to achieve enhanced complement system activation and significant PMNL infiltration in the I/R model (Table 2). Therefore, we suggest longer I/R duration to histopathologically examine these four parameters under light microscopy.

  The present study suggests that APAP reduced focal hemorrhage in the I/R group at a statistically significant level but had no such effect on myofibrillar edema. The statistical significance of our study was increased by lowering the statistical significance down to P<0.0167. As a result of the Bonferroni correction, the examination of median values shows that myofibrillar edema was histopathologically higher in the I/R group, although acetaminophen was observed not to reduce myofibrillar edema at a statistically significant level (Table 2). Authors of the present study suggest that despite having no statistically significant preventive effect on myofibrillar edema, acetaminophen has a clinically protective effect.

  There are two limitations of the present study. The first limitation is the small sample size, while the second limitation is that cardiac injury resulting from ischemia-reperfusion injury and reactive oxygen metabolite activity induced by I/R were not analyzed using biochemical indicators.

   

  CONCLUSION

  In conclusion, acetaminophen is considered to have cardioprotective effects by reducing myocardial injury induced by abdominal aortic ischemia-reperfusion. Studies continue to be made to reduce ischemia-reperfusion injury in times when cardiac morbidity and mortality is on the increase. Future clinical studies should be made concerning the effect of acetaminophen.
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    ABSTRACT

    OBJECTIVE: This study aims to compare open surgical and endovascular aneurysm repair (EVAR) of abdominal aortic aneurysms in terms of their effects on quality of life, using Short Form-36 (SF-36).

    METHODS: A total of 133 consecutive patients who underwent EVAR or open surgical repair for infra-renal abdominal aorta aneurysm between January 2009 and June 2014 were included in the study. Twenty-six (19.5%) patients died during follow-up and were excluded from the analysis. Overall, 107 patients, 39 (36.4%) in the open repair group, and 68 (63.6%) in the EVAR group, completed all follow-up visits and study assessments. Quality of life assessments using SF-36 were performed before surgery and at post-operative months 1, 6, and 12.

    RESULTS: The mean duration of follow-up was 29.55±19.95 months. At one month, both physical and mental domains of the quality of life assessments favored EVAR, while the two surgical approaches did not differ significantly at or after six months postoperatively.

    CONCLUSION: Despite anatomical advantages and acceptable mid-phase mortality in patients with high- or medium-risk for open surgery, EVAR did not exhibit a quality of life superiority over open surgery in terms of physical function and patient comfort at or after postoperative six months.

    Keywords: Quality of Life; Endovascular Procedures; Aortic Aneurysm, Abdominal.

  

   

   

  INTRODUCTION

  Endovascular aneurysm repair (EVAR) is a minimally invasive procedure that was originally developed to reduce the surgical stress levels in patients with a high risk for open surgical repair of abdominal aortic aneurysm (AAA) treatment. Comprehensive studies comparing success rates and outcomes in EVAR and open surgery revealed certain advantages of EVAR over open surgery including reduced blood loss, need for transfusions, need for mechanical ventilation, procedure duration, and intensive care as well as hospital stay[1-4]. A further benefit of EVAR was represented by the lower early mortality rate when compared with the open approach. Accordingly, the reported 30-day mortality rates in EVAR groups were 2.1% in EVAR-1 and 1.2% in DREAM trials, as compared to the respective figures of 6.2% and 4.6% for open surgery; however, this early mortality advantage of EVAR faded over time as a result of subsequent increase in mortality and complications requiring intervention[1,5,6].

  Although mortality and morbidity were the key criteria for evaluating the technical success rates of these procedures, health is a "state of complete physical, mental, and social well-being, and not merely the absence of disease" as defined by the World Health Organization (WHO). Therefore, the therapeutic approaches should not only aim at prolonging life, but also improving the quality of life. When choosing among therapeutic alternatives, health quality and patient comfort associated with a certain procedure should also be given a consideration in addition to risk assessments. Thus, the present study compared these two surgical repair methods for abdominal aortic aneurysms with respect to their effects on the quality of life. 

   

  METHODS

  The target sample population for this single-center study included 133 consecutive patients who underwent aortic aneurysm repair due to infra-renal abdominal aortic aneurysm between January 2009 and June 2014. There were 26 cases of mortality during the follow-up period. Therefore, a total of 107 patients who completed all follow-up assessments were included in the study analyses. Of these patients, 39 (36.4%) and 68 (63.6%) were in the surgical repair and EVAR groups, respectively. The mean duration of follow up was 29.55±19.95 months (range: 1-78 months). Prior to study procedures, study protocol was approved by the institutional ethics board.

  Turkish version of Short Form 36 (SF-36) was used for the evaluation of the quality of life. Validity and reliability of Turkish version has been previously shown[7]. In summary, SF-36 is a 36-item, patient-reported outcome measure divided into 8 subscales in 2 domains, i.e. physical and mental health. The physical health domain evaluates physical function (PF), role constraints due to physical problems (RP), somatic pain (BP) and general health assessment (GH), while the mental health domain assesses social function (SF), role constraints due to emotional problems (RE), mental health (MH), energy/vitality (VT). The scale assesses the health status within the past four-week period.

  All participants completed SF-36 preoperatively as well as at postoperative months 1, 6, and 12. For the purpose of the study analyses, scores were evaluated using the coefficients calculated for Turkish standards.

  Statistical Analysis

  IBM SPSS Statistics 22 (IBM SPSS, Turkey) software was used for statistical analyses. Shapiro Wilks test was used to test the normality of the data. In addition to descriptive statistics (mean, standard deviation, frequency), Student's t-test was used for comparing quantitative data with normal distribution between the two groups, while Mann-Whitney U test was used for the comparison of data without normal distribution. Within group, comparisons for parameters without normal distribution were performed using Wilcoxon Sign Test. For the comparison of qualitative data, Chi-Square test, Fisher's Exact test, and Yate's Continuity Correction were used. Significance was set at a P level of less than 0.05.

   

  RESULTS

  Clinical characteristics of the patients in study groups are shown in Table 1. The two groups, i.e. endovascular vs. open surgical repair groups, were comparable in terms of demographic and clinical characteristics (P>0.05), except for more frequent low ejection fraction (<40%) in the EVAR group (P=0.013). The mortality rates were 29.09% (n=16) and 12.82% (n=10) for open surgical and EVAR groups, respectively. The changes in composite physical and mental scores over time in study groups are shown in Figure 1, 2, and Table 2. Preoperatively, SF-36 scores in the two study groups were similar (P>0.05).
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  At postoperative month 1, patients in EVAR group had significantly higher (i.e. better) SF-36 scores as compared to those in the open surgery group in all 8 sub-score domains (P<0.01). However, this difference in mental and physical health domain scores between the two groups disappeared at months 6 and 12 (P>0.05).

   

  DISCUSSION

  Previous trials comparing open surgical repair vs. endovascular stent grafting for the management of abdominal aneurysms in terms of medium and long-term mortality and morbidity rates have provided comparable outcomes for the two approaches[1,5,6]. On the other hand, EVAR offered certain morbidity advantages such as reduced need for blood transfusions as well as shortened intensive care and hospital stay[8-10].

  EVAR is preferred in high risk or elderly patients, or in those with comorbid conditions based on the minimally invasive nature of the procedure, especially when anatomically feasible. The success of EVAR or open surgical repair for the treatment of abdominal aortic aneurysms has been evaluated through extensive clinical research focusing mainly on mortality and morbidity rates[1,5,6]. However, improved life expectancy may represent only one dimension of a treatment effect, which also has an impact on the psychological well-being as well as the patient comfort. Therefore, in this study, two different surgical approaches for the management of abdominal aortic aneurysms were compared with regard to their effects on the quality of life using SF-36, in order to assist the decision-making process prior to surgery in such patients.

  SF-36 has been validated as a reliable tool for assessing well-being and health perception from patients' viewpoint. Specifically, vascular surgery societies also have been endorsing the use of SF-36 for follow-up life quality assessments of patients undergoing vascular surgery[11].

  In a study by Malina et al.[12], despite lower physical health scores in the first 30 days after surgery among patients undergoing open surgery as compared to those undergoing EVAR, this difference favoring EVAR disappeared at postoperative month 3. In our study, there was a marked reduction in physical and mental health scores during the first postoperative month among open repair patients, while no statistically significant changes in these scores occurred in EVAR group. As earlier pointed out by Chetter et al.[13], energy/vitality represents the single most important determinant of patients' mood. This suggests that the subjective energy level of the patient may be a primary factor driving mental health differences in different surgery groups. In the study by Malina et al.[12], mental health scores among the patients showed an increase above the baseline at 3 months after surgery, coinciding with the completion of recovery phase and removal of the life-threatening situation from patients' point of view. It therefore appears that reduced anxiety correlates with improved quality of life.

  Lloyd et al.[14] examining these two surgical methods found that life quality scores returned to baseline at six months in both groups, and equaled at 12 months. In another study, although physical health scores were lower than baseline during the first postoperative month in EVAR patients, both physical and mental scores returned to baseline levels at postoperative months 3 and 12[6]. Furthermore, in some previous studies quality of life in patients undergoing open surgery was worse compared to the normal population during the early postoperative period, and EVAR was also reported to result in worse outcomes in the longer term[15,16]. In our study, the two groups did not significantly differ with respect to quality of life scores at or after 6 months postoperatively.

  Based on its minimal invasive nature, endovascular stent graft repair may be expected to positively affect the quality of life in patients. However, the need for close monitoring of the patient for endo-leaks, graft failure, and continued expansion of the aneurysmal sac may have an adverse impact on the quality of life, particularly when one considers the potential requirement for re-surgery with open or endovascular approaches as a result of complications[17]. Therefore, the weight of evidence suggests that the initial quality of life advantage of EVAR fades over time[18-20], consistent with our observations showing no difference in terms of physical and mental health scores between the two arms at or after 6 months postoperatively.

  Although our study is prospective in nature, one of its potential limitations is the absence of randomization.

   

  CONCLUSION

  The results of our study show a significant positive effect of EVAR on both physical and mental aspects of health as compared to open aneurysm repair during the early postoperative period. However, this early advantage disappears with longer term follow up and the two methods become indistinguishable with regard to life quality effects. Therefore, endovascular repair may represent a better surgical option in elective cases with high comorbidity.
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    ABSTRACT

    OBJECTIVE: To identify main complications in outpatient follow-up, as well as factors before or during operation that may interfere in patient's evolution.

    METHODS: Retrospective study of patients submitted to total cavopulmonary shunt with extracardiac conduit from 2000 to 2014 at the Hospital do Coração (São Paulo, Brazil) and who underwent clinical follow-up at this institution.

    RESULTS: One hundred and fifty surgeries were performed and 59 patients maintained outpatient follow-up. The mean age of these patients at the time of surgery was 4.45 years (median of 45 months) and 70.2% of them were males. Among the patients undergoing outpatient follow-up, postoperative time at evaluation ranged from 10 days to 145 months; 30 (50.8%) patients had single left ventricle and 29 (49.2%) had single right ventricle (48.2% of these presented with hypoplastic left heart syndrome [HLHS]). Patients with single left ventricle had a higher percentage of reintervention-free survival, but without statistically significant difference. 40% of the patients had no complications and 35% of them presented with thrombosis at some point in the follow-up period, with ventricular dysfunction being the second most frequently found complication (15% of cases), mainly among patients with single right ventricle morphology (P=0.04). Between the patients currently under follow-up, 20 (35%) of them had been evaluated by ultrasonography and had some degree of hepatic congestion and/or hepatomegaly. 16.7% of the patients with such alteration had HLHS (P=0.057).

    CONCLUSION: Except for the right ventricular morphology, no other factor has been shown to interfere in late evolution after total cavopulmonary shunt.

    Keywords: Fontan Procedure; Heart Defects, Congenital; Treatment Outcome; Heart Ventricles/Pathology.

  

   

  
   

  INTRODUCTION

  Single ventricular hearts correspond to a group of congenital heart diseases, with different anatomical combinations that culminate in a common characteristic: a single ventricle responds by both the systemic and pulmonary circulations. In most cases, it is possible to confirm the presence of two distinct ventricles, right and left, one being hypoplastic and called rudimentary and the other being well formed and called the main chamber.

  One of the most common anatomic forms is the tricuspid atresia, with different presentations, which is responsible for 1.5-3% of congenital heart diseases and is present in approximately 0.6 out of every 10,000 live births. Another dominant left ventricular presentation is the pulmonary atresia, with intact interventricular septum, which accounts for about 1% of congenital heart diseases, occurring in about 0.7 out of every 10,000 newborns. Regarding to the dominant right ventricle, the main anatomical representation is the hypoplastic left heart syndrome (HLHS), which represents about 2% of congenital heart diseases, being present in approximately four out of every 10,000 newborns.

  The natural history of single ventricular hearts is quite unfavorable: 64% of the patients were diagnosed during childhood and 50% in the neonatal period.

  Treatment is usually performed through surgical staging, with interventions beginning in the neonatal period and culminating in the completion of a total cavopulmonary operation (Fontan)[1], as a final stage.

  The total cavopulmonary bypass allows close-to-normal saturation to these patients, decreasing the demand of the systemic ventricle. Despite this, it maintains altered hemodynamics leading to a series of late complications, among them, physical capacity reduction, ventricular dysfunction, intra- or extracardiac thrombi, arrhythmias, protein-losing enteropathy (PLE), and cirrhosis.

  We carried out this study in order to evaluate the complications presented in the population submitted to total cavopulmonary bypass, with late follow-up at our institution, and to assess factors that may predispose to these complications, in addition to estimate the reintervention-free survival.

  Primary Goals
 
  
    • To evaluate the late evolution of patients submitted to total cavopulmonary derivation with extracardiac conduit, with respect to complications (thrombi, PLE, ventricular and/or valvular dysfunction) presented and the need for reintervention.

    • To evaluate factors that may interfere in the occurrence of complications or the need for reintervention: diagnosis, age of total cavopulmonary bypass, pulmonary vascular resistance and pressure, use of acetylsalicylic acid (ASA) or oral anticoagulation, and fenestration.

  
 
  Secondary Goal
 
  
    • To evaluate signs of congestion and/or hepatic parenchyma alteration after five years of total cavopulmonary shunt through abdominal ultrasonography (USG).

  
 
   

  METHODS

  This is a retrospective study using a chart analysis of 59 patients followed-up at the Single Ventricle Heart outpatient clinic of the Hospital do Coração (São Paulo, Brazil). To do so, we considered all patients undergoing total cavopulmonary bypass between 2000 and 2014. Patients with early death (in-hospital) and those under ambulatory follow-up at other institutions were excluded.

  Anatomical and surgical data were obtained through a medical record survey conducted during in-hospital period and then outpatient follow-up.

  Regarding the data of the surgical moment, we evaluated: diagnosis, staging performed, age of total cavopulmonary derivation, fenestration, pulmonary artery angioplasty/stenting, preoperative pulmonary pressure, preoperative pulmonary strength, and need for reintervention.

  Concerning the late follow-up, we evaluated the occurrence of main late complications, such as: thrombi, arrhythmias, ventricular dysfunction, PLE, plastic bronchitis, and changes in hepatic parenchyma through abdominal USG.

  Considering main late complications, we tried to identify factors that could interfere in the occurrence of complications and reintervention-free survival.

  Initially all variables were analyzed descriptively. Analysis of quantitative variables was done by observing the minimum and maximum values and calculating means, standard deviations and median. Absolute and relative frequencies were calculated for qualitative variables. To test the homogeneity between proportions, chi-square test[2] or Fisher's exact test was used.

  The study of time until reintervention was performed through Kaplan-Meyer curve with log-rank test[2]. The software used for the calculations was SPSS 17.0 for Windows(r).

  The level of significance used for the tests was 5%.

   

  RESULTS

  During the study (from 2000 to 2014), 150 total cavopulmonary shunt operations were performed with an extracardiac conduit. Of these, 59 patients were followed-up at the Single Ventricular Heart outpatient unit of the Hospital do Coração.

  These patients' ages varied from 10 to 186 months (mean of 4.45 years, standard deviation of 28.91 months, and median of 45 months), being 40 (70.2%) males and 17 (29.8%) females.

  At the time of the study, follow-up time ranged from 10 days to 145 months (mean of 48.81 months, standard deviation of 36.68 months, and median of 37.37 months).

  The distribution of patients being followed-up at our institution by diagnosis is detailed in Table 1. Thirty (50.8%) patients had left single ventricle and 29 (49.2%) had right single ventricle (48.2% of these patients presented with HLHS).

   

    [image: Table 1. Distribution of patients by diagnosis.]

  

  Among the patients with HLHS, 13 were submitted to the hybrid procedure (branch pulmonary arteries banding and stent implantation in ductus arteriosus) and only one was submitted to Norwood-Sano reconstruction as the first stage.

  Fenestration between the extracardiac conduit and the right atrium was performed in 22 (37.2%) patients and the mean pulmonary artery pressure (MPAP) evaluated by preoperative catheterization was > 15 mmHg in 20 (33.8%) patients.

  Reintervention was necessary in 12 patients during follow-up for the reasons listed in Table 2. Among them, six patients had fenestration (P=0.31), two had a diagnosis of HLHS (P=1.00), and four had MPAP > 15 mmHg in the catheterization performed prior to total cavopulmonary bypass (P=1.00); none of these three factors could be related to the need for postoperative reintervention. When comparing it with the intervention-free evolution showed in Figure 1, it is observed that the curves are mixed, so the need for reintervention was not related to ventricular morphology in the study group.
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  Among the patients evaluated, 31 (52%) presented with at least one of the complications considered; the complications found in late evolution are distributed as shown in Figure 2.

  

    [image: Fig. 2. Occurrence of late complications (52%) in total cavopulmonary shunt]

  

  Two patients have died during the follow-up. However, among the 20 patients who presented with thrombosis at sometime of the follow-up, 50% of them were in the group of patients treated with anticoagulant therapy (P=0.54), the most common site being the extracardiac tube.

  Regarding the PLE, it occurred in five patients (8.4%), two of them in the group with fenestrated tube (P=1.00); one patient had HLHS (P=1.00) and two patients were in the group with preoperative pulmonary pressure > 15 mmHg (P=0.6). Therefore, none of these factors can be related to the PLE occurrence in the postoperative period.

  As secondary findings, ventricular dysfunction was present on echocardiogram in nine (15%) patients, five of them had fenestration (P=0.49); 77% had a right ventricle (P=0.04) and two had pulmonary pressure > 15 mmHg (P=1.00). Right ventricular morphology was the only factor that alone had statistically significant relationship with ventricular dysfunction in the outpatient follow-up of these patients.

  In our institution, it is part of the postoperative follow-up protocol of patients submitted to total cavopulmonary bypass the abdominal USG examination at the postoperative fifth year to search for parenchymal alterations and/or signs of congestion justifying further investigation of possible hepatic cirrhosis. Among patients currently undergoing follow-up, 20 (35%) have been evaluated by USG and 10 (50%) presented with some degree of hepatic congestion and/or hepatomegaly. Between patients with this alteration, 16.7% of them had HLHS (P=0.057), 60% presented with pulmonary pressure > 15 mmHg and in 54% of them the tube was not fenestrated (P=1.00).

   

  DISCUSSION

  Evolution and improvement in diagnosis, indication, surgical techniques, and postoperative care of patients with univentricular hearts have allowed an increasing survival rate of these patients, with quality of life quite close to normal. Thus, learning about the late complications to which this group of patients is subjected is fundamental. To improve care, it is essential to look at this group of patients in order to assess their demands.

  Current late complications still very much resemble those found in recent years in the literature, even with the improvement of the technique proposed by Fontan in 1971[1].

  With the use of the technique based on extracardiac tube (technique used in all patients in this study), the difference in morbidity and mortality was mainly due to the occurrence of arrhythmias: the use of extracardiac tube to derive the flow from the inferior vena cava to the right pulmonary artery reduced significantly this occurrence[3].

  The use of the extracardiac polytetrafluoroethylene (PTFE) tube in all cavopulmonary bypass surgeries at our service without atrial scarring and without altering the atrium architecture justifies the absence of arrhythmias in the follow-up group at our center.

  Currently, at the Hospital do Coração, all patients undergoing total cavopulmonary shunt are maintained using subcutaneous enoxaparin sodium, dose of 1 mg/kg/dose, 12/12 hours, until stabilization and possibility of oral anticoagulation. Oral anticoagulation is the prophylaxis of choice for thrombosis in these patients in the first two postoperative years and it is not performed in patients with social contraindication or drug intolerance. After two years, in the absence of episodes of thrombosis, all patients started to use ASA as prophylaxis, indefinitely. During follow-up, all patients underwent transesophageal echocardiography to evaluate the possibility of thrombi in the Fontan circuit, in five days, 90 days, 180 days, nine months, one year, 18 months, and two years postoperatively; after two years, they were evaluated once a year or whenever it was necessary. Thrombosis occurred in 35% of the patients, a higher occurrence than it is usually shown in the literature: 0-16% and 4.6%, according to some reports[4], especially in the extracardiac tube and with no difference between the groups using ASA or oral anticoagulant, similar to a finding in a multicenter study published in 2011, which has found a 21% occurrence of thrombosis in the ASA group and 24% in the oral anticoagulant group[5].

  Another prospective study carried out in our department followed for two years a group of 40 patients submitted to cavopulmonary bypass, 20 in use of antiplatelet agent and 20 in use of oral anticoagulant, evidencing the absence of a statistically significant relation in the occurrence of thrombosis between the two groups, but showing a trend towards a greater deposit of material on the wall of the extracardiac tube, which was evidenced by computed tomography, in patients taking ASA[6].

  PLE is a serious event; its occurrence is found in most of the literature ranging from 1% to 5% of the patients and it has a 50% mortality rate in 5 years[7,8].

  Of the patients followed-up in our center, 7% developed with such complication. Among them, one required surgical intervention for the correction of major mitral valve insufficiency, with resolution of the condition. In a second case, we chose to perform a fenestration, and the child evolved to death postoperatively. Since the beginning of the use of oral budesonide in our service for the treatment of PLE, all other patients had this condition resolved, maintaining a serum level of albumin > 3 g/dL.

  Regarding the ventricular dysfunction, it is a constant concern in the late follow-up of patients with univentricular heart morphology, because in addition to the cardiac insufficiency manifested in patients with ventricular dysfunction of any nature, it may compromise the operation of the Fontan type circuit, leading to pulmonary venocapilar congestion. Its occurrence was higher in patients with single ventricle of right morphology in our series and because of this the concern to preserve this ventricle is greater since the beginning of the follow-up. A study based on records from Australia and New Zealand of patients undergoing Fontan surgery (1268 in 2015) showed 7% of patients on (angiotensin converting enzyme) ACE inhibitors in order to preserve normal function and 36% systolic or diastolic dysfunction of the single ventricle. The use prevailed in patients with right ventricular morphology (70%)[9].

  Among the patients currently under follow-up, 35% have already underwent abdominal USG and 50% of them have alterations characterized by hepatic congestion. Between those, 16.7% of the alterations are in patients with HLHS (P=0.057). Hepatic impairment has been widely studied these days, being found from congestion to liver fibrosis and cirrhosis, changes that are directly related to the time since total cavopulmonary derivation[10,11].

  Current studies have shown a concern in proposing a protocol to evaluate liver changes in relation to periodicity of computed tomography, magnetic resonance imaging, and liver biopsy in search for precursor changes of hepatocarcinoma[12,13].

   

  CONCLUSION

  Complications such as thrombi and PLE were present in the assessed group during outpatient follow-up, but no notable relation with any of the pre or intraoperative factors assessed was found, so it remains a challenge to establish the best way to prevent and treat such complications in patients undergoing total cavopulmonary shunt.

  No patient so far has evolved with arrhythmias or plastic bronchitis. Among the patients in follow-up, two had death as an outcome.

  Among the evaluated causes that could interfere in the complications found, only the right ventricular morphology was statistically significant with ventricular dysfunction.

  Regarding the hepatic congestion, the abdominal USG has shown signs of hepatic congestion in 50% of the evaluated cases, and a significant portion of them has been diagnosed with HLHS.

  In order to evaluate parenchymal alterations, the indication of computed tomography and liver biopsy may be considered in patients with sign of congestion.

  It is important to consider a better evaluation throughout this follow-up, trying to identify tissue changes, which are possibly precursors of hepatocellular carcinoma

 
   

  REFERENCES

  1. Fontan F, Baudet E. Surgical repair of tricuspid atresia. Thorax. 1971;26(3):240-8.

  2. Rosner B. Fundamentals of biostatistics. 2nd ed. Boston: PWS Publishers; 1986.

  3. Robbers-Visser D, Miedema M, Nijveld A, Boersma E, Bogers AJ, Haas F, et al. Results of staged total cavopulmonary connection for functionally univentricular hearts; comparison of intra-atrial lateral tunnel and extracardiac conduit. Eur J Cardiothorac Surg. 2010;37(4):934-41.

  4. Marrone C, Galasso G, Piccolo R, Leva F, Paladini R, Piscione F, et al. Antiplatelet versus anticoagulation therapy after extracardiac conduit Fontan: a systematic review and meta-analysis. Pediatr Cardiol. 2011;32(1):32-9.

  5. Monagle P, Cochrane A, Roberts R, Manlhiot C, Weintraub R, Szechtman B, et al; Fontan Anticoagulation Study Group. A multicenter, randomized trial comparing heparin/warfarin and acetylsalicylic acid as primary thromboprophylaxis for 2 years after the Fontan procedure in children. J Am Coll Cardiol. 2011;58(6):645-51.

  6. Pessotti CF, Jatene MB, Jatene IB, Oliveira PM, Succi FM, Moreira VM, et al. Comparative trial of the use of antiplatelet and oral anticoagulant in thrombosis prophylaxis in patients undergoing total cavopulmonary operation with extracardiac conduit: echocardiographic, tomographic, scintigraphic, clinical and laboratory analysis. Rev Bras Cir Cardiovasc. 2014;29(4):595-605.

  7. Schumacher KR, Cools M, Goldstein BH, Ioffe-Dahan V, King K, Gaffney D, et al. Oral budesonide treatment for protein-losing enteropathy in Fontan-palliated patients. Pediatr Cardiol. 2011;32(7):966-71.

  8. Thacker D, Patel A, Dodds K, Goldberg DJ, Semeao E, Rychik J. Use of oral budesonide in the management of protein-losing enteropathy after the Fontan operation. Ann Thorac Surg.2010;89(3):837-42.

  9. Wilson TG, Iyengar AJ, Winlaw DS, Weintraub RG, Wheaton GR, Gentels Tl, et al; Australia and New Zealand Fontan Registry. Use of ACE inhibitors in Fontan: rational or irrational? Int J Cardiol. 2016;210:95-9.

  10. Goldberg DV, Surrey LF, Glatz AC, Dodds K, O'Byrne ML, Lin HC, et al. Hepatic fibrosis is universal following Fontan operation, and severity is associated with time from surgery: a liver biopsy and hemodynamic study. J Am Heart Assoc. 2017;6(5). pii:e004809.

  11. Pundi KN, Johnson JN, Dearani JA, Pundi KN, Li Z, Hinck CA, et al. 40-year follow-up after the Fontan operation: long-term outcomes of 1,052 patients. J Am Coll Cardiol. 2015;66(15):1700-10.

  12. Evans WN, Winn BJ, Yumiaco NS, Galindo A, Rothman A, Acherman RJ, et al. Transvenous hepatic biopsy in stable Fontan patients undergoing cardiac catheterization. Pediatr Cardiol. 2014;35(7):1273-8.

  13. Asrani SK, Warnes CA, Kamath PS. Hepatocellular carcinoma after the Fontan procedure. N Engl J Med. 2013;368(18):1756-7.

   

   

  Correspondence Address: 

  Cristiane Felix Ximenes Pessotti 

  Hospital do Coração (HCor) 

  Rua Desembargador Eliseu Guilherme, 147 – São Paulo, SP, Brasil 

  Zip code: 04004-030 

  E-mail: crisximenes08@gmail.com

  Article received on November 26th, 2017.

Article accepted on February 7th, 2018.

  This study was carried out at Hospital do Coração (HCor), São Paulo, SP, Brazil. 

  No financial support. 

    No conflict of interest. 

  
    [image: abb]

  

  
    [image: abb]

  





  DOI: 10.21470/1678-9741-2017-0184

   ORIGINAL ARTICLE

  
    Silva ABV, Cavalcante AMRZ, Taniguchi FP. Survival and Risk Factors Among Dialytic Acute Kidney Injury Patients After Cardiovascular Surgery. Braz J Cardiovasc Surg 2018;33(3):277-285

  

  
    Survival and Risk Factors Among Dialytic Acute Kidney Injury Patients After Cardiovascular Surgery

  

   

   

  Andrea B. V. SilvaI, RN, MSc; Agueda Maria Ruiz Zimmer CavalcanteII, RN, PhD; Fabio P. TaniguchiII, MD, PhD

  IInstituto Dante Pazzanese de Cardiologia, São Paulo, SP, Brazil

  IIIAMSPE Post Graduate Health Sciences Program, São Paulo, SP, Brazil

   

  
    ABSTRACT

    OBJECTIVE: Acute kidney injury (AKI) is a frequent postoperative complication after cardiovascular surgery. It has been described as a predictor of decreased survival rates, but how dialysis decreases survival when initiated on the postoperative period has yet to be determined. To analyze the survival of patients who presented postoperative AKI requiring dialysis up to 30 days after cardiovascular surgery and its risk factors is the aim of this study. 

    METHODS: Of the 5,189 cardiovascular surgeries performed in a 4-year period, 157 patients developed AKI requiring dialysis in the postoperative period. The Kaplan-Meier survival curve and log-rank test were used in the statistical analysis to compare the curves of categorical variables. P-value< 0.05 was considered significant.

    RESULTS: Patient average survival was 546 days and mortality was 70.7%. The need for dialysis on the postoperative period decreased late survival. Risk factors for decreased survival included age (P<0.001) and postoperative complications (P<0.0003).

    CONCLUSION: The average survival was approximately one year among dialytic patients. Age and postoperative complications were risk factors that determined decreased survival.

    Keywords: Renal Insufficiency; Survival Analysis; Cardiovascular Surgical Procedures; Renal Dialysis..

  

   

  INTRODUCTION

  Acute kidney injury (AKI) is a disease of complex etiology, not fully understood, that often takes place in the postoperative period of cardiovascular surgery[1]. The incidence of postoperative AKI in cardiovascular surgery remains high, approximately 20% of such surgical patients are affected[2,3].

  In addition to being associated with postoperative complications, longer hospitalizations, risk of infection and greater costs to the health system, AKI is an independent predictor of intra-hospital mortality; since it increases mortality by up to eight times, consequently decreasing the survival of patients[3,4].

  Among those undergoing cardiovascular surgery, 1% to 5% may require renal replacement therapy[4]. Clinical variables influence the occurrence of postoperative AKI, among other complications, and decreased survival rates[1,5,6]. Long-term survival among patients who underwent cardiovascular surgery and acquired postoperative AKI requiring dialysis should be evaluated in a diversified context, since it may confirm information regarding length of survival and its associated risk factors. The aim of this study is to analyze the risk factors in patients who acquired postoperative AKI requiring dialysis after cardiovascular surgery and analyze its survival rates.

   

  METHODS

  This retrospective study was conducted in a large public Brazilian hospital specialized in cardiology. Consecutive patients referred to cardiovascular surgery in a 4-year period were analyzed. Patients older than 18 years old, who underwent cardiovascular surgery and presented AKI requiring dialysis up to 30 days in the postoperative period, were eligible. Those who underwent congenital surgeries and cardiac transplantation were excluded.

  Data concerning clinical characteristics were analyzed and assigned into three different groups. Preoperative variables were: sex, age, body mass index (BMI), ethnicity, EuroSCORE (European System for Cardiac Operative Risk Evaluation) II, estimated glomerular filtration rate (EGFR) and comorbidities. Intraoperative variables were: type of surgery, cardiopulmonary bypass (CPB) time, use of vasoactive drugs and the use of an intra-aortic balloon pump. Postoperative variables included: length of mechanical ventilation, the use of vasoactive drugs, red blood cells transfusions, clinical complications, length of stay in the intensive care unit (ICU) and death.

  Each patient's BMI was classified according to the guidelines established by the World Health Organization and were used to assess nutritional status[7]. The official website of the EuroSCORE II was used to calculate the patients' score (www.euroscore.org). The Cockcroft-Gault formula was used to estimate the glomerular filtration rate (acute kidney injury stage 1 - increase in serum creatinine of ≥ 0.3 mg/dL or an increase of 50 - 200% from baseline; stage 2 - increase in serum creatinine of 200 - 300%; and stage 3 - increase in serum creatinine of > 300% or serum creatinine level > 4 mg/dL). The last laboratory result concerning the preoperative serum creatinine levels was used and patients were classified according to the classification established by the National Kidney Foundation (2005)[8]. Survival was verified by consulting their ambulatory follow-up records. When necessary, phone calls were performed.

  IBM-SPSS (Statistical Package for the Social Sciences) version 19.0 (SPSS Institute, Chicago, Illinois, USA) was used for the statistical analysis. Fisher's exact test was used to compare the categorical variables. The survival of patients was estimated and graphically represented using the Kaplan-Meier curves. The log-rank test was used to compare survival curves. Pairwise comparison was performed when there were more than two groups with Bonferroni correction. Variables that were statistically significant (P<0.1) were submitted to multiple analyses according to the Cox's proportional hazards model. Subsequently, the StepWise Backward method was performed to obtain the final model. The variables that presented P<0.05 on the latter were considered significant.

  This study was approved by the Institutional Review Board at the hospital where the data were collected (protocol No. 4205/12).

   

  RESULTS

  A total of 5,189 cardiovascular surgeries were conducted on adult patients on the period of the study and 157 patients were identified in accordance with the eligibility criteria. The patients' characteristics are presented in Table 1.
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  Table 1 shows a predominance of male patients (59%), aged over 60 years (54.8%), Caucasians (78.34%), and overweight (mean BMI of 27.81 kg/m2). Comorbidities included: hypertension (85%), dyslipidemia (62%), diabetes mellitus (40%), smoking (30%), previous cardiac surgery (27%). The mean obtained for the EuroSCORE II was 6.62%.

  In regard to the classification of kidney disease in the preoperative, 33% presented GFR III (moderate), 29% GFR II (mild) and 22% GFR V (renal failure). In regard to the type of surgery, valve surgeries (49.7%) predominated, followed by myocardial revascularization (35.7%). The average duration of extracorporeal circulation was 121.45 minutes.

  Complications identified in the postoperative period were: infections (72%), atrial fibrillation (45.2%), cardiorespiratory arrest (21%), and other less frequent complications (21.7%) that included acute myocardial infarction (AMI), pleural effusion, cardiac arrhythmias, acute arterial occlusion, mesenteric ischemia and liver failure. Survival was estimated at five different points in time over the follow-up period, considering the variables in the pre, intra and postoperative groups, shown in Table 2.
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  Table 2 shows associations between the pre, intra and postoperative variables and survival rates at different points in time. Overall survival for the first 30 days postoperative was 62.8%. Association between survival and preoperative variables revealed age with P-value=0.001; survival rate was lower for patients older than 60 years of age and remained low over time among the patients in this age range.

  GFR presented P-value=0.017, while patients with GFR V (kidney failure) presented better survival results (81.8%) within 30 days and over time, when compared to the survival of the remaining patients at different stages of kidney disease (GFR I, GFR II, GFR III, GFR IV).

  CPB duration was not statistically significant for survival, while the presence of complications was significant (P-value=0.0003) in the association between survival and postoperative variables.

  Cox regression was performed based on the multivariate analysis and the effect of the covariates age, GFR, CPB time, postoperative complications, length of stay in ICU and survival time was estimated. Data are presented in Table 3.
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  The analysis of significant variables regarding survival showed that the older the patient, the greater the risk of death; the risk increased 3.8% per year of life. For CPB time >120 min the risk of death increased approximately 1.6 times when compared to patients with CPB time < 120 min. For patients who presented two or more complications, the risk of death increased approximately 2.3 times when compared to patients with only one complication or no complications. For patients who presented length of stay in ICU > 30 days, decreased 57% the risk of death when compared to patients with length of stay in ICU < 3 days. Data are presented in Table 4.
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  Figure 1 represents the patients' overall survival curve. The average time of survival in this study population was 1.5 years, approximately 546 days.
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  Figures 2 and 3 show survival in regard to the variables age and complications. The dashed line in the first graphic represents only the survival of patients more than the 60 years of age. The first and second dashed lines in the second graphic represent the group with only one complication and two or more complications, respectively.
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  DISCUSSION

  AKI is a complication that frequently affects patients after cardiovascular surgery and is associated with increased mortality[9]. The aim of this study is to analyze the risk factors in patients who acquired postoperative AKI requiring dialysis after cardiovascular surgery and analyze its survival rates.

  The incidence and adverse outcomes associated with AKI in a population who underwent cardiovascular surgery (myocardial revascularization and valve surgery) from 1999 to 2008 reports that the rates of AKI and AKI requiring dialysis after cardiovascular surgery with extracorporeal circulation relates to age, gender, although controversial[10]; type of surgery, heart failure, diabetes mellitus, hypertension, lung disease, peripheral vascular disease, cerebrovascular disease, obesity, sepsis, CPB time, and mechanical ventilation[11].

  Advanced age, as observed in this study, has been related to dialytic kidney failure since the kidneys are prone to aging process[12]. One analysis with 145,911 patients[13] aged 65 years old or older who had their aortic valve replaced or repaired concomitantly with a myocardial revascularization, between 1991 and 2007, reports an average survival of 13 years for patients aged between 65 and 69 years old, 9 years for those between 70 and 79 and 6 years for patients aged 80 years old or older. Although the type of surgery appears as an important factor associated with decreased survival, it was not significant in this study.

  Interestingly, we did not notice in this series relation between BMI and EuroSCORE II to decreased survival since they are well established to dialytic AKI in cardiovascular patients[14-17]. Other factors predicting AKI were identified in patients who had undergone cardiovascular surgery and developed AKI that required dialysis, such as having a preoperative severe status and preexisting kidney disease[18].

  Despite the reported survival rate in the first 30 days after surgery, it gradually decreased in subsequent months. Similar evidence was identified in patients with mild preoperative kidney failure, who presented a higher mortality rate in the long term compared to patients whose preoperative kidney function was normal[17].

  It is believed that mild and severe preoperative kidney failure leads to a greater incidence of adverse events in the postoperative period[19,20]. In this study, preoperative kidney failure requiring dialysis was not related to higher mortality rates. The patients with preoperative kidney failure (GFR V) presented greater postoperative survival in the first 30 days and over time when compared to the remaining patients, which may be associated with early dialysis therapy on the post-operative period.

  Patients undergoing dialysis in whom myocardial revascularization was performed present higher mortality, approximately 7% to 10%, which is three times greater than non-uremic patients[20]. Long-term results show that the survival of patients undergoing dialysis after coronary artery bypass graft (CABG) is decreased, with mortality in 5 years estimated to be 48%[6,11,21].

  Patients who developed some degree of AKI, in addition to presenting high mortality rates, also presented a high risk score, required more blood transfusions[6,20-23], presented a higher incidence of neurological events, required mechanical ventilation for longer periods, and, consequently, were hospitalized for longer periods with high rates of surgical wound infection[20].

  Complications emerging in the preoperative phase of cardiovascular surgeries among patients with AKI requiring dialysis significantly increase mortality rates[17,19]. Among potential complications, pulmonary atelectasis is reported as the main complication found in 54% to 92% of patients in the postoperative period of cardiovascular surgery[24]. The presence of complications identified in individuals who developed postoperative AKI that requires dialysis after a cardiovascular surgery shows that these patients may require mechanical ventilation for longer periods. On the other hand, mechanical ventilation increases the risk of pulmonary infection, while AKI creates an altered inflammatory environment that may cause atrial arrhythmias[6].

  One recent study revealed that AKI stage 1 and stages 2 or 3, according to AKIN criteria, were associated with significant increase, from 31% to 98% of readmission in five years, in addition to significant higher mortality risk, from 1.5 to 3.5 times, five years after surgery[25]. Similar results were found in association with increased intra-hospital mortality among patients who initiated dialysis later on (>3 days) after cardiovascular surgery, in comparison to those who started dialysis within three days after surgery[9].

  In this study, 140 out of the 157 patients presented some degree of preoperative kidney disease and only 17 presented normal kidney function. All the patients, however, required postoperative dialysis. Univariate analysis revealed significant differences between the groups GFR IV (severe) and GFR V (renal failure) in the pairwise analysis, with P=0.0109, though the GFR was not significant in the survival of these patients, according to the Cox regression model. It is possible that the fact that preoperative dialysis patients were introduced earlier to dialysis than those who developed postoperative AKI and later required it explains the greater survival rate among the first group of patients. Patients in a previous dialysis program were not related to have long term mortality than new demanding dialysis patients after cardiovascular surgery.

   

  CONCLUSION

  Data show an average survival of 546 days among dialytic AKI patients after cardiovascular surgery, while factors such as age, and postoperative complications were determinant regarding decreases in the survival of these patients.

  The multidisciplinary staff in the intensive care unit must be aware of the profile of these patients and understands how their clinical condition develops to refer them to early dialysis in order to properly handle AKI and decrease irreversible damage. The planning of interventions in the perioperative period is essential to decreasing the emergence of AKI and avoiding complications, significantly contributing to decreased mortality and improved survival of patients.
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    ABSTRACT

    Objective: Rhythm abnormalities following transcatheter aortic valve implantation (TAVI) and indications for permanent pacemaker implantation (PPI) were reviewed, which aren't well established in the current guidelines. New left bundle branch block and atrioventricular block are the most common electrocardiographic changes after TAVI. PPI incidence ranges from 9-42% for self-expandable and 2.5-11.5% for balloon expandable devices. Not only anatomical variations in conduction system have an important role in conduction disorders, but different valve characteristics and their relationship with cardiac structures as well. Previous right bundle branch block has been confirmed as one of the most significant predictors for PPI.
    Keywords: Aortic Valve Stenosis; Transcatheter Aortic Valve Implantation; Arrhythmias, Cardiac; Pacemaker, Artificial.

  

   

   

  INTRODUCTION

  Increased life expectancy has contributed to making cardiac valve diseases more frequent and relevant[1].

  Aortic valve stenosis (AoS), the most common cardiac valve disease, affects approximately 3% of the population older than 75 years[2] and, usually, remains silent for many years.

  However, once symptoms are present, survival decreases dramatically[3,4], being surgical treatment the therapy of choice[5].

  Since the first clinical report in 2002, transcatheter aortic valve implantation (TAVI) has emerged as a valuable, less invasive and safe therapeutic alternative in patients with symptomatic severe AoS[6].

  Currently, TAVI is considered the gold standard for high-risk patients, the only option for inoperable ones, and, recently, non-inferior to conventional surgery in intermediate risk patients[7-9].

  On the other hand, this is not a risk-free procedure, with atrioventricular (AV) conduction disturbances being a common complication[10].

  In this context, understanding post-procedural conduction disturbances' mechanisms and rates is an extremely current and relevant issue.

  This study aims to review rhythm abnormalities after TAVI, besides the permanent pacemaker implantation (PPI) indications, which are not well established by the current guidelines.

  Rhythm Abnormalities

  Bradyarrhythmias are not uncommon after cardiac surgery, TAVI and heart transplantation. According to the 2013 European Society of Cardiology guidelines on cardiac pacing and cardiac resynchronization therapy[11], complete atrioventricular block (AVB) may occur in 1-4% of cardiac surgeries, 8% of repeat valve surgeries and up to 20-24% of interventions for calcified AoS or tricuspid valve replacement.

  Following TAVI, new left bundle branch block (LBBB) and AVB are the main electrocardiographic changes and the consequent need for a permanent pacemaker is the most expensive short-term adverse event[12].

  The incidence of post-procedural conduction disturbances varies among studies, being 20% in complete AVB, 7% to 83% in LBBB, 2% in right bundle branch block (RBBB) and 2% in left anterior hemiblock (LAHB)[13-16].

  By Urena et al.[13], 37.7% of these new LBBB are resolved before hospital discharge and 57% in 6-12-month follow-up period.

  The PARTNER trial analysis showed that, although new LBBB has not been associated with increased 1-year mortality, it was associated with a higher in-hospital pacemaker indication [8.3% versus 2.8%; P=0.005] and from discharge to one year (4.7% vs. 1.5%; P=0.01), as well as failure to improve left ventricular ejection fraction (52.8 vs. 58.1%; P<0.001)[17].

  In contrast, another study showed new LBBB as an independent predictor of all-cause mortality [hazard ratio (HR) 1.54; 95% confidence interval (CI) 1.12 - 2.10]. Cardiovascular mortality rate was 9.4% for patients without TAVI-induced LBBB and 18% for new LBBB[15].

  Similarly, for Makki et al.[18], PPI has been associated with increased short- and long-term mortality, which may represent inherent conduction abnormality or pacemaker operation morbidity.

  PPI Indications

  Pacemaker implantation after TAVI has had the same recommendations as non-surgical patients with persistent bradycardia, such as symptomatic bradycardia, complete AVB, type II second-degree AVB, new LBBB in combination with infra-hisian conduction delay (HV interval ≥70 ms or second or third-degree Hiss-Purkinje block)[11].

  The 2013 European Society of Cardiology guideline considers indication class I, level C "high degree or complete AVB after cardiac surgery and TAVI, with a period of clinical observation up to 7 days (Table 1). In case of complete AVB with a low rate of escape rhythm, this observation period can be shortened since the resolution is unlikely"[11].
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  In the post-TAVI phase, the management depends on the prosthesis implanted. For instance, early removal of the temporary pacing lead seems to be safe after the balloon expandable Edwards Sapien® prosthesis, in the absence of intraprocedural advanced degree blocks. Then, a 24-48 hour electrocardiographic monitoring followed by a daily 12-leads electrocardiogram (ECG) until the discharge is recommended. On the contrary, when a self-expandable CoreValve® prosthesis is chosen, a 48-72 hour monitoring before removal of the temporary pacing lead might be recommended even when the ECG early after TAVI is normal[19].

  QRS duration is another factor that may assist the decision about early or late pacing lead removal. According to a Takahashi's et al.[20] study, in which patients with QRS duration <120 ms were submitted to early pacing lead removal and those with QRS ≥120 ms to late removal, no PPI was indicated in the first group, while 39% of the latter developed a delayed AVB (P=0.0001).

  Taking into account that TAVI is routinely performed under heparin anticoagulation, which potentially may lead to an increased bleeding rate for PPI immediately after TAVI, Schwerg et al.[21] evaluated patients who have undergone PPI implantation on the same day of TAVI implant (group A) and patients in whom the PPI was performed at least 1 day after TAVI (group B) (3.8±4.5 days). In this study, procedure times, fluid loss via drainage systems, and drainage times were neither significantly different between the groups nor when compared to a historical group.

  PPI Risk Factors

  Many factors have been identified for PPI requirement after TAVI, mainly related to baseline conductions defects, device selection and anatomical characteristics[22]. Thus, a careful pre-TAVI screening is overwhelming important[19].

  Advanced age, permanent atrial fibrillation, use of digoxin, larger or oversized prosthesis[23,24], for example, are considered clinical predictors for new LBBB post-TAVI, while left heart axis, lower mean heart rate, and prolonged PQ and QRS times are considered electrocardiographic parameters for severe cardiac conduction defects requiring PPI in patients with new LBBB[24].

  During the procedure predilatation and valve deployment are the most critical steps for conduction disorders development[25,26].

  Regarding the available devices, the differences in shape, height of the frame, depth of implantation and different physical properties account for the different PPI incidences observed[19].

  A meta-analysis published in 2014 with 41 studies comprising 11210 post-TAVI patients, showed an unadjusted 2.5-fold higher risk for CoreValve® (28%) compared to Sapien® (6%). The risk was increased for men [relative risk (RR) 1.23; P<0.01]; previous first-degree AVB (RR 1.52; P<0.01), LAHB (RR 1.62; P<0.01) or RBBB (RR 2.89; P<0.01) and intraprocedural AVB (RR 3.49; P<0.01)[27].

  In a more recent study, the combination of pre-TAVI prolonged PR interval (>220 ms) and increased QRS duration (>120 ms) reached a positive predictive value for PPI of 80%, suggesting to use such parameters as periprocedural PPI markers[28].

  Analyzing national data, the Brazilian Registry of 418 patients with severe AoS who had undergone TAVI demonstrated a 30-day PPI incidence of 25.2%. On multivariable analysis only CoreValve® vs. Sapien XT® [odds ratio (OR) 4.24, 95% CI 1.56 - 11.49; P=0.005], baseline RBBB (OR 4.41, 95% CI 2.20 - 8.82; P<0.001), and balloon pre-dilatation (OR 1.75, 95% CI 1.02 - 3.02; P=0.04) were independent PPI predictors[29].

  Supporting these data, solely baseline RBBB and deep valve implantation were found as predictors of high-degree AVB and PPI requirement in a separate multivariable analysis of a study published in 2011 in the American Journal of Cardiology[30].

  In terms of potential tools for AVB risk stratification in the electrophysiological study (EPS), a cohort led by Kostoupoulou et al.[16] analyzed 30 patients who underwent EPS, 25 of these had a second EPS after 48h. Delta-HV did not show to be a risk factor and baseline HV interval did only in univariate analysis.

  Opposing these findings, physicians from the Montreal Heart Institute followed 75 patients who had undergone EPS before and after TAVI. In multivariate analysis, the delta-HV interval was independently associated with AVB development and its sensitivity and specificity for predicting AVB were, respectively, 100% and 84.4% for a delta-HV interval ≥13ms[31].

  Considering the left ventricular outflow tract (LVOT) in terms of amount of calcium, perimeter and device size relative to LVOT, as well as the degree of valve protrusion into the LVOT, once these factors could affect the underlying conduction system, Rodríguez-Olivares et al.[32] performed a study where computed tomography was used to assess LVOT. By multivariate analysis RBBB at baseline (OR 2.9, 95% CI 1.2 - 6.9; P=0.014), next generation valves (OR 2.1, 95% IC 1.0-4.5; P=0.048), depth of implantation (OR 1.2 per 1 mm increment, 95% IC 1.1-1.3; P<0.001) and LVOT sizing (OR per 1% increment 1.0, 95% IC 1.0-1.06; P=0.022) were predictors of PPI.

  Heart Block Mechanisms after TAVI

  By Young Lee et al.[10] inter-individual variation in the penetrating bundle length and depth of septal penetration and variation in the location of the proximal portion of left bundle determine how susceptible these structures are to injury during TAVI.

  While conduction abnormalities in surgical aortic valve replacement (SARV) are attributed to the surgical method - suturing along the sewing ring near the membranous septum, removal of the native aortic valve and edema - the susceptibility to AVB in TAVI is more specific.

  In CoreValve®, the AVB risk is partly due to the valve design and the potential for a deeper valve implantation into the LVOT[10].

  Kammler et al.[33] identified that the mean distance from the annular margin of the non-coronary cusp to the ventricular end of the prosthesis was significantly longer in patients with pacemaker requirement (9.7±4.1 mm vs. 6.3±3.4 mm; P=0.0017). A cut-off value of 6 mm predicted this need with a sensitivity of 89% and specificity of 40%.

  Nuis et al.[25] also reported a direct relationship between the balloon/annulus ratio during balloon valvuloplasty and the development of new conduction disturbance, with a balloon/annulus ratio close to 1.0 as an acceptable compromise to avoid it.

  PPI Rates

  PPI after TAVI incidence has been reported ranging from 9% to 42% for self-expandable valves (CoreValve®) and from 2.5% to 11.5% for balloon expandable valves (Edwards Sapien®)[34].

  In the Partner 2 trial, where the Sapien XT® system was used in patients with severe AoS and intermediate surgical risk, the 30-day PPI rate was 8.5%[7].

  Comparing two generations of self-expanding repositionable valves, the PPI rates were 25.5% for CoreValve® and 26.7% for the new generation Evolut R®[8].

  In the CHOICE trial, a lower 30-day pos-procedural PPI need was observed in the balloon-expandable group (Sapien XT®) when compared to the self-expandable group (CoreValve®) (17.3% vs. 37.6%, RR 0.46, 95% CI 0.28 - 0.74). Besides, cardiovascular mortality within 30 days was 4.1% in the first and 4.3% in the second group (RR 0.97, 95% CI 0.29 - 3.25; P=0.99)[35].

  Another study comparing second generation devices - Direct Flow Medical®, Lotus®, Evolut R® or Sapien 3® (2G) to first generation - Sapien XT®, CoreValve® (1G), showed no differences regarding PPI requirement (6.5% vs. 7.8%; P=0.46); but patients treated with 1G devices suffered more 30-day adverse events (free of adverse events 75.3% vs. 88.8%, HR 2.4; 95% CI 1.4 - 4.0; P=0.01)[36].

  According to access routes, The German aortic valve registry (GARY), the biggest registry about TAVI, showed that 1-year pacemaker need was 26.2% in transvascular approach and 14.1% in transapical[37].

  Finally, in a meta-analysis published in 2016, which compared TAVI with conventional SVAR in low and intermediate risk patients, a higher PPI rate after TAVI was observed when compared to SAVR (21.6% vs. 7.5%, OR 7.4, 95% CI 1.98 - 8.34; P<0.001)[38]. The same finding has not been seen with sutureless devices, which have a PPI incidence similar to TAVI (5-17%)[39-42].

   

  CONCLUSION

  Not only anatomical variations in each patient conduction system may have an important role in the conduction disorders prevalence after TAVI, as well as the different valve implanted and its characteristics in terms of diameter and relationship with other cardiac structures. Self-expandable devices are related to a higher incidence of PPI need than balloon-expandable valves.

  Some baseline features, like RBBB, have been confirmed as significant predictors of PPI need. Moreover, new LBBB, which most often occur in the first 48 hours after TAVI, may also be a PPI risk factor.

  Further studies may be necessary for better understanding of rhythm abnormalities and to establish the permanent pacemaker implantation criteria after TAVI.
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    ABSTRACT

    The heat shock proteins are endogenous proteins with the ability to act as molecular chaperones. Methods that provide cell protection by way of some damage can positively influence the results of surgery. The present review summarizes current knowledge concerning the cardioprotective role of the heat shock proteins as occurs in heart damage, including relevant information about the stresses that regulate the expression of these proteins and their potential role as biomarkers of heart disease.
    Keywords: Heat-shock response; Cytoprotection; Biomarkers; Myocardium; Infarction.

  

   

  INTRODUCTION

  Heat shock proteins (HSPs) are a family of endogenous proteins responsible for a variety of stresses. The are classified according to their molecular weights in families, e.g. HSP27, HSP70, etc.[1]. They have the ability to act as 'molecular chaperones', since they stabilize macromolecules, guide protein folding, perform the refolding and remove irreversibly denatured proteins in the cell[2-4].

  The HSPs can be overexpressed in various stress situations, such as hyperthermia[5,6], hemodynamic stress caused by heart diseases[7], physical exercise[8], the administration of some substances as geranylgeranylacetone[9] and glutamine[10], among others.

  Heart surgery improves the survival and clinical prognosis of various diseases, but can induce an ischemic/reperfusion condition that damages the cardiac tissue. Methods that induce heart protection by ischemic damage can positively influence the result of surgery. Some HSPs have been the target of studies because they increase the resistance of myocardium cells against ischemia[11-14]. Other studies verified the relationship between HSPs and the development of heart disease[15-17]. Since failures in the detection of heart diseases can worsen the odds, more sensitive methods could significantly increase patient survival.

  The expression of HSPs in the heart has been the focus of several studies, but some questions still need clarification, such as: do all HSPs have a protective effect? Would increases in HSPs serve as new biomarkers for the diagnosis/prognosis of cardiovascular diseases? Would the increase offer advantages/improvements in the clinical outcome of cardiovascular diseases? As from these doubts, the objective of the present study was to systematically analyze the published studies concerning the expression of HSPs in the heart.

   

  METHODS

  The literature survey was carried out based on the PubMed data using the descriptors "Heat shock protein" and "heart" as components of the search field title. The objective was to select articles that researched the expression of HSPs specifically in the heart. We found 90 articles, among which those that included the objectives of the search were selected, excluding articles in languages other than English, and texts that were not complete articles or made conclusions about other substances/means or that did not report directly on the problems/cardiac tissues (Figure 1).

  
    

    [image: Fig. 1. Flow diagram showing the inclusion and exclusion criteria of the articles.]

  

   

  RESULTS AND DISCUSSION

  HSPs and Heart Protection

  HSP70 and some other small heat shock proteins (sHSPs) were found to provide heart protection. Of the 69 articles included in this study, 26 dealt with the effect of the HSPs in heart protection and 25 showed that the presence of these proteins was associated with the protective effect in cardiac tissue[5,9,11-14,18-36].

  Part of the myocardial protection granted, according to the authors, was due to the effect of HSP70 in response to ischemic damage. Yamashita et al.[18] and Kukreja et al.[19] induced the superexpression of HSP70, thus obtaining a significant reduction in the infarcted area. Qian et al.[20], Okubo et al.[12], Vittorini et al.[14], Zhao et al.[32] and Li et al.[34] reported similar results. Additionally, Yamashita et al.[18] showed that HSP70 content correlated with the time course of cardioprotection. Furthermore, an increase in HSP70 expression can prevent lipopolysaccharide-induced dysfunction[21]. Only Xi et al.[37] did not observe diferences in infarct size between the HSP70 and control groups.

  In addition to the decrease in the infarcted area, an increase in the expression of HSP70 offers an improvement in the recovery of post-ischemia/reperfusion injury[9,11,22,24,28]. Nomura et al.[22] verified that upregulation of HSP70 before cardioplegic ischemia improved the recovery of systolic and coronary endothelian function. Ooie et al.[24] demonstrated that an increase in HSP70 expression induced by geranylgeranylacetone (GGC) significantly improved post-ischemia heart recovery and decreased the cardiac injury markers.

  Tanonaka et al.[5] demonstrated that an increase in HSP70 was inversely correlated with worsening of cardiac parameters. However, an infarcted heart appears to have a lower production capacity of HSP70, which could be intimately related to its functional deterioration and ability to tolerate further damage[5]. An increase of HSP70 expression is also correlated with a decrease in heart apoptosis[26,30]. Both authors explored the expression of this protein as related to changes in endogenous hormones, but the role of these hormones on the expression of HSP70 is still unclear.

  In addition, sHSPs also promote heart protection[13,23,25,27,29,31,33,35]. Kim et al.[23], Efthymiou et al.[25] and Kwon et al.[13] found that HSP27 offered a protective effect in cases of infarction. Groups that overexpressed HSP27 presented significant reductions in the infarcted areas and reductions in cell apoptosis in cardiac tissue. Zhu and Wang[29] observed these same characteristics with increased expression of HSP20.

  Chen et al.[27] reveals that type-1 diabetic hearts are resistant to ischemic injury by upregulation of phosphorylated HSP27 and the low expression of HSP27 was associated with atrial fibrillation in patients with rheumatic heart disease[36]. An increase in the expression of HSP27 also provided an increase in the efficiency of stem cell therapy in the myocardial recovery, decreasing cell apoptosis and improving heart recovery during therapy[35].

  Jiang et al.[33] obtained similar results with increased expression of HSP32, which promoted heart protection following ischemia/reperfusion. An increase in the expression of HSP25 improved survival in patients with cardiomyopathy and increased heart resistance against toxicity[31].

  Induction of the Expression of HSPs

  Hyperthermia is one of the main and best known inducers of HSP expression, and of the articles included in this systematic review, twelve used this method to increase the protein expression[5-7,18-20,22,26,30,37-39]. However, depending on tissue type and HSP, increased expression can be influenced by several other types of stress, as shown in the general scheme of Figure 2.
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  HSP70

  Some substances also influence the regulation of HSP70: circulating hormones like phenyleprine and vasopressin[38], free radicals[40], treatment with geranylgeranylcetone[9,24], liposomal protein delivery of HSP70[21], intravenous injection of anandamide[34], chronic administration of Terminalia arjuna[28], injection of HSP70 adenovirus[12], probiotic-derived proteins[32] and parenteral administration of glutamine[10]. All these were shown to be effective in increasing the expression of this protein.

  Pathologies induce systematic stress that could superexpress HSP70 in the heart. Wei et al.[15] verified that the protein expression of HSP70 is frequently increased in hearts showing failure due to arrhythmogenic cardiomyopathy, dilated cardiomyopathy and ischemia. Ferrari et al.[41] verified that congestive heart failure increases HSP72 expression more pronounced in right than left ventricles, whereas hibernation increases expression in both. The initial stages of heart failure[42,43], elevation of aortic pressure[44] and diabetes mellitus[10] increase the expression of HSP70 in the heart tissue as a form of protection.

  However, as failure proceeds, repression of the nuclear portion of HSF-1 (heat shock factor 1) ensues thus inhibiting the expression of HSP70 in the more serious stages of the disease[5,7,43-46]. Two studies verified the involvement of diabetes mellitus in HSP70 expression[10,27]. Ugurlucan et al.[10] demonstrated an increase of HSP70 in diabetic hearts, while Chen et al.[27] observed no differences between the control and diabetic groups. Further research is essential to clarify the effects of diabetes mellitus on the expression of HSP70 in the heart.

  Steroid hormones alter the expression of HSP70 differently in men and women. Treatment with 17-B-estradiol or progesterone can activate HSF-1 and consequently increase the HSP70 expression, but not of the other HSPs[47]. Shinohara et al.[26] found that male hearts are more sensitive to the induction of HSP70 and the author explained that this finding was due to the inhibitory effect of estrogen on the HSP70 expression. However, Kohno et al.[30] showed that testosterone also had an inhibitory effect on the expression of HSP70, this inhibition being mediated by testosterone receptors in the heart tissue. Further research is required in this field, since the analysis of the results of these two studies seems to indicate that both sex hormones have an inhibitory effect, although estrogen may be a more potent inhibitor than testosterone, unless other factors are involved in the regulation process.

  The stress produced by the heart surgery itself has been shown to induce an increase in HSP70 expression. Schmitt et al.[48] reported a superexpression of HSP70 after stress caused by cardioplegic arrest, which was proportional to the duration of the cardioplegia. The increase became more pronounced after two hours, leading to the conclusion that the synthesis peaks at about two hours in human hearts. There were no significant changes in the HSPs of other molecular weights.

  Similar results were found by Vittorini et al.[14] and Dybdahl et al.[49], who observed that cardioplegia positively regulated the expression of HSP70. Ischemia/reperfusion preconditioning upregulates the HSP70 expression[20,50]. Hypothermic cardioplegia showed increase the HSP70 expression even more than normothermic controls, but only one study tested this hypothesis and this topic needs more research[51].

  Other types of cardiac stress have been shown to be efficient in increasing HSP70 expression, such as height-induced hypoxia, remaining high for up to two weeks[11] or pulmonar artery banding[52], a single stretch and fiber shortening[53], physical exercise[8] and stress caused by environmental changes[54].

  HSP60

  The increase in HSP60 expression due to hyperthermia is tissue-specific. Yan et al.[55], verified the behavior of HSP60 under acute heat conditions and showed that the expression was tissue-specific and that the increase was related to the extent of damage to the tissue. In the heart, HSP60 started increasing after one hour of induction and reached a peak after five hours.

  On analyzing the protein expression induced by the development of heart failure, Tanonaka et al.[43] showed that HSP60 levels only increased in the eighth week, when functional changes occurred that defined the presence of the pathology. Hoppichler et al.[56] found an increase in HSP60 antibodies in chronic heart disease. Wang et al.[46] demonstrated that the increase in HSP60 during heart failure could be mediated by the increase in circulating NFkB. In the reviewed articles, only three dealt with forms of inducing HSP60 expression.

  Small Heat Shock Protein (HSP20, 25 and 27)

  Stress induced by some diseases affects the expression of HSP27 and some other HSPs. Tanonaka et al.[43] found that at the onset of heart failure there was an increase in HSP27. Corroborating the finding above, Dohke et al.[57] observed an increase in phosphorylation of HSP20 and HSP27. Ischemic preconditioning also increases HSP27 expression[23]. Hu et al.[58] demonstrated a reduction in the expressions of HSP27 and HSP32 in the heart following intracerebral hemorrhage, but treatment with deferoxamine reversed the reduction in HSP32, although making the reduction in HSP27 even more pronounced.

  Raju et al.[45] observed that congestive heart failure increases HSP32 without changing HSP70 expression, showing that HSPs behave in distinct manners with each other. The regulation of some sHSP may be correlated with endogenous proteins. As published by Jiang et al.[33], nucleolin interacts with the mRNA of HSP32 increasing its stability and consequently its expression.

  McGinley et al.[35] noted that it was possible to increase the expression of HSP27 by treating with lentivirus vectors, an effect similar to that demonstrated by Kwon et al.[13], which induced an increase in HSP27 using a protein delivery system by recombinant HSP27 linked to a protein transduction domain. The adenoviruses HSP20 and HSP22 were also efficient in increasing the expression of these proteins in cardiomyocytes[29]. Pretreatment with HSP25 enriched plasma also induced an increase in the expression of extracellular HSP25, according to a study published by Krishnamurthy et al.[31].

  Systemic stress positively regulate the expression of HSPs. Physical exercise increased the expression of HSP27[8], and Boluyt et al.[59] showed that only chronic physical training caused an increase in HSP20 expression, which persisted for at least 72 hours of detraining. Stresses such as drug abstinence induced an increase in HSP, as verified by the work of Almela et al.[60], where morphine-dependent rats showed an increase in HSP27 expression upon receiving saline instead of morphine.

  HSPs as Potential Biomarkers for Heart Disease

  Due to their characteristic response to diverse stresses, including heart disease, the power of HSPs as diagnostic and prognostic markers for heart disease has been investigated. Of the papers included in this study, 21 of them verified this relationship[5,15,17,42,45,49,56,57,61-72].

  Of these studies, nine investigated the relationship of HSP60 expression and its potential to detect heart disease, and seven of them showed that HSP60 had the potential to be a diagnostic or prognostic marker of heart disease. Veres et al.[64] and Zhang et al.[70] verified that high levels of HSP60 could increase the risk of heart disease and could be considered as a new familial risk factor for these diseases.

  Elevated HSP60 concentrations were positively associated with the severity of coronary arterial disease in a dose-dependent way[70,71] and with ischemic heart disease[68], and also showed a correlation with heart failure and other adverse cardiac events and antibodies levels in sera can be correlated with worse prognosis[16,61,69]. Only Hoppichler et al.[56] and Rothenbacher et al.[63] reported that high levels of HSP60 did not correlate with the risk factor for heart disease.

  Of the ten studies that verified the role of HSP70 as a possible biomarker for heart disease, nine came to a positive conclusion. The pioneering work of Comini et al.[42] was confirmed by Genth-Zotz et al.[65] and Gombos et al.[67], who found that the levels of this protein were significantly higher in the groups with heart failure and that this expression was related to the severity of the disease. In agreement with those reports, Wei et al.[15] also observed that an increase in the expression of HSP70 was common in heart failure.

  Comini et al.[42] showed that congestive heart failure, but not compensatory hypertrophy, increases HSP70 expression in heart. Only Raju et al.[45] found no changes in HSP70 expression in the congestive heart failure model. Patients with myorcardial infarction also show higher levels of HSP70 than control subjects[66]. Another fact that supports its use as a diagnostic/prognostic biomarker of heart disease is the correlation that has been reported between HSP70 and the traditional injury markers such as AST, ALT, γGT and bilirubin in patients with heart failure[5,67].

  In assessing the relationship between HSP70 and progression of heart failure, Li et al.[17] verified a significant increase with the progression of disease stages, showing their potential for detection, mainly in old myocardial infarction or in those whith structural heart disease. Baba et al.[62] concluded that worse parameters correlate with increased HSP70 and that this increase was inversely correlated with rejection in the case of heart transplantation. Dybdahl et al.[49] concluded that measurement of increased levels of HSP70 in post-cardiac surgery tissue and ischemia could offer an advantage in the diagnosis and prognosis of such cases.

  Increased sHSPs are also correlated with heart failure, and HSP27 can be used as a marker for this purpose. It was shown that HSP20, HSP27 and HSP32 were involved in congestive heart failure due to significant increases in the phosphorylated forms that appear in this disease[45,57]. An increase in HSP27 was correlated with the progression of heart failure in animals[17], and in humans HSP27 was significantly higher in patients with valvular heart disease[72], suggesting its use as a marker for disease.

  Influence of HSP on Heart Health

  HSPs work as a cellular defense mechanism, acting as a complementary antioxidant system; the oxidative stress inducing an increase in the expression of one or several HSPs, and this increase in turn promotes protection[8] through repairing. The accumulation of reactive oxygen species throughout a lifetime, however, can affect the efficiency and homeostasis of the cellular system.

  Ageing negatively affects HSP70 expression in the heart, leaving the heart more susceptible to oxidative damage, but Rinaldi et al.[8] showed that physical exercise increased the expression of HSP70 and HSP27 in the heart. In fact, the expression of these proteins inhibits apoptosis and protects the integrity of actin and cardiac microtubule cytoskeleton[46], thus explaining in part the beneficial effect of exercise on the heart of the elderly.

  HSP70 is an endogenous activator of the innate immune system[49,66]. The circulating levels of HSP70 not only act as molecular chaperones but are also correlated with the decrease of inflammatory cytokines. An in vitro study proved the release of inflammatory cytokines mediated by HSP70, TLR4 receptor agonists[66]. Dybdahl et al.[49] found that HSP70 did, in fact, induce an increase in IL-6 and TNF in a dose-dependent manner via TLR4/CD14, thus demonstrating the involvement of HSP70 in the inflammatory response.

  Besides guiding the initial protein folding, some small heat shock proteins help in heart protection and function. Qiu et al.[73] demonstrated that HSP22 depletion did not affect heart function under basal conditions, but following cardiac overload, its absence promoted eccentric hypertrophy and dilation of the heart, accelerated the transition to heart failure, and interfered in the activation of the cellular protection system.

  Additionally, an increase in HSP25 expression can prevent apoptosis signaling, antagonizing the activation of TLR2 after systemic stress, such as in the case of toxic treatments or the accumulation of denatured proteins[31]. HSP20 positively interferes in the contractile capacity of the heart; the overexpression of HSP20 is a beneficial factor for heart tissue, since it acts in the cellular protection against several types of stress and simultaneously improves the contractile function[59].

  Table 1 presents a summary of the evidence.
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  CONCLUSION

  In summary, the literature provides consistent evidence that HSP20, HSP25, HSP27, HSP32 and HSP70 promote a protective effect following heart damage. Overexpression of these proteins in cardiac tissue increases protection as a natural result of ischemic damage, decreases infarcted area and myocardial apoptosis, and aids in heart recovery.

  The increase in expression of these proteins can occur through some systemic stresses, such as hyper- and hypothermia, hypoxia, physical exercise and cardioplegia, as well as some substances and treatments, or the stress produced by heart disease. The sum of these findings could be useful under conditions in which it is necessary to induce ischemic damage, as in the case of surgery with cardiopulmonary bypass or other surgical procedures that include the temporary cutoff of supplies to the heart, in addition to improving cardiovascular endurance through heart disease. However, studies and procedures in human subjects still need to be more widely studied.

  Although limited, knowledge on the role of HSPs as possible biomarkers has shown that HSP20, HSP27, HSP60 and HSP70 correlate well with heart disease, disease severity and resulting adverse events, the use of these proteins in the myocardium or in the blood is currently under evaluation as predictive markers in pre- and post-surgery. Little or no reference has been found in the literature, however, about the possibility of manipulating the production of these repair proteins. However, a likely practical application for the use of HSPs could be available if we could either enhance the overexpression by specific diet or avoid the use of practices or therapeutic procedures that could jeopardize the expression of HSPs and their benefits. While our understanding of these major HSPs in heart disease is incomplete, there is a clear potential role for the therapeutic modulation of HSPs in the practical clinical context. In the absence of such data, further studies would be required to better explore this natural repair system, perhaps even as a tool to evaluate the success of the therapy.
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    ABSTRACT

    Penetrating heart injuries present high mortality rates. Increasing rates of urban violence have contributed to a significant rise in the number of heart injuries by firearm projectiles. Such injuries are associated with the highest mortality rates among penetrating cardiac injuries and may involve one or more cardiac chambers. We present the case of a police officer who, in an approach to five robbers, suffered a transfixed cardiac injury by firearm with the projectile having been lodged inside the right ventricle. This patient was successfully operated, 65 days after the injury, at our institution.
    Keywords: Heart injuries; Wounds and Injuries; Wounds, Gunshot; Cardiac Surgical Procedures.

  

   

   

  INTRODUCTION

  Despite advances in medicine that have high technology to support critical patients, penetrating cardiac injuries still pose a challenge to cardiothoracic surgery teams because of the high mortality rates. The high number of deaths in the prehospital phase impairs the calculation of the real mortality rates, but values are estimated between 16% to 97%[1]. The mechanism of trauma, the clinical conditions at hospital admission, and the presence of lesions in multiple cardiac chambers are the most important variables for the determination of the outcome in these patients[1,2]. The main causes of death are the hypovolemic shock due to exsanguination, and the cardiac tamponade[2]. Currently, heart injuries have been more common due to the rampant growth of urban violence and the easy access of the civilian population to firearms[1,3].

   

  CASE REPORT

  LSA, a 34-year-old male police officer, came to the office to report that he had been discharged 16 days after being treated for chest injury by firearm. He reported that the projectiles (two) were still in his body. He reported having been treated in the public hospital emergency room with two projectiles orifices entries in the lateral side (subaxillary), on the average height of the right hemithorax, provoked during the approach of robbers in an attempt of assault. According to a copy of the admission record, he was slightly discolored, peripheral perfusion maintained, tachycardic, and with decreased vesicular murmur on the right chest. Initial stabilization support measures were established. Chest X-rays showed one projectile in anterior cardiac topography, near the apex of the heart and another in the right rectus abdominis, near the thoracoabdominal transition. In addition, it showed moderate right pleural effusion. Computed tomography of the chest ratified the radiographic findings and showed discrete pericardial effusion. The right hemithorax was drained, and then the patient was transferred to a private hospital, where the radiographs and tomography of the chest were repeated, besides transthoracic and transesophageal echocardiograms. None of them report the presence of a projectile within the heart. All reports referred to the presence of a projectile in topography around the heart - nearby. During the hospitalization, the patient had a right pulmonary embolism, and was anticoagulated with rivaroxaban, being discharged after two weeks. Upon analyzing the case in detail, we could not rule out the possibility that one of the projectiles was lodged inside the heart. New imaging exams were requested from the outpatient in another institution. However, the reports remained imprecise as to the exact location of the projectile in cardiac topography. After a clinical meeting for discussion of all the exams, a new echocardiogram was elected, which, this time, showed the projectile inside the right ventricle (Figure 1). The patient was promptly hospitalized and underwent surgical intervention. Access to the thoracic cavity was made by median sternotomy. No hematoma was observed in the pericardial fat, and after the pericardiotomy, the orifice of entry of the projectile in the pericardial cavity was not found. Only discrete sero-sanguineous effusion was found. Extracorporeal circulation was established by drainage of both vena cava and infusion by the ascending aorta. A tactile inspection of the diaphragmatic wall of the right ventricle was performed under total aortic clamping and cardioplegic arrest with Custodiol(r). This maneuver allowed us to feel the presence of the projectile near the apex of this ventricle. Unbelievably, the diaphragmatic wall of the right ventricle did not show the projectile's inlet orifice. A ventriculotomy of approximately 3 cm was performed on the diaphragmatic face of the right ventricle followed by removal of the projectile (Figure 2). Right ventricle closure was performed with separate "U" points (3.0 polypropylene) anchored in two Teflon(r) bars. Extracorporeal circulation was discontinued as soon as hemodynamic conditions allowed. Through the median incision the other projectile, which had been lodged in the right rectus abdominis, was located and removed. Surgery was completed with the revision of hemostasis, mediastinal drainage, and closure of the thorax. Trans and postoperative echocardiograms did not show the presence of interventricular communication. The patient presented a good evolution when he was discharged, thus returning to his normal healthy life.

 
    

    [image: Fig. 1. Echocardiogram showing the projectile inside the right ventricle.]

  

 
    

    [image: Fig. 2. Removal of the projectile from the right ventricle.]

  

   

  DISCUSSION

  Despite the improvement in trauma patient care, a large number of victims of penetrating cardiac injuries die before their admission to a hospital[1]. Most are caused by white weapons or firearm projectiles[1,2], although such injuries may also be caused by foreign bodies, costal or sternal fractures[1] under more rare circumstances. Penetrating cardiac injuries by white weapons are more frequent than firearms, but the increase in urban violence rates has contributed to the growing importance of the firearms injuries[1,3]. Degiannis et al.[3], analyzing 117 patients with cardiac trauma by white weapons or firearm projectiles, showed that in the victims of firearm injuries, mortality reached 81%, being statistically significant when compared to the 15.6% associated with injuries due to white weapons. The same data were not found by Rodrigues et al.[4], whom, in an analysis of 70 patients with penetrating cardiac wounds by white weapons or firearms, found no statistical differences in mortality between the two groups. As said previously, the high number of deaths in the prehospital phase impairs the calculation of the real mortality rates and may justify, at least in part, the observed differences. Degiannis et al.[3] also found no differences in mortality rates when comparing wounds in one or multiple cardiac chambers. Lone et al.[5] studied 40 patients considering only heart injuries by projectiles of firearms and shrapnel and showed that 87.5% had a lesion in a single chamber and that in this group survival was 62.8%. The 12.5% with lesions in more than one chamber presented 100% mortality. The present patient had a transfixing lesion that affected the right ventricle, with the projectile lodged inside this cardiac chamber. This occurrence characterizes it as a rare case, given the mechanism of the trauma, the final location of the projectile and the outcome presented. After all, it did not evolve either to death due to cardiac injury nor to the resulting pulmonary embolism. Similar to this report, is Meira et al.[6] report case, in which the projectile lodged inside the right ventricle was removed 18 days after the trauma. In this particular case, the projectile was also lodged inside the right ventricle, but 65 days were elapsed between the lesion and its removal. Ventricular penetrating lesions tend to bleed less intensely than atrial ones because they are stagnant during myocardial contractions[2,6], a fact that may have been relevant to the favorable outcome presented here. In this way, another relevant point may have been the location near the apex of the right ventricle, a trabecular region, which may have contributed to the containment of the bleeding.
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    ABSTRACT

    Giant cell myocarditis is a rare and highly lethal disorder with resultant cardiac insufficiency. It necessitates aggressive immune suppression therapy, although the results are often fatal. When it affects only the atria, the characteristics of the disease changes completely. In this case report, we present atypical presentation of atrial giant cell myocarditis with mass lesion, which completely resolved after successful surgical resection without immuno suppression therapy.
    Keywords: Myocarditis; Heart Failure; Heart Neoplasms.

  

   

  INTRODUCTION

  Giant cell myocarditis (GCM) is a rare and highly lethal disorder with resultant cardiac insufficiency. It requires aggressive immune suppression therapy, although the results are often fatal. Recently, a new entity of GCM was described. In this form of the disease, when GCM affects only the atria, the characteristics of the disease changes completely[1]. In this case, we present first-in-man successful treatment of a 53-year-old male patient with the diagnosis of atrial GCM, presenting in the form of a tumor, and his status at the end of 24 months follow-up.

   

  CASE REPORT

  A 53-year-old man, who had non-exertional chest pain with positive exercise stress test, was hospitalized by the cardiology department. Total occlusion of the right coronary artery (RCA) was detected in the cath-lab. After performing percutaneous transluminal coronary angioplasty (PTCA), long segment drug-eluting stents (DES) and bare-metal stent (BMS) were placed. After the procedure he became hypotensive. In order to exclude pericardial effusion, transthoracic echocardiography was performed. In the left atrium (LA), a 6,5x4 cm mass was detected with LA dilatation and estimated systolic pulmonary artery pressure over tricuspid regurgitant jet was 43 mmHg. Then, he was sent to our clinic for surgery with possible diagnosis of LA myxoma. His left ventricular ejection fraction (LVEF) was 60%. We decided to perform surgical excision of the mass. Following median sternotomy, we reached the LA via transseptal approach. We saw a giant mass in the LA, nearby the mitral valve. The mitral valve was intact without any deformation. We excised the mass, which invaded the myocardium towards the posterior wall of the LA. The LA was hypertrophic in nature, so all the mass with LA was resected. The mass consisted of central necrotic parts which did not resemble to atrial myxoma. Intraoperative view of the mass is shown in Figure 1A. The defective posterior atrial wall was then repaired by autologous pericardium, fixed by 0.625% glutaraldehyde solution (Figure 1B). Intraoperative frozen pathology specimen was reported as benign tissue, rich in fibrosis, but not myxoma. After closing the septum and the right atriotomy, RCA bypass over PD segment was performed using saphenous vein graft. The aortic occlusion time was 141 minutes. Since the patient had first-degree heart blockage, a temporary pacemaker lead was inserted and the operation was completed in routine manner. Postoperative period was uneventful. He had sinus rhythm after 24 hours, stayed in intensive care unit (ICU) for 2 days, and discharged from the hospital at postoperative 8th day.

 
    

    [image: Fig. 1. Intraoperative view of atrial giant cell myocarditis, which invaded the myocardium towards the hypertrophied posterior wall of the left atrium (A) and defective posterior atrial wall repaired and strengthened by autologous pericardium, fixed by 0.625% glutaraldehyde solution (B).]

  

  Histopathologic examination of the specimen revealed necrotic areas, lymphocytic and histiocytic infiltration and sporadic eosinophilia in the striated muscle fibers. There were also multinuclear giant cells. These giant cells showed positive expression with CD45 and CD68, with the final diagnosis of GCM (Figure 2A-D). After the accurate diagnosis of GCM, he was followed-up by echocardiography in the 10th day, 1st month, and every 3 months thereafter. He clinically improved after the operation, and still had LVEF of 55% at the end of 24 months follow-ups. He took only acetylsalicylic acid (100 mg/day), ramipril (5 mg/day) and bisoprolol (5 mg/day) treatment after the operation without immune suppression therapy.

 
    

    [image: Fig. 2. Pathologic specimen prepared by hematoxylin eosin (x20; figure 2A) and immunohistochemical CD 68 staining (x20; figure 2B), showing necrotic changes with fibrous tissue and multinucleated giant cells. Multicellular giant cells and inflammatory cell infiltration (figure 2C, with hematoxylin-eosin, x20) and lymphocytes, histiocytes and infrequent eosinophils in the muscle fibers (figure 2D, with hematoxylin-eosin, x20) are shown in the figure.]

  

   

  DISCUSSION

  Idiopathic GCM is a rare form of fulminant myocarditis which has a poor outcome without heart transplantation[2]. The clinical presentation of GCM is usually dramatic, but some may present an indolent course with the presence of symptoms for months to years before the proper diagnosis is made[3]. The natural course is rapid and mortality is high if left untreated, with an average transplant-free survival of <6 months. Ventricular assist device placement and immunosuppressive regimens, including high dose steroids and cyclosporine have modestly improved the prognosis of GCM, to almost 12 months of transplant-free survival; nevertheless, they still need heart transplantation[2]. In 2013, Larsen et al.[1], stated that GCM located in the atrium have distinctive clinicopathologic features with a more favorable prognosis than classical ventricular GCM. After the first description of atrial GCM in 1964, the largest series of atrial GCM was published by Larsen et al.[1] with 6 consecutive patients and in the literature only 13 cases were found in the PubMed database search. After Larsen called attention to distinct features of atrial GCM, Basso and Thiene[4] stated that atrial GCM might be more common than generally believed. As reviewed, 5 of these literature based cases lacked history or evidence of rheumatic diseases, as did in our case. Our case also emphasizes that atrial GCM is a distinctive disorder with its own characteristics. As Basso and Thiene[4] stated, the disease might be attributable to atrium-specific autoantigens.

  Tumors of the cardiovascular system are very rare diseases. There are many disorders that do not fit into the concept of tumor or neoplasm. Among these cardiovascular tumors, 70% of these are benign, and when surgically excised, most of them are pathologically confirmed as benign[5]. Tumors of the heart are divided into three categories: benign tumors and tumor-like lesions, malignant tumors, and pericardial tumors. In benign tumors, tumors were classified as tumors showing differentiation into muscle cells such as rhabdomyoma, adult cellular rhabdomyoma, hamartoma of mature cardiac myocytes, and histiocytoid cardiomyopathy. Cardiac myxoma and papillary fibroelastoma are classified as pluripotent mesenchymal origin, and cardiac fibroma and inflammatory myofibroblastic tumor were classified as tumor showing differentiation into myofibroblastic cell.

  An atrial myxoma must be differentiated from a LA thrombus. Echocardiographically and surgically, the presence of a stalk and mobility favors atrial myxoma whereas the thrombus is usually situated in the posterior portion of the atrium with a layered appearance. On the other hand, myocarditis is a diffuse inflammatory process of the myocardium, although instances of focal myocarditis in the right/LV or LA may be present rarely as in our case.

  Rheumatic fever (RF), sarcoidosis, specific infections and gout should be considered in the differential diagnosis. Both GCM and cardiac sarcoidosis (CS) are presented in similarly aged patients. Unlike GCM, CS is characterized by tight nonnecrotizing granulomas, with central multinucleated giant cells. Fibrosis is more pronounced in CS than in GCM[6]. The absence of necrosis of rheumatoid myocarditis without Aschoff cells excluded the diagnosis of RF and the absence of granulomatous structures in our case excludes sarcoidosis in the differential diagnosis. Both GCM and CS may present with ventricular tachycardia, presentation with acute-onset heart failure is more commonly seen in GCM, while presentation with heart block is more predictive of CS[6]. Although GCM does not form a mass lesion in general, it is not a must and this is the first report of atrial GCM forming a mass lesion in the literature.

  We believe that more case reports and possibly series will be reported in near future as the importance and unique properties of this disease are learned. In this case, we clearly identified the borders of the mass limited in the LA and total removal of the mass improved patient's quality of life with no additional treatment.
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    ABSTRACT

    Moyamoya disease is a rare, idiopathic, progressive, occlusive disease of the internal carotid artery characterized by the development of collateral vasculature in the brain base. In patients with accompanying coronary artery disease, cardiopulmonary bypass posses a potential risk for perioperative cerebral ischemic complication. Herein, we report a 53-year-old male case of Moyamoya disease and coronary artery disease who was treated with off-pump coronary artery bypass grafting.
    Keywords: Moyamoya Disease; Coronary Artery Bypass, Off-Pump; Coronary Artery Bypass; Coronary Stenosis/Complications/Surgery.

  

   

  INTRODUCTION

  Moyamoya disease is characterized by the occlusion or spontaneous bilateral stenosis of the terminal portion of the internal carotid artery[1]. There is a limited number of reports on extracranial vessel involvement and accompanying ischemic events in Moyamoya disease[2].

  We report a 53-year-old male case of Moyamoya disease having coronary ischemia treated with off-pump coronary artery bypass grafting (CABG).

   

  CASE REPORT

  A 53-year-old male patient was referred to our emergency department due to a sudden-onset chest pain. In his medical history he had coronary artery disease for five years and a CABG surgery was recommended for him in another healthcare centre one year before. The stenosis in the right internal carotid artery was observed in the preoperative carotid Doppler ultrasonography. The patient was then diagnosed with Moyamoya disease based on subsequent cranial computed tomography and cerebral digital subtraction angiographic (DSA) images (Figure 1). In the DSA scans obtained from the previous institution, the stenosis of the right internal carotid artery extended to the distal ophthalmic branch was observed. Due to the low blood flow in the right middle cerebral artery (MCA), CABG was considered risky for causing cerebral hypoperfusion so their treatment plan was revised to the placement of a coronary stent into the main circumflex artery.

 
    

    [image: Fig. 1. Cerebral Artery Digital Subtraction Angiography (DSA). A e B) Left internal carotid arterial injection revealed a normal middle and anterior cerebral arterial blood flow. C e D) Right internal carotid arterial injection revealed a stenosis involving the distal ophthalmic branch without any blood flow in the right middle and anterior cerebral arteries.]

  

  During his evaluation in our center, the ejection fraction was calculated as 48% and the basal, mid-basal posterior and anterior segments of the interventricular septum were hypokinetic. Emergent coronary angiography showed 100% stenosis in the left anterior descending artery and the stent previously placed was patent in the main circumflex artery, while 50% stenosis was observed in the second obtuse marginal artery, followed by 100% stenosis in the main circumflex artery (Figure 2). We decided to perform an elective CABG surgery as a treatment option for the patient, according to the results of the previous examinations.Preoperative written informed consent was obtained from the patient for open heart surgery.

 
    

    [image: Fig. 2. Coronary angiography showing 100% stenosis in the left anterior descending artery (LAD) and 50% stenosis in the second obtuse marginal artery, followed by 100% stenosis.]

  

  Under general anesthesia, the patient received continuous esmolol infusion (50 µg/kg/min). The surgery was performed with off-pump beating heart technique and the heart was stabilized using Octopus(r) (Medtronic Inc, Minneapolis, USA) tissue stabilizers. The left internal mammary graft was anastomosed to the left anterior descending artery and a saphenous vein graft was anastomosed sequentially to the second obtuse marginal artery without any intraoperative complication. The patient was transferred to the cardiovascular intensive care unit under positive inotropic support (5 µg/kg/min Dopamine). The patient was, then, successfully extubated and discharged on the sixth day after the surgery.

   

  DISCUSSION

  Moyamoya disease is a progressive, occlusive cerebrovascular disease without any known etiology which is mostly seen in the Northeast Asian countries[1].

  The disease is characterized by the occlusion or spontaneous bilateral stenosis of the terminal portion of the internal carotid artery[1]. Transient or permanent cerebral ischemic conditions are typically seen in the childhood, while hemorrhagic diseases are seen in the adulthood[1]. As a result, Moyamoya disease may present with distinct clinical presentations according to the age of the affected individual[1].

  To the best of our knowledge, there are three cases of Moyamoya disease operated with off-pump CABG technique. One of these cases was a 51-year-old Japanese female patient in whom angioplasty was performed for the left anterior descending artery stenosis, followed by elective left anterior mini thoracotomy and minimally invasive direct CABG due to the heart ischemia as assessed by the exercise stress test at 28 weeks of follow-up[1]. The other cases were a 56-year-old Korean female patient in whom off-pump three-vessel CABG was performed one year before the diagnosis of Moyamoya disease[3] and a 48-year-old Japanese female patient in whom off-pump CABG was performed with the support of intra-aortic balloon pump (IABP) due to the left main coronary lesion[4]. Due to the low number of cases and limited intraoperative data, it is challenging to discuss the prevention methods for cerebral ischemia in Moyamoya disease. Prevention of cerebral ischemia in off-pump technique can be achieved by maintaining the systemic blood pressure over 80 mmHg. In addition, some authors reported the use of IABP to prevent cerebral diseases in patients with Moyamoya disease undergoing CABG[4].

  In the present case of Moyamoya disease, we believe off-pump two-vessel CABG provided a safe approach most probably by preventing CPB-related hypotensive cerebral ischemia. We think this type of management may provide effective prevention of intraoperative and postoperative complications.
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Fig. 3 - The measures of central tendency and dispersion. A. Mean and standard deviation (SD) in a normally distributed sample. B. Median
and interquartile range (IQR) in a non-normally distributed sample.





OPS/images/a20img02.png





OPS/images/artigo1.png
EDITOR-IN-CHIEF

Prof. Dr. Domingo M. Braile - PhD
S30 José do Rio Preto - SP - Brazil

domingo@braie.com.br
BRAZILIAN JOURNAL OF
FORMER EDITORS
CARDIOVASCULAR SURGERY « Prof. Dr. Adib D. Jatene PhD - S30 Paulo (BRA) [1986-1996]
 Prof. Dr. Fablo B. Jatene PhD - 520 Paulo (BRA) [1996-2002]
ASSOCIATE EDITORS
'ADVANCES IN CARDIOVASCULAR SURGERY CME
+ Tomas A. Salerno - Miami (USA) » Jodo Carlos Ferreira Leal - S30 José do Rio Preto (BRA)
AORTA CONGENITAL

« Eduardo Keller Saadi - Porto Alegre BRA)

 Luciano Cabral Albuguerque - Porto Alegre (BRA)
BASIC RESEARCH

» Enio Buffolo - S3o Paulo (BRA)

« Otoni Moreira Gomes - Belo Horizonte (BRA)

* Paulo Roberto B. Evora - Ribeirdo Preto (BRA!
CARDIAC STIMULATION AND ELECTROPHYSIOLOGY
José Carlos Pachén Mateos (BRA)

CARDIOVASCULAR REHABILITATION

« Solange Guizilini - S30 Paulo (BRA)
CARDIOVASCULAR SURGERY IN THE ADULT
 Marcela da Cunha Sales - Porto Alegre (3RA)
CARDIOVASCULAR SURGERY

« Henrique Murad - Rio de Janeiro (BRA)

 Leonardo Augusto Miana - 530 Paulo (BRA)
* Orlando Petrucci Jr. - Campinas (BRA)

* Vinidius José Da Silva Nina - S0 Luis (BRA)
CORONARY

Bruno Botelho Pinhelro - Golania (BRA)

* Nelson Hossne - 530 Paulo (BRA)

* Walter José Gomes - S3o Paulo (BRA)
REGENERATIVE AND TRANSLATIONAL MEDICINE
 Gabrlel Liguor - S3o Paulo (BRA)

 Paulo Roberto Slud Brofman - Curitiba (BRA)
STATISTICS

* Marcos Aurelio B. de Oliveira - Sinop (BRA)
 Michel Pompeu B. de O. 54 - Recife (BRA)

* Orlando Petrucci Jr. - Campinas (BRA)
VALVE

» Manuel de Jesus Antunes - Colmbra (POR)

EDITORIAL BOARD
« Adolfo Saadia Buenos Alres (ARG) « Joseph S. Caselll Houston (USA)
« Alan H. Menkis Winnipeg (CAN) * Lesle Miller Tampa (USA)
* Alexandre Visconti Brick Brasilia (BRA) Luis Alberto Oliveira Dallan  Sao Paulo (BRA)
Al Ghodsizad Miami (USA) Luiz Carlos Bento de Souza 530 Paulo (BRA)
« Anthony L. Panos Mississippi (USA) * Luiz Felipe Pinho Moreira S30 Paulo (BRA)
 Antonio Marla Calafiore Campobasso (taly) « Luiz Fernando Kubrusly. Curitiba (BRA)
Antdnio Sérgio Martins Botucatu (BRA) ario O. Vrandecic Peredo  Nova Lima (BRA)
Bayard Gontijo Filho Belo Horizonte (BRA) Mauro Paes Leme de 54 Rio de Janelro (BRA)
« Borut Gersak. Ljubljana (5L0)  Milton Ary Meler Rio de Janelro (BRA)
 Carlos Roberto Moraes. Redife (BRA) *Nilzo A. Mendes Ribeiro Salvador (BRA)
« Eduardo Sérgio Bastos Rio de Janeiro (BRA) * Noedir A. G. Stolf S3o Paulo (BRA)
« Fabio Biscegli Jatene 530 Paulo (BRA) « Olivio Alves Souza Neto Rio de Janeiro (BRA)
« Fernando Antonio Lucchese ~ Porto Alegre (BRA) «Pablo M. A. Pomerantzeff 520 Paulo (BRA)
« Glanni D. Angelini Bristol (UK)  Paulo Manuel Pégo Fernandes 520 Paulo (BRA)
« Gilberto Venossl Barbosa  Porto Alegre (BRA) « Pirooz Eghtesady Cincinatti (USA)
« Gilles D. Dreyfus Harefield (UK) « Protasio Lemos da Luz 530 Paulo (BRA)
Porto Alegre (BRA) nato Abdala Karam Kalil  Porto Alegre (BRA)
S0 Paulo (BRA) icardo C. Lima Recife (BRA)
« José Anténio F. Ramires 530 Paulo (BRA) «Roberto Costa 520 Paulo (BRA)
« José Darlo Frota Filho Porto Alegre (BRA) «Rodolfo Nelrotti Cambridge (USA)
« José Pedro da Siiva 530 Paulo (BRA) Rui M. 5. Almeida Cascavel (BRA)
« José Teles de Mendona Avacaju (BRA) « Sérgio Almelda de Oliveira 530 Paulo (BRA)
» Joseph A. Dearani Rochester (USA) » Ulisses A. Croti S.J. Rio Preto (BRA)
EDITORIAL FELLOW MANAGING EDITOR

Davi Freitas Ten6rio - MD SZo Paulo (BRA)
Leila Noguelra Barros - MD Sio Paulo (BRA)

EDITORIAL ASSISTANT
+ Camila Safadi - Postgraduate degree in Project Management - PMI
. Jose do Rio Preto (BRA) - camia@sbecv.org.br

MANUSCRIPT EDITING SPECIALIST
* Rosangela Montelro - PhD.
S0 Paulo (BRA)

* Meryt Zanini - Postgraduate degree in Health Law from Faculdade
de Sadde Piblica da USP and MBA In Health Management from FGV
S0 Paulo (BRA) - meryt@sbecv.org.br

ENGLISH VERSION
 Fernando Pires Buosl

« Priscila Zavatierl Mada

« Renata Siqueira Campos

GRAPHIC DESIGN AND LAYOUT
 Silvia Seabra





OPS/images/a06img04.png
Column Chart Box and Whisker Plot

8 25
6 20 .

15
4

10
2

==—
0 0
without outlier with outlier without outlier with outlier
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Table 1. Composition of cardioplegic solutions.

Components (mM)

Carrier

Custodiol-LP

Sterile water

del Nido-LP

Plasma-Lyte A"

Blood:cardioplegia _ 14
Calcium chloride 0.02 024
Histidine 180 —
Histidine-HC| 18 —
Magnesium chloride 4 113
Magnesium sulfate _ 6.18
Mannitol 30 1372
Potassium chloride 9 243
Potassium hydrogen 2-ketoglutarate 1 _
Sodium acetate trihydrate — 2034
Sodium bicarbonate — 1379
Sodium chloride 15 91.66
Sodium gluconate _ 17.33
Tryptophan 2 _
Drugs concentration (del Nido-LP without added blood)

Lidocaine 045 045

Pinacidil 0.5 0.5
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Fig. 2 - Coronary angiography showing 100% stenosis in the left
anterior descending artery (LAD) and 50% stenosis in the second
obtuse marginal artery, followed by 100% stenosi
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Fig. 1 - Cerebral Artery Digital Subtraction Angiography (DSA). A € B) Left internal carotid arterial injection revealed a normal middle and
anterior cerebral arterial blood flow. C e D) Right internal carotid arterial in caled a stenosis involving the distal ophthalmic branch
without any blood flow i the ight middle and anterior cerebral arteri
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Table 2. Laboratory and operative variables.

o group PoRF group e
Hematocrit (%) 39374553 41.16+469 0244
White blood cell (10%/ul) 9.18+2.14 9554287 0733
Platelet (10%/L) 268.98+912 237.56+5469 0.126
Red cell distribution width (%) 1376+1.13 13.98+1.25 0456
Mean platelet volume (fL) 891+098 866086 0208
BUN (mg/dl) 1804+7.71 17.78+7.39 0.803
Creatinine (mg/dL) 088+021 089+032 0545
Na (mEg/L) 13834307 138641246 0534
K(mEg/L) 417+042 41406 0673
Ca (mg/dL) 909+042 9.17+051 0269
Mg (mg/dL) 1914015 194022 0816
Free T3 (pg/mL) 294+045 295:044 0959
FreeT4 (ng/dL) 1.11£019 1172021 0.166
TSH (IU/mL) 196+1.19 2924472 0608
C reactive protein (mg/dL) 14732340 12741909 0871
Total cholesterol (mg/dl) 202.5+3341 197.92+39.96 0536
LDL-C (mg/dL) 1281142944 1193743357 05%
HDL-C (mg/dL) 43384836 41554843 0316
TG (mg/dL) 1533846566 18444111141 0237
25(0H) vitamin D (ng/mL) 749+381 12.13+7.98 0.002
Ejection fraction (%) 51.14+909 50204942 0648
Left atrium diameter (mm) 3840+422 3808+4.15 0928
ACC time (min) 5832+14.99 57.04+1438 0473
(CPB time (min) 8804+20.99 86.72+1947 0745

“Student's test; Mann- Whitney U test
25(0H) vitamin D=25-hydroxy vitamin D; ACC=aortic cross clamp; BUN=Blood urea nitrogen; CPB=cardiopulmonary bypass;
igh density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; PoAF=postoperative atrial fibrillation;
dothyronine; TA=thyroxine; TG=triglyceride; TSH=thyroid-stimulating hormone
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Abbreviations, acronyms & symbols

25(0H) vitamin D = 25-hydroxy vitamin D

ACE = Angiotensin-converting enzyme

AF = Atrial fibrillation

ARB = Angiotensin receptor blocker

CABG = Coronary artery bypass grafting

a = Confidence interval

copD = Chronic obstructive pulmonary disease
CPB = Cardiopulmonary bypass

ECG = Electrocardiography

Icu = Intensive care unit

OR = Odds ratio

PoAF = Postoperative atrial fibrillation

RAAS = Renin-angiotensin-aldosterone system

ROC = Receiver-operating characteristic curve
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Table 1. Demographic features of the patients.

POAF(+) group PoAF() group pyalue
(n=50) (n=50)
Age (years) 6194:1088 58.18+1098 0089
Age 2 65 years,n (¥) 24 1204 0035
Male gender, n (%) 37(74) 33(66) 0383
Hypertension, n (%) 26(52) 22(44) 0423
Diabetes mellitus, n () 23 (46) 21492 0687
Beta-blocker therapy, n (%) 38(76) 32(64) 01%
Statin therapy, n (%) 3162 29(58) 0683
ACE-/ARB therapy, n (%) 24 20(40) 0685
BSA 185:016 1874016 0719
BMI 2769+4.48 2756406 0881

*Student’s t test; Pearson Chi-square.
ACE-I=angiotensin-converting enzyme inhibitor; ARB=angiotensin-receptor blocker; BMI=body mass index; BSA=body surface area;
PoAF=postoperative atrial fibrillation
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Fig. 1-Setup Iallows for testing Circuits A and B. Setup Il allows for testing Circuits C and D. Heater-cooler units allowed for experiments to be
done at 35°C and 28°C. Hoffman clamp on the circuit arterial limb allowed for a constant post-cannula pressure.





OPS/images/a08img05.png
Table 3. Binary logistic regression analysis to identify predictors of PoAF.

Univariate Analysis

Multivariate analysis

Vriables P | oddbratio | towertpper| P | oddorati | Lowerpper
Age 0091 1032 09951071

Age =65 years. 0037 0402 0.171-946 0013 3525 1310-9483
HT 0424 1379 06283029

DM 0687 1176 05342593

EF 0609 1011 0969-1055

LAD 0700 1019 0927-1.120

25(0H) Vitamin D 0002 0867 0793- 949 0001 0855 07800938
CPBtime 0742 1003 09841023

25(0H) vitamin D = 25-hydroxy vitamin D; CPB=cardiopulmonary bypass; DVi—diabetes mellitus; EF—ejection fraction;

HT=hypertension; LAD=left atrium diameter; PoAf

stoperative atrial fibrillation
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Table 1.Venous limb circuit test specifications. Volume was measured using the circuit tubing tested in Setups |, Il, and IIl.

Circuit tested Venf:us Limb Venous Limb Ta_tal Venous Limb Differer]:e )
Size (ID) Length (cm) Prime Volume (ml) between Circuits
A Two 3/16" 120 42 AB=5ml
B One 1/4" 120 37
C Two 1/4" 120 74 CD=-10ml
D One 3/8" 120 84
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Fig. 2 - Setup Il for testing Circuits C and D using a soft bag as
pseudopatient. During this experiment, venous pressure was kept at a
constant range of 3 to 4 mmHg, simulating a controlled venous pressure
more similar to a clinical scenario. Heater-cooler units allowed for
experiments to be done at 35°C and 28°C. Hoffman clamp on the circuit
arterial limb allowed for a constant post-cannula pressure of 50 mmHg.
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Table 2. Changes in SF-36 scores over time.

Preoperative 1 month 6% month 12* month
MeanzSD (median) | MeanzSD (median) | MeanzSD (median) | MeanzSD (median)
Open repair 66.36+29.16 (80) 37272507 35) 80482989 (100) 79585+29.00 (90)
LENET 7356+27.98 90) 779742443 (95) 7707:2426 (925) 76252486 (925)
P 012 0001+ 0314 0410
Open repair 7197+4364 (100) 47.73+465 (25) 8636+33.13 (100) 87.04+3205 (100)
R [EvaR 860243324 (100) 97.03+1399 (100) 97831158 (100) 97831158 (100)
P 0128 0001+ 0040 0072
Open repair 658242605 (72) 417+19.14 42) 68.85+37.13 (100) 685243578 (74)
 [EvaR 7198+27.75 (80) 7042:2485 (74) 72872265 (74) 731842324 (74)
P 0318 0001+ 0652 0903
Open repair 530342241 (57) 450341807 (35) 649741859 (72) 66£178(72)
G [evar 5934+2077 (62) 66811384 (67) 69.17+123872) 682041304 (72)
P 0192 0001+ 0648 0965
Open repair 5542031 (55) 403+1104 (45) 656142576 (75) 66342611 (75)
v [evaR 5246+2067 (45) 60762158 (60) 56632116 (475) 580442083 (50)
P 0422 0001+ 0072 0133
Open repair 541742789 (625) 434541284 (375) 4848124 (50) 481541186 (50)
st [evar 53381172 (50) 54641077 (50) 5348846 (50) 54132901 (50)
P 0321 0001+ 0217 0188
Open repair 8283:36.44 (100) 80142561 (100) 1000 (100) 10020 (100)
R [EvaR 8889267 (100) 1000 (100) 1000 (100) 100:0(100)
P 0509 0001+ 1 1
Open repair 6545+1503 (64) 5003693 (60) 7406+147 (72) 74671463 (72)
M [EvaR 67.12£1325 (68) 7011452 (68) 693+1325 (64) 698641405 (64)
P 0733 0001+ 0091 0173

BP=body pain; EVAR=endovascular aneurysmrepair;GH-general health; P

=physicalfunction; MH=mental health

~role constraints

due to emational problems; RP=role constraints due to physical problems; SF=sacial function; VT=energy/vitality; **P<0.05
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Table 1. Distribution of patients by diagnosis.

Diagnosis. Number of Patients Percentage
(59) (100%)
HLHS 4 237%
DILV with non-committed ventricular septal defect 3 519%
DORV with hypoplastic left heart and aortic arc 3 5.19%
Tricuspid atresia n 186%
Mitral atresia 3 5.19%
DIV 10 169%
Pulmonary atresia with intact ventricular septum (PAIVS)* 7 11.9%
Right unbalanced atrioventricular septal defect 3 5.19%
Miscellaneous - Right SV 3 5.19%
Miscellaneous - Left SV 2 34%

“Itincludes one patient with critical pulmonary stenosis and an interventricular septum (functional pulmonary atresia with an inter-
ventricular septum with right ventricle hypoplasic)

Dilv=double inlet left ventricle; DORV=double outlet right ventricle; HLHS=hypoplastic left heart syndrome; PAVS=pulmonary
atresia with intact ventricular septum; SV=single ventricle
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Fig. 1 - Time of follow-up free of reinterventions. LV=lft ventricle;
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Abbreviations, acronyms & symbols
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v
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Fig. 2 - Occurrence of late complications (52%) in  total
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Table 2. Interventions required during the postoperative period of total cavopulmonary shunt, considering the diagnosis and
interval between total cavopulmonary shunt and reintervention.

Time from total

Reintervention Previous diagnosis covom—— e aton
Subaortic - membrane resection  and LV DORV, ventricular septal defects (VSD) 15 months
myectomy
Thrombus aspiration in EC and fenestration e et
diatation
Tricuspid valve plastic, mitral valve closing and DO with et vt hypopt i
[ vl with leftventricular hypoplasia months
Stent in pulmonary left artery and pulmonary PA with intact ventricular septum 29 days
tight artery angioplasty with balloon catheter
Closing SPC and stent in pulmonary right artery PA with intact ventricular septum 48 months
Surgical resection of infundibular septum and i it
LV myectomy
Stent in pulmonary left arery HLHS 43 months

CAVSD left unbalanced, right arial somerism,

Stentn pulmonary left and right arteries e, 5days
1) Occlusion of RVOT Right single ventricle with double inlet ight ) 13days
2) Fenestration dlosing venticle and DORY, TAPVD,rght atral isomerism 2)41 months
Fenestration diatation and stent in pulmonary e Dnein
leftand right arteries
Tieupd vahe dosng o resucton of o el
enestration
Stent in pulmonary left artery, stent i arter | iycy) ouimonary stenosis with intact ventricu-
al branch to right lower lobe, and occlusion of T4days

RVOT

lar septum and right ventricle hypoplasia

CAVSD=complete atrioventricular septal defects; DILV=doubleinlet leftventricle; DORV=double outletright ventricle; EC=extracardiac

conduit; HLHS=hypoplastic left heart syndrome; 1
outflow tract; SP(

lft ventricle; PA=pulmonary atresia; RV=right ventricle; RVO:
= systemic-to-pulmonary collateral; TAPVD=total anomalous pulmonary venous drainage

ight ventriculor
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Table 1. Clinical characterization and pre, intra and postoperative variables of patients who presented postoperative acute kidney
injury after cardiovasculr surgery and required dialysi. 530 Paulo, Brazil 2014.

Characteristics of patients N % Mean/SD Min/Max
e Female 6 41
PR (e D
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AMI=acate myscardialinfarction; BMI=body mass ndex CPB=cardicpulmonary bypass; G- R=glome-ular fltetion rare, SD—standard
deviation, Min=rinirrum Max=Viaximur; VR=valve replacemant
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Table 2. Association between the pre, intra and postoperative and survival at different points in time with survival and C1 95% (lower lim —
upperim). 30 Paulo, Brazi 2014,

Timesincesurgery | 30days | 180days Tyear 2years | 3anddyears | Pvaluet
25% S62% 321% 299% 275%
Overallsurival 653704 | @8743m) | @a739s) | 26372 | @02350)
Preoperative
<e0yearsold 786% w65% 5% 4% 388%
hoe ©00882) | arsey | Glasso | possy | pessio o
>60years od 500% 275% 233% 209% 190%
Goseos) | (eada | (4333 | 02305 | (04278
[ 57.7% 307% 2% 273% 273%
o370 | osas) | gr940n | ge3en | ge3zen
Sex 0933
e S94% 103% 344% 317% 275%
woress | orses) | pasay | eioars | a75377)
728% 385 2%2% 2%82% 251%
Dibetesmelltus | 15839 | 066509 | (68396 | 168396 | (134367 oew
pernon ca4% 391% 341% 315% 285% o
e ©63726) | Gorara) | @s9423 | 34399 | (02368
Comorbidties 557% a01% 344% 319% 275%
Dystpidemia (662752) | G03500) | @az4an) | 23415 | (78377 o
734% 5% w04% 353% 236%
Fror A 652917) | Qaseos) | (95613 | (49558 | (03468 o
. 555% 100% 358% 334% 306%
529780 | 71529 | (30480 | G056 | (78435
7% 324% 321% 295% 298%
e i G11782) | @o7480) | (85455 | 166430 | (166430 o84
- 622% 6% %% 267% 213%
w17 | eiesss | assazn | a3rme | a3y
GRRI—Nomal 7% 5% 191% 191% T91%
wssro) | wowro | ©o3sn | ooy | o3
P 533% 3% 2%7% 263% %%
Gegers) | 76446 | 054420 | 034303 | (34393
50.0% 320% 2%0% 55% 20%
o Gl -Modeate | ueazne) | cosarn | osesos | 037380 | (09350 oo
GRRIV = Severe® 500% 125% 125% 125% 125%
0ses) | 00354 | 034 | 0034 | (00354
RV —Kidney 815% 598% 561% 523% 165%
filure® ©e7950) | weren | germe | eiswo | erasse
Intraoperative
Nyocardial 1% % 3% 334% 270%
eascubriztion | (5906833 | @15576) | 027479 | 010459 | 141399
e 572% a6% 31% 315% 316%
worsey | @asasy | aan | elosn | eroan
Typeof surgery o
Correction aorta 1000% 7% 567% 333% 333%
aneurysm 90100 | (331000 | (1331000 | (0867) ©867)
Combned 550% 150% 150% 150% 150%
32768 | 0309 | (0309 | 00308 | (00308
o % 163% A% 370% 349%
30738 | @s3sny | goasie | eeidre | paidsy o5t
J— R 521% 247% 2% 218% 192%
G073 | qasan | 022314 | 022314 | 08290
Vasoactive drugs 527% 347% 1% 295% 2%68% o
45709) | eesaze) | @354 | @isire) | (se3ss)
Postoperative
% 357% 313% 290% 266%
Vasoactivedrugs | @se7in) | eaoue | @iz | eiewss | 092341 o
576% 306% 294% 256% 28%
Boodwansfusion | wroesy | @oraos | (95393 | asozsn | naemy o
511% 204% 204% 244% 244%
loweadacoulpst | ageess) | Geasn) | Geasy | sasy | @sasn 02
N 5% 2% 2% 524% 6%
(361000 | @481000) | (B365) | (e3865) | (6786
No.of ; 714% S14% 8% 4% 8% o008
complications o586y | (aoesn) | (iseds | @sises | (sises)
o 555% 234% 215% 205% 153%
oe we0ssy) | (52318 | 35204 | 027283 |  (62244)
o 7% ey 0% 3% 2%
s13ea) | eereon) | @arszy | gsison | (29457)
o 5% a7 365% 365% 365%
Length of stay wreres | peoeos) | @issa | @issy | 155
iUy [ 340% 212% 212% 2% 2% o
Cosa7) | 06329 | w639 | @sn9 | 06329
- 1000% 330% 293% 51% 201%
841000 | (60500 | (28459 | @i41n) | @s3sn)

‘AMi=acute myocardial infarction; BMI=body mass index; GFR=glomerular fltration rate
sLong-rank test; > P<0.05 pairwise with Bonferroni correct Value are n (%)
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‘Table 3. Analysis of survival among the variables age, GFR, CPB time, complications and length of stay in ICU (Days). Séo Paulo, Brazil

2014,
C1(95%) of HR

Variables HR Pvalue

Lower Lim Upper Lim
Age 1039 1019 1059 00001
GRRI 1000
GRII 0879 0421 1835 07323
GRRII 0851 0393 1839 06817
GFRIV 1163 0404 3344 07785
GFRV 0614 0252 149 02833
CPB time 1418 0924 2175 0.1095
Complications 2076 1189 3623 00101
Length of stay in ICU 1-3 1000
Length of stay in ICU 4-10 0736 0400 1356 03270
Length of stay in ICU 11-30 0871 0492 1540 06356
Length of stay in ICU >30 0381 0199 0733 00038

[

rdiopulmonary bypass; GFR:

lomerular filtration rate; Hr

azard ratio; ICU:

tensive care unit
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Fig. 2 - Relationship between the survival and age of patients.
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Fig. 3 - Relationship between the survival of patients and number
of complications.
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Table 4. Analysis of survival after stepwise backward: variables age, CPB time, complications and length of stay in ICU. Sao Paulo,
Brazil 2014.

C1(95%) of HR

Variables HR Pvalue
Lower Lim Upper Lim

Age 1037 1019 1056 00000

CPBtime 1600 1055 242 00268

Complications (>2) 2300 1399 3780 00010

Length of stay in ICU 13 1000

Length of stay in ICU 4-10 0776 0435 1383 03909

Length of stay in ICU 11-30 0879 0502 1540 06536

Length of stay in ICU 11-30 0426 0227 08011 00081

CPB=cardiopulmonary bypass; HR=hazard ratio; ICU=intensive care unit
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Fig. 1 - Study patients’ overall survival.
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Table 1. Recommendation for pacing after transcatheter aortic valve implantation!”.

Recommendation

Class of recommendation

Level

1) High degree or complete AV block after TAVI
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Abbreviations, acronyms & symbols

BIPAP = Bilevel positive airway pressure

BMI = Body mass index

CABG = Coronary artery bypass surgery

CPB = Cardiopulmonary bypass

cvpP = Central venous pressure

E-NPPV = Extended-time noninvasive positive pressure ventilation
FEV:1  =Forced expiratory volume in 1 second

FiO, = Inspired oxygen fraction

FvC = Forced vital capacity

IcU = Intensive care unit

IPO = Immediate postoperative period

LITA = Left internal thoracic artery

LVEF = Left ventricular ejection fraction

NPPV = Noninvasive positive pressure ventilation

PEEP = Positive end-expiratory pressure

POD = Postoperative day

ScvO; = Central venous oxygen saturation

S-NPPV = Short-time noninvasive positive pressure ventilation
Sp02 = Arterial oxygen saturation
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Table 4. Univariate and multivariate analysis of death.

Variables Univariate Univariate Multivariate Multivariate
ana OR(CN) Palue OR(CI) Pvalue
BNP post-MCS. 3.1(1.1-62) 004 32(01-81) 05

SIRS. 95(13-71) 003 96 (03-300) 02

AK 175(18-175) 001 226 (1.04-494) 0047

‘AKi=acute kidney injury; BNP=brain natriuretic peptide; Cl—confidence interval; MCS=mechanical cardiac support; OR=odds ratio;
STD=standard deviation
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Fig. 2 - Sequential changes of blood lactate level before and after
NPPV.

*P<0.05.

As=intraoperative (after anesthesia induction and invasive
mechanical ventilation); B=before NPPV (spontaneous ventilation);
C=after NPPV (immediately after NPPV protocol); E-NPPV=extended-
time noninvasive positive pressure ventilation; S-NPPV=short-time
noninvasive positive pressure ventilation
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Fig. 3 - Sequential changes of ScvO; before and after NPPV.
*P<0.05.

A=intraoperative (after anesthesia induction and invasive
mechanical ventilation); B=before NPPV (spontaneous ventilation);
C=after NPPV (immediately after NPPV protocol); E-NPPV=extended-
time noninvasive positive pressure ventilation; S-NPPV=short-time
noninvasive positive pressure ventilation; ScvO,=central venous
oxygen saturation
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Failure in blood collection: (02) NPPV Intolerance: (02)

Discharge before 5 day PO: (02) Discharge before 5 day PO: (01)

> 24 hours in mechanical ventiation (01) > 24 hours in mechanical ventiation (01)

Analyzed
(n=20)

Analyzed
(n=21)

Fig. 1 - Flowchart of consecutive CABG patients enrolled in the study.
CABG=coronary artery bypass surgery; COPD=chronic obstructive pulmonary disease; E-NPPV=extended-time noninvasive positive pressure
ventilation; LV=left ventricular; PO=postoperative; -NPPV=short-time noninvasive positive pressure ventilation





OPS/images/a12img03.png
Table 1. Pre- and intraoperative patients'characteristics.

S-NPPV Group

E-NPPV Group

Variables (e20) a2y Pvalue
Age lyears) 597114 58673 036
Men % (n) 850(17) 762(16) 017
BMI (kg/m?) 274450 277:40 080
LVEF (%) 612+146 6304113 086
CPB time (min) 7114199 7054270 071
Aortic cross-clamp time (min) 5524152 5324205 052
Operative time (h) 42413 37109 051
Grafts per patient (n) 29410 26109 026
Pulmonary function
A 33109 31108 040
% predicted 94214182 91724159 035
FEV: () 2807 29:07 042
% predicted 887180 901161 029
Pleurotomy % (n) 15003) 95() 030

Data are shown as mean + standard deviation,

BMi=body massindex; CPB=cardiopulmonary bypass; E-NPPV=extended-ime noninvasive positive pressure ventilation; FEV=forced

expiatory volume in 1 second; FVC=forced vital capacity; LVE

positive pressure ventiation

left ventricular efection fraction; S-NPPV=short-time noninvasive
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Table 3. Postoperative clinical variables.

Variables S'"T:Z ZGD';"“" E'm::: f",“""
Atelectasis % (n) 263(5) 470"
Pleural effusion % (n) 1570) 950)
Pneumonia % (n) 1573) 470"
Mechanical ventilation time (h) 121418 112511
Postoperative hospital stay (days) 81221 69413

Data are shown as mean + standard deviation. Comparison between the groups,
*P<005. ENPPV=extended-time noninvasive positive pressure ventilation; S-NPPV=short-time noninvasive positive pressure
ventilation
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Table 2. Pulmonary function test values on postoperative days (POD) 1, 3, and 5, in percentage of preoperative values.

Variables Reas

FVC (%) FEV: (%) FVC (%) FEV1 (%)
POD1 43344138 45324157 54344245 5584+124%
POD3 47344199 49914175 65.56+17.4% 7238+15.1%
POD5 67.75+163 5804+120 79.87+185* 8045+163%

Data are shown as mean + standard deviation. FVC and FEV: are expressed in percentage considering 100% precperative baseline value.
*P<0.05 for comparison between groups.
ENPPV=extended-time noninvasive positive pressure ventilation; FEVi=forced expiratory volume in 1 second; FVC=forced vital

capacity; SNPPV=short-time noninvasive positive pressure ventilation
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Table 1. The histopathological results of all test groups and the control group.
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‘C=control; /R=ischemia-eperfusion; /R+A=ischemia-reperfusion + Acetaminophen; PMNL=polymorphonuclear leukocyte
Histopathologic scoring was rated as +1 = no change; +2

light injury; +3 = moderate injury; +4 = diffuse injury.
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Table 1. Comparison of the groups with respect to preoperative parameters.

Open repair EVAR P
Age (year) meanzSD 67224892 67:9.12 0891
Cendernt Female 6(10.9%) 10(128%) o5
Male 49 89.1%) 68 (87.29%)
Family history n% 35 (636%) 45 (57.7%) 0610
Smoking n% 44 (80%) 65(833%) 0792
BMI>29n% 30 (545%) 43(55.1%) 1.000
HL(LDL>100) n% 34(618% 56 (71.8%) 0306
DMng% 17 309%) 24308%) 1.000
HT n% 43 782%) 60 (88.5%) 0174
CRF % 13236%) 24308%) 0479
COPD (FEV<1) n% 24(436%) 35 (449%) 1.000
PADn% 501% 8(103%) 1.000
CADn% 29(527%) 49 (628%) 0244
EF <40n% 4073%) 20256%) 0013
Carotid artery disease n% 10(18.2%) 16 205%) 091
A 3(55%) 4(51%) 1000
>557 30 (545% 44 (564%)
Aneurysm diameter 0831
>7 25 (45.5%) 34(436%)

BMI=body mass index; CABG=coronary artery bypass grafting; CAD=coronary artery disease; COPD=chronic obstructive pulmonary
disease; CRH=chronic renal falure; CVA=cerebrovascular accident; DM=diabetes mellitus; EF=ejection fraction; HL=hyperlipidemia;
HT=hypertension; PAD=peripheral arterial isease
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Table 2. Comparison of the groups regarding myofibrillar
edema and focal hemorhage.
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it Focal hemorrhage
Control - VR P=0009" P<0001*
Control - VR +A P=0317 P=0063
/R-/R+A P=0046 P=0007*
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Fig. 1-Changes in physical domain scores over time.
'BP=body pain; EVAR=endovascular aneurysm repair; GH=general health; OR=open repair; PF=physical function; RP=role constraints due to
physical problems.
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Fig. 2 - Changes in mental domain scores over time.
EVAR=endovascular aneurysm repair; OR=open repair; MH=mental health; RE=role constraints due to emotional problems; VT=energy/vtality
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Table 2. Flow rate, pressure, and resistance of Setup | (Circuits A: two 3/16"and B: one 1/4").

Temperature Grou Circuit Venous flow B-A P1 P2 P2-P1 Resistance
Q) P (ml/min) (ml/min) (mmHg) (mmHg) (mmHg) | (Wood unit)
A 5150403 _ -155+00 -62+00 181
500 ml/min
B 5389+06 239+09 -156+0.0 -87+00 127
A 1013.9+1.0 _ -153+00 57+0.0 21.0+00 207
1000 ml/min
36 B 1087.8+06 739407 -15.1+00 1.2+00 162400 149
A 15165+1.4 _ -15.0+00 21.1+00 36.1+00 238
1500 mi/min
B 17285406 11.9+14 -147+00 159400 306+00 17.7
A 523.0+0.2 _ -15.7+00 -49+00 109+0.0 208
500 ml/min
B 5481403 251403 -15.8+0.0 -76+00 82+00 149
A 1014.0+0.7 _ -153+00 8.1+00 235400 231
28 1000 ml/min
B 11258+08 111.8+10 -15.1+00 33400 18400 163
A 15182408 _ -15.0+00 244400 393400 259
1500 mi/min
B 17684+14 2502+14 -146+0.0 19.0+00 336400 190
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Fig. 3 - Venous line resistance according to the arterial flow rate observed in Circuits A and B, in both normothermia and hypothermia (setup
1), showing significant difference between them (*P<0.001).
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Fig. 4 - Venous line resistance according to the arterial flow rate observed in Circuits C and D, in both normothermia and hypothermia (setup
1), showing significant difference between them (*P<0.001).
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Table 3. Flow rate, pressure, and resistance of Setup Il (Circuits C: two 1/4"and D: one 3/8").

Temperature Grou Circuit Venous flow D-C P1 P2 P2-P1 Resistance
Q) P (ml/min) (ml/min) (mmHg) (mmHg) (mmHg) | (Wood unit)
C 15257+15 _ -145+00 0.1+00 146+0.0 96
1500 mi/min
D 1681.4+2.1 1557408 -143+00 -75+00 6.8+0.0 4.1
C 20226+14 _ -133+0.1 88+00 221+00 109
2000 ml/min
% D 23280404 3054+1.2 -123+00 -20+00 10300 44
C 25160406 _ -119+00 19100 309400 123
2500 ml/min
D 31529408 636.9+0.7 -9.8+0.0 6.0+0.0 15.8+0.0 50
C 30547406 _ -104+00 31.8+00 422400 138
3000 ml/min
D 43933+114 | 13386%116 -5.30.1 205+0.1 25.8+0.2 59
C 15284420 _ -14.1+00 1.2+00 152400 100
1500 mi/min
D 17143405 1859+24 -13.8+00 -6.9+00 6.9+0.0 40
C 2008.7+0.2 _ -13.0+00 9.7+0.0 228+00 13
2000 ml/min
. D 23542409 3455+08 -119+00 -1.2+00 10.7+0.0 45
C 25062406 _ -113+00 21200 325+00 130
2500 ml/min
D 17.0+45 7108+44 -86+0.0 82+00 16.8+0.0 52
C 30214428 _ -9.5+0.0 34.2+00 43.7+0.1 145
3000 ml/min
D 45053+106 | 14839+126 -35+0.0 24.8+0.1 28.3+0.1 63
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Table 4. Flow rate, pressure, and resistance of Setup Ill (test from Circuit D to C).

Temperature Circuit Venous flow D-C P1 Resistance
[{e) T mimin) [ (mi/min) | (mmHg) (Wood unit)
C 14183+04 _ -148+00 -16+00 132400 93
1500 ml/min
D 1537.4+10 1190+1.0 -145+00 -83+00 6.2+00 40
C 1804.5+06 _ -13.9+00 49+00 18.8+00 104
2000 ml/min
% D 2033716 2292420 -13.2+0.1 -45+0.1 88+00 43
C 2140414 _ -13.0£00 11.4+00 24400 114
2500 ml/min
D 2508.6+0.2 3683x14 -11.7£00 -0.1£00 11.6+00 46
C 24512412 _ -120+00 18.0+00 30.1£00 123
3000 ml/min
D 3031.6+0.7 5805£1.6 -10.1£00 5.0+00 15100 50
C 13944405 _ -145+00 -1.0£00 135+00 97
1500 ml/min
D 1534107 1397409 -144+00 -83+00 6100 40
C 17720+18 _ -13.7+00 5500 19.2+00 108
2000 ml/min
% D 2015.9+04 2439421 -13.1£00 -4.2+00 88+00 44
C 2116.2+14 _ -129+00 124+00 25300 1.9
2500 ml/min
D 2515113 3989426 -11.3+00 0700 12.0+00 48
C 2397.9+08 _ -11.8+00 18700 306+00 128
3000 ml/min
D 3000.9+14 603.0+1.0 -96+00 5.8+00 154+00 5.1
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Table 1. Comparison of patient’s characteristics between the 2 groups.

Patient’s Character oo NonAlt a0y Pralue
‘Age (years) (median; min-max) 626589 06382 014
Male (%) 46(742%) 189 759%) )
Female (%) 160589 004.1%) o
BMI (kg/m?) (median; min-max) 285(196-374) 273(19.0-394) o=
Hypertension (%) 41(66.1%) 152 (61.0%) 046*
Disberes mellius () 29465%) 85G41%) 007°
Smoking (%) 29 (46.8%) 93 (37.3%) 017*
Hyperlipidaemia (%) 26 (41.9%) 116 (46.6%) 051%
fﬁ;‘::"zfr“'f’;sf’ 565(30.68) 58(30.67) 035+
History of atrial fibrillation (%) 7(113%) 25 (10.0%) 077*
Fistory of CVA ) 262%) 604%) 056"
History of MI (%) 14 (226%) 51(205%) 072*

*Pearson Chi-Square test or Fisher's Exact test
**Mann-Whitney U test

BMI=body mass index; CVA=cerebrovascular accident; Mi=myocardial infarction
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Table 2. Preoperative blood results and hematological parameters of patients.

Group | Group i

Preoperative blood results AKI (n=62) Non-AKI (n=249)

° Pvalue
and hematological parameters Median Median

(minimum-maximum) (minimum-maximum)

Preoperative hemoglobin (mg/dl) 139 (106-160) 135 (104-165) 024"
Preoperative hematocrit (%) 418(306-489) 405 (305489) 042
Preoperative creatinine (mg/d)) 120 060-146) 081 (060-147) 00001
Preoperative urea (mg/d)) 23(1247) 18(1039) 00001
Preoperative leukocyte count (x10%j) 84(52-114) 8034118 052
Preoperative platelet count (10%/) 290 (156-444) 278(145-445) 013
Preoperative CRP (mg/L) 112(036-458) 049 (0.16471) 00001
Preoperative lymphocyte count (x10°/ul) 18(1049) 220949 o004
Preoperative neutrophil count (x10%/l) 592896) 50(1497) 0003
Preoperative NLR 3301289 23(0680) 00001
Preoperative PLR 1545 (847-191.7) 1229 (800-1993) 00001

*Mann-Whitney U test
CRP=C-reactive protei

) NLR=neutrophil to lymphocyte ratio; PLF

latelet to lymphocyte ratio
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Table 3. Early postoperative blood results and hematological parameters of patients.

Group |
Early postoperative period blood results AKI (n=62) pualue
and hematological parameters Median Median
um-maximum) | (minimum-maximum)
Postoperative hemoglobin (mg/dl) 1day 88(75-114) 90(74-126) 050*
Postoperative hematocrit (%) 1day 280(247-362) 285 (243-390) 052*
1day 151 (76-21.1) 125(47-323) 0.0001*
Postoperative leukocyte count (x10%/pL) 3days 133(68-264) 11.14621.1) 0.0001*
7 days 103(70-233) 98(43-221) 030*
1day 162 (77-331) 177 (71-350) 017
Postoperative platelet count (x10%/pL) 3days 165 (65-320) 167 (70-327) 050*
7 days 214 (99-463) 231 (100-408) 017
1day 321(152-44) 267(152-394) 0.0001*
Postoperative CRP (mg/L) 3days 439(365-633) 410 (305-489) 0.0001*
7 days 95(7.4199) 89(48-126) 0.0001*
1day 1.1(04-22) 15(0626) 0.0001*
Postoperative lymphocyte count (x10%/uL) Idays 11(0427) 13(0633) 00001*
7 days 14(0632) 19(0937) 0.0001*
1day 81(39117) 73(2898) 0.009*
Postoperative neutrophil count (x10°/jL) 3days 7.7(40-108) 74(30-108) 003*
7 days 8135110 65(14-105) 0.0001*
1day 79(45-102) 5.1(2.1-99) 0.0001*
Postoperative NLR 3days 78(35-107) 54(14106) 0.0001*
7 days 56(16-106) 33(05-86) 0.0001*
1day 1566 (1082-1989) 1247 (72.2-1886) 0.0001*
Postoperative PLR 3days 1526(815-1963) 1209 (69.4-172.5) 0.0001*
7 days 1557 (82.5-197.9) 1200 (68.7-169.2) 0.0001*

*Mann-Whitney U test

CRP=C-reactive protein; NLR=Neutrophil to lymphocyte ratio; PLR=platelet to lymphocyte ratio
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Fig. 2 - Pathologic specimen prepared by hematoxylin eosin (x20; figure 2A) and immunohistochemical CD 68 staining (x20; figure 28), showing
necrotic changes with fibrous tissue and multinucleated giant cells. Multicellular giant cells and inflammatory cell infiltration (figure 2C, with
hematoxylin-eosin, x20) and lymphocytes, histiocytes and infrequent eosinophils in the muscle fibers (figure 2D, with hematoxylin-eosin, x20)
are shown in the figure.
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Table 4. Intraoperative and postoperative data of the patients.

Group| Group i
AKI (n=62) Non-AKI (n=249)
Pvalue
Median Median
(minimum-maximum) (minimum-maximum)
Aortic cross clamp time (minutes) 510389 510176) 073
Cardiopulmonary bypass time (minutes) 845 (47-114) 84(42-110) 050"
Number of distal anastomoses 305 305 068"
Amount of drainage () 300 200-1350) 300 (150-1250) 008"
Intubation time (hours) 83-16) 5321) 00001+
Stay in the intensive care unit (hours) 37502187 210766) 00001+
Total duration of hospital stay (days) 85149 5510 00001+
Use of inotropic support (%) 16 258%) 33033% 002"
Use of blood products (%) 31(500%) 117 (47.0%) 067

*Pearson Chi-Square test or Fisher's Exact test
**Mann-Whitney U test
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Table 5. Univariate and mutivariate regression analyses of preoperative, operative and eary postoperatve risk factors for
postoperative AKL

Postoperative AKI
Variables Unadjusted R Adjusted N
oRs%C oRsC)

Gender 091 048173 087 _ _
e 102099 105) 016 _ —
ection fracion (4 095 095-101) 015 _ _
Disbetes melitus 170(097298) o7 — _
Hypertension 125070220 0is _ _
Hyperpidaera 053 0a7145) 051 — _
smaking 147084256 o1 — _
o 105096112) o020 — _
Preoperaive reainine (ng/d) 246406 (38362 1562707) | 00001 | 409794 (629331729977 | 00001
Preoperative uea (mg/d) 200017 o000t 105094118 037
Precperaive patelet x10%4) 100099101 o2 _ _
Preoperative CRP (mg/) 3171247 o001 271 (116635) 002
Preoperative hemoglobin (mg/d) 113092137 024 — —
Preoperativeleukocyte (10%l) 099 058-1.00) 0as — _
Preoperative LA 1760135225 o001 045 022099 o004
Preoperative PLR 1050103107 o001 1060021.10) 0002
Postoperative fist cay platelet (10%4) 132008162 0007 100099107 o2
Postoperative fist day hemogiobin (mg/) 090070 116) 022 — _
Postoperativefist cay leukocyte (1074) 097 052109 oot 101095-103) 003
Postoperaivefstcay CRP (mg/) 125007135 o001 119002136 002
Postoperativefist day NLR 246(197307) oot 30401516.10) 0002
Postoperative st day PLR 109007112) o001 1060071.10) oot
soric coss damptime 101 059103) 038 — _
Number ofdisalanastomoses 111 082149) 050 _ _
Cratme 101 099103 037 — _
Intubation time 44021183 o001 164015235 o006
Use of blood products 13085197 087 — _
Useof noiropic support 225 (116448 002 031008220 o7
Amountofdranage 100099 101) o1 _

“AF=atral brilation; BVI = body mas index; CPB=cardiopulmonary bypass, CRP=C-reactive protein; NLR=neutrophi o lymphocyte.

atio;PLR=plateet o ymphocyte atio
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Fig. 1- ROC curve analysis or preoperative PLR and NLR regarding
occurence of postoperative AK.
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ig. 2 - ROC curve analysis or postoperative first day PLR and NLR
regarding occurrence of postoperative AK.
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Fig. 1 - Outcomes in INTERMACS level | and 2 Pediatric and Congenital Heart Transplant waiting list patients connected to MCS.

4 (50%)
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Table 3. Causes of death after heart transplant.

Patient | Diagnosis mcs Duration of MCS (hours) Cause of Death Comments
1 mcp = 654 MCD —
2 CHD (TOF) = 3 MCD —
3 mcp = 79 Sepsis _
4 CHD 6V) P 207 mMoD —
Biventricular CP;ECPR21
5 [ 2 “ Sepsis g port I
ECMO bridge to bridge: 480 hours
6 [ ECMO+BH e e McD —
7 CHD 6V) ECMO 123 McD —
Rotaflow bridge to bridge: 48
8 (3 CPYECMO ECMO bricge to e 436 MoD ECPRimmediate post-HTx
9 CHD 6V) ECMO 23 MCD —
10 | cHDEANSD) | ECMO 58 Sepsis _

BH=Berlin Heart Excor’; CP=centrifugal pump; ECMO=extracorporeal membrane oxygenation; Hlx=heart transplantation;
MCD=massive cerebral damage; MCP=cardiomyopathy; MCs=mechanical cardiac support; MOD=multiple organs disfunction; PA/
VSD=pulmonary atresia with ventricular septal defect; SV=single ventricle physiology
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Table 1. Pediatric and congenital heart transplant patients receiving mechanical circulatory support demographics comparing
centrifugal pump and ECMO patients.

Vaables Alpatis | Confagalouny | g0 |
Age atimplant (years), mean (QR) 56(1812) 5201895 88(15-194) 02
Weight at implant (kg), mean (QR) 167 (8935) 16(105-29) 245(71-525) 05
Male sex, N (%) 15 (51.7%) 847%) 7(58%) 07
Number of MCS implant

1 3 16 7

006

2 6 1 5
Diagnosis at implant

Cardiomyopathy/myocarditis 21 724%) 15 (88.2%) 6(50%) e

Congenital heart disease 8(276%) 2018% 6(50%)
MCS in postoperative cardiac surgery 6007%) 1(59%) 5(41.7%) 006
Pre-MCS mechanical ventilation 20 69%) 12(706%) 8(667%) 09
Pre-MCS cardiac arrest, N (%) 16 (55.2%) 11(647%) 5(41.7%) 03
Pre-MCS AKLN () 12414%) 6(353% 6(50% 05
Pre-MCS creatinine plasma levels, average (STD) 07 (04-106) 06(0408) 10414 04
Pre-MCS total biliubin plasma levels, average (STD) 10-15) 102 10713 03
Pre-MCS arterial lactate plasma levels, average (STD) | 16 (13-26.5) 17013525 135(13-267) 04
Pre-MCS BNP plasma levels, average (STD) 2782 (1170-4466) | 3207 (1560-4475) 1170 (454-4292) 02

‘Ai=acute kidney injury; BNP=brain natriuretic peptide, ECMO=extracorporeal membrane oxygenation; HTx=heart transplantation;
IQR=interquartile range; MCS=mechanical circulatory support: STD=standard deviation
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Table 2. Pediatric and congenital heart transplant patients receiving mechanical circulatory support results comparing centrifugal
pump and ECMO patients.

. All patients Centrifugal Pump ECMO
Variables 20 N (ne12) Pvalue
(?;:gnon of support (days), mean 12443263 124329 133(645) 05
Infective complication, n (%) 13 448%) 6353%) 7(583%) 03
Circuit thrombus formation, n (56) 7241%) 3076% 4G33%) 04
Chest reexploration, n (%) 7241%) 3076% 4G33%) 02
AKI during hospitalization, n (%) 15(51.7%) 847%) 7(583%) 09
Cerebral injury - n (%) 17(586%) 11 647%) 6(50%) [
Survival to Htx— n (%) 16 (55.2%) 10 (588%) 6(50%) 07
30-day Survival - (%) 10(62.5%) 6(60%) 4(667%) 07

‘Ai=acuie kidney injury; BNP=brain natriuretic peplide; ECMO=extracorporeal membrane oxygenation; Hix=heart transplantation;
IQR=Interquartile range: MCS=mechanical circulatory support; STD=standard deviation






