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  Domingo M. BraileI

  BJCVS

   

  Dear reader,

  Behold, another issue of Brazilian Journal of Cardiovascular Surgery (BJCVS) comes to you and we hope to contribute as a research and knowledge tool.

  The good news we bring is that the BJCVS achieved a higher rating in the Impact Factor (IF), reaching the 0.601 index. It is an achievement of all of us, readers, authors, reviewers and members of the Editorial Board, who always believe and work for the scientific development of our country. This time, all the Brazilian journals have raised the IF, which shows that despite the political and economic crisis that we are facing, science is still able to survive.

  In this edition, we bring 11 Original Articles, 1 Review Article and 1 Case Report dealing with current and relevant topics in the specialty, of national and foreign authorship.

  A general analysis of this edition allows some general inferences that are surely associated with the positive evolution of our IF. Of the 13 published articles, 6 are originate in other countries. This fact is significant in relation to the search for the much desired "internationalization". It is worth noting that one of the articles that evaluate the protective action of the taladafil against the development of multiple organ failure syndrome, has as senior author Professor Ferid Murad, who shared with professors Robert Furchgott and Louis Ignarro the Nobel Prize for the discovery of nitric oxide.

  Two articles, in essence, can be classified as translational by analyzing the presence of an antibiotic in mediastinal fat, the coronary pressure of the cardioplegic solution infusion, and the cardiac autonomic nervous system recovery after heart transplant.

  Three articles exemplify our Society's constant concern with epidemiological aspects of surgical cardiopathies in Brazil: the ASSIST Consortium for Congenital Heart Defects and two trials related to ventilatory assistance, which reaffirm the valuable contribution of physiotherapy professionals.

  Finally, two comments deserve mention to conclude this editorial. An optimist related to collaborations of pediatric surgery and maintenance of pessimism related to the low adhesion of adult cardiac surgery.

  Have a great reading.

  Kind regards,

  
    Domingo M. Braile

    1Editor-in-Chief - BJCVS 
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  On May 9, 1967, 50 years ago, Dr. René G. Favaloro, an Argentine surgeon operating at the Cleveland Clinic, officially performed the first coronary artery bypass graft surgery (CABG) of the modern era, historically, with many contributions. Alexis Carrel, in 1910, performed the first experience in dogs, using carotid anastomosis with the left coronary artery[1]. However, he discouraged other surgeons to perform this procedure, because he believed the anastomosis should be performed in less than three minutes. In the 1940's and 1950's, other surgeons studied myocardial revascularization, such as Gordon Murray, in Toronto, and Vladimir Demikhov, in Moscow. In the 1960s, although several groups were studying revascularization, Michael DeBakey did not believe in its success and did not think it should be performed in humans.

  Robert Goetz was the one who performed and published the first coronary artery bypass graft surgery in humans in 1961, using a tantalum ring[2-6]. Arthur Vineberg[7] published, in 1962, on the implantation of the internal thoracic artery in the myocardium, with other previous studies by this author. Vasilii Kolesov[2] published his Russian experience in 1965[2] and a series of 12 cases in the Journal of Thoracic Surgery in October 1967[8]. William Longmire published in French in 1966. Other authors such as Donald Kahn, Edward Garrett and David Sabiston did not publish until 1971, 1973 and 1974, respectively.

  Favaloro[3] performed the first saphenous vein anastomosis on May 9, 1967, with another 13 cases until October, publishing his results in April 1968. Although the paternity of this procedure is debatable, Favaloro marks the beginning of CABG of the modern era. Several surgeons continued to contribute to the development of this technique, among these some notable Brazilians. Surgery without cardiopulmonary bypass (CPB), conceived by Dr. Enio Buffolo[6], is one such contribution. Dr. Ricardo Lima[9] was also relevant for performing the revascularization of the posterior branches of the circumflex artery without CPB. The use of dual mammary artery, radial artery, minimally invasive procedures are some of the advances incorporated into classic CABG.
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  CABG is probably the most life-saving surgery in the world. Favaloro had a tragic end of life. Frustrated with the financial difficulties faced by his foundation in Argentina, he gave up his life in 2000. A few years ago with the advent of coronary angioplasty and the development of stents, the probable extinction of CABG was decreed. However, trials such as Synthax, Freedom, Nobel, EXCEL among others demonstrate their efficiency with consistent results. As long as no scientific evidence of any better therapy than CABG was found, we will keep on operating and remembering the above-mentioned pioneers. Fifty years later, CABG is more alive than ever showing its strength.
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    ABSTRACT

    OBJECTIVE: To measure the concentration of cefazolin in the anterior mediastinal adipose tissue of patients undergoing cardiac surgery, determining the variation of cefazolin concentration.

    METHODS: Two samples of approximately 1g of subcutaneous tissue were collected from 19 patients who underwent surgery in December 2015: the first sample was collected right after sternotomy and the second one, before sternal synthesis with steel wires. Antibiotic dosage was administered through high performance liquid chromatography.

    RESULTS: We observed a positive and statistically significant correlation between time 1 and cefazolin concentration (r=0.489 and P=0.039). For time 2 and cefazolin concentration, there was a negative and statistically significant correlation between both variables (r=-0.793 and P<0.001). A negative correlation was also observed between body mass index and cefazolin concentration at time 2 (r=-0.510 and P=0.031). The regression model showed that every 1-minute increase in time 1 corresponded to an increase of 0.240 µg/dL in cefazolin concentration, whereas every 1-minute increase in time 2 corresponded to a reduction of 0.046 µg/dL in cefazolin concentration. As for body mass index, every 1 kg/m2 increase corresponded to a reduction of about 0.510 µg/dL in cefazolin concentration.

    CONCLUSION: There was a positive and significant correlation between the initial time of surgery and cefazolin level in the first dosage. The evaluation of the second dosage showed a negative and significant correlation between cefazolin level and the second time of dosage. The concentration of cefazolin is under the influence of body mass index.

    Keywords: Cefazolin; Cardiac Surgical Procedures; Adipose Tissue; Mediastinum.

  

   
 
   

  INTRODUCTION

  Mediastinitis is a serious infectious complication in the postoperative period of cardiovascular surgery[1]. The overall incidence of deep sternal wound infections (DSWI) ranges from 0.4% to 5%. Despite the low incidence, damage to patients and hospital costs are substantial[2].

  Antibiotic prophylaxis is one of the main preventive measures. The importance of prophylactic antibiotics for cardiac surgery has been widely studied in Brazil by Sá et al.[2], who evaluated several studies carried out over the last 30 years. The use of different antibiotics to the same end clearly indicates that there is no consensus on the efficacy and safety of each one[3]. Therefore, there is still no absolute certainty that the main antibiotics used effectively reach the tissues where infection occurs.

  The objective of this study is to measure the concentration of cefazolin in the adipose tissue of the mediastinum in patients undergoing cardiac surgery in order to determine variation in cefazolin concentrations at the beginning and at the end of surgery.

   

  METHODS

  Location and Period of the Study

  This study was conducted with 19 patients undergoing cardiac surgery at Dom Helder Câmara Hospital in Cabo de Santo Agostinho, Pernambuco, Brazil. The patients were operated in December 2015 and their summarized profile is presented in Table 1.
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  Ethical Aspects

  This research was approved by the Research Ethics Committee of the Health Sciences Center of Federal University of Pernambuco. This research follows the principles of the Helsinki Declaration for research on humans.

  Inclusion Criteria

  Patients over 18 years old who underwent cardiac surgery with cardiopulmonary bypass (CPB) [coronary artery bypass grafting (CABG) surgery, valve replacement, aortic aneurysm or multiple cardiac surgery] in which the access to the heart was through the sternum (sternotomy).

  Exclusion Criteria

  Patients requiring antibiotic prophylaxis other than cefazolin; patients with impaired renal function (creatinine > 1.5 mg/dl); patients who had low preoperative cardiac output with the use of vasoactive drugs.

  Technical Procedures

  All patients received an antibiotic regimen with cefazolin administered as follows: a first dose of 2g diluted in 100 ml saline at anesthesia induction, followed by a dose of 1g diluted in 100 mL saline, every four hours during surgery. The cefazolin used in all surgical procedures had the same trademark. The company which produces the antibiotic played no part in this study, so that there was no conflict of interest.

  Regarding the minimum inhibitory concentration (MIC), the following recommendations were considered: for Staphylococcus aureus, 1 µg/mL, and for Staphylococcus epidermidis, 4 µg/mL[4,5].

  Sample Preparation

  Two samples of approximately 1 g of subcutaneous tissue were collected for analysis: the first sample was collected right after sternotomy (time 1) and the second, before sternal synthesis with steel wires, near the end of surgery (time 2). The tissue was collected from the anterior mediastinum. The samples were shipped in a styrofoam box with ice, at a temperature of -80ºC to Laboratório de Imunopatologia Keizo Asami (LIKA) and were thawed only at the time of analysis.

  Samples were prepared according to the protocol described by Sings et al.[6], in 1984, and more recently reproduced by Waltrip et al.[7]. The protocol is as follows: A) weigh the tissue sample on a precision scale; B) mix the sample to a cooled extraction solution containing 70% methanol and 30% 0.1M sodium acetate (pH 5.2) in a volume ratio of 1:2 (e.g., 1g of tissue to 1.11 mL solution, considering the density of adipose tissue as 0.9 g/cc); C) homogenize the sample for 30 seconds; D) cool it at -20°C for ten minutes; E) centrifuge it at 15000 rpm for 15 minutes; F) collect the supernatant and centrifuge it again for 15 minutes at 15000 rpm; and G) filter it using a high performance liquid chromatography (HPLC) 0.22 µm filter.

  Sample Analysis

  The measuring of the antibiotic dose in the samples was performed by HPLC reverse phase with the ÄKTA Purifier 10 GE® system. The column used was C18-300, 250 x 4.6 mm ID. A specialized biochemist carried out this analysis.

  The mobile phase consisted of 85% 0.01M sodium acetate (pH 5.2) and 15% of a solution comprised of 96% acetonitrile and 4% methanol. A volume of 100 µl of the solution was injected through a C18-300, 250 x 4.6 mm, column with a flow rate of 1.5 ml/min through an isocratic method.

  Cefazolin absorbency was measured at a 254 nm wavelength using an ultraviolet detector device. Chromatography was performed at room temperature. For each sample, three analyses were performed separately. A standard curve for cefazolin was established through the adipose tissue samples, which were initially free of cefazolin and then received the antibiotic in increasing concentrations of 10, 20, 30, 40 and 50 µg/ml. The chromatograms of the samples and the areas corresponding to the cefazolin curve were drawn by Unicorn 4.11® software, which received the data directly from the ÄKTA purifier machine 10.

  Statistical Analysis

  To analyze the data, first a database with patient information was built using a simple table in Microsoft Office Excel®. The data was then exported to Statistical Package for Social Sciences (SPSS) version 18, whereby the statistical analysis was performed. The qualitative variables were: hypertension, diabetes, dyslipidemia, smoking, CABG surgery, valve surgery, or correction of aortic aneurysm. They were described in absolute and relative frequency (percentage). Quantitative variables, such as body mass index (BMI), time of first and second collections, and first and second level of cefazolin, were expressed as minimum, maximum, mean, median, and standard deviation. In addition, the confidence interval for each variable was calculated.

  Normal distribution was assessed using the Kolmogorov-Smirnov test. To assess the correlations "time 1 x cefazolin level 1", "time 2 x cefazolin level 2", and "BMI x cefazolin level 2", the Pearson's correlation coefficient was used, where a normal behavior for the distribution of variables was observed. Additionally, a linear regression model adjustment (Spearman's test) was applied in order to determine the degree of increase or decrease in cefazolin levels from the variation in the time of data collection and the patient's BMI. All statistical conclusions were drawn considering a significance level of 5%.

   

  RESULTS

  In total, 19 patients were analyzed. Average age of patients was 60.3 years and most individuals were female (63.2%) (Table 1). The BMI analysis found 15 (79.8%) patients with BMI <30 kg/m2, 3 (15.8%) patients had a BMI between 30-40 kg/m2, and only 1 (5.26%) was higher than 40 kg/m2.

  With regard to cefazolin concentration, time 1 average was 6.10 µg/mL (SD 2.2 µg/mL; 4.45-10.86). For time 2, the average was 8.40 µg/mL (SD 2.9 µg/mL; 4.04-13.02). The concentration of cefazolin showed a normal distribution (P=0.507 and P=0.878, respectively) for both times.

  As for the time of measurement, on average, the group had a mean time of 26:30 minutes (SD 4:30; 19-35) at time 1. At time 2, the mean time was 180 minutes (SD 49.9; 60-210). It was observed that the distribution of time 1 and time 2 showed normal behavior (P=0.827 and P=0.148, respectively).

  Table 2 brings a descriptive analysis of patients evaluated according to BMI, time 1, time 2, and cefazolin concentrations at times 1 and 2. Mean BMI was 26.5 kg/m2 (SD 4.1). The normality test was not significant (P=0.999), indicating that the distribution of BMI in the group evaluated presented normal behavior.

  
    

    [image: Table 2. Analysis of the measures.]

  

  Table 3 shows the analysis of the correlation between the measurements taken and the adjustment of the regression model between them. It is noteworthy that a positive and statistically significant correlation was found between time 1 and cefazolin concentration at time 1 (r=0.489 and P=0.039), indicating that an increase in time 1 is proportionately followed by an increase in cefazolin concentration at time 1. The evaluation of time 2 and cefazolin concentration at time 2 showed a negative and statistically significant correlation between both variables (r=-0.793 and P<0.001), indicating that an increase in time 2 is followed by a reduction in cefazolin concentration at time 2. A negative correlation between BMI and cefazolin concentration at time 2 was also observed (r=-0.510 and P=0.031), which means that an increase in BMI is followed by a decrease in cefazolin concentration at time 2.
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  The regression model showed that every one-minute increase in time 1 corresponded, on average, to an increase of 0.240 µg/dL in the cefazolin concentration (Figure 1A), whereas every one-minute increase in time 2 corresponded to a reduction of 0.046 µg/dL in the cefazolin concentration (Figure 1B). As for BMI, every 1 kg/m2 increase corresponded to a reduction of about 0.510 µg/dL in cefazolin concentration at time 2 (Figure 1C).
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  DISCUSSION

  To validate the HPCL method in the analysis of cephalosporins, Sings et al.[6] described the liquid chromatography analysis of 10 different cephalosporins using an extraction procedure with easily adjustable reagents for each cefazolin, in any of its three mobile phases. All experiments were performed with human plasma collected from the Akron City Hospital blood bank, which had antibiotics added to it. The chromatography was performed at room temperature using ultraviolet detection at 254 nm and a C-18 column (300 x 4 mm). Antibiotics were quantified by measuring the peak heights of each cephalosporin, which were determined by the characteristics of each substance[6].

  The statistical analysis of the chromatographic data for each plasma sample supplemented with antibiotic was conducted in all therapeutic ranges of each cephalosporin. These various therapeutic ranges were determined from clinical data collected in previous studies, using the microbiological assay agar diffusion. Following the aforementioned analysis, the study stated that the HPLC method was in accordance with the clinical acceptability criteria, with excellent precision, specificity, and sensitivity. In this sense, data from the study indicate that HPLC is easily adaptable to the dosage of cephalosporins levels.

  Thus, this study corroborates what is now recommended in the Brazilian and American Pharmacopoeias regarding the quantification of cefazolin, which confirms the reliability of the results found here, for very similar methods of diluents were used and, with respect to the column (C-18300, 250 x 4.6 mm), we applied a more advanced technique which provides more accurate results[6].

  Toothaker et al.[8] published a review article on analytical methods for cephalosporins in biological fluids and showed that, since 1980, chromatography has been the primary technique used for the analysis of cephalosporins measurements. This technology provides selectivity, accuracy, as well as ease of use. In the studied articles, it was also noted that the proper selection of the method depends on the constraints imposed by the objective of the study. The studies evaluated cephalosporins measured in the muscle tissue, bone, and urine, and, in most of them, HPLC was the preferred technique since it has the ability to distinguish between the drug and other metabolites[8].

  Pevzner et al.[9] assayed cefazolin in adipose tissue of 29 patients by agar diffusion in an attempt to assess its distribution according to BMI. Two grams of this antibiotic were injected 30-60 minutes before incision. Their results showed that cefazolin concentrations were inversely related to BMI and a considerable number of patients with a BMI above 40 did not reach minimum inhibitory concentrations for Gram negative cocci, suggesting that the currently recommended dose may result in failure in obese patients. This study indicates that, in patients with BMI below 40, a 2g dose of cefazolin is sufficient to reach the minimum inhibitory concentration, which is consistent with the results found in the sample of our study, even though we used a different technique from that recommended by the Brazilian and American pharmacopoeias.

  Waltrip et al.[7] carried out a study aiming to assess the safety of the prophylaxis with cefazolin schemes in cardiac surgery. Adipose tissue samples of the subcutaneous tissue of 34 patients were collected near the sternal wound, and then taken to the laboratory to establish the cefazolin concentrations, which were determined by the HPLC method. The results showed that, in group 1 (receiving 1 g of cefazolin preoperatively and 1 g at the end of the procedure), the concentration of cefazolin ranged from 3 to 6 µg/mL and, in group 2 (given 2 g of cefazolin preoperatively and continuous infusion of 20 mg/min throughout the surgery), it ranged from 5 to 16 µg/mL. It was noted then that, in group 1, the safe concentration was not maintained throughout the surgery whereas, in group 2 (which received a further similar scheme to that used in the work herein), the minimum inhibitory concentration was achieved throughout the whole surgical procedure.

  Fellinger et al.[10] analyzed the serum concentration of cefazolin in patients who underwent cardiac surgery with CPB. A group of 10 patients received 1 gram of cefazolin during anesthetic induction and 1 gram right before CPB. The cefazolin was extracted from blood samples and measured by HPLC 5 times. Cefazolin levels remained consistently above MIC90 for S. aureus as well as for S. epidermidis throughout the time of surgery. The highest seric levels of cefazolin, with an average of 35.56 µg/mL, occurred after the second dose of cefazolin during CPB. The lowest seric levels of cefazolin, averaging 6.34 µg/mL, were found right after the start of CPB and before administration of the second dose of cefazolin. It is noticeable that a satisfactory dose of cefazolin serum may be correlated with effective doses in the adipose tissue of the mediastinum.

  Caffarelli et al.[11] sought to assess the effects of CPB and profound hypothermic circulatory arrest on plasma cefazolin levels administered for antimicrobial prophylaxis in cardiovascular surgery. Four groups (10 patients per group) were prospectively studied: vascular surgery without CPB (group A), cardiac surgery with a CPB time of less than 120 minutes (group B), cardiac surgery with a CPB time of greater than 120 minutes (group C), and cardiac surgery with CPB and profound hypothermic circulatory arrest (group D). Subjects received cefazolin at induction and before wound closure. Arterial blood samples were obtained preceding cefazolin administration, at skin incision, hourly during the operation, and before redosing. Cefazolin plasma concentrations were determined by radial diffusion assay, with Staphylococcus aureus as the indicator microorganism. Cefazolin plasma concentrations were considered noninhibitory at 8 µg/mL or less, intermediate at 16 µg/mL, and inhibitory at 32 µg/mL or greater. In group A, cefazolin plasma concentrations remained greater than 16 µg/mL during the complete surgical procedure. In group B, cefazolin plasma concentrations diminished to 16 µg/mL or less in 30% of the patients, but remained above 8 µg/mL. In group C, cefazolin plasma concentrations decreased to less than 16 µg/mL in 60% of patients and were less than 8 µg/mL in 50% of patients. In group D, cefazolin plasma concentrations reached 16 µg/mL in 66% of the patients and decreased to 8 µg/mL in only 1 patient. The authors concluded that for patients undergoing cardiac surgery with a CPB time of greater than 120 minutes, a single dose of cefazolin before skin incision with redosing at wound closure does not provide targeted antimicrobial cefazolin plasma levels during the entire surgical procedure.

  Considering that routine use of the internal mammary artery (IMA) as a bypass graft increases the risk of DSWI, possibly by a surgically induced perfusion deficit[12], Andreas et al.[13] hypothesized that IMA preparation impairs antibiotic penetration into presternal tissue during CABG. The authors carried out a study with eight patients undergoing skeletonized left IMA harvesting for CABG. Standard antibiotic prophylaxis was administered: 4g of cefazolin before skin incision and an additional 2g during skin closure. Concentrations of cefazolin were measured in subcutaneous tissue on the presternal right and left sides (surgically affected) after sternotomy and, additionally, in subcutaneous tissue on the thigh (surgically unaffected) by microdialysis over a 10-hour period. In the results, mean peak tissue concentration and the area under the curve (AUC) on the left sternal side were significantly reduced compared with the right side and the thigh (mean peak concentration, 13.1±5.8 versus 24.1±4.7 and 27.8±9.7 µg/mL; P=0.005 and P=0.013; AUC 74.2±31.0 versus 110.4±25.0 and 140.3±46.3 µg x hours per milliliter; P=0.004 and P=0.002). Mean subcutaneous concentrations of cefazolin on the left sternal side exceeded the minimal inhibitory concentration (MIC90) of Staphylococcus epidermidis of 4 g/mL in only 37.5% of the patients after 5 hours. The authors concluded that IMA harvesting significantly impairs local antibiotic penetration during CABG and common antibiotic dosing schemas should be reevaluated in this cardiac surgical setting. Even with the protection failing in 3 patients, the overall average of the antibiotic concentration was maintained throughout the surgery at high levels (17.5 µg/ ml), well above those found in the study carried out here. It must be considered that the prophylactic dose used (4g at the start of surgery and 2g at the end) was twice that used in the sample presented here. Moreover, even though Andreas et al.[13] collected the cefazolin through microdialysis, the measurement was performed through the HPLC method.

   

  CONCLUSION

  An appropriate concentration of cefazolin was found in the adipose tissue of the mediastinum of the studied population, both at the beginning of the surgery and at its end. There was a positive and significant correlation between the initial time of surgery and cefazolin level in the first dosage. The evaluation of the final time showed a negative and significant correlation between cefazolin level and the second dosage.
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    ABSTRACT

    OBJECTIVE: To evaluate a possible evolutionary post-heart transplant return of autonomic function using quantitative and qualitative information from recurrence plots.

    METHODS: Using electrocardiography, 102 RR tachograms of 45 patients (64.4% male) who underwent heart transplantation and that were available in the database were analyzed at different follow-up periods. The RR tachograms were collected from patients in the supine position for about 20 minutes. A time series with 1000 RR intervals was analyzed, a recurrence plot was created, and the following quantitative variables were evaluated: percentage of determinism, percentage of recurrence, average diagonal length, Shannon entropy, and sample entropy, as well as the visual qualitative aspect.

    RESULTS: Quantitative and qualitative signs of heart rate variability recovery were observed after transplantation.

    CONCLUSION: There is evidence that autonomic innervation of the heart begins to happen gradually after transplantation. Quantitative and qualitative analyses of recurrence can be useful tools for monitoring cardiac transplant patients and detecting the gradual return of heart rate variability.

    Keywords: Heart failure; Transplantation; Autonomic Nervous System.

  

   

   

  INTRODUCTION

  Heart failure is a complex clinical syndrome that results in loss of functional or structural blood ejection or ventricular filling[1]. Heart transplantation is recognized as the best treatment for refractory heart failure, even in the absence of randomized controlled trials[2].

  However, exercise performance after heart transplantation remains low despite the absence of symptoms. The absorption of oxygen during exercise and anaerobic ventilatory threshold are in the predicted range of 50%-70%[3,4].

  The cause of exercise intolerance in heart transplant patients is not well known, but there is evidence that it is multifactorial and related to neurohumoral cardiac, vascular, muscle, and lung changes[4]. Givertz et al.[4] suggest that the chronotropic incompetence is due to denervation of the heart during surgery and that the innervation occurs about five years after the transplant.

  Compared to healthy subjects, heart rate in transplant patients is fixed and linear, and heart rate variability (HRV) is practically absent[5]; however, some studies show that, in general, HRV improves over time after transplantation, suggesting the occurrence of re-innervation[6,7].

  Cornelissen et al.[8] assessed HRV in 14 supine, resting patients undergoing heart transplantation using an electrocardiogram monitor for 20 minutes, with a first exam around the 13th month after transplantation and again at 141 months. They observed statistically significant increases in HRV in all patients.

  Autonomic nervous system homeostasis can be assessed by HRV analysis that, according to Godoy[9], shows the characteristics of a dynamic system and is complex, non-linear, and extremely sensitive to initial conditions. Currently, this is also the scientific concept for the existence of "chaos" hence HRV shows chaotic behavior, as do all systems of the human organism[9,10]. Decreases in HRV indicate less ability to maintain homeostasis, which may predispose the patient toward disease[11,12].

  Among the methods used for HRV analysis, quantitative and qualitative analysis of recurrence plots (RPs) are discussed here.

  Recurrence plot (RP)

  According to Marwan et al.[13], recurrence is a fundamental property of many dynamic systems and therefore various processes in nature. Eckmann et al.[14] reported recurrence in a phase space that was termed a RP.

  For the construction of RPs, one needs a time series generated by an experiment or numerical simulation on a computer. The RP is a highly effective and widely accepted tool for studying a time series[15-21].

  Its construction is very simple, being based on a square in which both the "x" axis and the "y" axis contain the elements of the time series, sequentially arranged from first to last. From this, according to the present value intervals between measurements (dimension) and distances or time intervals (radius), one can verify whether or not there are recurrence values[21-23].

  The use of different colors representing different radii complements the characteristic visual appearance of the graph. Rays with equal distances have the same color.

   

  METHODS

  The study included 102 RR tachograms from the NUTECC database (Transdisciplinary Center for the Study of Chaos and Complexity), belonging to 45 patients (64.4% male) that underwent heart transplantation, regardless of the etiology of the disease. The tachograms were collected at rest, in the supine position, for about 20 minutes. In many cases, the collection was made a few minutes before performing an endomyocardial biopsy scheduled for follow-up.

  The study was approved by the Research Ethics Committee of the Medical School of São José do Rio Preto, under number 251 021, on April 22, 2013.

  Data collection was standardized[11] as described below.

  The Recording of RR intervals

  To evaluate the behavior of the time series, heart rate data were collected using a heart rate monitor called the Polar S810 that, according to Gamelin et al.[24], shows good accuracy in the recording of low-intensity exercise when compared to the ambulatory electrocardiogram; it was also validated in Brazil[26].

  In this device, a belt with electrodes positioned at the patient's chest captures the electrical impulses of the heart and transmits them through an electromagnetic field to the monitor. The distress signal is sent via an interface with the Polar Precision Performance software, where units of time are fixed at 1 ms (millisecond) and samples of rate of recurrence (RR) intervals are collected at a frequency of 1000 Hz.

  The RR interval series is analyzed and interference or artifacts are filtered in two stages: (1) digitally, through the product's software; and (2) manually, characterized by visual inspection of RR intervals and exclusion of abnormal intervals. Only series with more than 95% regular beats are accepted.

  For the analysis of the RR tachograms, a time series of 1000 RR intervals (data in milliseconds) was built, evaluating the following variables: Determinism (% DET), Recurrence (% REC), average diagonal length (Lmean), Shannon Entropy (ShEn), Sample Entropy (SampEn), and the RP qualitative visual aspect.

  The RPs were built with the help of VRA 4.9 software, available for free on the Internet (http://visual-recurrence-analysis.software.informer.com) and developed by Eugene Kononov[27]. This software aims to assist researchers in qualitative and quantitative analysis of RPs. In this study, the parameters used in VRA 4.9 were: Embedding Dimension (M) = 10, Time Delay = 1, Radius = 70, and Line = 2; the color scheme was the "Volcano."

  To perform the comparison of behavior patterns, mathematical models of random, chaotic, periodic, and linear time series were built. Those time series were analyzed by the VRA 4.9 software for visual and quantitative aspects.

  The random series was built in Excel with the following formula: Random ( ) * 100, excluding decimal places and getting random values between 0 and 100.

  The chaotic time series was built by the logistic equation: xt+1 = xt* (1-xt)*r, where xt = 0.2 and r = 3.7, which corresponds to known chaotic state. The values were also multiplied by 100, excluding the decimal place.

  The periodic series was built by repeating the numbers 0-50, for a total of 521 numbers.

  The linear series was constructed by means of a time series comprised of prime numbers from 2 to 3,800, with 521 numbers in total.

  Figure 1 shows the RPs carried out with the random, chaotic, periodic, and linear time series obtained by mathematical formulation.

  
    

    [image: Fig. 1. Recurrence plots (RP) of random, chaotic, periodic, and linear time series obtained by mathematical formulation.]
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  Using those parameters, quantitative analysis of recurrence of random, chaotic, periodic and linear time series, obtained by mathematical formulation, as mentioned above, was performed (Table 1).

  
    

    [image: Table 1. Quantitative analysis of recurrence of time series: Random, Chaotic, Periodic, and Linear obtained by mathematical formulation.]

  

  RPs of clinical time series were also built to compare the behavior patterns of young adults (chaotic time series), children, premature newborns (time series tending to linearity), and brain dead patients (linear time series). Those plots are shown in Figure 2.

  
    

    [image: Fig. 2. Recurrence plots (RP) of clinical time series: Young adult, Child, Premature newborn and Brain dead patient (data obtained from NUTECC).]

  

  Table 2 shows the quantitative analysis of recurrence of clinical models performed with the same parameters of the mathematical models: RR, DET, diagonal maximum line (Lmax), entropy (ENTR), laminarity (LAM), and trapping time (TT).

  
    

    [image: Table 2. Quantitative analysis of recurrence of clinical time series: Young adult, Child, Premature newborn and Brain dead patient.]

  

  Statistical Analysis

  Descriptive analysis was performed (mean, standard deviation, median, and quartiles). Statistical calculations were done with the help of the StatsDirect statistical software, version 1.9.15 (30/11/2011). The hypothesis was that the extreme quartile values (first and fourth) of recurrence values should be associated , respectively, with greater and lesser follow-up times, since the variability of the heart rate should tend to increase with the passage of months. Continuous quantitative variables with Gaussian distribution were analyzed with unpaired Student's t-test or analysis of variance with Tukey post-test. Continuous quantitative variables, non-Gaussian and discrete quantitative variables were analyzed with the Mann-Whitney test. P-values ≤ 0.05 were considered statistically significant.

   

  RESULTS

  The results are shown in Table 3.

  
    

    [image: Table 3. Descriptive analysis of the data (mean, standard deviation, and quartiles 1 and 4).]

  

  The results of the comparison of the values of quartiles 1 and 4 of quantitative variables RPs showed statistical differences in Lmean and SampEn, with P=0.0059 and P=0.0361, respectively (Table 3).

  Figures 3 and 4 show examples of the qualitative analysis of RP in some cardiac transplant patients.

  
    

    [image: Fig. 3. Recurrence plots (RP) of patients in the earlier postoperative period after heart transplantation (above each graph is the identification of the patient and the elapsed time of the transplant).]

  

  
    

    [image: Fig. 4. RP of patients in the later postoperative period after heart transplantation (above each graph is the identification of the patient and the elapsed time of the transplant).]

  

  When comparing RP built with the HRV time series of heart transplant patients with RPs of time series of mathematical (random, chaotic, periodic, and linear) and clinical models (young adult, child, premature newborn, and brain dead patient), certain similarity was found between:
  
  
    a. Heart transplant in more recent postoperative with linear mathematical model and brain dead patient clinical model.

    b. Heart transplant in later postoperative with periodic tending to chaotic mathematical model and premature newborn or child clinical models. There is an exception, TX 082, which resembles the linear mathematical model and brain death clinical model (the patient was coughing on the collection day. A few days after the collection, she was admitted to the intensive care unit with severe pneumonia.

  
  
   

  DISCUSSION

  The results of the study showed that RPs may constitute good tools to assess HRV time series and, accordingly, analyze the autonomic nervous system and recovery in cardiac transplant patients.

  Aparicio et al.[27] reported that the quantitative analysis of recurrence is a technique of great interest because it allows us to make use of the advantages of RP and do so more objectively than deriving information purely from visual analysis.

  Guo et al.[28] analyzed recurrence variables in patients with coronary artery disease through morphological changes in pulse variability analysis. The aim of the study was to analyze if the pulse diagnosis, which is traditionally used in Chinese medicine, combined with a non-linear dynamic analysis could aid in the diagnosis of cardiovascular disease. They studied 37 patients with coronary artery disease and 37 healthy patients and recorded pulses, generating a time series. Patients remained at rest for five minutes and then pulse rates were collected by wrist measurement for 1 minute. The recurrence quantification analysis (RR, DET, Lmean, LMax, ShEn, LAM, and TT) showed significantly higher values for patients with coronary artery disease than in healthy individuals (P<0.05), translating into less variation and therefore higher autonomic physiological impairment.

  Mohebbi and Ghassemian[29] evaluated electrocardiogram segments of patients with atrial fibrillation (AF) in the 30 minutes preceding the arrhythmia and rated electrocardiogram segments spaced at least 45 minutes from any episode of paroxysmal AF. By comparing the RPs between the two groups, they found an increase in Lmax, Lmean, and ShEn in the segments preceding the occurrence of paroxysmal AF (P=0.0003 P=0.000006, and P=0.000008, respectively), showing that the episodes leading to paroxysmal AF are more stable (less chaotic) than the remote electrocardiogram episodes of AF. Visually, the qualitative assessment of RPs was similar to the patterns we observed, with a more homogeneous pattern in the segments of electrocardiogram prior to paroxysmal AF and more heterogeneous in the distant segments of paroxysmal AF[29].

  Melillo et al.[30] studied HRV in 42 students under stress (during an oral test) and after a vacation period, with electrocardiogram recording for 5 minutes. The nonlinear analyses of HRV used were the Poincaré chart, approximate entropy (ApEn), correlation dimension (CD), Detrended fluctuations analysis (DFA), and RP. The HRV analysis measures showed different values in each situation (under stress and after vacation) and therefore can be used to differentiate low- and high-emotional stress situations[30].

  In the present study, Lmean values were higher in patients with low cardiac transplant time (P=0.0059), indicating that the average time that the two path segments remain similarly evolving into a system is significant, leading to greater average time system predictability and lower HRV and, consequently, lower performance of the autonomic nervous system in the hearts of these patients.

  Tochigi et al.[31] analyzed SampEn in 52 patients with symptomatic knee osteoarthritis and 57 asymptomatic controls, aged from 20-79 years. The hypothesis was that the variability of the leg movement in the affected knee could be smaller in older patients. The SampEn data in asymptomatic patients showed a significant negative correlation with increased age (r=-0.287, P=0.0306). Patients with osteoarthritis had significantly lower SampEn values (P=0.0002) than asymptomatic patients of the same age who walked with equivalent speed[31].

  Papaioannou et al.[32] evaluated the respiratory complexity for weaning patients, using different nonlinear methods derived from the theory of complex systems, in a cohort of critically ill patients undergoing surgery. Thirty-two patients underwent the study, 22 of whom had typical weaning and 10 failed an evaluation for weaning. Tidal volume and average inspiratory flow were analyzed for 10 minutes during 2 phases: ventilation in pressure support of 15-20 cm H2O and evaluation for weaning pressure support of 5 cm H2O. SampEn was computed in the two respiratory phases in all patients and during the two stages of pressure support. Patients with weaning failure showed significantly decreased breathing pattern complexity, reflecting reduced SampEn of time series airflow, compared to patients with successful weaning (P<0.001). These results suggest that analyses of respiratory sign complexity may be important dynamic parameters to improve the prognosis of ventilator weaning in patients undergoing surgery[32].

  In the present study, we found that SampEn values were lower in transplant patients for less time and higher values in transplant patients were present for a longer period (P=0.0361) than in healthy controls. If there is less ENTR in information, there is less uncertainty and thus less variability.

  The reduction in Lmean in the later segments also clearly indicates greater variability, so recurrences tend not to remain for long sequences.

  Some non-linear measurements, such as DET, REC, and ShEn, did not show statistically significant differences between the earlier and the later groups of heart transplant patients. There are probably several peculiarities of the autonomic nervous system that we are not aware of in order to assess them. For example, we cannot define exactly whether the imbalance of the autonomic nervous system is associated with excess sympathetic action or a lack of parasympathetic action or the opposite. In addition, patients transplanted later start to present clinical complications related to the use of immunosuppressants, such as diabetes mellitus, hypertension, dyslipidemia, renal failure, osteoporosis, reactivation of Chagas disease, opportunistic infections, vascular disease graft, cancer, and coronary artery disease, which may be related to the worsening of autonomic nervous system homeostasis. Even if there is re-innervation of the heart in the medium and long terms, in these situations, diseases could evolve with greater RR interval linearity, leading to measures with low complexity.

  The evolutionary qualitative analysis of the recurrence of the figure plots (Figures 1 and 2) tends toward a linear pattern, or toward training patterns over repetitive, less diffuse, and more homogeneous color characteristics when there is low variability and less time elapsed from transplantation. On the other hand, with more time elapsed from transplantation, there was a clear tendency to show a more diffuse pattern of heterogeneity of colors, suggesting a change in the linear reduction of meaning and, physiologically, partial return of autonomic control.

   

  CONCLUSION

  The HRV analysis through RPs is a good tool to assess the re-innervation of the transplanted heart. There is evidence that heart re-innervation starts to happen approximately 18 months after transplantation, and improves gradually.

  The RPs show, by means of the colors and patterns of the formed images, autonomic signs of recovery during follow-up in transplant patients. The RP may constitute a very promising method for monitoring heart transplant patients, which may indicate situations of decreased complexity and disease.
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    ABSTRACT

    INTRODUCTION: Cost management has been identified as an essential tool for the general control and evaluation of health organizations.

    OBJECTIVES: To identify the coverage percentage of transferred funds from the Unified Health System for coronary artery bypass grafts in a philanthropic hospital having a consolidated costing system in the municipality of São Paulo.

    METHODS: A quantitative, descriptive and cross-sectional research with information provided from a database composed of 1913 patients undergoing coronary artery bypass graft from March 13 to September 30, 2012, including isolated elective coronary artery bypass graft with the use of extracorporeal circulation. It excluded 551 (28.8%) patients, among them 76 (4.0%) deaths and 8 hospitalized patients, since the cost was compared according to the length of hospital stay. Therefore, the sample consisted of 1362 patients.

    RESULTS: The average total cost per patient was $7,992.55. The average fund transfer by the Unified Health System was $3,450.73 (48.66%), resulting in a deficit of $4,541.82 (51.34%).

    CONCLUSION: The Unified Health System transfers covered 48.66% of the average total cost of hospitalization. Although the amount transferred increased with increasing costs, it was not proportional to the total cost, resulting in a percentage difference in revenue that was increasingly negative for each increase in cost and hospital stay. Those hospitalized for longer than seven days presented higher costs, older age, higher percentage of diabetics and chronic kidney disease patients and more postoperative complications.

    Keywords: Health care costs; Hospitalization; Coronary Artery Bypass; Unified Health System; Nursing Administration Research.

  

   

   

  INTRODUCTION

  The Brazilian health system is undergoing an important financial crisis that threatens the survival of hospital organizations, especially philanthropic ones, that play an essential role in serving the poorest class of the population.

  These philanthropic institutions benefit from tax immunity, but must allocate 60% of their capacity to the Unified Public Health System (SUS) or 20% of their total services as free services to the population[1-3]. In this way, they face serious financial problems that may compromise their survival[4] and impact on meeting the population's demand, considering the various health care procedures that are performed by SUS throughout Brazil. Therefore, cost management has been pointed out as an essential tool for controlling and evaluating these organizations, both public and private[4,5].

  Among the several cardiac surgeries performed by SUS in Brazil, the most frequent is coronary artery bypass graft (CABG), performed in both public and private hospitals throughout the country[4]. However, few Brazilian studies have analyzed the cost of this complex procedure and the specific transfer of funds from SUS regarding this surgery.

  Cost is defined as an expense relating to a good or service used in the production of other goods or services, and may be classified into direct, indirect, fixed or variable cost, and the sum of all these cost forms is defined as total cost[6]. The most widely used costing system by hospitals to gauge total costs is known as the Absorption Costing System. The main characteristics of this costing system are the need for apportionment in the case of appropriation of indirect costs, and that the results are directly influenced by the production volume[6].

  On the other hand, the transfer of funds from SUS consists of the amount of money paid by the Ministry of Health (MOH) to health institutions for their performed procedures, pursuant to Administrative Rule no. 204 of January 29, 2007, which regulates the financing and transfer of federal resources to health actions and services, with appropriate monitoring and control[7].

  SUS spent more than R$209 million to perform isolated CABGs and/or those associated with other procedures in the city of São Paulo from 2011 to 2014, which corresponded to an average expenditure of R$12,025.66 per patient[8]. These expenses are derived from amounts transferred from SUS measuring or from contracts that some hospitals establish with the system, and not by measuring the costs of surgeries.

  Thus, it is unknown how this total cost is conferred in the different hospitals in Brazil and if the fund transfer from SUS can cover them.

  Therefore, the purpose of this study is to identify the coverage percentage of hospitalization costs for CABG by fund transfer from SUS in a philanthropic hospital in the city of São Paulo that implements the consolidated Absorption Costing System.

   

  METHODS

  A quantitative, descriptive and cross-sectional study carried out in the Beneficência Portuguesa Hospital of São Paulo, which is a philanthropic, special-purpose hospital in the city of São Paulo. This hospital has a database started in 2009, which collects information on their performed myocardial revascularization surgeries such as demography, diagnostic exams, surgical techniques, complications, mortality, drug treatment, length of hospital stay, and costs, among others, and is part of the continuous improvement of the institution's care practices.

  The information for this study was extracted from a database composed of 1913 patients submitted to CABG at the surveyed institution, aged 18 years or older in the period from March 13 to September 30, 2012, and includes data from 100% of all CABG performed at the hospital in this period.

  The choice for this period was due to this being the beginning of information inclusion on cost and fund transfer from SUS available for study. The database has 1913 patients. Isolated surgeries (without other associated procedures), elective surgeries (which were not urgent or an emergency), surgeries using extracorporeal circulation (EC) and those that had SUS funding as a source for hospitalization costs were included in the study. Five hundred and fifty-one (551-28.8%) patients were excluded, totaling 1362 for the study sample. However, the sum of exclusion was not 551, since some patients were excluded due to more than one reason for not participating in the study, according to the exclusion criteria [172 (9%) non-SUS; 13 (0.7%) for not having cost information; 76 (4.0%) deaths, 206 (10.8%) non-isolated CABG; 17 (0.9%) urgencies; 1 (0.05%) emergency; 132 (6.9%) without EC and 8 (0.4%) patients who remained in the ICU at the time of the database closing on the 30th postoperative day]. Deaths and inpatients were excluded since the evaluated cost refers to hospital admission, and groups were compared according to length of hospital stay.

  The research was conducted in accordance with Resolution of the National Health Council, number 466 of December 12, 2012, and authorized by the Research Ethics Committees of the Nursing School of the University of São Paulo, with Opinion No: 1.024.151 on 4/15/15, and of the institution under study with Opinion No: 1.088,381 on 06/01/15. Patient identification data were not made available. Clear and informed consent forms were not solicited from patients since this is a retrospective and documentary study.

  Surveying Costs and Measuring Revenues

  We analyzed the cost variables available in the database such as the total cost of hospital admissions, revenue transfers by SUS and the difference between revenue and cost. The Brazilian real (R$) was converted to US dollar ($). We used the quotation value of the dollar (purchase) on 09/28/2012, which was 2.0265 reais[9]. We considered the dollar value close to the finishing date of data collection (09/30/2012), since there was no access to the cost per patient at the time of hospital discharge.

  The Absorption Costing System was implemented in 2010 into the hospital under study from the perspective of managerial accounting with the formation of cost centers. Thus, it was possible to gauge total costs by summing the direct, indirect, fixed and variable costs of the services, procedures and examinations, transposing the values into daily hospital charges and fees.

  The fund transfer process from SUS is done according to inpatient hospital authorizations (IHA)[8] generated for the patient. The Beneficência Portuguesa Hospital uses a consolidated controlling service from SUS, which sends the debits from specific sites to MOH, which are analyzed, and the corresponding values are then transferred to the hospital.

  Data Analysis

  All variables were initially analyzed descriptively. Minimum and maximum values were analyzed for variable cost, revenue and time intervals, and averages, standard deviations and medians were then calculated. Absolute and relative frequencies were calculated for the group variables of hospitalization duration and patients' profile characterization. Non-parametric Mann-Whitney test was used for comparison of length of hospitalization groups in relation to cost and income variables[10]. Chi-square test[10] or Fisher's exact test[10] (for expected frequencies lower than 5) were used in order to test homogeneity among the proportions of hospitalization groups. The level of significance used for the tests was 5%.

   

  RESULTS

  The results are presented in three parts. The first part presents a panoramic view of data on costs, revenues and funds transferred from SUS for CABG hospitalization (Table 1). The second part shows the average coverage percentage of funds transferred for the average total cost of hospitalization per patient (Table 2) and seeks to compare the average coverage percentage among groups according to the length of hospital stay (Table 3). The third part compares these two groups in terms of age, gender, EuroSCORE I[11], preoperative risk factors and postoperative complications (Table 4). Cost data are presented in American dollars[9].
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  Coverage Percentage of Funds Transferred from SUS in Hospital Admission for CABGs

  According to Table 1, the consolidated total cost on hospital admission for the sample of 1362 patients was $10,885,855.91, and consolidated revenue was $4,699,897.85, with the total funds transferred from SUS being 43.17% of the costs, and total negative revenue of 56.83%.

  The total average cost of hospitalization per patient as described in Table 1 was $7,992.55, and according to information provided by the Hospital Cost Management under study, the direct cost of hospitalization for CABGs in 2012 was 58% of the total cost, $4,635.68, and the indirect cost was 42%, $3,356.87.

  According to Table 1, the average revenue transferred by SUS was $3,450.73, presenting an average coverage percentage of 48.66% of the total cost, thus generating average negative revenue of 51.34% to the hospital, of which the largest portion is destined to the payment of medical fees.

  A difference was found in relation to the average revenue deficit and the average of SUS transfers shown in Table 1, since the average revenue deficit and all calculations of cost, revenue and the percentage difference between cost and revenue were statistically and individually calculated for each of the 1362 patients in the sample. The values were rounded for each patient with a difference or error occurring when comparing the direct total average calculation as calculated by SUS transfers in the last column of the table. This calculation of the transfer percentage was based on the percentage difference of the revenue deficit.

  According to Table 2, the total cost ranged from $3,300.26 to $152,132.10. Of these, 22 (1.62%) cases had a total cost between $49,346.16 and $98,692.33, four (0.29%) cases between $98,692.33 and $148,038.49 and one (0.07%) case above $148,038.49.

  Data from Table 1 also show intensive care unit (ICU) readmission occurred in 156 (11.5%) patients. Comparing the total cost and the funds transferred from SUS among readmitted and non-readmitted patients (1206), it was verified that although those readmitted had higher costs and higher revenues, the difference between cost and revenue was higher, thus generating a higher percentage of negative revenue in relation to the group without readmission (58.49% vs. 50.41%, P<0.001). Therefore, the average coverage percentage of transferred funds was 41.51% for readmitted patients and 49.59% for non-readmitted patients.

  Mean Percentage of Hospital Admission Coverage in CABGs and Length of Stay (LOS)

  Average LOS was 11.23 days (2.73 preoperative, 8.50 postoperative, of which 2.42 were in ICU). At the institution under study, the medical practice manual defines that LOS in isolated and elective CABGs should be up to seven days.

  Thus, for a better cost evaluation and fund transfer from SUS, patients were divided into Group 1 (LOS≤7 days) and Group 2 (LOS>7 days), and in comparing the groups, it was possible to verify that 69.5% of the sample presented LOS>7 days.

  It can be observed in Table 3 that Group 2 presents significantly higher cost, revenue, difference between cost-revenue and percentage difference (P<0.001).

  According to Table 1, Group 2 presented a coverage percentage from SUS lower than Group 1 with 44.52% versus 58.09%, respectively, generating a significantly higher percentage of negative revenue in the group of patients who spent more than seven days hospitalized.

  Comparison of Groups in Relation to Preoperative and Postoperative Profile

  Of the 1362 patients, the mean age was 61.4 years and 69.9% were males. In attempt to justify the increase in the hospital stay and costs, the groups' preoperative profiles were compared. According to Table 4, the expected mortality risk assessed by EuroSCORE I[11] did not differ, but in relation to the preoperative factors, Group 2 had a higher age (P=0.018), a higher number of diabetics (P<0.001) and a higher number of patients with chronic kidney disease (P=0.002).

  Regarding the presence of postoperative complications, Table 4 shows that Group 2 presented a higher need for blood transfusion, atrial fibrillation requiring intervention, major bleeding, pneumonia, acute renal failure, acute perioperative myocardial infarction, hemodialysis, stroke, prolonged mechanical ventilation (up to 48 hours) and reoperation due to bleeding and/or mediastinitis.

   

  DISCUSSION

  Data from the present research showed that the total funds transferred from SUS only covered 43.17% of the total consolidated cost and generated a revenue deficit of 56.83%. The funds transferred per patient were only 48.66%, lower than the direct cost of hospitalization.

  Although CABG is the most performed heart surgery by SUS in Brazil, few studies have analyzed the costs of the procedure. This lack of literature may be due to the fact that health institutions do not have a Consolidated Costing System.

  In the few Brazilian studies on CABG costs, it can be noticed that some did not assess procedure nor hospitalization costs. Some authors have considered the values of fixed tables as costs based on Inpatient Hospital Authorization (IHA) or on prices of pre-established packages[4,12]. Others cited the transferred funds from SUS as a direct cost and additional institutional costs as indirect costs[13], which may underestimate the real cost of the procedure.

  A study carried out in a public hospital in the city of São Paulo revealed that coverage from SUS for the total average cost of the procedure in primary, isolated and elective CABGs in 2005 was 79.41% of the direct costs of the procedure[14]. However, the total cost of hospitalization was not included, which could significantly reduce this percentage.

  According to the Health Information Portal of the Municipality of São Paulo/IHA, the consolidated funds transferred from SUS through the total amount of IHA paid for CABG (isolated and associated with other procedures) from 2011 to 2014 was R$209,883,898.93; of which R$57,094,462.41 in 2011, R$55,322,437.14 in 2012, R$48,746,376.00 in 2013 and R$48,720,623.38 in 2014. However, the average transferred per patient from 2011 to 2014 was R$12,025.66, with R$11,862.55 in 2011, R$12,052.82 in 2012, R$12,045.06 in 2013 and R$12,171.03 in 2014[8].

  Comparing the consolidated funds transferred from SUS for CABGs of the present research to the municipality of São Paulo in 2012[8], it was verified that the value transferred to the institution under study corresponded to 17.22% of the funds transferred to the municipality. It is worth mentioning that the research institution was responsible for 16.4 to 17.5% of the CABGs performed by SUS in the period from 2008 to 2014[15,16], a significant percentage of this procedure in the country.

  When comparing the mean of funds transferred from SUS for CABG per patient in 2012 between data from this research and data from the city of São Paulo[8], it was verified that the funds transferred in the present research corresponded to 58.02% of the average per patient in the municipality. However, the study sample was from isolated and elective CABGs. This shows that these transferred funds may have increased according to the patient's severity, as demonstrated by authors in 2015[17].

  Most Brazilian studies only address the direct cost of the procedure, with almost no studies addressing the total cost or transferred funds from SUS for CABGs. In 2015, a study was published on average total cost and transfers from SUS for cardiac surgeries performed in 2013, with 48.8% of the evaluated surgeries being CABGs[17]. This study showed that transfers increased according to the severity of the EuroSCORE[11], while the funds transferred for low-risk patients was R$14,306.00, for medium-risk R$16,217.00, and R$19,548.00 for high-risk patients (P<0.001)[17], corresponding to coverages of 52.75%, 46.53% and 45.21%, respectively. The authors demonstrated that the transferred funds were not proportional to the total cost, presenting a lower coverage percentage as the severity, cost and LOS increased.

  The average LOS in this study was 11.23 days, which was below the average of São Paulo in 2012 (13.29 days)[8]. However, prolonged stay (LOS>7days) occurred in 69.5% of the patients.

  Another study on isolated CABGs and those associated with other procedures in 2010 in the same institution under study found a mean LOS of 11 days, with prolonged stay in 62.67% of the patients[18].

  In these two years (2010 and 2012), there was no significant difference in the mean of LOS, but the percentage of prolonged stay increased by 6.83%, thus making a more detailed study of this population very interesting.

  Comparing the total average cost of hospitalization between groups according to the LOS, there was a significant increase in the cost for Group 2 (group with LOS>7 days), (P<0.001), and although the transferred funds were greater for this group, it was noticed that Group 1 (group with LOS less than or equal to 7 days) had a higher coverage percentage of the total average cost (Group 1 had 58.09% vs. Group 2 with 44.52%).

  Therefore, this demonstrates that the higher the LOS, the higher the cost and the funds transferred from SUS (P<0.001). However, the funds transferred were not proportional to the cost, thereby resulting in an increasingly negative percentage difference of revenue for each increase in cost and hospital stay.

  When comparing the average coverage of the funds transferred per patient in the present study with that of a study published in 2013[17], the coverage was around 45 to 52%. In the present study, the coverage was 48.66% of the costs. In the cited study[17], the coverage in increasing order of mortality risk by the additive EuroSCORE (low, medium and high)[11] was 52.75%, 46.53% and 45.21%, respectively. In both works, an increase in hospitalization increased the cost and the value of funds transferred from SUS; however, the increase in the transferred funds did not proportionately follow the increase in total cost, with the coverage percentage decreasing at each increase in LOS and cost.

  CABG costs have increased over time due to technological advances. However, even though the funds transferred from SUS have increased, they remain insufficient and cover just about half of hospital costs. This mismatch between cost and funds being transferred can cause financial losses to healthcare institutions, which are contracted with SUS throughout the country, compromising their market survival and their ability to meet the population's demand. This characterizes the problem of the arduous financial question inherent in health institutions to accomplish this complex procedure.

  The data of this study corroborate the affirmation of some authors that, in relation to the destination of government funds for public health expenditures, the transfer of funds from SUS is out of date and insufficient to cover the costs of performed surgical procedures, and this scenario may worsen with the increase in the number of cardiovascular surgeries[4,17].

  In view of this, the question arises as to the need to seek strategies for managing and reducing costs, such as reducing LOS, increasing bed rotation and increasing attending demand, in line with SUS principles of accessibility for patients. It is necessary to review health policies in government offices for contracting the value of the funds transferred from SUS, ensuring the financial integrity of hospital institutions.

  When comparing the groups' preoperative profile according to LOS in an attempt to justify the increase in hospital stay and cost, the mortality risk expected by the EuroSCORE calculation[11] did not differ between groups. However, in relation to the preoperative factors, Group 2 had a higher age, a greater number of diabetics, and chronic kidney disease patients. Data from a Brazilian study also identified the presence of diabetes and kidney disease, among others, as factors that increased hospital stay[19].

  Group 2 presented the highest number of postoperative complications, which shows that the presence of complications is related to the increase in hospital stay, corroborating data from a Brazilian study[19] and the cost. An American study of 65,534 patients analyzed the cost of postoperative morbidity from cardiac surgeries performed from 2001 to 2011, and concluded that postoperative complications impact increased hospital stay and costs[20]. Other authors have also stated that prolonged postoperative hospitalization may contribute to increased severity, reduction of functional capacity and productivity[19,21,22], affect family budgets, the patient's quality of life and generate an increase in public spending in general[23].

  Group 2 patients, although not more severe according to the EuroSCORE, remained longer than the protocol of the institution under study. However, this considered increased hospitalization is related to the presence of more advanced age, comorbidities such as diabetes and chronic kidney disease, and a greater number of postoperative complications; a finding similar to that presented by other studies[19,24].

  New Brazilian studies on the coverage of funds transferred from SUS for the total hospitalization costs in elective isolated CABGs will be necessary for a real comparability with the data of this research, and may contribute to having more parameters on health costs in Brazil.

  Limitations of the Study

  Since this is a study with a database, only three cost variables (total cost, funds transferred by SUS and the difference between revenue and cost) were found.

  Also, information on direct and indirect, fixed and variable costs of the surgical procedure itself and of each cost center used in patient care were not found.

   

  CONCLUSION

  Funds transferred from SUS covered less than half the total average hospitalization costs of CABGs (48.66%). Although the funds transferred from SUS increased according to costs, these transfers were not proportional to the total cost, resulting in a percentage difference of increasingly negative revenue with each increase in cost and hospital stay. The increase in the hospital stay (considered to be prolonged when LOS is over 7 days) increased the cost, and this group had older patients with a higher percentage of diabetic and chronic kidney disease patients, and more postoperative complications.
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    ABSTRACT

    OBJECTIVE: ASSIST is the first Brazilian initiative in building a collaborative quality improvement program in pediatric cardiology and congenital heart disease. The purposes of this manuscript are: (a) to describe the development of the ASSIST project, including the historical, philosophical, organizational, and infrastructural components that will facilitate collaborative quality improvement in congenital heart disease care; (b) to report past and ongoing challenges faced; and (c) to report the first preliminary data analysis. 

    METHODS: A total of 614 operations were prospectively included in a comprehensive online database between September 2014 and December 2015 in two participating centers. Risk Adjustment for Congenital Heart Surgery (RACHS) 1 and Aristotle Basic Complexity (ABC) scores were obtained. Descriptive statistics were provided, and the predictive values of the two scores for mortality were calculated by multivariate logistic regression models.

    RESULTS: Many barriers and challenges were faced and overcome. Overall mortality was 13.4%. Independent predictors of in-hospital death were: RACHS-1 categories (3, 4, and 5/6), ABC level 4, and age group (≤ 30 days, and 30 days - 1 year).

    CONCLUSION: The ASSIST project was successfully created over a solid base of collaborative work. The main challenges faced, and overcome, were lack of institutional support, funding, computational infrastructure, dedicated staff, and trust. RACHS-1 and ABC scores performed well in our case mix. Our preliminary outcome analysis shows opportunities for improvement.

    Keywords: Heart Defects; Congenital; Quality Improvement; Database; Cardiovascular Surgical Procedures.

  

   

   

  INTRODUCTION

  Treatment of congenital heart disease has evolved in the last decades, with many technical and technological advances. However, significant variation in main outcomes is still present, especially in developing countries. In addition, large countries such as Brazil, a country of continental dimensions, may have many significant regional differences. Establishing objective parameters to evaluate quantitative and qualitative results, and benchmarking them against those of developed countries, is a big challenge.

  Collaborative quality improvement programs have contributed to improving the quality of healthcare in many different scenarios. This is because they help to target reasons for such variations and to find solutions for shared problems. In fact, joining a collaborative quality improvement program has proved beneficial in different countries[1-3]. Other advantages of joining such programs are improvements in long-term survival and better use of resources. There is a great number of examples of successful programs, such as the Pediatric Cardiac Critical Care Consortium (PC4), which includes some of the best USA pediatric cardiac centers, and the International Quality Improvement Collaborative (IQIC), designed as a consortium focused on developing countries doing pediatric cardiac surgery. They have in common a strong database, a powerful data analysis center, and a structure based on the Learning Health System model described by the Institute of Medicine, in which patients, clinicians, researchers, and other stakeholders collaborate in a meaningful partnership to improve outcomes and generate new knowledge, and where healthcare improvement and research are purposefully integrated[4,5].

  ASSIST is the first Brazilian initiative in building a collaborative quality improvement program in pediatric cardiology. The purposes of this manuscript are: (a) to describe the development of ASSIST, including the historical, philosophical, organizational, and infrastructural components that will facilitate collaborative quality improvement in congenital heart disease (CHD) care; (b) to report past and ongoing challenges faced; and (c) to report the first preliminary data analysis.

  Development of the ASSIST Registry

  The idea of a Brazilian consortium on outcomes of heart surgeries for CHD was born in 2013 during discussions between researchers from two hospitals linked to the University of São Paulo (USP). It was clear that they were looking for solutions for common problems and that they could learn from each other as well as from combined analyses of their data. The first step was then to build a multi-site network, practice-based registry data and a web-based data center to report participant outcomes, establishing a benchmark to be followed by their centers. ASSIST collaborated to form a consortium focused on standardizing data collection for the care of CHD patients across institutions and defining quality metrics for clinical practice. The consortium was initially funded by the Brazilian Ministry of Health, the National Council for Scientific and Technological Development (CNPq), and the São Paulo State, all through the São Paulo State Foundation for Research Support (FAPESP).

  The philosophy behind ASSIST is that sharing knowledge, expertise, and clever solutions for common problems can lead to better outcomes in pediatric heart surgery for CHD. ASSIST is organized as follows: a main core of specialists, including clinicians, surgeons, and respiratory therapists; a statistics team; and partners. Each partner institution has three leaders: an administrator, a physician, and a nurse. There are many other members who are responsible for data collection and audit. Infrastructure is completely online.

   

  METHODS

  The study was approved by the Institutional Review Board of the two participating hospitals, with a waiver from obtaining informed consent. A series of in-person and online meetings took place to standardize data collection, discuss barriers and challenges, and propose solutions for them. After careful planning and documentation, prospective data collection started in September 2014 in two tertiary-care university hospitals. The instruments for data collection were designed by the researchers and included a comprehensive set of pre-, intra- and postoperative variables. This report included data from then up to December 2015. At the time data was collected, some patients were still hospitalized and were therefore not included here. Vasoactive-inotropic scores (VIS) were calculated according to Gaies et al.[6]. Procedural complexity was categorized using Risk Adjustment for Congenital Heart Surgery (RACHS)-1 categories and Aristotle Basic Complexity (ABC) scores and levels, whenever possible[7,8]. Those two methods have been extensively used in the specialized literature to estimate procedure-specific complexity.

  Statistical Analysis

  Results are expressed as mean ± standard deviation, median (total range), or count (proportion), as appropriate. Mortality was calculated based on surgeries: if a patient was submitted to another surgery within the same hospital admission, then a competing outcome (reoperation) was assumed for the first surgery. Single comparisons between hospitals were done using Student's t test, Mann-Whitney's U test, of Fisher's exact test, as appropriate.

  The predictive value of the two scores, RACHS-1 and ABC, for in-hospital mortality was assessed using receiver-operator characteristics (ROC) curves and their area under the curve (AUC, a.k.a. the c statistics).

  Mortality was also modeled using multivariate logistic regression models with in-hospital mortality as the dependent variable and RACHS-1 categories or ABC levels as independent variables, with age group (≤ 30 days, < 1 year, < 18 years), major noncardiac structural anomaly, prematurity, and combination procedure as covariates. Only patients with an assigned RACHS-1 category or ABC level and age at surgery < 18 years were included in the modeling. Significance and goodness-of-fit were assessed by likelihood ratio (LR) test, chi-square (Hosmer-Lemeshow) goodness-of-fit, and analysis of residuals. Effect size was measured by Nagelkerke's R2. Reliability was assessed by expected dispersion (actual vs. expected variances) and predicted versus observed correlation coefficient. Predictive ability was assessed by the AUC the ROC curve.

  The sum of the probability of death of all individuals, as calculated from the model with RACHS-1 categories, resulted in the expected number of deaths. Standardized mortality ratios (SMR) were calculated for the two hospitals by dividing the observed mortality rate by the expected mortality rate.

  All analyses were done in IBM SPSS 20.0 (Chicago, IL, USA). P-values of 0.05 or less were considered statistically significant.

   

  RESULTS

  Barriers, Challenges and Solutions

  While planning this initiative, we faced many challenges, both anticipated and non-anticipated. Here we describe how some of those challenges were faced, the solutions found, and which ones are still being faced.

  Lack of Institutional Support

  Before we started this project, a strong culture of data-driven quality improvement was present only in one of the hospitals. Nevertheless, this culture relied on individual efforts rather than an institutional commitment. During the planning of this project, administrators of both institutions were contacted and assured institutional support. A culture of quality improvement, however, would have to be created and sustained.

  Lack of Funding

  We applied for a grant from the Brazilian Ministry of Health, the CNPq, and the São Paulo State, all through the FAPESP. The grant was used mainly to support data collection and auditing.

  Lack of Computational Infrastructure

  A robust computational infrastructure was needed. Setting up our own infrastructure would be costly and would require dedicated information technology staff. This problem was solved by hosting the database in a virtual server (infrastructure as a service [IaaS]) provided by the USP (internuvem.usp.br). InterNuvem provides storage and high-performance computational services for researchers linked to the USP. We also needed a software platform in which to build the database. Among the available options, we decided to use Research Electronic Data Capture (REDCap)[9], which is a secure web application for building and managing online surveys and databases. It is specifically geared to support online or offline data capture for research studies and operations. This platform performed very well, with elevated uptime, flexibility and scalability.

  Lack of Dedicated Staff to Data Collection

  By the time the project was started, data collection was being done by the researchers themselves. In Brazil, the number of healthcare staff is limited, which precludes allocation of professionals exclusively to data collection. After the grant was obtained, we hired temporary, dedicated personnel for data collection.

  Lack of Trust between Different Teams and Hospitals

  Reporting data is not part of our culture and measuring outcomes is not a common practice in our country. Currently, it is very difficult to evaluate and compare performances of different centers because of various reasons, including: lack of a national database, lack of structured forms for collecting data, lack of a common nomenclature for heart defects and procedures, among others. In this scenario, a great number of practitioners, physicians, and the whole team do not feel comfortable having their results publicly reported. With ASSIST, we tried to address many of these issues.

  Preliminary Analysis: Case Mix

  A total of 614 operations were collected in this period. Demographic and preoperative clinical data are shown in Table 1. Distribution of diagnosis is shown in Table 2. Distribution of cases according to RACHS-1 categories is shown in Figure 1.
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  Patients were referred from different states within the country, mostly from the state of São Paulo. A map of the cities of origin of all patients can be found at https://www.mapcustomizer.com/map/ASSIST.

  Outcome Analysis: Mortality

  Surgical and postoperative data are shown in Table 3. Overall mortality was 13.4%. Mortality was 17.1% in hospital A and 12.5% in hospital B (P=NS), for a predicted mortality of 14.6% and 13.1%, respectively. Figure 2 shows mortality according to RACHS-1 categories and ABC levels and rounded scores. The AUC at ROC curves of RACHS-1 and ABC score were 0.699 and 0.650, respectively, on predicting mortality.
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    [image: Fig. 2. Mortality according to Risk Adjustment for Congenital Heart Surgery (RACHS) 1 categories (A), and Aristotle Basic Complexity (ABC) levels (B) and rounded scores (C). U=undefined]

  

  Modeling in-Hospital Mortality: Independent Effects of RACHS-1 and ABC

  A total of 491 surgeries could be assigned to a RACHS-1 category. These were included in the model, which is shown in Table 4. In this model, the independent predictors of in-hospital death were RACHS-1 categories (3, 4, and 5/6) and age (≤ 30 days and 30 days - 1 year).

  
    

    [image: Table 4. Multivariate logistic regression of in-hospital mortality using RACHS-1 categories (n=491).]

  

  A total of 508 surgeries could be attributed an ABC level. These were included in the model, which is shown in Table 5. In this model, the independent predictors of in-hospital death were ABC level 4 and age (≤ 30 days, and 30 days - 1 year).

  
    

    [image: Table 5. Multivariate logistic regression of in-hospital mortality using ABC levels (n=508).]

  

  Standardized mortality ratios were calculated for each of the two hospitals and are shown in Table 6.

  
    

    [image: Table 6. Standardized mortality ratios of the two participating centers (N=491).]

  

  Outcomes Analysis: Infection

  Overall incidence of infection was 13.8%, 26.8% being in hospital A (standardized infection ratio [SIR] of 1.58) and 10.9% in hospital B (SIR of 0.75). In a multivariate model, only RACHS-1 categories (3, 4, and 5/6) and age (≤ 30 days, and 30 days - 1 year) were independent predictors of any major infection (results not fully shown here).

   

  DISCUSSION

  The costs of caring for a patient with CHD have been increasing year after year. Cost-effective strategies are therefore highly needed. However, this is not an easy task. Administrators, staff, families, and patients need to be in alignment, and the focus must be on transparency, performance, quality, safety, and commitment.

  In fact, in 2014, pushed by the public and regulatory agencies, both the UK and the US expanded their public reporting of cardiac surgical outcomes[10,11]. There is hope that this initiative will result in more effective decision making in healthcare.

  According to West[12], there are three aims for achieving a sustainable, continuously improving healthcare system: better outcomes, better system performance, and better professional development. Sanchez & Barach[13] stated that knowledge as well as cultural and organizational factors comprise the framework to thrive in cardiac care. Evolution in pediatric congenital cardiac care relies on the understanding of the relationships between the domains of outcomes analysis, quality improvement, and patient safety[14]. This can be achieved more easily with collaborative work such as ASSIST.

  In fact, pediatric and congenital cardiac care and their associated outcomes have improved radically over the past generation in the developed world. This was accomplished, at least in part, by pursuing quality and performance, through careful analyses of local and collaborative databases of diagnoses, risk factors, procedures, complications, and outcomes, and searching for modifiable factors worsening the outcomes. This paper briefly described the process of implementing a data-driven quality improvement program in Brazil, along with challenges faced, solutions found, and preliminary data analysis of outcomes.

  There are several similar approaches already in use by several countries: IQIC, PC4, STS-EACTS, among others. In fact, joining a collaborative database can result in several benefits. Jenkins et al.[1] reported that, in 28 sites from 17 developing countries, joining IQIC resulted in a significant reduction in mortality rates. The impact of implementing a collaborative database focused on quality improvement was also reported in India by Balachandran et al.[2]. They reported that, after implementation of IQIC, there was a significant decrease in the incidence of bacterial sepsis and surgical site infection in addition to a significant decrease in intensive care unit length-of-stay. Mortality also decreased almost by half, but it did not reach statistical significance. Moreover, Sciarra et al.[3] reported that implementation of initiatives such as IQIC is feasible in our region, improving the quality of care.

  Quality Measures for Congenital and Pediatric Cardiac Surgery, developed and approved by The Society of Thoracic Surgeons (STS) and endorsed by the Congenital Heart Surgeons Society (CHSS), recommend participation in at least one multi-center, standardized data collection[15]. Organized according to Donabedian's Triad of Structure, Process, and Outcome, this initiative hoped that these quality measures can aid in congenital and pediatric cardiac surgical quality assessment and quality improvement initiatives.

  In Brazil, the first efforts to create a quality improvement program aiming at outcomes of cardiac surgery began in 2014 for adult patients, encompassing the evaluation of institutional, team, and individual factors and focusing on the optimization of the existing resources[16]. However, at that time, there was no reliable source of information on outcomes after pediatric surgery for CHD. The only available source of information was the national database of all hospital admissions to public hospitals within the country: The National Health System database (DATASUS, http://datasus.saude.gov.br). This database was created with a focus on administrative, not clinical, points of view. This database is used to manage the public system, focusing on reimbursement to healthcare providers. It means that the information we have is based on what the providers inform they are doing, in terms of management, not epidemiological or clinical data.

  We could have joined one of these successful approaches. In fact, many centers, individually, already have. However, after comprehensive discussions, our team decided to set up our own database. This decision was motivated by the feeling that we did not know enough about what we were doing, whether it was right or wrong. Joining an existing database would produce results in main outcomes and some basic demographics. Having a custom database would allow us to collect more data and, maybe, find out what worked best for each institution.

  By highlighting the best practices for measuring outcomes, project ASSIST proposes a framework to help map out and support the next step in improving pediatric and congenital cardiac care in our country. This project started in the state of Sao Paulo and, in the future, it could become a national database. More than a database, the consortium will strengthen the relationship between centers around the country, building a new and better model of care and collaboration.

  ASSIST has been developed philosophically and organizationally to follow the roadmap previously laid out by other successful, collaborative quality improvement pioneers, such as PC4, IQIC, among others. Transparency, introspection, and a commitment to rigorous science are the cornerstones of our approach, and the participating institutions are completely committed to these principles.

  ASSIST was designed to facilitate the discovery of best practices among centers involved with CHD care and, using innovative research methods and collaborative learning, we expect to improve the overall results.

  Nowadays, CHD represents the second cause of infant mortality in our state. This is our real challenge. ASSIST's mission is, therefore, to improve the number of treated patients and their outcomes, thus preventing potentially avoidable deaths.

  Another issue that underwent a lot of discussion was the appropriateness of existing complexity scores to our reality. The options were the RACHS-1 score, the ABC score and level, and the STS-EACTS score. We did not know whether these scores would perform well in our patients. We found that, in our cohort, mortality was predicted by RACHS-1 with an AUC of 0.793, while ABC levels had an AUC of 0.730. In India, Joshi et al.[17] evaluated the predictive value of RACHS-1 and ABC scores on mortality after surgery for CHD. They showed, in a cohort of 1150 patients, that the AUCs for mortality were: ABC score, 0.677; Aristotle Comprehensive Complexity (ACC) score, 0.704; and RACHS-1, 0.607. They concluded that ACC performed better over the other two. In our study, both RACHS-1 and ABC scores performed well. In Thailand, Vijarnsorn et al.[18] reported the following AUCs for mortality in 230 patients: RACHS-1, 0.78; ABC, 0.74; and STS-EACTS, 0.67. These results were more similar to ours. In France, Bojan et al.[19], in a cohort of 1384 patients, showed that AUCs for mortality were: RACHS-1, 0.75; and ACC, 0.87. In the largest dataset to date (45,635 patients), Jacobs et al.[15] reported the following AUCs for mortality: ABC, 0.70; RACHS-1, 0.749; and STS-EACTS, 0.784.

  In Brazil, Cavalcanti et al.[20] investigated the accuracy of RACHS-1, STS-EACTS, and ABC scores in predicting mortality in a cohort of 360 patients who underwent surgery at a hospital in the state of Pernambuco, Brazil. This state is in the Northeastern part of Brazil, while ours is in the Southeastern. They showed that the three scores performed similarly, with the following AUCs: RACHS-1, 0.738; STS-EACTS, 0.739; and ABC, 0.766[20]. The results are very close to those obtained by us, even though the different regions of the country have very different socioeconomic statuses.

  Preliminary results and challenges they bring

  The results of this preliminary analysis are of concern: we have a case mix very similar to others reported in the literature but, surprisingly, we found high mortality and infection rates, with significant differences between the first two institutions. Multivariate modeling showed that risk factors for death were higher RACHS-1 or ABC levels and age group (≤ 30 days, and 30 days - 1 year). The risk factors for major infection were the same. Those are non-modifiable factors. We hope that, by having a larger timespan of data, we will be able to identify other potentially modifiable factors contributing to poor outcomes.

  Limitations

  This manuscript presents the very beginning of the idea of building our own CHD consortium, therefore, at this time there is no intention to deeply discuss the outcomes. The analysis of the collected data is used only to exemplify the potential of the ASSIST database. These results probably do not represent the actual performance of the centers, considering the short time frame of the data collected. Furthermore, perioperative care was not standardized. Variations in care are very likely to have happened. In addition, some cases were not included in the analysis because they were still hospitalized at the time of data harvest.

  Future

  The next steps are: (a) enroll more centers in the registry; (b) refine the set of variables in order to keep only useful variables and thus save time and effort in collecting them; and (c) start meetings to address main concerns, such as infection, and propose solutions.

  The second phase of this project is to involve other centers in the state of Sao Paulo and, in a near future, others around the country, establishing a national database and collaborative network.

  The purpose of ASSIST in promoting a multicenter database and collaboration will give us the opportunity to grow. The enormous progress that has occurred over the last several years to improve the quality and consistency of information about surgical treatment for congenital cardiac disease is not yet widespread in our country. Using a benchmarking assessment and a collaborative quality improvement approach, the centers involved with the pediatric cardiology care will build a strong partnership to achieve better outcomes. This initiative will define performance metrics that will encompass our gold standards of practice: diagnostics, management, technique, and follow-up.

   

  CONCLUSION

  In conclusion, the ASSIST project was successfully created over a solid base of collaborative work. The main challenges faced and overcome were lack of institutional support, funding, computational infrastructure, dedicated staff, and trust. RACHS-1 and ABC scores performed well in our case mix. Our preliminary outcome analysis shows opportunities for improvement.
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    ABSTRACT

    OBJECTIVE: Midline sternotomy is the preferred approach for device migration following transcatheter device closure of ostium secundum atrial septal defect. Results of patients operated for device migration were retrospectively reviewed after transcatheter closure of atrial septal defect.

    METHODS: Among the 643 patients who underwent atrial septal defect with closure device, 15 (2.3%) patients were referred for device retrieval and surgical closure of atrial septal defect. Twelve patients underwent device retrieval and surgical closure of atrial septal defect through right antero-lateral minithoracotomy with femoral cannulation. Three patients were operated through midline sternotomy.

    RESULTS: Twelve patients operated through minithoracotomy did not require conversion to sternotomy. Due to device migration to site of difficult access through thoracotomy, cardiac tamponade and hemodynamic instability, respectively, three patients were operated through midline sternotomy. Mean aortic cross-clamp time and cardiopulmonary bypass time were 28.1±17.7 and 58.3±20.4 minutes, respectively. No patient had surgical complication or mortality. Mean intensive care unit and hospital stay were 1.6±0.5 days and 7.1±2.2 days, respectively. Postoperative echocardiography confirmed absence of any residual defect and ventricular dysfunction. In a mean follow-up period of six months, no mortality was observed. All patients were in New York Heart Association class I without wound or vascular complication.

    CONCLUSION: Minithoracotomy with femoral cannulation for cardiopulmonary bypass is a safe-approach for selected group of patients with device migration following transcatheter device closure of atrial septal defect without increasing the risk of cardiac, vascular or neurological complications and with good cosmetic and surgical results.

    Keywords: Heart Septal Defects; Atrial/Surgery; Sternotomy; Minimally Invasive Surgical Procedures.

  

   

   

  INTRODUCTION

  Ostium secundum atrial septal defect (ASD) is one of the most common congenital anomalies. Presently, transcatheter device closure is a preferred technique for the management of ASD and usually patients who are not suitable for transcatheter closure are referred for surgical closure[1]. Device malposition and migration are the major complications following transcatheter management, however, they are infrequent and occur in 1.1% to 3.5% of patients[2-4]. Device migration may be life-threatening and requires emergent or urgent surgical intervention.

  Minimally invasive congenital cardiac surgery is a developing field[5]. Presently, mini-invasive approach is preferred for elective surgical closure of ASD as it provides the cosmetic advantage and avoids sternal complications[6-8]. However, patients who develop complications due to transcatheter management are preferably operated through midline sternotomy due to the apprehension of worsening a complicated condition. Therefore, the patients who develop a complication following transcatheter management typically lose the advantage of mini-invasive approach.

  At our institute, we managed selected patients with complication following transcatheter ASD closure through mini-invasive approach. In this article, our technique and results are retrospectively reviewed.

   

  METHODS

  Patients

  Between January 2012 and June 2016, 643 patients underwent transcatheter device closure of ASD at our institute. Among them, 15 (2.3%) patients were referred for urgent device retrieval and surgical ASD closure due to device migration. The hospital data of these 15 patients were retrospectively reviewed for demographic and operative details of the patients, postoperative morbidity and outcome. The study was approved by our institutional ethics committee (UNMICRC/CVTS/18) and consent from the patients was waived off in view of retrospective nature of the study.

  Diagnosis and Surgical Management

  The diagnosis of device migration was confirmed by echocardiography. All the patients were operated within one hour after confirmation of device migration. Among 15 patients, 12 patients were operated through right anterolateral thoracotomy mini-invasive approach with femoral arterial and venous cannulation for establishment of cardiopulmonary bypass (CPB) while three patients underwent classical median sternotomy.

  Exclusion criteria for anterior minithoracotomy were:
 
  
    1. Hemodynamic instability

    2. Device migration to left ventricular outflow tract (LVOT), aortic and distal PA

  
  
  In all the patients, device retrieval and ASD surgical closure was done. All the patients were operated in hybrid catheterization lab where the transcatheter procedure was performed. Intra operative transesophageal echocardiography (TEE) was performed in all the patients (Figure 1). All the patients were operated by a single surgeon.

  
    

    [image: Fig. 1. Mid oesophagus 0º Four Chamber view showing ASD device in right ventricular outflow tract.]

  

  Surgical Technique of Anterior Minithoracotomy

  Anesthetic protocol

  The induction of anesthesia included midazolam (0.1 mg/kg) and fentanyl (5 µg/kg). Muscle relaxation was achieved by pancuronium (0.1 mg/kg). All the patients received single lumen cuffed endotracheal intubation. Fentanyl (total dose of 15 to 20 µg/kg) with the addition of sevoflurane was used for maintenance. After the induction of anesthesia, external defibrillation pads were placed. Invasive monitoring included right radial artery catheter and a triple-lumen central venous catheter.

  Patient position

  Patients were laid supine with bolster under right scapula to raise right hemithorax at 30º. The arms were positioned beside the body, the right groin was prepared and draped to allow access to the right femoral vessels.

  Surgery

  The skin incision 4-6 cm length was made along the right inframammary groove between the parasternal and midaxillary lines (Figure 2). The breast tissue and pectoralis major muscle were dissected en bloc from the chest wall. Right pleural cavity was entered through the right anterior 3rd, 4th or 5th intercostal space according to the chest X-ray. The intercostal space for access to the pleural cavity was decided on the basis of the anterior intercostal space overlying the lateral most border of right atrium (Figure 3). Using Seldinger's technique femoral artery was cannulated (Medtronic, DLP, Femoral Artery Cannula) and for venous cannulation a dual stage venous cannula (Medtronic, CARPENTIER, Bi-caval femoral cannula) was inserted through a small transverse incision at the inguinal region (opposite to that utilized for device placement). CPB was instituted and maintained with mild hypothermia (32°C). The lung was retracted posteriorly and the pericardium was then opened longitudinally 3-4 cm anterior to the phrenic nerve extending the pericardiotomy towards aorta and downwards to the diaphragm. Pericardial stay sutures were put on traction to elevate the mediastinal structures and move right atrium in direct view.

  
    

    [image: Fig. 2. Postoperative aspect of the minithoracotomy incision.]

  

  
    

    [image: Fig. 3. Chest X-ray with posteroanterior (PA) view showing the lateral border of the right atrium in the 4th intercostal space. The intercostal space for access to the pleural cavity was decided on the basis of the anterior intercostal space overlying the lateral border of the right atrium.]

  

  The dual stage femoral venous cannula was directed into SVC under TEE guidance. SVC and IVC were snugged. The cannulation of ascending aorta, for cardioplegia (MiARTM Cannulae, Medtronic, USA), was done with downward traction of right atrium by a simple vascular clamp. Minimally invasive instruments (Fehling Instruments, Germany) were used, although simple instruments are enough. The ascending aorta was cross clamped with a Chitwood type transthoracic aortic clamp through the third intercostal space in the mid-axillary line. This incision could be used for later chest tube insertion.

  Myocardial protection was achieved with antegrade cardioplegia in aortic root, then the right atrium was opened and stay sutures were used for better exposure. After examination of cardiac anatomy, the device was retrieved and the defect closed with gore-tex/pericardial patch or directly depending on the size and shape of ASD. The right atrium was closed in double layers and deairing was done with the aortic root vent connected to suction. The absence of intracardiac air and the quality of repair were evaluated by TEE. Sinus rhythm was restored. The CPB was gradually discontinued. After discontinuation of CPB, de-cannulation, administration of protamine, hemostasis, and chest tube insertion was done. Before closing the chest, an intercostal block was performed. The chest was then closed in a routine fashion with an intradermal continuous suture for the skin.

   

  STATISTICAL ANALYSIS

  Normally distributed continuous data was expressed as mean ± S.D, whereas non-normal data was depicted as median with range. All data analysis was performed using SPSS for windows, version 20.0 (SPSS Inc., Chicago, IL, USA).

   

  RESULTS

  Fifteen patients (10 females) with age 30.67±16.72 (range 5 to 65 years) and weight 43.07±13.78 (range 13 to 65 kg) were operated for device retrieval and surgical closure of ASD (Table 1). Twelve patients were operated through minithoracotomy while three underwent classical median sternotomy.
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  In the patients undergoing right minithoracotomy, the device was found in the right atrium, (Figure 4), in six patients and in left atrium in two patients, one impinged in the tricuspid valve, two in the right ventricle and one in the main pulmonary artery (Table 2).
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  In the remaining three patients, sternotomy was performed due to hemodynamic instability in two patients and device migration into left pulmonary artery (LPA) (unapproachable site through anterior minithoracotomy) in one patient. The two patients with hemodynamic instability had cardiac tamponade due to rent in right atrium which was repaired intraoperatively. The device migrated into LVOT was retrieved through left atrium and the device migrated to LPA was retrieved through pulmonary arteriotomy.

  Among the 15 patients with device migration, six had deficient inferior vena cava margin, five patients had flimsy margin and one had deficient superior margin. In the patient with device migration into LVOT, two ASD with thin band of tissue between them was observed.

  Aortic cross-clamp time average was 22 minutes (range 14 to 51 minutes) while mean CPB time was 58.27±20.35 minutes (range 32 to 98 minutes). No patient required reoperation for bleeding or surgical complication. No operative or in-hospital mortality was observed. No patient developed wound related, vascular or neurological complications. One patient who had hemodynamic instability preoperatively developed renal dysfunction that recovered spontaneously. Postoperative echocardiography showed adequately closed ASD without mitral or tricuspid regurgitation and ventricular dysfunction in all the patients.

  The mean follow-up period was six months. All patients in the follow-up were in New York Heart Association class I without symptoms in the last follow-up. Echocardiography during follow-up period confirmed absence of any residual defect with normal ventricular function.

   

  DISCUSSION

  The risk of complications following ASD device closure is less than 1% with the use of presently available septal occluders. The common complications are device malposition, perforation, embolization, thrombosis, residual shunt and infective endocarditis. Some surgeons device embolism reported as frequent complication after ASD device closure ranging from 5%-20% with different devices and series[4,9]. A survey on AGA Medical Corporation (Plymouth, MN, USA) proctors, conducted in 2004, determined the rate of embolization to be 21 of 3824 implants (0.55%)[10]. In a series by Chessa et al.[11], among 417 patients with ASD who underwent catheter closure of ASD, 258 received Amplatzer septal occluder devices. Complication rate in their series was 8.65% with device embolization/malposition as the most common complication occurring in 3.5% cases. Total 2/3 (2.5%) patients required surgical retrieval.

  The factors implicated in device embolization have been larger ASD (> 20 mm) and device size (> 24 mm), under device sizing, inadequate atrial rim or thin ASD rim[12]. In this series, all patients had large ASDs with six having deficient inferior rim and five had margins made of thin flimsy fenestrated tissue (one patient had with two ASDs separated by thin tissue) and ASD of one had with deficient superior rim. Appropriate patient selection and an accurate device selection is mandatory to prevent serious complications such as ventricular arrhythmias, outflow tract obstruction of the left and right ventricle, or ischemic events secondary to the obstruction of blood flow due to device embolization[13].

  In an analysis by DiBardino et al.[10], since July 1, 2002, 223 adverse events in patients undergoing Amplatzer ASD closure were submitted to the Food and Drug Administration, resulting in 17 (7.6%) deaths and 152 (68.2%) surgical rescue operations. The mortality for surgical management of a device adverse event (2.6%) was 20-fold higher than for primary elective ASD closure (0.13%, P<0.0001)[10].

  In one of the patients with device migration into LVOT, two ASDs with a thin band of tissue between them were identified, which probably led to misinterpretation and the use of a smaller device leading to its migration into LVOT.

  One of the patients operated through minithoracotomy with device into main pulmonary artery had longer CPB time due to impingement of the device in pulmonary artery, and it was carefully removed avoiding injury to pulmonary valve.

  In the last two decades, mini-invasive closure of ASD has become a preferred procedure with equally good surgical results and better cosmetic results[14-16] compared to midline sternotomy. At our institute, all ASD patients were operated through right anterior minithoracotomy with peripheral CPB in adults and central cannulation in small children (10 kg). However, midline sternotomy still remains a standard approach for patients requiring surgery for complication following device closure. These patients lose the cosmetic and sternal sparing advantage of mini-invasive approach. In patients with device embolization and perforation leading to tamponade or LVOT or RVOT obstruction or any other complication requiring emergent surgical intervention[17], midline sternotomy has advantage over mini-invasive approach, therefore it is rapid, gives full access to all cardiac chambers and great vessels, making it easier to manage the complications. However, in selected patients with device migration without hemodynamic instability or any severe complication, patients can be operated through minithoracotomy approach with femoral vessel cannulation for CPB without increasing the risk of cardiac, vascular or neurological complications as shown by our results. In our series, 85% of the patients, when referred, were hemodynamically stable without any other complication (apart from device migration). All these patients were successfully operated through minithoracotomy without the need for conversion to sternotomy. Femoral artery and femoral vein cannulation were used in all our patients for CPB. Device was easily retrieved without injury to mitral or tricuspid valve. Both aortic cross clamp time and CPB time were comparable to other study on mini-invasive approach[18].

  We believe that there are certain contraindications to mini-invasive approach in patients with complication following ostium secundum ASD device closure. The most important contraindication is presence of hemodynamic instability either due to left ventricular outflow obstruction, cardiac perforation with tamponade or migration into ascending aorta or arch. Other contraindications are migration of device into branch pulmonary artery and mitral or tricuspid valve entrapment. Although, device can be retrieved from branch pulmonary artery through this approach, consequently, sternotomy is believed to be safer in this subset of patients.

   

  CONCLUSION

  In our experience, minithoracotomy with femoral cannulation for CPB is a safe approach for selected group of hemodynamicaly stable patients with device migration into approachable locations following transcatheter device closure of ASD without increasing the risk of cardiac, vascular or neurological complications with good cosmetic and surgical results.
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    ABSTRACT

    OBJECTIVE: The objective of our study was to determine the feasibility of early extubation and to identify the risk factors for delayed extubation in pediatric patients operated for ventricular septal defect closure.

    METHODS: A prospective, observational study was carried out at our Institute. This study involved consecutive 135 patients undergoing ventricular septal defect closure. Patients were extubated if feasible within six hours after surgery. Based on duration of extubation, patients were divided two groups: Group 1= extubation time ≤ 6 hours, Group 2= extubation time >6 hours.

    RESULTS: A total of 99 patients were in Group 1 and 36 patients in Group 2. Duration of ventilation was 4.4±0.9 hours in Group 1 and 25.9±24.9 hours in Group 2 (P<0.001). Univariate analysis showed that young age, low weight, low partial pressure of oxygen, trisomy 21, multiple ventricular septal defect, high vasoactive inotropic score, transient heart block and low cardiac output syndrome were associated with delayed extubation. However, regression analysis revealed that only trisomy 21 (OR: 0.248; 95%CI: 0.176-0.701; P=0.001), low cardiac output syndrome (OR: 0.291; 95%CI: 0.267-0.979; P=0.001), multiple ventricular septal defect (OR: 0.243; 95%CI: 0.147-0.606; P=0.002) and vasoactive inotropic score (OR: 0.174 95%CI: 0.002-0.062; P=0.039) are strongest predictors for delayed extubation.

    CONCLUSION: Trisomy 21, low cardiac output syndrome, multiple ventricular septal defect and high vasoactive inotropic score are significant risk factors for delay in extubation. Age, weight, pulmonary artery hypertension, size of ventricular septal defect, aortic cross-clamp and cardiopulmonary bypass time did not affect early extubation.

    Keywords: Heart Septal Defects; Ventricular; Cardiac Output; Low; Vasoactive Inotropic Score.

  

   

   

  INTRODUCTION

  In the inceptual era of pediatric cardiac surgery, prolonged mechanical ventilation was a norm in the postoperative care, which significantly contributed to morbidity and mortality. Early extubation (within 6-8 hours after surgery)[1] following pediatric cardiac surgery was initially conceptualized in the 1980s[2]. This gradually received wide acceptance due to increasing number of patients and limited resources.

  In the modern era, where chance of error tends to zero in terms of results, early extubation has improved results tremendously in appropriate cases by reducing potential complications of prolonged mechanical ventilation. This strategy reduces intensive care unit (ICU) and hospital stay, henceforth reduces overall treatment cost and utilization of resources.

  In the literature, there have been relatively few articles addressing this useful strategy [3-10]. But, despite of its advantages, it cannot be applied in all cases, as various factors decide whether early extubation is feasible or not. Therefore, we have performed a prospective observational study to identify the predictive factors for early extubation after ventricular septal defect (VSD) closure.

   

  METHODS

  All consecutive patients operated for VSD closure between March 2015 and February 2016 in the Department of Cardiothoracic Surgery, U.N. Mehta Institute of Cardiology & Research Center, were enrolled in this prospective observational study. The study was approved by our institutional ethics committee and informed and written consent was obtained from the parents of all the patients. Inclusion criteria were presence of isolated or multiple VSDs, with or without atrial septal defect (ASD), and/or patent ductus arteriosus (PDA). Patients with associated complex congenital cardiac disease other than ASD and PDA and patients on ventilator preoperatively were excluded. Size of VSD was categorized echocardiographically as small, moderate or large. A large defect has a diameter of 75% or greater of the aortic annulus and ≤ 1 m/s of velocity flow by Doppler. A small defect has diameter < 33% of aortic annulus and a flow velocity ≥ 4 m/s[11].

  Premedication and Anesthetic Management

  Intravenous midazolam was used as premedication at dose 0.1 mg/kg, 15-20 minutes before induction of anesthesia. Patients were induced with intravenous fentanyl (5-10 µg/kg) and vacuronium (0.2 mg/kg). Inhalational induction with sevoflurane 8% in 100% oxygen was done in patients with no intravenous line. Maintenance anesthesia consisted of low concentration sevoflurane, intravenous fentanyl (1 µg/kg) and vacuronium 0.1 mg/kg hourly and whenever required.

  Invasive blood pressure monitoring was performed through right radial or right femoral artery catheterization. Central venous pressure monitoring was performed through internal jugular vein catheterization. Other monitoring included electrocardiogram, oxygen saturation, end-tidal CO2 (ETCO2), nasopharyngeal temperature and urine output. Arterial blood gases (ABG), with haemoglobin, electrolytes, blood sugar, and activated clotting time (ACT) were also monitored. Monitoring during cardiopulmonary bypass (CPB) time included mean arterial pressure (MAP), urine output and systemic venous oxygen saturation. ABG and ACT were done half hourly while the patient was on pump.

  Surgery and Cardiopulmonary Bypass

  All the patients were operated through midline sternotomy, moderate hypothermic cardiopulmonary bypass (temperature 32oC) and blood cardioplegic arrest. VSD was closed with polytetrafluroethylene (PTFE) patch using continuous sutures or primarily using pledgeted sutures. Milrinone (50 µg/kg loading dose followed by 0.5 µg/kg/min infusion) and epinephrine (0.05 µg/kg/min) were used as a choice of inotropes while weaning from CPB and continued in the postoperative period. Inotropes were titrated depending upon hemodynamics. Milrinone was continued in the postoperative period at least 24 hours postextubation and gradually tapered thereafter. Before extubation, effect of muscle relaxant was reversed with glycopyrrolate (10 µg/kg) and neostigmine (0.05 mg/kg) intravenously. Postoperatively, all patients were given fentanyl infusion (1-2 µg/kg/hour) and intravenous paracetamol 15 mg/kg/dose 8 hourly for pain relief. Fentanyl infusion was continued until the patient was extubated and/or drains were removed.

  Criteria for Early Extubation

  Patients were considered for extubation since they regained consciousness with adequate airway protective reflexes without the use of accessory respiratory muscle and if they met the following criteria: stable hemodynamics, adequate urine output, no significant mediastinal bleeding, adequate oxygenation at fraction of inspired oxygen (FiO2) 50% or less (pO2/FiO2 > 200), pH 7.35 or greater, partial pressure of carbon dioxide (PaCO2) in arterial blood ≤ 45 mmHg or less at peek end expiratory pressure (PEEP) 5 cmH2O on continuous positive airway pressure (CPAP) with pressure support ≤ 8 cmH2O. Intensivist, anesthesiologist and surgeon jointly decide on early or delayed extubation.

  To identify the risk factors for early extubation, patients were divided into two groups based on duration of mechanical ventilation: Group 1 (≤ 6 hours) and Group 2 (> 6 hours). Both groups were compared for age, sex, weight, nutritional status, genetic disorders (e.g. Down syndrome), severity of pulmonary arterial hypertension (PAH), vasoactive inotropic score (VIS)[12], type and number of VSDs, aortic cross-clamp (ACC) and CPB time, postoperative complications[13], ICU stay, hospital stay and mortality. Definitive diagnosis of pulmonary hypertension (PH) requires an elevated mean pulmonary arterial pressure (Ppa) of ≥ 25 mmHg at rest, measured by right heart catheterization (RHC).

  Low cardiac output syndrome (LCOS) was defined as clinical signs or symptoms (tachycardia, oliguria, poor perfusion, cold extremities, hypotension, lowered level of consciousness, cardiac arrest) with or without a widened arterial-mixed venous oxygen saturation difference or metabolic acidosis [14,15]. A stroke is any confirmed neurological deficit of abrupt onset caused by a disturbance in blood flow to the brain, when the neurologic deficit does not resolve within 24 hours. Significant bleeding (12 ml/kg/h in 1st hour or 10 ml/kg/h in 2nd hour or 8 ml/kg/h in the 3rd hour) affecting the hemodynamics or requiring re-exploration [16]. Hematologic dysfunction was defined as platelet count < 80,000/mm[14] or a decline of 50% in the platelet count from the highest value recorded over the last 48 hours[17]. Hepatic dysfunction was defined as alanine transaminase level 2 times upper limit of normal. Prolonged ventilatory requirement was defined as need for invasive ventilation for more than 48 hours[17].

  Statistical Analysis

  Statistical analysis was carried out using SPSS version 20.0 software (SPSS Inc., USA). Quantitative data was expressed as mean ± SD whereas qualitative data was expressed as percentage. The P value less than 0.05 was considered to be significant. Univariate analysis of the continuous data using Student's t-test, whereas chi-square test was used for the categorical data. The variables following non-normal distribution were assessed using Mann-Whitney U test.

   

  RESULTS

  Study included total 135 patients operated for VSD closure with or without ASD and/or PDA. Group 1 included 99 (73.3%) patients while Group 2 included 36 (26.7%). Demographic details of the patients are shown in Table 1. Mean age was 26.7 months (range 2 months to 12 years) and mean weight was 7.46 kg (range 3.4 to 25 kg). Trisomy 21 (Down syndrome) was present in 9 (6.6%) patients. One hundred and twenty (88.8%) patients had chronic malnutrition. However, mean age (26.37 months in Group 1 and 18.5 months in Group 2, P=0.019) was significantly more in Group 1 while incidence of trisomy 21 was significantly less (P=0.015) in Group 1 compared to Group 2. There was no significant difference between the two groups with regards to sex, type and size of VSD, severity of PAH and associated cardiac lesions. Incidence of multiple VSD was significantly more in Group 2 (P=0.019).
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  In intraoperative data, ACC time (P=0.443) and CPB time (P=0.522) were comparable in both groups (Table 2). Postoperatively, VIS was significantly higher in Group 2 (P=0.001). Arterial blood gas data was comparable in both groups, except arterial partial pressure of oxygen (PO2), which was significantly higher in Group 1 (P=0.034). Mean duration of mechanical ventilation (4.4±0.9 hours vs. 25.9±24.9 hours, P<0.001), ICU stay (3.1±1.3 days vs. 5.6±2.9 days, P<0.001), and hospital stay (7.8±2.4 days vs. 11.2±4.9 days, P<0.001) were significantly lower in Group 1 compared to Group 2.
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  Reintubation was required in 6 patients, of which 2 patients were in Group 1. Incidence of reintubation and postoperative complications, including transient heart block, LCOS, sepsis, significant bleeding and neurological events was greater in Group 2. However, the difference was not statistically significant except for LCOS (Table 3). Incidence of LCOS was significantly higher in Group 2 (P<0.001). There was one death in Group 2 due to LCOS and no deaths in Group 1, however the difference was not statistically significant (P=0.596). Regression analysis is shown in Table 4. Regression analysis found independent association of trisomy 21 (OR: 0.248; 95% CI: 0.176-0.701; P=0.001), multiple VSD (OR: 0.243; 95% CI: 0.147-0.606; P=0.002), VIS score (OR: 0.174; 95% CI: 0.002-0.062; P=0.039) and LCOS (OR: 0.291; 95% CI: 0.267-0.979; P=0.001) with late extubation. LCOS and trisomy 21 were the strongest predictor of late extubation, closely followed by multiple VSD and the least was VIS (Table 4).
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  DISCUSSION

  Advances in surgical and anaesthetic techniques have facilitated early extubation following paediatric cardiac surgery. Early extubation has led to decreased cardiac and respiratory morbidity, lower rate of nosocomial pneumonia, reduction in overall length of hospital stay and decreased cost of patient care[8,18-20]. Reintubation rate following early extubation is also reported to be very low (< 2-3%)[21].

  In our study, 74.1% patients were successfully extubated within 6 hours of surgery and mean duration of mechanical ventilation was 4.4±0.9 hours, while only 2% patients require reintubation after early extubation. These results are consistent with various studies. In the studies by Mittnacht et al.[20] and Akhtar et al.[17], 76% patients operated for VSD closure were successfully extubated early. Our results along with results of their studies show that with appropriate perioperative management, about 75% patients can be extubated early after VSD closure without significant increase in risk of reintubation.

  In our study, on univariate analysis, age, weight, trisomy 21, multiple VSDs, high VIS, low PO2 and low cardiac output after surgery were significant risk factors for delayed extubation. However, on multivariate analysis, trisomy 21, multiple VSD, VIS score and LCOS after surgery were found to be independently associated with delayed extubation.

  Patients who are operated for multiple, VSDs have higher risk of residual defect and ventricular dysfunction postoperatively, leading to increased mortality and morbidity[23]. Therefore, these patients are at higher risk for prolonged ventilation as seen in our study. Mean ventilation duration in these patients was significantly higher (13.7±8.5 hours vs. 4.4±0.9 hours) compared to patients with single VSD, despite having zero percent incidence of postoperative residual defect or ventricular dysfunction. However, we were able to extubate early 5 (41.6%) of the 12 patients with multiple VSDs. We feel that, although presence of multiple VSDs increases the risk of prolonged ventilation, it should not be taken as a contraindication to early extubation. Carefully selected patients with multiple VSDs can still be extubated early.

  In our study, 9 (6.7%) patients had trisomy 21. Seven out of 9 patients had delayed extubation, however ACC and CPB time were comparable in patients with or without trisomy 21 (29.3±12.4 vs. 29.2±12.3, P=0.98 and 48±15.7 vs. 47.9±15.6, P=0.98 respectively). Of these 9 patients, none developed LCOS postoperatively. Our results are in congruence with Mittnacht et al.[20]. Studies have found that patients with trisomy 21 are at high risk for atelectasis and pneumonia[20,21]. We could not find any reason for prolonged intubation in these patients in our study.

  LCOS was another significant risk factor for delayed extubation in our study. Shi et al.[7], in their retrospective review of 172 infants operated for cardiac surgery, found that LCOS is an independent risk factor for prolonged ventilation and increased mortality. In our study, patients with LCOS had significantly increased duration of ventilation (45.5±57.0 hrs) as compared to patients without LCOS (8.15±7.91 hrs). Studies have also found that positive pressure ventilation is helpful in patients with LCOS by decreasing work of breathing, improving systemic oxygen delivery and by improving cardiac performance. Thus, positive pressure ventilation act as an important hemodynamic support in postoperative systolic ventricular dysfunction[20,23]. Studies have also shown that greater inotropic score (IS) and VIS are signiﬁcantly associated with delayed extubation and extubation failure[1,18,21,23,24] due to associated hemodynamic instability[16]. Our results are comparable to studies in literature.

  Various studies have found age, ACC time and CPB time as independent risk factors for delayed extubation[1,8,26]; however, in our study, age, weight, sex, ACC time, CPB time, size of VSD, preoperative pulmonary hypertension and presence of malnutrition were not significant risk factor for delayed extubation. The possible mechanism given for these were mainly respiratory complications leading to delayed extubation. Literature has shown that CPB time > 150 minutes has been found to be a significant risk factor for delayed extubation[1], but in our study maximum CPB time was only 98 minutes, so the chances of pump related respiratory complications were lower. In their study, age < 6 months was strongly associated with delayed extubation, which was not the case in our study[1].

  Many studies have also found young age as an independent risk factor for delayed extubation after paediatric cardiac surgery[1,8,18,19]. The reasons cited for this are poor fatigue resistance and endurance of respiratory muscles and immature respiratory centre with poor response to hypoxia and hypercarbia[18,19]. Many other factors responsible for delayed extubation are low body weight, malnutrition, frequent infections and depressed immunity[10,20,25,26]. However, most of recent studies, including ours, have failed to find age related risk factors significant for delayed extubation[2,27]. Mittnacht et al.[20] in their study extubated patients as young as 2 months. The authors found that other risk factors, in association with young age, increased the risk of delayed extubation rather than age alone. Moreover, authors commented that it is the resistance of anaesthetist and intensivist rather than age of the patient, which is responsible for delay in extubation in young patients.

  Earlier, preoperative PAH was considered a major limiting factor for early extubation[8,21,28] due to risk of pulmonary hypertensive crisis. However, recent studies have found early extubation to be helpful in these patients by reduced airway irritation and ventilator-associated complications, such as laryngotracheal trauma, pulmonary hypertensive crisis during endotracheal tube suctioning, mucous plugging of endotracheal tubes, barotrauma secondary to positive airway pressure ventilation, ventilator-associated pulmonary infections and atelectasis[30-31]. Herein, we also did not find preoperative PAH as a risk factor for delayed extubation, comparable to study by Vida et al.[29].

  We found that early extubation translates into significantly reduced ICU stay and hospital stay without increasing the risk of reintubation or mortality, similar to results of various studies [3-10]. This not only helps in early mobilisation of the patient and reduces parental anxiety, but also reduces the cost of patient care and provides better utilisation of limited hospital resources.

  We believe that the most important determinant for successful early extubation is the approach to all the patients as potential candidates for early extubation and then to optimize the perioperative events to achieve this goal. When treated in this manner, even neonates and young infants operated for VSD closure can be successfully extubated early.

   

  CONCLUSION

  Every child with VSD closure is a potential candidate of early extubation. Early extubation after VSD closure is successful in the majority of infants and small children without increasing the risk of reintubation or mortality. The strongest independent risk factors delayed extubation are trisomy 21, LCOS, multiple VSDs and high VIS.
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    ABSTRACT

    OBJECTIVE: In this study, the efficacy of thoracic ultrasonography during echocardiography was evaluated in newborns.

    METHODS: Sixty newborns who had undergone pediatric cardiac surgery were successively evaluated between March 1, 2015, and September 1, 2015. Patients were evaluated for effusion, pulmonary atelectasis, and pneumothorax by ultrasonography, and results were compared with X-ray findings.

    RESULTS: Sixty percent (n=42) of the cases were male, the median age was 14 days (2-30 days), and the median body weight was 3.3 kg (2.8-4.5 kg). The median RACHS-1 score was 4 (2-6). Atelectasis was demonstrated in 66% (n=40) of the cases. Five of them were determined solely by X-ray, 10 of them only by ultrasonography, and 25 of them by both ultrasonography and X-ray. Pneumothorax was determined in 20% (n=12) of the cases. Excluding one case determined by both methods, all of the 11 cases were diagnosed by X-ray. Pleural effusion was diagnosed in 26% (n=16) of the cases. Four of the cases were demonstrated solely by ultrasonography, three of them solely by X-ray, and nine of the cases by both methods. Pericardial effusion was demonstrated in 10% (n=6) of the cases. Except for one of the cases determined by both methods, five of the cases were diagnosed by ultrasonography. There was a moderate correlation when all pathologies evaluated together (k=0.51).

    CONCLUSION: Thoracic ultrasonography might be a beneficial non-invasive method to evaluate postoperative respiratory problems in newborns who had congenital cardiac surgery.

    Keywords: Pulmonary Atelectasis; Cardiac Surgical Procedures; Infant; Newborn; Postoperative Care; Ultrasonography.

  

   

   

  INTRODUCTION

  The diagnosis of respiratory complications such as pleural effusion, pulmonary atelectasis, and pneumothorax are important in postoperative management of neonates after cardiac surgery. Imaging techniques are as well used verification of correct positions of chest tubes, central venous lines, and endotracheal tubes. X-ray is the most frequently used method in differential diagnosis of these intrathoracic pathologies, but radiation exposure due to repetitive examination might have hazardous effect for neonates[1-3].

  Radiation dose reduction is especially important for newborns, as they are more sensitive to harmful effects of ionizing radiation. Considering the long-life expectancy of newborns risk for development of immune dysfunction, cataract and malignancy increased after radiation exposure. Therefore, every effort should be made to minimize radiation exposure whenever possible, especially in neonatal period[4].

  Thorax ultrasonography (USG) is fast, repeatable, and harmless. The use of thorax USG in cardiac intensive care units (ICU) is steadily increasing. However, little data is available concerning the pediatric and neonatal populations[4,5].

  In this study, the efficiency of thorax USG during echocardiography was evaluated in postoperative neonates.

   

  METHODS

  Sixty neonates operated on between March 1, 2015, and September 1, 2015, were included in the study. The study was approved by the local ethics committee. A routine chest X-ray was performed on each of the patients every morning after the operation during their ICU stay, along with echocardiography and thorax USG for the evaluation of pleural effusion, pericardial effusion, atelectasis, and pneumothorax. USG and X-ray findings were compared.

  Antero-posterior bedside chest radiographs were obtained using portable X-ray equipment. Atelectasis was identified as an essentially homogenous opacity with loss of normal radiolucency. Pleural effusion in the supine position was considered as an increased homogenous density superimposed over lung fields. Pneumothorax was identified by an increased radiolucency without lung markings in the costophrenic angle. Pericardial effusion was suspected when the X-ray showed an enlarged cardiac silhouette with or without an epicardial fat-pad sign and with lungs typically clear (Figure 1A).

  
    

    [image: Fig. 1. A 19-day old patient, operated for coarctation of aorta, on the 5th postoperative day. A) Chest X-ray revealed increased opacity on the left lung and B) Thorax USG showed lung consolidation with clearly demarcated borders.]

  

  Thorax USG was performed by a single pediatric cardiac intensivist (EO) skilled in echocardiographic examinations, using a Vivid S5 (GE, Vivid S5, Norway) with 7-MHz transducers. Examination was performed according to the literature (Figure 1B).

  Exclusion criteria included congenital pulmonary problems, premature birth, and neurological problems causing respiratory distress. The data were collected from the medical records of the pediatric cardiovascular surgery ICU. The data reviewed included age, sex, weight, and the type and diagnosis of congenital anomalies. The operative data included lesion and type of repair by Risk Adjustment for Congenital Heart Surgery-1 (RACHS-1) risk category[6].

  Statistical analysis was performed using the Statistical Package for Social Science (SPSS, Chicago, Il, USA) version 15.0 for Windows. The descriptive analysis (frequency, median and range) was used to identify the general and specific features of the studied sample. P<0.05 was considered statistically significant.

  To assess the agreements of thorax ultrasound with chest X-ray, Cohen's kappa coefficient ("k") statistics were used, with k values ≤ 0 as indicating no agreement and 0.01-0.20 as none to slight, 0.21-0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1.00 as almost perfect agreement[7].

   

  RESULTS

  The majority, 60% (n=36) of the patients were male. Median age was 14 days (2-30 days), and median weight was 3.3 kg (2.8-4.5 kg). Median RACHS-1 score was 4 (2-6). The demographic features are listed in Table 1.

  
    

    [image: Table 1. General clinical characteristics of the cases.]

  

  Atelectasis was demonstrated in 66% (n=40) of the cases. Five of the atelectasis cases were demonstrated only by X-ray, 10 of them by USG, and 25 of them both by X-ray and USG.

  Pneumothorax was observed in 20% (n=12) of the cases. While 11 of them were demonstrated only by X-ray, one of them was discerned both by X-ray and USG.

  Pleural effusion was demonstrated in 26% (n=16) of the cases. Four of these were demonstrated only by USG, three of them by X-ray, and nine of them both by X-ray and USG.

  Pericardial effusion was demonstrated in 10% (n=6) of the cases. While one of the pericardial effusion cases was demonstrated both by X-ray and USG, the remaining five were diagnosed by USG.

  Three lung pathologic changes and pericardial effusion were found. There was a moderate correlation between abnormalities detected by thorax USG and X-ray (k=0.51). When thorax USG and X-ray were compared separately for different pathologies, the k was 0.64 for atelectasis, 0.22 for pneumothorax, 0.68 for pleural effusion and 0.28 for pericardial effusion. The evaluation of the presence of atelectasis, pneumothorax, pleural effusion, and pericardial effusion are listed in Table 2.

  
    

    [image: Table 2. The evaluation of chest X-ray and USG of the pathologies.]

  

   

  DISCUSSION

  The benefits of utilizing thorax USG in emergency departments and ICU was supported by multiple studies[4,8-10]. In contrast, there is limited data about using thorax USG after congenital heart surgery in newborns. In this study, the efficacy of thorax USG in determining respiratory complications after congenital heart surgery in newborns was compared with that of a chest X-ray. This study's results indicate that thorax USG is both efficient and useful in this condition. This is the first comprehensive study about this topic in the literature to our knowledge.

  Atelectasis is a clinical condition, particularly observed frequently in neonates and children who underwent congenital heart surgery. This morbidity can be associated with excessive and viscous pulmonary secretions, and it presents with associated respiratory symptoms. Accumulation of mucus causes susceptibility to pulmonary and systemic infections, causing prolonged need for mechanical ventilation and hospitalization[11,12].

  The sensitivity and accuracy of USG in determining consolidation or atelectasis is reported as 80-100% and 90-100%, respectively[8,13]. Atelectasis was the most common respiratory complication and was determined in 66% of the cases in the study. Atelectasis was shown in 88% of patients by USG and in 75% by X-ray. Although atelectasis was more frequently diagnosed by USG, imaging of right and left upper lobe atelectasis were difficult. Atelectasis could not be demonstrated in 60% (n=5) of the cases with right upper lobe atelectasis and 40% (n=5) of the cases with left upper lobe atelectasis.

  Pneumothorax is defined as the presence of air within the pleural space that prevents full expansion of the lung. Pneumothorax may progress and cause hemodynamic instability, especially in patients receiving positive pressure ventilation[4,14]. In the literature, comparing the efficiency of X-ray and USG in determining pneumothorax was found 98% sensitivity, 99% specificity, 98% positive predictive value (PPV), and 99% negative predictive value (NPV) for USG, whereas the results were 75%, 100%, 100%, and 90% for X-ray, respectively[13].

  In a study including 126 patients with pneumothorax due to different etiologies (range 2 months-88 years) efficiency of USG in determining pneumothorax was compared with thorax computerized tomography (CT). The sensitivity, specificity, accuracy, PPV, and NPV of chest USG was 89%, 88.5%, 88.9%, 96.7%, and 67.6%, respectively[15]. X-ray was more diagnostic than USG for the demonstration of pneumothorax. Only 8% of the cases with pneumothorax (n=12) could be diagnosed by USG. The lack of experience in determining, localizing, and classifying pneumothorax might be the underlying reason in this study.

  The other most common pathology after cardiac surgery is pleural effusion[3,16]. The compression effect of the effusion leads to different degrees of aeration, even complete loss of alveolar aeration of that particular lung area. Out of the fluid collection, the gradual restoration of the aeration in concordance with gradual manifestation of this consolidative process is often seen. This feature may lead to differentiate the compressive atelectasis from pneumonia[17].

  Vezzani et al.[13] demonstrated 100% sensitivity and 99% diagnostic accuracy of chest ultrasound in their series. The false positive result was probably due to the presence of a small pleural effusion not identified by chest X-ray. In this study, pleural effusion was demonstrated in 16 patients; 82% of them were diagnosed by USG and 75% by X-ray.

  USG was better than X-ray for the diagnosis of pericardial effusion[1,4,17]. Only 16% of the cases (n=1) could be diagnosed by X-ray. Results were similar for both methods for the diagnosis of pleural effusion.

  Cost analysis of X-ray and ultrasonography also were compared, resulting in slightly lower costs for ultrasonography, but with a considerable advantage in terms of reduction of ionizing radiation exposure for both patients and staff[10,17]. X- ray has certain limitations including risks of radiation exposure, high inter-observer and intra-observer variations. USG is a relatively smaller device that makes point of care more feasible. USG is easy, rapid, portable and repeatable. The USG has also shown less inter and intra-observer variations. Learning curve of techniques and interpretations of USG is simple and fast[18].

  The sensitivity, specificity, inter and intra-observer variability were found different in a small number of pediatric studies that compare USG and X-ray to determine the lung pathologies[5,18]. Yadav et al.[19] evaluated 118 community-acquired pneumonia cases age between 2-59 months old with X-ray and USG. Abnormal X-ray were found in 101 (85.6%) and abnormal USG in 105 (89%) children. In diagnosing the specific radiological type of pneumonia, very good concordance (Kappa=0.7) was found between X-ray and USG. Kappa was found 0.9 especially in diagnosis of pleural effusion.

  In the present study, there was a moderate relation (k=0.51) between USG and X-ray in evaluation of all of the pathologies. The concordance relation was much higher in pleural effusion (k=0.68) and atelectasis (k=0.64) than pneumothorax (k=0.22) and pericardial effusion (k=0.28).

  Limitation

  The current study was conducted at a single center with a limited number of cases. It would be more valuable to study this topic in a prospective randomized protocol with a larger patient population. Although computerized tomography (CT) is more accurate and almost a gold standard method in evaluation of thorax pathologies technical difficulties in practice, financial cost and radiation exposure prevent its routine use. Thorax CT might be evaluated in addition to these two modalities.

   

  CONCLUSION

  Thorax USG might be a useful non-invasive method to evaluate the postoperative respiratory problems of neonates after congenital heart surgery. These findings should be supported by further studies.
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    ABSTRACT

    OBJECTIVE: Cardiac surgical operations involving extracorporeal circulation may develop severe inflammatory response. This severe inflammatory response syndrome (SIRS) is usually associated with poor outcome with no predictive marker. Red cell distribution width (RDW) is a routine hematological marker with a role in inflammation. We aim to determine the relationship between RDW and SIRS through our study.

    METHODS: A total of 1250 patients who underwent cardiac surgery with extracorporeal circulation were retrospectively analyzed out of which 26 fell into the SIRS criteria and 26 consecutive control patients were taken. RDW, preoperative clinical data, operative time and postoperative data were compared between SIRS and control groups.

    RESULTS: The demographic profile of the patients was similar. RDW was significantly higher in the SIRS versus control group (15.5±2.0 vs. 13.03±1.90), respectively with P value <0.0001. There was significant mortality in the SIRS group, 20 (76.92%) as compared to 2 (7.6%) in control group with a P value of <0.005. Multiple logistic regression analysis revealed that there was significant association with high RDW and development of SIRS after extracorporeal circulation (OR for RDW levels exceeding 13.5%; 95% CI 1.0-1.2; P<0.05).

    CONCLUSION: Increased RDW was significantly associated with increased risk of SIRS after extracorporeal circulation. Thus, RDW can act as a useful tool to predict SIRS in patients undergoing cardiac surgery with extracorporeal circulation. Hence, more aggressive measures can be taken in patients with high RDW to prevent postoperative morbidity and mortality.

    Keywords: Erythrocyte Indices; Extracorporeal Circulation; Systemic Inflammatory Response Syndrome.

  

   

   

  INTRODUCTION

  Cardiac surgery using cardiopulmonary bypass (CPB) provokes a systemic inflammatory response. This is mainly triggered by contact activation of blood by artificial surfaces of the extracorporeal circuit. Although often remaining subclinical and resolving promptly at the end of CPB, in its most extreme form this inflammatory response may be associated with the development of the systemic inflammatory response syndrome (SIRS) that can often lead to multi organ dysfunction (MOD) and death[1].

  Red cell distribution width (RDW) is a quantitative measure of anisocytosis, the variability in size of the circulating erythrocytes. It is routinely measured by automated haematology analysers and is reported as a component of the complete blood count (CBC)[2].

  RDW is a recently described novel biomarker that has been shown to be predictive of adverse outcomes in multiple cardiovascular disease settings, including stable coronary artery disease, chronic heart failure and acute myocardial infarction (AMI)[3-5]. Although the plausible pathobiological mechanisms explaining the relationship of RDW with adverse cardiovascular outcomes are yet to be elucidated, both inflammation and oxidative stress are believed to play a role[6].

  The molecular basis of the above mentioned association has been mainly attributed to the ability of RDW's capability to reliably reflect an increase in the levels of circulating cytokines, such as Interleukin-6 (IL-6), Tumor Necrosis Factor-alpha (TNF-alpha) and hepcidin[7].

  SIRS is a dreaded complication of any surgery. It is known to have a poor prognosis and in the current scenario there are no useful laboratory and clinical parameters to predict it. There has not been much work done elucidating the possible association between high RDW and development of SIRS after extracorporeal circulation (ECC).

   

  METHODS

  After approval of the study by ethics committee of our institution (IEC/67/16), we retrospectively evaluated 1250 patients who underwent elective cardiac surgery with ECC from August 2012 to August 2016. Two groups were formed (SIRS and control groups), according to the following criteria.

  SIRS Group

  According to this criterion, we identified 26 patients with SIRS, which presented with two or more of the following features:

  
    • Temperature ≥38°C or ≤36°C; Heart rate >90 beats/min.

    • Respiratory rate >20 breaths/min or partial arterial carbon dioxide pressure (PaCO2) <32 mmHg.

    • White blood cell (WBC) count ≥12,000/µl or ≤ 4,000/µl[8].

  

  Exclusion criteria: Mechanical ventilation more than 48 hours before surgery, preoperative infection, death during surgical intervention or in the first 48 hours after surgery, proved postoperative infection within the first 5 days, record with incomplete data.

  Control Group

  Twenty-six consecutive patients with similar demographic parameters who underwent cardiac surgery with ECC were included in the study and who met the inclusion criteria (elective operation, no preoperative infection, no coagulopathy, ejection fraction >35%). These patients were operated in the similar timeframe as that of the corresponding SIRS patient. Patients who developed SIRS were excluded from the control group.

  Data Collection

  Demographic parameters were recorded as the patients were included in the study: age, gender, weight, left ventricular ejection fraction, European system for cardiac operative risk evaluation (EuroSCORE), hematological and biochemical parameters. Perioperative data were taken as: type of surgery, cross-clamp time, ECC duration and oxygenator type. Postoperative collected data were also taken into consideration and recorded as: need for inotropic support, postoperative complications such as SIRS, acute kidney injury (increased serum creatininemia ≥1.5 or urine output <0.6 ml/kg/h during six consecutive hours)[9] and mortality. Clinical signs such as heart rate, body temperature and respiration rate were also recorded hourly in the intensive care unit (ICU). Serial arterial blood gas analysis was done in the ICU.

  Hematologic and Biochemical Measurements

  The complete blood count (CBC) and biochemistry panel of our patients were measured routinely after 12 hours from fasting at the time of admission. Baseline RDW values were measured with the use of the Sysmex XT-2000i Automated Hematology Analyzer (Roche Diagnostics, Mannheim, Germany) in our hospital's laboratory and were reported as a coefficient of variation (percentage) of red blood cell (RBC) volume. The normal reference range for RDW in our laboratory is between 11.6% and 14.8%.

  Operative details

  The same anesthesiology and surgical team operated all the patients. Standard median sternotomy incision with aortic cannulation, single or bicaval cannulation with membrane oxygenator (Terumo CAPIOX) with application of single cross-clamp and administration antegrade root cold blood cardioplegia with mild to moderate systemic hypothermia (28-32°C) in all patients. All patients were heparinized with 300 units/kg before establishment of ECC. Activated clotting time (ACT) was checked at 15-minute intervals until the target ACT of 450-600 seconds was achieved which is when CPB was initiated. All patients who underwent coronary artery bypass grafting (CABG) had at least one arterial graft (left internal mammary artery) as well as venous grafts (great saphenous vein). Proximal anastomosis was done on a beating heart using a side-biting clamp. Valve replacements were performed using pledgeted sutures in horizontal mattress fashion. All patients received antibiotic prophylaxis at the time of induction with cefazolin sodium 30 mg/kg at induction and repeated every four hours during surgery.

  Statistical Analysis

  Statistical analysis was performed using MedCalc statistical software version 10.3.0.0 for Windows. Data are presented as the mean ± standard deviation (SD) for continuous variables and percentage for categorical variables. Student's t-test was used to compare continuous variables and the chi-square test was used for categorical variables. A P-value <0.05 indicates statistical significance. Multiple logistic regression analysis was used to evaluate the independent predictors of SIRS occurrence.

   

  RESULTS

  After the retrospective analysis of patients as per the inclusion and exclusion criteria, 26 patients came under SIRS group and 26 consecutive patients were assigned in the control group.

  The distribution of inclusion criteria was as follows: temperature (>38°C) in 5 (19.2%) patients, heart rate >90/min in 18 (69.2%) patients, respiratory rate abnormalities in 22 (84.6%) patients and WBC criteria in 10 (38.4%) patients.

  Baseline clinical and demographic parameters are summarized in Table 1.
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  Both groups were homogeneous in terms of age, gender, smoking habits, presence of diabetes mellitus and predisposition to allergy, presence of hypercholesterolemia, preoperative ejection fraction and the presence of chronic obstructive lung disease, hypertension and EuroSCORE. Operative data of the patients are summarized in Table 2. We found significant differences between the two groups regarding total operation time, number of units of blood transfused and need for inotropic support. Significant postoperative mortality occurred among the SIRS group patients of whom 20 (76.92%) were lost, whereas this turned out to be 2 (7.6%) in the control group (P<0.001). The hematological parameters are presented in Table 3. WBC, RBC, hematocrit (HCT), mean corpuscular volume (MCV), mean cell hemoglobin concentration (MCHC), platelet, and creatinine levels were similar in both groups. Of the total 1250 patients, 33 of them had high preoperative RDW. Out of the 26 patients who developed SIRS, 22 of them had high preoperative RDW values. However, RDW was significantly higher in the SIRS group versus the control group (15.5±2.0 vs. 13.03±1.90), respectively, P<0.0001. In addition, preoperative blood glucose levels were also found to be significantly higher in the SIRS group versus the control group (116±22 vs. 90±14), respectively, P<0.0001 (Figure 1). Multiple logistic regression analyses showed an association between high RDW levels and SIRS development (OR for RDW levels exceeding 13.5%; 95% CI 1-1.2; P<0.05) (Figure 2). The receiver operator curve (ROC) analysis suggested that the optimum cut-off level of RDW for SIRS was 12.9% (sensitivity: 93.74%; specificity: 76%; area under the curve: 0.851, P<0.05).
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  DISCUSSION

  This study shows us the importance of preoperative RDW as a predictive marker for development of SIRS after ECC. RDW is a routine parameter available in complete blood count.

  This syndrome occurs in about 0.5-1.7% of patients after ECC and can be associated with multiple organ failure which has a mortality of 40-60%, which can also be higher[10]. Although perioperative SIRS occurs in about 2% of all ECC procedures, the mortality is high and comparable to that of severe sepsis[11].

  In our study, the incidence of SIRS was 2.08% of the patients with a mortality of 76.92%. The patients who expired in the SIRS group ultimately had multiorgan failure. ECC is crucial part of many cardiac surgical operations. Multiple factors associated with the use of CPB contribute toward the generation of perioperative SIRS. These include the generation of shear forces from roller pumps driving blood through the bypass circuit, hypothermia as blood is passed through the extracorporeal circuit, and contact activation of plasma protein systems as circulating blood is exposed to artificial surfaces in the bypass circuit. The generation and release of endogenous inflammatory mediators leading to the development of SIRS follow this[1]. The main underlying molecular mechanisms of such inflammation are activation of the complement system, increasing production of cytokines, oxygen radicals, release of endothelin (ET) and the expression of adhesion molecules on leukocytes and the endothelium[12,13].

  In 2007, Felker et al.[13] firstly discovered that increasing RDW is an independent predictor for the prognosis of heart failure patients, and researchers gradually discovered that RDW is closely associated with the prognosis of cardiovascular diseases. Recent studies showed that increasing RDW is not only a predictor for poor prognosis of heart failure. But it also exhibits a predictive value towards the prognosis of stable coronary artery disease patients who have underwent percutaneous coronary intervention therapy.

  Red cell differentiation is also related to oxidative stress and to the release of cytokines in response to inflammation induced by cardiac surgery[14]. Oxidative stress directly damages erythrocytes and leads to shortened erythrocyte survival, resulting in elevated RDW[15]. Lippi et al.[16] showed a correlation between RDW and indices of inflammation, such as elevated erythrocyte sedimentation rate (ESR) and high-sensitive C-reactive protein (hs-CRP), identifying a strong and graded increase in both ESR and hs-CRP across various RDW values. In a study by Semba et al.[17] it was found that antioxidant status might influence RDW and play a role in the relationship between increased RDW and worsened clinical prognosis. These cytokines attenuate the activity of erythropoietin and cause the production of ineffective red blood cells, leading to elevated RDW[18].

  Perlstein et al.[19] showed that RDW strongly predicted all-cause and cardiovascular mortality. Lappé et al.[20] demonstrated that RDW was associated with mortality in patients with stable coronary disease and in normal coronary subjects. In addition, RDW is also an independent prognostic factor for patients with peripheral arterial disease. In one study, a 10% increased risk of mortality was observed with a 1% increase in RDW[21]. In our study, patients with a high RDW value over 13.5% had increased incidence of SIRS and the relation became even stronger if the RDW value was more than 15%. In a study by Kumar et al.[22], patients with higher RDW had a longer ICU stay (155.6±71.3 vs. 122.4±61.3 hours, P=0.02). It was consisent with our study showing significant morbidity in the SIRS group as compared to control group in terms of length of ICU stay (158.2±72.3 hours vs. 100.2±44.2 hours, P<0.001). Cemin et al.[23] also found that RDW was a significant predictor of AMI, exhibiting an area under the curve of 0.61 (95% CI, 0.54-0.68).

  The sensitivity and specificity of RDW at the 13.7% cut-off value were 0.75 and 0.52, respectively. In our study, ROC analysis suggested that the optimum cut-off level of RDW for SIRS was 12.9% (sensitivity: 93.74%; specificity: 76%; area under the curve: 0.851, P<0.05), and the mean operation period was significantly longer in the SIRS group than the control group.

  In accordance with total operation time, ECC time was found longer in the SIRS group, but it did not reach to statistical significance. Kirklin et al.[24] emphasized that an increase in ECC time from 60 to 120 minutes would also increase postoperative morbidity in all age groups. There was a difference in the operating times, but the clamp time and ECC times were similar in the two groups. There was not one particular cause for the same but some of them are as follows: there was increased time taken to harvest the left internal mammary artery in few patients of CABG. In some patients, there were cardiotomy-bleeding points, which needed reinforcement sutures. In some there was bleeding from the aortic line, which needed reinforcement sutures. In some patients after coming off CPB, there was an oozy field, which needed to be addressed hence took time before chest closure. The fact that clamp time and ECC times were similar in our study suggests that the ECC time could not be considered as a confounding factor. The operating time, which was higher in the SIRS group, was the time either before onset or after termination of ECC.

  Preoperative high blood glucose levels were also found to be significant in the SIRS group in comparison with the control group. This condition can hypothetically be explained with cardiac and pulmonary stress induced by catecholamine release, which results in increased preoperative glucose levels[25]. In our study, there was a significant correlation between number of units of blood transfused and development of SIRS. These results suggest that high preoperative RDW can be used as an effective predictive marker for SIRS in patients undergoing cardiac surgery with ECC. As postulated, patients with high RDW have dysregulated erythropoiesis. These patients may also have qualitative defects in their platelets, which may lead to increase bleeding after ECC. This may be the reason that our patients with high RDW required more transfusion. However, our study was not designed to establish objective evidence of qualitative platelet dysfunction and to determine the possible causes of SIRS, but we can only speculate on the possible causes (Figure 3).
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  The reason for high RDW is that under pulmonary or cardiovascular stress such as hypoxia or low cardiac output, there is increased cytokine level, which attenuates the activity of erythropoietin. This results in production of ineffective red blood cells leading to an elevated RDW[23].

  This study is retrospective and has its own limitations. The sample size is small as the occurrence of SIRS is infrequent. This study does not take into account congenital heart conditions. This is a single centre study for SIRS patients hence they are a potential hindrance to its external validity. We also realize that there were confounding factors like increased blood transfusion and increased operative time in a few patients of the SIRS group. Nevertheless, high RDW had a significant association in the development of SIRS after ECC in our study. Therefore, we also recommend that a similar study with a higher sample size, prospective design and randomized control should be done to validate these findings even further. This was not possible in our setup.

   

  CONCLUSION

  In conclusion, the main finding to be noted is that there is a significant association between elevated RDW and development of SIRS after ECC. This finding can provide us with valuable information for predicting SIRS in patients undergoing open-heart surgery without any additional costs, as RDW is a part of routine complete blood count. This valuable piece of information can also be made to use such that we find various alternatives to achieve the best result for our patient: (1) avoiding CPB altogether (off pump surgery); (2) removing activated neutrophils (leukodepletion filters); (3) using hemofiltration in appropriate patients; (4) we as clinicians should be watchful in patients with elevated RDW and take appropriate aggressive measures.
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    ABSTRACT

    INTRODUCTION: During and after coronary artery bypass grafting, a decline in multifactor lung function is observed. Due to this fact, some patients may benefit from non-invasive ventilation after extubation targeting lung expansion and consequently improved oxygenation.

    OBJECTIVE: To test the hypothesis that higher levels of positive end expiration pressure during non-invasive ventilation improves oxygenation in patients undergoing coronary artery bypass grafting.

    METHODS: A randomized clinical trial was conducted at Instituto Nobre de Cardiologia in Feira de Santana. On the first day after surgery, the patients were randomized: Group PEEP 10, Group PEEP 12 and Group PEEP 15 who underwent non-invasive ventilation with positive end expiration pressure level. All patients were submitted to analysis blood pressure oxygen (PaO2), arterial oxygen saturation (SaO2) and oxygenation index (PaO2/FiO2).

    RESULTS: Thirty patients were analyzed, 10 in each group, with 63.3% men with a mean age of 61.1±12.2 years. Mean pulmonary expansion pre-therapy PaO2 was generally 121.9±21.6 to 136.1±17.6 without statistical significance in the evaluation among the groups. This was also present in PaO2/FiO2 and SaO2. Statistical significance was only present in pre and post PEEP 15 when assessing the PaO2 and SaO2 (P=0.02). 

    CONCLUSION: Based on the findings of this study, non-invasive ventilation with PEEP 15 represented an improvement in oxygenation levels of patients undergoing coronary artery bypass grafting.

    Keywords: Oxygenation; Noninvasive Ventilation; Cardiovascular Surgical Procedures; Coronary Artery Bypass.

  

   
  
   

  INTRODUCTION

  Cardiovascular diseases (CVD) are among the leading causes of death in developed countries and have been increasing in epidemic form in emerging countries[1]. Cardiac surgery are highly invasive procedures, large, indicated and used for treatment in the medium/long-term CVD and postoperative complication rates are mostly for pulmonary complications[2].

  Coronary artery bypass grafting (CABG) generates an effect on lung function with consequent decrease in functional residual capacity, and providing the appearance in atelectasis in the postoperative period and pulmonary shunt, causing the patient evolve with hypoxia and imbalance in the relationship ventilation/oxygenation[3,4].

  Noninvasive ventilation (NIV) have been one of physiotherapy methods used during the immediate postoperative CABG, aiming to expand the alveolar areas and improve gas exchange and reduce respiratory distress, promoting decreased work of breathing and preventing involvement of atelectasis[5].

  Many factors are known to contribute or not to the success of NIV, in which the patient's age, comorbidities presented by the patient (hypertension and diabetes mellitus), cardiopulmonary bypass (CPB) time to that was submitted, the number of bypasses that were performed during the CABG, the amount of placed drains, time of mechanical ventilation (MV) in the postoperative period, the positive end expiration pressure (PEEP) that was used for recruitment during the NIV protocol, among others.

  Considering the scientific reports of benefits to the patients using the correct NIV protocol and few data reported in the literature with reference to the factors that affect the success of treatment, this study aims to test the hypothesis that higher levels of PEEP during NIV, improve oxygenation and gas exchange in patients undergoing cardiac surgery CABG.

   

  METHODS

  A randomized clinical trial was conducted with patients who underwent cardiac surgery at Instituto Nobre de Cardiologia/Santa Casa de Misericordia in Feira de Santana - Bahia. Thirty patients were analyzed in the period from February to September 2016. The inclusion criteria had patients undergoing CABG via sternotomy and CPB, both genders and aged above 18 years. Exclusion individuals with chronic obstructive pulmonary disease (COPD), emergency surgery, heart surgery, hemodynamic instability at the time of completion of the NIV, patients who remained in the invasive mechanical ventilation (IMV) for a period longer than ten hours, uncontrolled arrhythmias, lack of collaboration and/or understanding of the procedure, claustrophobia, nausea/vomiting or any other contraindications of NIV and patients who did not accept to sign the consent form.

  After inclusion in the study, all patients had their sociodemographic and clinical characteristics evaluated at the time of admission to the intensive care unit (ICU). Upon arrival to the ICU, all of them were in IMV via endotracheal tube (ETT). All handling in the immediate postoperative period was performed by the staff on duty, using routine criteria of the unit without any influence of researchers, worth mentioning that the VMI interruption decision also followed this routine.

  On the first day after surgery, the patients were randomly assigned by lot into three groups: Group 10 (G10) who carried out the NIV with a PEEP of 10 cmH20; Group 12 (G12) NIV with PEEP of 12 cm H2O; and Group 15 (G15) who underwent NIV with PEEP 15 cm H2O.

  All patients underwent collection of arterial blood sample was analyzed on a gas meter to check the values of blood pressure of oxygen (PaO2), arterial oxygen saturation (SaO2) and oxygenation index (PaO2/FiO2). After the first collection, vital signs were measured (heart rate, systolic and diastolic blood pressure, respiratory rate and oxygen saturation) were monitored throughout the period of NIV.

  Patient monitoring underwent a lung expansion therapy (LET) in NIV (Mode Pressure Support (PS) plus PEEP, PS aiming at a tidal volume of 6 to 8 ml/kg, PEEP group randomized and FiO2 40%) in Serbo-S ventilator (Dräger Medical, Lübeck, Germany) for 40 minutes via facial mask with PEEP values. Immediately at the end of therapy and one later, new hemogasometry were collected for comparison to baseline. All patients were extubated in the ICU without extubation in the surgical center and none of the patients studied were reintubated during the collection period.

  Statistical Analysis

  SPSS 20.0 software was used. To test the distribution of the sample, the Shapiro-Wilk test was used. Data were expressed as mean and standard deviation or median and interquartile range. For the analysis of the characteristics and differences among the groups, the Kruskal-Wallis test was used. To analyze the before and after NIV within each group, the Wilcoxon test was used. It is considered as significant an alpha of 5%. All research was conducted in accordance with ethical standards being released by the Research Ethics Committee of Faculdade Nobre under the number 51209815.7.0000.5654.

   

  RESULTS

  Between January and September 2016, 70 patients were admitted for cardiac surgery at the Instituto Nobre de Cardiologia, 40 of whom were excluded due to valve or combined surgery (39 patients) and one due to hemodynamic instability before the fifth minute of NIV. Figure 1 demonstrates the flow for patient selection. Including 30 patients, for convenience, 63.3% men, with mean age of 61.1±12.2 years. The groups were homogeneous in relation to the demographic and surgical characteristics. Tables 1 and 2 present these characteristics of the patients included in the study.
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  Mean pulmonary arterial pressure was generally 121.9±21.6 to 136.1±17.6 without statistical significance in the evaluation among the groups. It was also present in relation to oxygenation index and arterial oxygen saturation. Statistical significance was only present in pre and post PEEP 15 when assessing the PaO2 and SaO2. Table 3 shows the behavior of these values in different groups.
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  An initial concern was present in relation to hemodynamic forward behavior to high levels of PEEP. Table 4 shows that no variable has tabled an amendment meant statistically significant. In addition, only one adverse event was associated with increased PEEP and the amount of pressure was 10 cm H2O, which led to the exclusion of the research patient.
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  DISCUSSION

  Based on the findings of this study, the value of overpressure of PEEP does not influence gas exchange during the NIV in patients on the first day after cardiac surgery.

  Barbas et al.[6], bring as a recommendation to use NIV in postoperative abdominal and elective thoracic surgery, for the treatment of acute respiratory insufficiency and in order to reduce atelectasis and need for endotracheal intubation, improve gas exchange and reduce respiratory work.

  The success and/or failure of NIV therapy in postoperative CABG may be associated with characteristics such as gender and body fat distribution. The study by Gonçalves et al.[7] shows that each unit added to the individual's body mass index decreased by -1.908 value of maximal inspiratory pressure (MIP) in men and -1.703 in women. Regarding maximal expiratory pressure (MEP), each unit added in BMI increased 0.184 its value in men and 0.651 in women. In view of this fact and analyzing the results presented in this study, it is noted that the variable BMI, according to Table 1, did not contribute effectively to change the effectiveness, and the patients were within the normal classification.

  In 2013, a published article aimed to compare the application of NIV with usual care in this patient profile. Researchers have shown that the use venting reduced postoperative complication rate as well as the time of stay in the ICU[8].

  Lima et al.[9] evaluated 78 patients divided into three groups. Each group performed a lung expansion therapy with different levels of PEEP, and 05, 8:10 cmH2O values. They demonstrated that the use of different levels of PEEP did not affect gas exchange in patients undergoing CABG. It is noteworthy that this therapy was performed pre-extubation endotracheal and in this study LET was conducted during the NIV. In 2013, Borges et al.[10] used the same Lima study[9] seeking to assess the impact on oxygenation and lung mechanics on the finding that higher levels of PEEP increased the lung compliance values and improved oxygenation index.

  Already Celebi et al.[11] stated in their research that the NIV associated with alveolar recruitment maneuver promotes improved oxygenation during and after the period of MV. The authors evaluated hundred patients undergoing CABG divided into four groups. This result contradicts the findings of the present study and other authors.

  A Chinese group also assessed the impact of NIV in patients for aortic dissection correction. In this study, they used a PEEP 8-10 cm H2O and found the impact of therapy on gas exchange in the first and sixth hour, concluding that the NIV positively influences oxygenation in that population[12].

  In a national study, 100 patients were evaluated who underwent CABG in order to demonstrate the benefits of NIV after extubation. In this research, the group performed the NIV and was pressurized with a PEEP of 5 cm H2O, is below the present study, for 30 minutes, also different time of the study. They found an improvement with statistical significance (P=0.0009), oxygenation of patients who underwent the technique[13]. Preisig et al.[14] evaluated the gas exchange and hemodynamic changes in patients undergoing cardiac surgery who had hypoxemia. They found an increase in PaO2 and oxygenation index up to three hours after the end of NIV. On the other hand, oxygen saturation was not statistically significant. However, a change was observed in pulmonary capillary wedge pressure which may represent negative hemodynamic impact with PEEP levels of 7 cmH20.

  Regarding hemodynamic variables, this study showed that the level of PEEP does not adversely affect blood pressure and heart rate. Similar data were expressed by Lopes et al.[13] where no significant differences in the variables was observed, and the NIV group showed P=0.671 (heart rate) and P=0.498 (mean arterial pressure). These results corroborate the study of Franco et al.[15] who claim that application NIV preventively in the postoperative period is safe, maintaining stable hemodynamics.

  A limitation of this study was the small number of patients in the sample and thus it could not properly assess whether the intervention with different levels of PEEP affect oxygenation. But it is noteworthy that this is the first study to assess different levels of PEEP during intermittent positive pressure breathing (IPPB) in patients undergoing cardiac surgery.

   

  CONCLUSION

  Based on the findings of this study, the value of overpressure of PEEP does not influence gas exchange during the NIV in patients on the first day after cardiac surgery.
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    ABSTRACT

    OBJECTIVE: To verify the effectiveness of noninvasive ventilation compared to conventional physiotherapy or oxygen therapy in the mortality rate and prevention of pulmonary complications in patients during the immediate postoperative period of cardiac surgery.

    METHODS: Systematic review and meta-analysis recorded in the International Prospective Register of Ongoing Systematic Reviews (number CRD42016036441). The research included the following databases: MEDLINE, Cochrane Central, PEDro, LILACS and manual search of the references of studies published until March 2016. The review included randomized controlled trials with patients during the immediate postoperative period of cardiac surgery, which compared the use of noninvasive ventilation, BiLevel modes, continuous positive airway pressure, intermittent positive pressure breathing and positive pressure ventilation with conventional physiotherapy or oxygen therapy, and assessed the mortality rate, occurrence of pulmonary complications (atelectasis, pneumonia, acute respiratory failure, hypoxemia), reintubation rate, ventilation time, time spent in the intensive care unit (ICU), length of hospital stay and partial pressure of oxygen.

    RESULTS: Among the 479 selected articles, ten were included in the systematic review (n=1050 patients) and six in the meta-analysis. The use of noninvasive ventilation did not significantly reduce the risk for atelectasis (RR: 0.60; CI95% 0.28-1.28); pneumonia (RR: 0.20; CI95% 0.04-1.16), reintubation rate (RR: 0.51; CI95%: 0.15-1.66), and time spent in the ICU (-0.04 days; CI95%: -0.13; 0.05).

    CONCLUSION: Prophylactic noninvasive ventilation did not significantly reduce the occurrence of pulmonary complications such as atelectasis, pneumonia, reintubation rate and time spent in the ICU. The use is still unproven and new randomized controlled trials should be carried out.

    Keywords: Thoracic Surgery; Cardiovascular Surgical Procedures; Noninvasive Ventilation; Meta-Analysis.

  

   
  
   

  INTRODUCTION

  Patients in the postoperative (PO) period of cardiac surgery have greater risk to develop pulmonary complications. These complications can increase hospitalization time, morbidity, mortality, and costs for the health system[1]. Among the most frequent pulmonary complications are atelectasis, pneumonia, pulmonary edema and acute respiratory failure (ARF). Atelectasis is one of the most common[1,2].

  The etiology of pulmonary complications results from a multifactorial process. Surgical factors such as the use of cardiopulmonary bypass (CPB), anesthesia, surgery time, mechanical ventilation time, pleural opening, phrenic nerve alteration, use of the mammary artery in myocardial revascularization surgery, pain in the sternal surgical wound and in the surgical drains lead to a decrease in the functional residual capacity and increase of intrapulmonary shunt[3-6]. In addition, preoperative factors regarding the patient, such as previously existing lung diseases, smoking, old age, poor nutritional health, among others, are a predisposition to complications[7].

  Certain measures are used during the PO of cardiac surgeries, in an attempt to minimize pulmonary complications, such as adequate analgesia, oxygen therapy and physiotherapy. The physiotherapist uses the resources and chest physiotherapy techniques, such as deep breathing stimulation, cough stimulation, use of incentive spirometers, early patient mobilization and ambulation[1,8]. However, sometimes these features and techniques are not enough, and additional measures, such as the use of noninvasive ventilation (NIV), are necessary.

  NIV is a support for spontaneous ventilation with portable ventilators. Its use as a prophylactic measure aims to reduce the incidence of endotracheal intubation, length of hospital stay and prevent pulmonary complications[9,10]. However, even with randomized controlled trials (RCTs) and a systematic review, there is no consensus in the literature regarding its use as a prophylactic measure after cardiac surgery.

  Zarbock et al.[10] carried out a study with 468 elective heart surgery patients during the period of postoperative care and showed that the use of prophylactic continuous positive airway pressure (CPAP) reduced the incidence of pulmonary complications such as hypoxemia, pneumonia, reintubation rate, and reduced the readmission rate in intensive care, compared to the control group. However, another study with 30 patients undergoing coronary artery bypass grafting (CABG) showed that CPAP therapy minimized the decrease in partial pressure of oxygen (PaO2) after extubation, however, it was unable to prevent the decrease of oxygenation on the second PO day[11]. In 2011, a systematic review investigated the use of NIV as a preventive measure in patients undergoing heart surgery, including four studies. The authors found that NIV, compared to standard treatment with oxygen therapy and chest physiotherapy, significantly improved gas exchange without any significant difference in the rate of atelectasis[1].

  Thus, the existence of new RCTs related to the prophylactic use of NIV in patients during the immediate PO period of cardiac surgery, and the absence of meta-analysis, justify a systematic review with a recent meta-analysis on the subject. Thus, the objective of this review is to verify the effectiveness of the use of NIV compared to conventional physiotherapy (CP) or oxygen therapy in the mortality rate and prevention of pulmonary complications in patients in the immediate PO of cardiac surgery.

   

  METHODS

  This is a systematic review and meta-analysis of RCTs, registered with the International Prospective Register of Ongoing Systematic Reviews (PROSPERO) under the number CRD42016036441, and following the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement[12] and the Cochrane Collaboration[13].

  Eligibility Criteria

  The review included RCTs with patients during the immediate PO period of heart surgery (CABG, valve replacement, among others) that compared the use of NIV, BiLevel, CPAP, intermittent positive pressure breathing (IPPB) and positive pressure ventilation (PSV) with CP or oxygen therapy. And also, that assessed mortality rate and incidence of pulmonary complications (atelectasis, pneumonia, ARF, hypoxemia) as primary outcomes, and reintubation rate, ventilation time, time spent in the intensive care unit (ICU), length of hospital stay and PaO2 as secondary outcomes. Studies that included patients in the PO period of other types of surgery, and patients who were heart transplant recipients, were excluded from the review.

  Search Strategy

  The studies were found using a systematic search in the databases MEDLINE (via PubMed), Cochrane Central, PEDro, LILACS, in addition to a manual search of the references of published studies on the subject. There was no restriction of date and language for this research. The search included studies published from the start of the databases until March, 2016, and comprised the key descriptors and synonyms terms referring to "cardiac surgery", "coronary artery bypass", "tricuspid valve replacement", "mitral valve replacement", "aortic valve replacement", "noninvasive ventilation", "continuous positive airway pressure", and "positive-pressure respiration", combined with a sensitive list of ECR search terms developed by Robinson & Dickersin[14]. The complete search strategy used for PubMed is shown on Table 1. Other strategies will be available upon request.
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  Study Selection

  Two assessors (S.M.P and A.F.M) independently analyzed the titles and abstracts of the articles identified by the search strategy, strictly adhering to the inclusion and exclusion criteria. Articles that did not provide enough information in the titles and abstracts, were fully read by the same assessors, independently. The selection was made following the eligibility criteria. Disagreements over the inclusion of the studies were resolved by consensus among the assessors.

  Data Extraction

  The data extraction was performed independently by the same two assessors, using a standardized form. Information on patient characteristics, intervention, outcomes, and methodological quality were extracted. Disagreements were resolved by consensus. The main outcomes were mortality rate and incidence of pulmonary complications (atelectasis, pneumonia, ARF, hypoxemia) and the secondary outcomes were reintubation rate, ventilation time (hours), time spent in the ICU, length of hospital stay (days), and PaO2.

  Risk of Bias Assessment

  The methodological quality was evaluated independently by the same two assessors, in a descriptive manner, based on the recommendations of the Cochrane Collaboration[13]. The following items were evaluated: random sequence generation, allocation concealment, patient blinding, blinding of therapists and outcome assessors, intention-to-treat analysis, and description of losses and exclusions. These characteristics were considered as "not informed" in studies without clear description of them.

  Data Analysis

  The data analysis was performed in a descriptive and quantitative manner. Regarding the categorical outcomes, relative risk and 95% confidence intervals were calculated using the random effect model (Mantel-Haenszel) according to the number of events reported in the intention-to-treat analysis of the original studies. For the continuous outcomes, the effect estimations were obtained by the difference between the averages and their standard deviations, with 95% confidence intervals using the random effect model. The statistical heterogeneity of the treatment effects between studies was assessed using the I-square inconsistency test, where values above 25% and 50% were considered as indicative of moderate and high heterogeneity, respectively. All analyses were carried out using the Review Manager software, version 5.3 (Cochrane Collaboration).

   

  RESULTS

  Description of the Studies

  Four hundred and seventy-nine articles were identified with the search strategy, of which 21 studies were considered for detailed analysis. After the analysis, ten articles met the eligibility criteria and were included in this review, with a total of 1050 patients. Among these studies, three used the BiLevel mode[8,15,16], four the CPAP[10,11,17,18], one the BiLevel mode and CPAP in the same study[3], one the IPPB[19] and one the PSV[20]. Regarding the control groups, seven studies[3,10,15-19] performed CP. Of these, one performed only CP[16]; the other used CP associated with incentive spirometer (IS)[3,19], standard treatment (oxygen therapy and CPAP for some patients, pharmacological treatment)[10], usual care (pharmacological measures and IS)[15] and oxygen therapy[17,18]. Two studies[8,11] received oxygen therapy exclusively and one of the studies[20] did not clearly describe the comparison. Figure 1 shows the flowchart of the included studies and Table 2 the characteristics of these studies.
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  Risk of Bias

  Of all the studies included in the systematic review, 30% described the random sequence generation[8,15,17], 10% described allocation concealment[15]; none of the studies described blinding of the therapist and the patient, or presented this information; 40% of the studies described blindness of the outcome assessors, but for only one outcome in each study[3,15,17,19]. All studies described the losses and exclusions[3,8,10,11,15-20], and 60% described the intention-to-treat analysis[8,10,11,16,18,19] (Table 3).
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  Intervention Effect

  Mortality rate

  Only one study (n=126) assessed the mortality rate. The authors compared the use of NIV associated with usual care (chest physiotherapy, bronchodilator and saline nebulization, cough exercises, mobilization and IS) vs. usual care. The mortality rate was the same in both groups (1.6%)[15].

  Pulmonary Complications

  Atelectasis

  Six studies assessed the incidence of atelectasis[3,11,15-17,19]. Among them, four[3,11,15,16] were included in the meta-analysis (n=407). One study compared NIV associated with usual care vs. usual care[15]; one compared NIV associated with conventional physiotherapy (CP) vs. CP[16]; another compared NIV vs. oxygen therapy, exclusively[11]; another study, with two intervention groups, compared NIV/CPAP mode associated with CP vs. CP; and NIV/BiLevel mode associated with CP vs. CP[3]. The use of NIV in the postoperative period of cardiac surgery did not significantly reduce the risk of atelectasis (RR: 0.60, CI95% 0.28, 1.28, I-square: 69%) (Figure 2).
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  This high statistical heterogeneity can be explained by a study by Al Jaaly et al.[15], which presented a more favorable result to the use of NIV. One of the factors that may justify this has to do with the time of application of the therapy. The study applied the NIV for a longer period of time, and it was withdrawn when the patient had to eat, drink, or before if the patient could not tolerate the ventilation support, with average application time of 16 hours. In the other studies, the time was shorter (8 hours after extubation[11], 1h every 3h, totaling 8h[3], and 2 times a day for 30 minutes, totaling 1h[16]).

  Other factors that could influence the effects of the NIV on the results are the ventilation parameters and type of intervention performed in the control group.

  The other two studies[17,19], which were not included in the meta-analysis due to lack of data, showed that the incidence of atelectasis decreased at the end of the intervention with NIV, but it did not differ from the control groups.

  Pneumonia

  Two studies[10,15] assessed this outcome (n=594). One study compared NIV associated to usual care vs. usual care[15]; and the other, NIV vs. standard treatment (oxygen therapy, CP, nasal intermittent CPAP for 10 min every 4h at 10 cmH2O and pharmacological treatment)[10]. From the analysis, we observed that the use of NIV did not significantly reduce the probability of pneumonia (RR: 0.20; CI95% 0.04; 1.16; I-square: 0%) (Figure 3).

  Acute Respiratory Failure

  Only one study assessed this outcome. Mazzulo Filho et al.[20] carried out a study with 32 patients during the immediate postoperative period of cardiac surgery. The patients were randomly divided into two groups: control (n=18) and intervention (n=14), which received NIV/PSV mode during 2 hours, after extubation. As to the pulmonary complication, none of the patients from the intervention group presented ARF; on the other hand, nine patients from the control group did.

  Hypoxemia

  Three studies[10,17,18] assessed this outcome. It was impossible to perform the meta-analysis of this outcome, because the studies did not present sufficient data for the analysis.

  Zarbock et al.[10] performed a study with 468 patients that underwent elective heart surgery, and compared the NIV/CPAP mode vs. standard treatment (oxygen therapy, CP, nasal intermittent CPAP for 10 min every 4h at 10 cmH2O and pharmacological treatment). The study showed that the incidence of hypoxemia (PaO2/FiO2< 100) was lower in the intervention group, when compared with the control group (1 of 232; 5 of 236 patients, respectively).

  Pinilla et al.[17] carried out a study with 58 patients, and compared NIV/CPAP mode associated to CP vs. CP and oxygen therapy. They found that the PaO2/FiO2 ratio was significantly better in the intervention group (P<0.05), half an hour until 24h after extubation, when compared with the control group; after that, it decreased in both groups (325±62, 320±37, in the intervention and control groups, respectively, without difference between groups).

  Thomas et al.[18] compared two groups with 14 patients after CABG, applying NIV/CPAP mode associated to CP vs. CP and oxygen therapy. The fraction of the pulmonary shunt was of 16.3% before, 12.6% during and 15.7% after the CPAP; in the control group, the shunt was reduced from 17.3% to 16.8%. This reduction was significantly higher in the CPAP group when compared with the control group (P=0.016).

  PaO2

  Four studies[3,8,11,19] assessed this outcome. It was not possible to perform the meta-analysis of this outcome, because the studies did not present sufficient data for the analysis.

  Matte et al.[3] performed a study with 96 patients, randomly divided into three groups. The study assessed two intervention groups: one group compared NIV/CPAP mode associated to CP (coughing, aerosol therapy, exercises, mobilization) vs. CP, and the other compared NIV/BiLevel mode associated to CP vs. CP. In the three groups, the PaO2 (mmHg) significantly decreased in the 1st day of postoperative care (preoperative: control group 78±10, CPAP 76±12, BiLevel 81±10; 1st day before treatment: control group 65±12, CPAP 63±9, BiLevel 66 ±11; P<0.001). For the patients of the control group, this decrease was still present on the 2nd day; however, the patients in the intervention group presented a slightly improved PaO2 (P<0.01).

  Lopes et al.[8] developed a study with 100 patients that underwent CABG or heart valve surgery, randomly divided into two groups. The study applied NIV/BiLevel mode for 30 minutes after extubation vs. oxygen therapy. The NIV improved the PaO2, with significant difference (P=0.0009) between groups; the same happened with time, comparing the moment before extubation with 30, 120 and 360 minutes after the procedure (P=0.00008)[8].

  Conversely, two studies[11,19] found different results. In a study performed with 30 patients that underwent CABG, who were randomly divided into two groups, NIV/CPAP mode vs. oxygen therapy, the PaO2 decreased significantly in the control group after extubation (from 19.2±5.3 kPa to 12.4±2.7 kPa), but it decreased less in the CPAP group (from 16.4±3.3 kPa to 14.0±2.1kPa). In the 2nd PO, the PaO2 was equally low in both groups (control: 8.4±1.5 kPa, CPAP: 8.9±1.9 kPa)[11].

  Oikkonen et al.[19] performed a study with 52 patients who were randomly divided into two groups: IPPB associated to CP vs. CP and IS. On the first three days of PO care, the values of PaO2 (kPa) were similar in both groups (1st PO: control 14±1, IPPB 15±1; 2nd PO: control 12±1, IPPB 11 ± 1; 3rd PO: control 10±1, IPPB 11±1), without statistically significant differences. Based on this, both resources are equally efficient.

  Reintubation Rate

  Two studies assessed this outcome (n= 594)[10,15]. It was observed that using NIV does not significantly reduce the probability of reintubation (RR: 0.51; CI95%: 0.15; 1.66; I-square: 0%) (Figure 4).
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  Time spent in the ICU

  Three studies assessed this outcome (n=641)[3,10,17]. One study assessed two intervention groups: one compared NIV/CPAP mode associated to CP vs. CP, and the other compared NIV/BiLevel mode associated to CP vs. CP[3]. Another study compared NIV associated to CP vs. oxygen therapy associated to CP[17]; and another study assessed NIV vs. standard treatment[10]. It was observed that using NIV does not significantly reduce the time spent in the ICU (-0.04 days; CI95%: - 0.13; 0.05; I-square: 0%) (Figure 5).
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  Length of Hospital Stay

  Only two studies assessed length of hospital stay (n=594)[10,15], however, it was not possible to perform the meta-analysis due to lack of data. According to Al Jaaly et al.[15], the length of hospital stay until release from hospital care, in days, was shorter in the intervention group, when compared with the control group (5±1.5; 6±1.5, respectively, P=0.019). Considering only the doctors' opinion, the patients could be released. However, because of non-medical reasons (such as social factors), the patients could not be released and the total length of hospital stay until the release was similar, without significant difference between groups (P=0.552).

  A study by Zarbock et al.[10] showed that the total length of hospital stay was similar between groups, without significant difference (intervention group 13±0.5 days, control group 14±0.6 days; P>0.05).

  Mechanical Ventilation Time

  Three studies assessed this outcome (n=694)[8,10,15]; however, it was not possible to perform the meta-analysis due to lack of data.

  In the study by Lopes et al.[8], comparing NIV vs. oxygen therapy, the average time of mechanical ventilation was 3.77±0.94h, with no significant difference between the control and intervention groups (P=0.526). Zarbock et al.[10] assessed NIV vs. standard treatment after admission to the ICU. The patients were divided into two groups: the late extubated group and the extubated group; after that, each group was subdivided into intervention and control groups. Patients in the late extubated group (intervention and control) were ventilated for the same length of time (6.2±0.5 h, 6.±0.7 h, respectively, P>0.05); data from the extubated group were not described. Finally, the third study assessed NIV associated with usual care vs. usual care, and the average time was 6 hours for the intervention and control groups[15].

   

  DISCUSSION

  Evidence Summary

  The objective of this study was to search for the best available scientific evidence regarding the prophylactic use of NIV in patients during immediate postoperative care for cardiac surgery. Regarding the mortality rate, only one study assessed this outcome, and the result was similar between the intervention and control groups. We observed that prophylactic NIV, when compared to conventional physiotherapy or oxygen therapy, did not significantly reduce the probability of pulmonary complications such as atelectasis, pneumonia, reintubation rate and time spent in the ICU. As to the outcome of ARF, the incidence was higher in the control group. Regarding the outcome of hypoxemia, in most studies, the use of NIV improved oxygenation. Regarding PaO2, only half of the studies that assessed this outcome found that NIV improved it. As to the mechanical ventilation time and length of hospital stay, the results were similar between the groups.

  For the outcome mortality rate, study showed low incidence between the intervention and control groups. This can be explained by the fact that the patients included in the studies had preoperative comorbidities, and similar surgical characteristics, among others, without the need for emergency surgery[15]. However, more studies should be carried out to expand this information.

  Another outcome assessed by our study was pulmonary complications. These are frequent in the PO of cardiac surgery, and the etiology of the dysfunction results from a multifactorial process, which involves surgical and preoperative factors, well reported in the literature[4-7]. Thus, early therapy is necessary to avoid further degradation[3].

  From the review, it was observed that using NIV during the postoperative care of heart surgery did not significantly reduce the risk of atelectasis, but it improved oxygenation. This complication is often caused by a compromised ventilation lung perfusion ratio due to atelectasis. Even after cardiac surgery without complications, atelectatic areas decrease functional residual capacity and increase pulmonary shunt. These unventilated areas can account for up to 20% of the total lung volume, thus causing hypoxemia in the PO[10]. In this sense, NIV avoids alveolar collapse and enables better alveolar recruitment, reducing the formation of atelectasis and increasing functional residual capacity[10,16].

  Even though NIV presents positive effects in other populations, such as patients with ARF in the postoperative period of abdominal surgery[21], in our study we have not yet found a beneficial effect of this intervention in relation to atelectasis. One thing that may justify these unfavorable outcomes are the NIV pressure parameters, with CPAP values between 5 and 7.5 cmH2O[3,11]. These pressures low in the airways have transitory effects on gas exchange[10,17]. It is believed that, for a prolonged effect, high pressure values are required to keep airways open[10]. A previous study performed with patients after thoracic surgery demonstrated that pressures of at least 9 to 10 cmH2O should be used to maintain positive tracheal pressure throughout the respiratory cycle[22].

  Another pulmonary complication is pneumonia. From the analysis, it was observed that using NIV did not significantly reduce the probability of pneumonia[10,15]. We observed that there is a favorable tendency to the use of NIV; however, more RCTs, with larger sample sizes, are necessary to corroborate this information.

  Regarding the outcomes of reintubation rate and time spent in the ICU, it was observed that using NIV does not significantly reduce the probability of reintubation and the time spent in the ICU. This may have occurred because of the small number of included studies (two and three, respectively). It is possible that with more RCTs, with larger sample sizes, this result could change; therefore, there is no evidence on the effectiveness of NIV on the reintubation rate and time spent in the ICU.

  Another assessed outcome was the length of hospital stay, but only two studies assessed it[10,15]. The time was similar between groups in both studies, with no significant difference between groups. This similarity can be justified by the low incidence of pulmonary complications in both studies, which could prolong this time if an increase occurred.

  The Strengths and Limitations of the Study

  Regarding the strong methodological points of this study, it is important to point out the systematic and sensitive bibliographic search, with explicit and reproducible eligibility criteria, without restriction of language and date, independently performed by two assessors; as well as the selection of studies, data extraction and analysis of methodological quality of included articles, also performed independently by two assessors. In addition to that, a meta-analysis was performed with the results of the studies, provided they allowed such analysis, since the meta-analysis can give more reliable estimates as to the efficacy of the treatment.

  As to the limitations, the low methodological quality of the included studies stands out, since the indispensable items for assessing the risk of bias were presented incompletely or not informed. In addition, the included studies were quite different regarding the physiotherapy techniques, resources and exercises used, time of intervention, time of application of NIV and frequency of examinations. All this may compromise the results found in the meta-analyses.

  In addition to the methodological differences, we highlight the small number of studies found in the literature, and the sample size, with small number of patients, which suggest the need for new RCTs with more patients and more methodological rigor.

   

  CONCLUSION

  Our study showed that no difference between the use of prophylactic NIV and conventional physiotherapy or oxygen therapy could be found in patients during the postoperative period of cardiac surgery, in relation to mortality rate and pulmonary complications such as atelectasis, pneumonia, reintubation rate, time spent in the ICU, length of hospital stay and mechanical ventilation time, with an improvement in oxygenation. Therefore, due to the low methodological rigor of the included articles and small sample size, new RCTs should be carried out to corroborate this information.
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    ABSTRACT

    INTRODUCTION: Multiple organ failure syndrome (MOFS) is a pathology associated to unspecified and severe trauma, characterized by elevated morbidity and mortality. The complex inflammatory MOFS-related reactions generate important ischemia-reperfusion responses in the induction of this syndrome. Nitric oxide elevation, through the activation of cyclic guanosine monophosphate (cGMP), has the potential of counteracting the typical systemic vasoconstriction, and platelet-induced hypercoagulation. Tadalafil would possibly act protectively by reducing cGMP degradation with consequent diffuse vasodilatation, besides reduction of platelet-induced hypercoagulation, thus, preventing multiple organ failure syndrome development.

    METHODS: The experimental protocol was previously approved by an institution animal research committee. Experimental MOFS was induced through the stereotaxic micro-neurosurgical bilateral anterior hypothalamic lesions model. Groups of 10 Wistar rats were divided into: a) Non-operated control; b) Operated control group; c) 2 hours after tadalafil-treated operated group; d) 4 hours after tadalafil-treated operated group; e) 8 hours after post-treated operated group. The animals were sacrificed 24 hours after the neurosurgical procedure and submitted to histopathologic examination of five organs: brain, lungs, stomach, kidneys, and liver.

    RESULTS: The electrolytic hypothalamic lesions resulted in a full picture of MOFS with disseminated multiple-organs lesions, provoked primarily by diffusely spread micro-thrombi. The treatment with tadalafil 2 hours after the micro-neurosurgical lesions reduced the experimental MOFS lesions development, in a highly significant level (P<0.01) of 58.75%. The treatment with tadalafil, 4 hours after the micro-neurosurgically-induced MOFS lesions, also reduced in 49.71%, in a highly significant level (P<0.01). Finally, the treatment with tadalafil 8 hours after the neurosurgical procedure resulted in a statistically significant reduction of 30.50% (P<0.05) of the experimentally-induced MOFS gravity scores.

    CONCLUSION: The phosphodiesterase 5 inhibitor, tadalafil, in the doses and timing utilized, showed to protect against the experimentally-induced MOFS.

    Keywords: Multiple Organ Failure; Nitric Oxide; Phosphodiesterase Inhibitors; Systemic Inflammatory Response Syndrome.

  

   

   

  INTRODUCTION

  Trauma is a factor of unquestionable epidemiologic importance in modern industrial societies, especially in the last hundred years[1]. In United States, trauma is the leading cause of morbidity and mortality for persons, from birth to 44 years of age. In the last decade, more than 13 million adults with 20-49 years of age were injured, and nearly 80,000 were killed, with US$ 406 billion in lost productivity and medical bills every year[2]. In this scenario, the prevalence of multiple organ failure syndrome (MOFS) has been very high, affecting one-third of all in-hospital patients, being responsible for more than 50% of all intensive care unit (ICU) patients' deaths[3]. This previously unknown post-trauma sequential dysfunction syndrome, despite being suspected by medical teams, since the ICU emergence, in 1958, was only officially recognized when the global term "multiple organ failure" (MOF) first appeared in Index Medicus, in 1983[1]. However, its existence could be found in very remote descriptions, like the one, in 1823, of William Cumin[3], surgeon of the Royal Infirmary and the Asylum of Lunatics, of Glasgow, and by Joseph Swan, physician of the Lincoln County Hospital, in the same number of the Edinburgh Medical and Surgical Journal. They reported the pathological lesions in several organs not primarily damaged of six burned patients that died days after trauma.

  Cumin[4] observed, with high accuracy: "...distant internal parts sympathized with the burned surface and suffer inflammation...". Other XIX century authors, such as Cooper[5], in 1839; Long[6], in 1840; or Curling[7], in 1842, among others, had described similar findings, with no repercussion in the scientific community.

  Recent authors had described similar pathological findings secondarily associated with trauma, in soldiers wounded in military actions during the World War II, as Moon[8], in 1947, and Mallory et al.[9], in 1950. These papers described the occurrence of a picture of global and diffuse organic deterioration, typical of MOF, an unknown pathology at that time. They reported the presence of diffuse endothelial lesions, in several organs, with capillary and venules engorgement. The development of disseminated micro-thrombosis was a most common finding. In 85% of the cases, the examined lungs showed edema and congestion. Atelectasis could be found in 70%, and fat emboli in 65% of the cases. Intra-alveolar hemorrhages were found in 51% of all cases. The cardiac histopathology showed fat vacuolization in 24 of 44 (54.5%) examined cases. The liver examination presented fat vacuolization in 53 of 60 (88.3%) examined cases in patients that died up to 96 hours after trauma. In these cases, were detected the presence of centrilobular pyknosis and nuclear disintegration. In these studies, kidneys microscopy showed presence of fat vacuolization, especially of the ascending limb of loop of Henle, in 55% of cases, reaching 85% when death occurred between the first and fourth post-trauma day. Tubular epithelial necrosis, basal membrane lesion, presence of hyaline, granular or hematic cylinders, diffuse endothelial lesions, vascular engorgement and diffuse micro-thrombosis were some of the most frequent secondary post-traumatic findings reported by these authors. Moon[8] and Mallory's[9] descriptions reported a clinical picture of global, diffuse organic deterioration, in association to typical MOFS histopathological findings. Coincidentally, these histopathological findings were the same as reported afterwards, in cases of MOFS.

  Maire and Patton[10], in 1956, reported the development of multiple organic lesions in rats submitted to pre-optic nuclei stereotaxic electrolytic experimental lesions. This paper was the basis for Oliveira et al.[11] experimental methods, to conjecture on the hypothesis of the occurrence of a trauma-induced multiple-system derangement pathophysiologic process, that they called secondary post-traumatic syndrome, possibly based on a central nervous system (CNS)[12,13] imbalance. These authors proposed, based on the Wiener's Theory of Systems logic, that non-specified trauma would result in an adaptation Selye's alarm reaction (AR) CNS-induced syndrome[13]. For this reason, in this experimentation, it will be utilized a similar micro-neurosurgical experimental model of MOFS induction.

  MOFS can be defined as a complex, subacute, pathological manifestation, necessarily developed after a gap of apparent clinical stability, to a generalized picture of multiple organic deterioration, characterized by confluent anatomic lesions, typically associated to ischemia/reperfusion lesions, finally translated into diffuse micro-thrombosis and tissue hemorrhages[1]. MOFS may occur in any severe trauma, such as burns, pulmonary aspiration, multiple transfusions, acute pancreatitis, extracorporeal circulation, sepsis, among many other causes[1,13-16]. It is important to reinforce that sepsis is only one of the possible causes of activation of several humoral, inflammatory, coagulation, immunological factors, inducing an average of 35% of all MOFS cases. The remaining 65% of cases are probably based on AR CNS-induced pathophysiology[1,13,16].

  Possible Beneficial Actions of Nitric Oxide in MOFS Development

  In 1987, Ignarro et al.[13] detected that the endothelium-derived relaxing factor (EDRF), described in 1980 by Furchgott and Zawadzki[14], was, indeed, a very simple molecule: nitric oxide, that proved, however, to have several important physiologic actions. Such actions, mediated by cyclic guanosine monophosphate (cGMP), can be listed as: a) regulation of vascular tone, influencing tissue blood flow and arterial pressure; b) platelet function, by controlling its adhesion and aggregation; c) neurotransmission at the level of some motor neurons of the parasympathetic branch of the autonomic nervous system that modulates intestinal peristalsis and penile erection; d) also acts at nitric oxide-sensitive neurons of the respiratory centers of medulla oblongata; e) nitric oxide (NO) stimulates NMDA receptors at hippocampal area, improving mechanisms of long-term memory; f) activation of immunity/inflammatory systems, aiding to kill various pathogens, such as virus and bacteria; g) inhibition of inflammation and exocytosis of various mediators, from endothelial cells, macrophages and cytotoxic T lymphocytes; h) increase of renal blood flow, with improvement of rate of filtration and urine formation; i) stimulating endocrine secretions, such as hypothalamic release of gonadotropin-releasing hormone (GnRH); j) adrenaline from adrenals or other exocrine secretions, such as amylase from the pancreas[17-23].

  NO is a labile lipid soluble gas synthesized in several areas of the organic system. Is synthesized from the amino acid l-arginine by the NO synthase (NOS). During this synthesis, NO is transformed into a monomer that, in the presence of tetrahydrobiopterin, turns into a dimer. Therefore, in the presence of calmodulin and molecular oxygen, it converts l-arginine to NO, and citrulline, as a by-product[22,24,25].

  Ischiropoulos et al.[18], in 1994, and Preiser et al.[19], in 1995, were the first to suggest the therapeutic utilization of inhaled NO in prophylaxis and treatment of adult respiratory distress syndrome, the most important component of MOFS pathologic constellation. In addition, it was reported that inhaled NO-induced improvement in the pulmonary hypertension associated with experimental septic shock in pigs, with concomitant elevation in the cardiac ejection fraction.

  It is important to emphasize that inhaled NO has very short half-lives varying between 6 and 40 seconds[22,24,25]. However, when released into the intrapulmonary spaces and pulmonary vessels, NO is inactivated very quickly by combination with hemoglobin, yielding methemoglobin as an end-product. Therefore, the important vasodilator effect of inhaled NO is rapidly neutralized, and remains restricted to the lung vascular and airways systems, with reduced or no systemic effects. In addition, it is very important to emphasize that most of NO systemic effects are due to the activation of cGMP that, on the other hand, is neutralized by 11 different phosphodiesterases. Phosphodiesterase-5 (PDE5) has the most desirable characteristics to be inhibited if secondary vascular and coagulation profile are to be preserved for a longer period. Therefore, if systemic actions are intended, as the needed in MOFS, it must be used a PDE5 inhibitor, that will maintain the NO-induced cGMP activation functioning for a long period, in the entire organic system[22,26].

  Therefore, it became obvious that, instead of utilizing inhaled NO, a short half-life gas[22,24,25], the most effective way to universally elevate tissues levels of NO would be through the utilization of PDE5 inhibitors, such as tadalafil, sildenafil, vardenafil, udenafil or avanafil[22,27]. Tadalafil would be the best PDE5 inhibitor candidate to inhibit NO degradation and, hence, enhancing the system NO circulating levels, for a prolonged period. NO, indeed, has several beneficial actions, especially the systemic vasodilatation, and reduction of platelet aggregation, that would possibly reduce the development of micro-thrombosis - the MOFS basic inducing factor[22,24]. Therefore, it was decided to ascertain the potential protective effects of tadalafil, in the MOFS development, utilizing an experimental neurosurgical model in this syndrome induction[22].

  The choice of tadalafil was pharmacologically based on its easy and fast absorption, favorable pharmacokinetic profile, such as low first-pass degradation, large volume of distribution, and relatively slow metabolism and excretion[28,29]. In addition, and specially for its long half-life and benign therapeutic profile, it was finally chosen as the drug that, for its characteristics of inducing long-term NO tissue concentrations, would result in of vasodilation and reduction of the coagulation profile[15,16,20,24,30]. This would act reducing the potential of development of micro-thrombosis, the pathologic basis for MOFS development. For this reason, the authors proposed to experimentally verify its efficacy in reducing MOFS development, especially by prolonging its multiple-system half-life through the utilization of a PDE5 inhibitor: tadalafil.

   

  METHODS

  Animals, Environment and General Procedures

  The in-vivo experiments protocol was approved after a review done by a specific institutional animals experimental research committee and was performed on Wistar male rats weighing from 180 to 220 g that were kept in separate cages, placed in a thermally stable room (21°C), with free access to water and balanced food. The group ideal size of 10 animals, utilized in this work, was established basing on the statistical previous calculations using experimental groups of 6, 10, 15 and 20 animals. These animals were submitted to the following experimental procedures:

  Microneurosurgical Procedures

  The animals were anesthetized with ethyl ether (anesthesia wakening time of 9 minutes + 3 minutes) and placed in a stereotaxic neurosurgical frame (David Kopf 1404, São Paulo, SP, Brazil). After appropriate antisepsis, the parietal bones were exposed and holes (0.5 mm of diameter) were drilled bilaterally in specific places. The Surgical Group followed specifically these procedures: stereotaxic electrolytic lesions (EL) were placed in the anterior hypothalamus (AH) nuclei; by using an anodal constant current of 5 mA for 20 seconds through a monopolar stainless-steel insulated electrode (0.3 mm diameter and 30-tip diameter) previously calibrated in an optical microscope. The stereotaxic parameters were extracted from the König and Klippel stereotaxic atlas[12]. Sham-operated (S) animals were submitted to the same procedures, except for the placement of hypothalamic lesions. The electrode was stained with methylene blue for further histological lesion precision placement evaluation.

  Pharmacological Procedures

  The animals were divided into four groups:

  Control Group

  This group was composed by 10 animals, which were injected intraperitoneally with 2 mL of NaCl 0.9%. Twenty-four hours after, these animals were sacrificed through abdominal vessels section, under ethyl ether anesthesia.

  Surgical Control Group

  Composed by 10 animals submitted to the above mentioned protocol of stereotaxic electrolytic lesions[1] under ethyl ether anesthesia. These animals received 2 mL of NaCl 0.9% intraperitoneally. These animals were sacrificed 24 hours after the surgical procedure.

  Tadalafil 2 Hours after Surgery Group

  Composed by 10 animals submitted to the same above mentioned stereotaxic electrolytic procedure, under ethyl ether anesthesia. A solution of tadalafil (Ely Lilly Co., Indianapolis, IN, USA) 0,6 mg/kg dissolved in 2 mL of a solution of NaCl 0.9% was injected intraperitoneally 2 hours after the placement of the hypothalamic lesions. These animals were sacrificed 24 hours after the surgical procedure.

  Tadalafil 4 Hours after Surgery Group

  Composed by 10 animals submitted to the same above mentioned stereotaxic electrolytic procedure under ethyl ether anesthesia. A solution of tadalafil (Ely Lilly Co., Indianapolis, IN, USA) 0.6 mg/kg dissolved in 2 mL of a solution of NaCl 0.9% was injected intraperitoneally 4 hours before the hypothalamic lesions placement. These animals were sacrificed 24 hours after the surgical procedure.

  Tadalafil 8 Hours after Surgery Group

  Composed by 10 animals submitted to the same above mentioned stereotaxic electrolytic procedure, under ethyl ether anesthesia. A solution of tadalafil (Ely Lilly Co., Indianapolis, IN, USA) 0.6 mg/kg dissolved in 2 mL of a solution of NaCl 0.9% was injected intraperitoneally 8 hours after the placement of the hypothalamic lesions. These animals were sacrificed 24 hours after the surgical procedure.

  Histopathology Procedures

  The animals were sacrificed 24 hours after the neurologic stereotaxic electrolytic procedure, under ethyl ether anesthesia, by sectioning the abdominal vessels. In our laboratory experience, this period was enough to allow the development of intermediate-to-severe gravity MOFS pattern. In addition, intermediate-to-severe levels of multiorgan involvement would make possible the evaluation of, either attenuation or potentiation of MOFS evolution. Aorta washing was not performed in order to preserve the already formed microthrombosis in several organs. The following organs were removed, fixed in neutral 10% formaldehyde solution and after embedded in paraffin and stained with hematoxylin-eosin for further histological examination: brain, lungs, heart, spleen, liver, kidneys (and adrenals), and stomach-duodenum. Spleen, duodenum, heart and adrenals histology were not studied in this work due to its minimal MOFS-related deterioration. Animals with inappropriately placed cerebral lesions were discarded and replaced in the experimental series. MOFS evolution will be presented as follows: the histopathological assessment was quantitated by reviewing ten microscopic field of every slide, the following an arbitrary grading scale, basing on literature and to our previous experience. The gravity scores varied from 0 to IV.

  The histopathology examination was performed by a "blind" physician (pathologist). The microscopic slides were identified only by a computer-generated randomized numbers. The identifications of the slides utilized a code, that was broken after finished slide examination. The scores were attributed to every slide, basing on the sum of each grade of ten 64X microscopic neighbor fields. Therefore, the minimum field damage score (absence of lesion) would be 0 (zero) and the maximum field damage score would be 4 (four). Since were examined 10 fields per slide, that multiplied by each field damage scores, would reach 40 per each organ, reaching 00 or 40. This value, multiplied by 5 organs, would reach a maximal value of 200, and then multiplied by 10 slides per group, we would have a final minimal score of 0000, and a maximum score of 2000. A 250X magnification was utilized, in cases of doubt, only in order to detect specific qualitative tissue damage for grading classification.

  Statistical Analysis

  The results (mean±SD) evaluates organ damage through the consolidated gravity scores (CGS) for each experimental setting of n=10 animals, being 00 the baseline and 40 the maximal gravity values. We utilized the Kruskal-Wallis nonparametric statistical method for the overall groups under study. For specific comparisons between two groups, were utilized the χ2 method. It were considered significant values of P<0.05, or highly significant values P<0.01.

   

  RESULTS

  The results of the CGS are presented in Figure 1 and Table 1: a) control:110±30; b) surgical control group: 1770±90; c) 2 hours after tadalafil treatment of surgical group: 730±40, which represents a reduction of 58.75% of the surgical CGS; d) 4 hours after tadalafil treatment of surgical group: 890±70, which represents a reduction of 49.71% of the surgical CGS; e) 8 hours after tadalafil treatment of surgical group: 1230±90, which represents a reduction of 30.50% of the surgical CGS.
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  DISCUSSION

  Virchow's[30] classical work, published in 1853, proposed the mechanisms for the development of tissue infarcts, the most important inducing-factor of MOF: a) low blood flow; b) endothelial lesion; c) hypercoagulability. This study gave to Oliveira et al.[11] the basis for the proposal of peripheral pathophysiologic core of MOFS. Therefore, the following AR-associated peripheral factors would be responsible for the MOFS induction process. As previously considered, generalized microthrombosis is the core lesion in all organs compromised in that syndrome. Then, the sequence of peripheral factors participating in the MOF pathophysiology, as proposed by de Oliveira et al.[11], would be:
 
  • Phase of vasospasm, thrombosis and ischemia:

   
    - Factor of vasoconstriction and low flow.

    - Factor of endothelial lesion.

    - Factor of hypercoagulability.

  

  • Phase of reperfusion, failure and vascular necrosis:

  
    - Factor of vascular metabolic deterioration.

    - Factor of vascular hypo-response, dilatation, reperfusion and hyperpermeability.

    - Factor of vascular necrosis and microhemorrhage.

  

  As mentioned before, the three most important PDE5 inhibitors currently available, tadalafil, sildenafil and vardenafil, have a number of functional differences. Especially concerning their selectivity and specificity of inhibition, the PDE5 inhibitors have their effects associated, not only to their safety profile, but also in the biopharmaceutical and pharmacokinetic characteristics. Those differences may, significantly, affect the efficacy profile of these drugs[15,16,20,28,29].

  Tadalafil protective actions are, possibly, supported by its cGMP-induced vasodilation, platelet aggregation inhibition and inflammatory modulation effects[15-17]. Tadalafil presents absorption of about 36% of the oral dose through the gastrointestinal tract, which is, in general, similar to sildenafil and vardenafil. However, CYP3A is the major hepatic metabolizing enzyme for the 3 PDE5 inhibitor agents, having a lower effect on tadalafil, characteristic responsible for its longer half-life[13,15-17,28,29].

  The major route of elimination of all PDE5 inhibitors is hepatic metabolism through CYP3A. Tadalafil, however, has low hepatic extraction. Renal elimination of the nonmetabolized drug represents less than 1% of the elimination pathways. The elimination half-life is 3-5 hours for sildenafil and vardenafil, as compared to 17.5 hours of tadalafil[13,15-17,28,29].

  For its greater therapeutic window, tadalafil requires less time for effectiveness, which was one of the most important reasons for its choice as the central drug for testing PDE5 inhibitors as potential protectors against MOF development.

  The results presented in this work, shows, definitely, that tadalafil acts protectively against experimentally-induced MOFS development, especially when the drug is administered before the neurosurgical induction procedure. In our experiments, the group of tadalafil treatment done 2 hours after operation resulted in a highly significant (P<0.01) reduction of 58.75% of MOFS organ damage gravity. In the group of tadalafil treatment done 4 hours after operation, it was also detected a highly significant (P<0.01) reduction of 49.71% of MOFS organ damage gravity. Finally, in the group of tadalafil treatment done 8 hours after operation, it was detected a still significant (P<0.05) reduction of 30.50% of MOFS organ damage gravity. The increasing fall in tadalafil protective profile, sequentially detected, among the three post-surgery groups, would probably due to the spontaneously developing MOFS reactions that continues to occur in the not-protected periods of 2, 4 and 8 hours. However, the drug continues to show its protective characteristics, even eight hours after the neurosurgical MOFS induction. Therefore, it suggests that the protective tadalafil effect continue to occur even after a relatively long period after trauma (8 hours), a situation that usually occurs in clinical conditions, such as in clinical emergency-treated cases.

  MOFS mortality, regardless whether induced by sepsis or by other etiologies, in the ICUs[2,3,14-16,22] has been between 23% and 76%, whereas, the overall mortality of MOFS patients in hospital environment is between 32% and 89%. Therefore, our experimental work suggests that further clinical trials should be designed to verify tadalafil efficacy in MOFS prophylaxis and treatment in ICU clinical environment.

   

  CONCLUSION

  The results presented in this work, shows, that tadalafil acts protectively against experimentally-induced MOFS development, especially when the drug is administered before the neurosurgical induction procedure.
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    ABSTRACT

    OBJECTIVE: To assess methodological quality of the randomized controlled trials of physiotherapy in patients undergoing coronary artery bypass grafting in the intensive care unit.

    METHODS: The studies published until May 2015, in MEDLINE, Cochrane and PEDro were included. The primary outcome extracted was proper filling of the Cochrane Collaboration's tool's items and the secondary was suitability to the requirements of the CONSORT Statement and its extension.

    RESULTS: From 807 studies identified, 39 were included. Most at CONSORT items showed a better adequacy after the statement's publication. Studies with positive outcomes presented better methodological quality.

    CONCLUSION: The methodological quality of the studies has been improving over the years. However, many aspects can still be better designed.

    Keywords: Physical Therapy Modalities; Thoracic Surgery; Cardiac Surgical Procedures; Methodology; Systematic Review; Review Literature as Topic; Intensive Care Unit.

  

   

   

  INTRODUCTION

  The large amount of publications in health care makes professionals have difficulty to stay up to date. Moreover, a great part of the available information does not come from studies with adequate methodological quality, what makes them of little clinical relevance. Incomplete or inadequate publication of information on the study planning and driving affects the identification of possible methodological errors, also hampering the use of its findings by the interested parties, since they cannot critically assess its clinical applicability[1,2].

  Even though randomized clinical trials (RCT) are gold standard for the assessment of health interventions, this type of study is also prone to bias whether due to researchers arbitrariness when selecting the sample and gauging the analyzed variables, or due to the difficulty of controlling other factors that may influence the clinical outcome. Bias or systematic error can be defined as any tendentiousness in the collection, analysis, interpretation, publication or revision of data, which induces conclusions that systematically tend to distance themselves from the truth[3].

  In phase I of cardiac rehabilitation, physiotherapy has an increasingly important role in contributing to the patients return to their social and professional activities in the best possible clinical conditions, thus improving the quality of life[4]. In the early postoperative period after a coronary artery bypass grafting (CABG), respiratory physiotherapy has been widely requested in order to reverse or minimize postoperative pulmonary complications[5]. Techniques that can improve respiratory mechanics, lung re-expansion and bronchial hygiene are applied, contributing to the patients proper ventilation[6].

  Numerous studies over the past decade have documented that physiotherapists are in favor of evidence-based medicine and recognize the importance of using research results to achieve a more scientific-based clinical practice. Therefore, the number of publications that consistently support the best physiotherapy procedures to be followed have been increasing[7]. Assessments of physiotherapy intervention studies demonstrate an upward curve in relation to the enrichment of the methodological quality over the past decades[8-11]. However, there is still great potential for improvement in their elaboration and development.

  It should be noted that no evidence can be observed on the methodological quality of RCT of physiotherapy intervention on CABG postoperative patients in the intensive care unit (ICU). Therefore, this research is needed since the fulfillment or not of the criteria for a correct development of this research design can influence the results. Also, complementarily, the dissemination of these data will stimulate further research to be developed with a superior methodological quality, showing the main points that should be better outlined and planned. It will then be possible to obtain greater benefits, as well as improved outcomes for critical patients in daily clinical practice. It should be noted that there is no evidence on the methodological quality of RCT of physiotherapy intervention on CABG postoperative patients in the Intensive Care Unit (ICU).

   

  METHODS

  This review was conducted in accordance with the recommendations proposed by the Cochrane Collaboration and the Preferred Reporting Items for Systematic Review and Meta-analyses: The PRISMA[12,13]. The studies methodological quality was evaluated using the Cochrane Collaboration's tool for assessing risk of bias[12], and the correct description of the RCT's items was evaluated using the CONSORT Statement[14] and its extension for clinical trials of nonpharmacologic treatment interventions[15]. When certain items were not applicable to all studies (as in the case of the evaluation of multicenter studies), they were considered as adequate.

  Eligibility Criteria

  Studies designed as RCT's, with respiratory physiotherapy intervention, associated or not with neuromusculoskeletal physiotherapy, in postoperative patients of CABG in the ICU were included. Studies whose intervention also happened in the preoperative period were included as well. The following were ineligible for inclusion in the review: studies whose patients had undergone another associated surgery and studies that did not contain terms related to physiotherapy and its synonyms (physiotherapy, physical therapy, physiotherapists, physical therapists, and respiratory therapists) anywhere in the paper.

   Search Strategies

  The search was conducted in the following electronic databases (from inception to May 26, 2015): MEDLINE (via PubMed), Central Register of Controlled Trials (Cochrane CENTRAL) and Physiotherapy Evidence Database (PEDro). Additionally, manual search was conducted in the references of published papers. The search terms used were "Coronary Artery Bypass Grafting", terms related to respiratory physiotherapy interventions, such as "breathing exercises" and "respiratory muscle training", and a word sequence with high sensitivity for the search of randomized RCT described by Robinson & Dickersin[16]. Papers not published in English were excluded. The full search strategy used in the PubMed, which was adjusted for the search in the other databases, is shown in Table 1.
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  Study Selection and Data Extraction

  The selection of studies was carried out by two reviewers (J.L. and C.S.), independently, in two stages: I - selection of studies by reading the titles and abstracts; II - full analysis of papers selected in Phase I. Papers were included in accordance with the eligibility criteria specified previously. In case of disagreement on the paper's inclusion and with no consensus between the reviewers, a third reviewer (R.P.) was consulted. The primary outcome extracted was proper fulfilling of the Cochrane Collaboration's tool's items, and the secondary outcome extracted was suitability to the requirements of the CONSORT Statement and its extension. The data extraction was performed separately and independently by both reviewers (J.L. and C.S.) and cross-checked. Disagreements regarding the data extraction were solved by a third author (R.P.). Three standardized forms were used, which contained: the 25 items of the CONSORT checklist, the 7 items of the Cochrane Collaboration's tool for assessing risk of bias, and the 16 items of the CONSORT checklist extension for clinical trials of non-pharmacologic treatment interventions. For the CONSORT Statement items, the concept of "adequate" or "inadequate" was assigned, according to the description or not of each item in the checklist. The Cochrane Collaboration's tool's items without a clear description were classified with the word "no" or "not report". In the case of missing data, the authors were contacted by e-mail at least twice. The study was excluded if the data were still insufficient after this process.

  Data Analysis

  The results are going to be descriptively displayed (frequency and percentage).

   

  RESULTS

  Description of Studies

  The search strategy identified 807 potentially relevant studies, adding a further 17 studies drawn from the reference lists. Subsequently, 172 duplicates were discarded and 565 irrelevant studies were excluded. Among the 87 resulting records, two were excluded for not having been published in English, 25 had not described a term related to physiotherapy and its synonyms, three were not RCT's, seven were not with postoperative patients of CABG or had other associated surgery, two studies had not been performed in the ICU and nine studies were not available. Figure 1 shows the study flowchart.
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  Among the 39 studies included[17-55], 41.02% (n=16) were conducted in Brazil, 56.41% (n=22) were published between 2000 and 2010, and only 12.82% (n=5) were published in journals specialized in physiotherapy. In relation to the sample, in 33.33% (n=13) of the studies the number of patients was higher than 70, in 58.97% (n=23) the average age was of over 60 years, and in 84.61% (n=33) of the studies more than half of the sample consisted of males. The treatment was provided only in the postoperative period in 69.23% (n=27) of the studies, and in 51.28% (n=20) a patients were monitored until discharge.

  The most widely used techniques were re-expansive ventilatory exercises (56.41%), ventilatory exercises for bronchial hygiene (48.71%) and non-invasive mechanical ventilation (41.02%). There was an association of techniques in 69.23% (n=27) of the studies.

  The most researched outcomes were atelectasis (48.71%), forced expiratory volume in one second (FEV1) (41.02%), invasive mechanical ventilation time (35.89%) and partial pressure of oxygen (PaO2) (35.89%). The Table 2 shows the characterization studies.

  
    

    [image: Table 2. Characteristics of studies included in systematic review.]

    [image: Table 2. Characteristics of studies included in systematic review.]

  

  CONSORT Statement

  According to the CONSORT assessment, the three items that were best and worst described were, respectively: introduction (100%), interventions (100%), and outcomes and estimation (100%); allocation concealment (7.69%), ancillary analysis (7.69%), and generalizability (2.56%) (Table 3). The CONSORT extension (Table 4) presented as the best described items: participants (100%), interventions (100%), and components of the interventions (100%). On the other hand, the lowest scoring items were title and abstract (0%), assessment of adherence with the protocol (0%), and concealment method (5.12%).
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  Seven studies conducted before the CONSORT publication were identified. When compared to other studies, the items introduction, interventions, results, outcomes and estimation, interpretation, and protocol remained equally adequate. The correct description of the items blinding and statistical methods decreased 41.96% and 6.25% respectively in the studies published after the CONSORT. All of the 17 remaining items were described more frequently after the CONSORT publication, as follows: title and abstract (increase of 10.72%), design (increase of 26.34%), participants (increase of 52.68%), sample size (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 46.87% of the studies after it), random sequence generation (increase of 30.80%), allocation concealment (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 9.37% of the studies after it), allocation implementation (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 12.50% of the studies after it), participant flow diagram (increase of 6.69%), recruitment (increase of 15.18%), characteristics (increase of 1.79%), numbers analyzed (increase of 35.27%), ancillary analyses (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 9.37% of the studies after it), harms (increase of 4.47%), limitations (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 50% of the studies after it), generalizability (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 3.12% of the studies after it), registration (no description of this item was found in any of the studies published previously to the CONSORT, but it was described in 6.25% of the studies after it) and funding (increase of 1.34%). The item "protocol" was not appropriate according to the CONSORT requirements in any of the studies evaluated (Figure 2).
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  Among the 39 studies, 27 presented its final outcomes as positive and 12 as negative with the proposed treatment. Regarding the CONSORT checklist's Methods section, when evaluated separately in accordance with the outcome, all items showed to have equal or better methodological quality in the studies with positive outcomes, except for the Statistical Methods item (Figure 3).
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  Risk of Bias

  Regarding the assessment of the Cochrane Collaboration's tool for risk of bias, description of losses and exclusions in 66.66% of the studies, proper random sequence generation in 51.28%, blinding of outcome assessors in 46.15%, intention-to-treat analysis in 12.82%, and allocation concealment and blinding of patients and investigators in 7.69% could be noted (Table 5).
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  DISCUSSION

  The development of research related to the assessment of the methodological quality of scientific production in health, especially in physiotherapy, is still of little expression. Therefore, this is the first systematic review that has assessed the methodological quality of RCT of physiotherapy treatment in postoperative patients of CABG in the ICU based on the instruments CONSORT Statement, its extension for non-pharmacologic treatment interventions and the Cochrane Collaboration's tool for assessing risk of bias.

  In general, over the years, the methodological quality of studies has increased, especially if we set as a cutoff the year of publication of the CONSORT Statement checklist. Among the checklist's 25 items, five have remained with an equal adequacy rate and 17 have been more broadly documented. Geha et al.[10] when assessing the quality of cardiorespiratory physiotherapy studies, found similar results, with a rising curve of quality assessed through the PEDro scale. In a study published by Hopewell et al.[56], in which the quality of trials indexed by the PubMed published between 2000 and 2006 were evaluated, the results were very similar. While the quality of the studies had improved over time, it was still below an acceptable level (for example, only 45% of the trials had included a calculation of the sample size). This suggests that, despite the release of the CONSORT Statement over the last decade, a large proportion of authors, reviewers and journal editors have not yet implemented these recommendations.

  The two items that showed an adequacy decline were statistical methods and blinding. The first demonstrated a difference smaller than 7% (two studies), being therefore irrelevant. In studies published after the CONSORT, a reduction of the reporting of blinding in 41.96% of the studies was observed, and only 43.75% informed that blinding was performed in their methodology, with no further details. When the evaluation was directed at whom was blinded (patient, investigators or outcome assessor), the adequacy was even lower, reaching 7.69%. Our results are similar to the studies[8-11] who assessed the quality of studies in the areas of cardiothoracic, neurological, sports and aquatic physiotherapy, respectively. Research indicates that blinding, or lack thereof, is associated with a greater tendency to maximize the treatment's effect[57-61]. In a study by Boutron et al.[62], in which pharmacologic and non-pharmacologic treatments for hip or knee osteoarthritis were compared, blinding was found to be less frequent in nonpharmacologic studies, even when there is a possibility to do it. It should be emphasized that an adequate methodological conduct in relation to blinding results in a higher number of professionals involved and often adds costs to the research, which becomes a limiting factor. The lack of blinding interferes directly on the results, making both its internal and external validity look dubious. Consequently, the use of these studies in systematic reviews becomes limited, generating biased results.

  Due to the large number of publications, the standardization of papers to the rules of each journal must be followed, which mainly includes a limit for the number of words, tables and figures. For this reason, very precise details of the research development may end up without space. Given this reality, none of the papers included in this review presented the items title and abstract, assessment of adherence to the protocol, interpretation, and generalizability as required by the CONSORT extension for non-pharmacologic treatment interventions. However, these undescribed data may have been part of the research development, but they were not disclosed. Specifically, there is no available information in the literature for us to corroborate such finding. A combination of techniques was present in 69.23% of the studies. This result is in accordance with a systematic review published by Stiller[63] on physiotherapy performance in the ICU. It was not possible to evaluate the effectiveness of each technique alone, the same way as the large heterogeneity of methodologies and samples made it impossible to carry out a statistical analysis.

  Another interesting finding of our research was that the 27 studies with positive outcomes demonstrated a better quality regarding the 10 items of CONSORT Methods section. Except for the statistical methods, in which the difference was of only 7%, all other items were appropriately described more often in studies with positive outcomes. Beckerman et al.[64], when evaluating laser therapy in different musculoskeletal and dermatological conditions, found similar results, with studies with positive outcomes having better quality. A year later, the same author found contrary results when assessing the effectiveness of physiotherapy in musculoskeletal disorders[65]. Studies with negative outcomes tend to be submitted less frequently, with a lower acceptance by journal reviewers. Therefore, there may be an overestimation of treatment effects, leading to important implications in choosing the best treatment to follow.

  The gap between the publication of the results of a scientific research and its actual implementation in the professional routine is still substantial, leading to health care practices of levels lower than expected[66]. However, prior to this, the research planning and development should be improved so that its results are as close as possible to the truth and are legitimized by a methodology of quality.

  Limitation of the Study

  A limitation of this systematic review is that literature search was not conducted in Embase database.

   

  CONCLUSION

  The description of the necessary items for the correct execution, conduction and publication of studies has increased over the years, but it still has great scope for improvement. In general, the methodological quality is below an acceptable level in order to obtain results that are reliable and applicable in the daily practice.
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    ABSTRACT

    Double orifice left atrioventricular valve (DOLAVV) or double orifice mitral valve (DOMV) is a rare congenital cardiac anomaly manifesting either as an isolated lesion (mitral stenosis or mitral insufficiency) or in association with other congenital cardiac defects. Signs of mitral valve disease are usually present along with the symptoms of associated coexistent congenital heart diseases. Mitral insufficiency due to annular dilatation is seen when DOLAVV is associated with endocardial cushion defects. Surgical intervention like mitral valve repair or replacement is required in 50% of patients and yields good results. We report a case of a 56-year-old lady who successfully underwent surgical correction of DOLAVV with partial atrioventricular canal defect.
    Keywords: Mitral Valve Insufficiency; Endocardial Cushion Defects; Mitral Valve Annuloplasty.

  

   

   

  INTRODUCTION

  Double orifice left atrioventricular valve (DOLAVV) or double outlet mitral valve (DOMV) is a rare congenital cardiac defect characterized by mitral valve with 2 orifices inside a common fibrous annulus opening into the left ventricle. About 200 cases have been reported in the literature[1]. DOLAVV is mostly associated with endocardial defects, ventricular septal defect, coarctation of the aorta, interrupted aortic arch, subaortic stenosis, patent arterial duct, secundum atrial septal defect, tetralogy of Fallot, hypoplastic left heart syndrome, Ebstein's anomaly or bicuspid aortic valve. Chordopapillary anomalies, such as double parachute mitral valve and mitral valve leaflet clefts, have been reported along with DOLAVV.

   

  CASE REPORT

  Fifty-six-year-old female presented with New York Heart Association (NYHA) class II dyspnoea and pedal edema (feet swelling). Clinically, the patient had a 3/6 grade pansystolic murmur in mitral area, with normal S1S2 heart sounds. Electrocardiogram showing complete atrioventricular block pattern. Chest X-ray showed cardiomegaly with prominent pulmonary arteries. Echocardiogram showed a partial atrioventricular septal defect, ostium primum atrial septal defect, moderate mitral insufficiency with a mitral cleft valve with parachute appearance.

  Mitral valve was approached through the right atrium and ostium primum septal defect. Surgical findings include secundum atrial septal defect, partial atrioventricular septal defect, moderate mitral and tricuspid regurgitation. Left atrioventricular valve was of eccentric type double orifice mitral valve (Figure 1) guarding left ventricular inlet with two papillary muscles present as subvalvular apparatus supporting each orifices with chordae supporting the free edges and a dilated mitral annulus. The left atrioventricular valve (mitral valve) had good mobile leaflets with free edges supported by chordae. Gluteraldehyde fixed autologous pericardial patch closure of primum and secundum atrial septal defects was performed. Atrioventricular valve was bicuspidised by obliterating the posterior leaflet. Each mitral orifice was sized to the required Hegar size to rule out mitral stenosis. Since there was no chordal rupture, mitral insufficiency was found to be primarily due to annular dilatation and this was repaired by #31 Tailor (St. Jude Medical, MN, USA) ring mitral annuloplasty (Figure 2). Permanent pacemaker was placed since the patient was preoperatively in complete atrioventricular block. Follow-up echocardiography showed no residual atrial septal defects, mitral regurgitation of 1+ with mitral valve gradient of 3/1 mmHg and tricuspid regurgitation of 1+. The patient had an uneventful postoperative recovery.

  
    

    [image: Fig. 1. A: Intraoperative picture showing the two orifices of the mitral valve. B: Sketch of atrioventricular valves and left atrioventricular valve is a double orifice mitral valve.]

  

  
    

    [image: Fig. 2. Competent mitral valve on saline testing after mitral annuloplasty.]

  

   

  DISCUSSION

  DOLAVV is thought to be the outcome of either fetal endocarditis or developmental anomaly due to the retention of a part of the common atrioventricular valve which is normally resorbed.

  Clinically significant mitral stenosis or mitral regurgitation is seen in half the number of diagnosed patients. Congestive heart failure that occurs in endocardial cushion defect is accentuated by the abnormal mitral valve[2]. Pulmonary venous hypertension is the cause of symptoms like tachypnea, dyspnea and cough. Two-and-three-dimensional echocardiography delineates the anatomy of the mitral valve[3,4].

  Morphologically, the mitral valve has two openings into the left ventricle-anterolateral and posteromedial orifices. Physiologically significant mitral stenosis or mitral regurgitation are seen in 50% of cases. It is reported that 25% of patients with DOLAVV have endocardial cushion defect and around 5% of patients with endocardial cushion defect have DOLAVV. Anatomically there are three different variants of DOLAVV namely hole type (85%), complete bridging type (15%) and the incomplete bridging type. In the complete bridge type there is a central connecting leaflet tissue joining the two leaflets, dividing the mitral orifice into a medial and a lateral part[5]. The orifices may be equal or unequal[3]. When associated with an atrioventricular canal defect, the accessory orifice is located at the posteromedial commissure. The papillary muscles are usually well formed and normal, with supporting chordae surrounding each orifice and attaching into one adjacent papillary muscle.

  Management depends on the type and severity of mitral valve dysfunction. Isolated DOLAVV causing neither obstruction nor regurgitation needs no active intervention. Mitral valve repair (neochordae and annuloplasty), cleft closure and mitral valve replacement yields good surgical result.

   

  CONCLUSION

  Surgical intervention is necessary when mitral stenosis or incompetence is severe or if repair of an associated cardiac lesion is needed[6]. Surgery is relatively safe and gives good results.
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Table 1. The First Clinical Coronary Artery Bypass Operations

Date Surgeon Gratt Technique Follow-Up.
May 2, 1960 Goetz RITA Tantalum ring No angina at 1 year
P died of AMI 15 years later
Apri 4, 1962 Sabiston sv Suture. P died 3 days later
(This case fiest reported in 1974)
Feb 25, 1964 Kollesov uTA Suture. No angina at 3 years’ follow-up
Nov 23, 1964 Garrett sV Suture. No angina at 7 years’ follow-up
Dennis. (This case fist reported in 1973)
DeBakey
March 22, 1967 Kolesov uTA Stapling No angina at 3 years’ follow-up
May 9, 1967 Favaloro sv Suture. Successful
Feb 29,1963 Green uTA Suture Successful

‘Source: Konstantinov et li. AMI = acute myocardial infarction; ITA = leftinternal thoracic artery; AITA = right intemnal thoracic artry; SV =

Saphenous vein.
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Tabl

Characteristcs of the population.

Characteristics n=19(%)
Age (years)

Mean (5D) 60382)

Minimum - Maximum 30-75
Hypertension 16 (6421%)
Diabetes 9(4736%)
Dysipideria 11(578%)
Smoking 7(65%)
CABG 14(7368%
Valve surgery 4(105%)
Aortic aneurysm 1(526%)

‘SD=standard deviation; CABG=coronary artery bypass graftsurgery
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‘Table 2. Analyss of the measures.

Measures Min-Max Mean sD a Prvalue!
B 187-3330 265 41 266 245-286 099
Time | 19-35 265 s 260 238-282 0827
Time 2 60-210 120 499 1519 127121767 0148
Cefazolin | 44-109 65 22 61 57-79 0507
Cefazolin2. 40-13 &1 29 84 66-95 o0a78

p-value of Kolmogorov-Smirmov test (f P-value <005, the measure assessed does not have normal distibution).
BMi=body mass index; SD=standard deviation; Cl=confidence interval
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‘Table 3. Correlation analysis and adjustment of e regression modl between the evaluated measures.

Correlation Regression

3 Pvalue® b 3 Povalue™
Time 1 xcefazolin | 0489 0039 0239 0239 0039
Time 2 x cefazolin 2 0793 <0001 0% 0628 <0001
BMIx cefazolin 2 0510 0031 0366 0259 0031

r=Pearson'scoeffcient; b= coefficients of the logistic equation; P=strength of the assaciation

() Pvalue regarding Pearsons coefficient test.
(+) Pavalue regarcing Spearmaris coeffcient test
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Table 1. Quanitative analysis of recurrence of time series: Random, Chaotic Periodic, and Linear obtained by mathematical

formulation.

RR% DETY% Lamso ™ TR Lmax
Random 62 71 202 2327 2879 >
Craotic 201 %4 05 3207 anie 8
Periodic 05 999 999 23431 2601 s
Linear a4 999 999 1071 7312 6

VRA_m10_d1_L2_70

DET=geterminism; ENTR=entropy; Lmax=diagonal maximum line; LAM=laminarity i

rate of recurrence; TT=Trapping Time:
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‘Table 3. Descriptive analysis of the data (mean, standard deviation, and quartiles 1 and 4).

Cutofflevel | Cutofflevel | Mean follow-up (months) | Mean follow-up (months) |

@) @4) +standard deviation (Q1) | + standard deviation (Q4)
96DET 9905 98 433123542 (3950) 4013£36399 (30) 07547
SGREC 3802 4495 3816+3049 (3759) 423064178 2253) 06905
Lmean (beats) %2 1372 415122011 (3796) 183542765 (4605) 00059
Shen 390 467 370843214 (354 363544090 (1355) 09452
SampEn 0507 116 2655234 (27.96) 47033313 (1355) 00361
%D

urrence; Limean=average diagonal length; ShEn=Shannon entropy; SampEn=Sample entropy
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Fig. 3 - Recurrence plots(RF)of patients in the earller postoperative period after heart transplantation (above each graph s the identification
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RR% DETY Lamso ™ ENTR Lmax
Voung adult 127 943 B 2088 3766 0
Chid 185 956 01 5198 3884 7
Premature newbomn 47 %95 995 15347 5112 78
Brain dead patient w09 %7 995 62746 7% %0
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B3

eterminism; ENTR=entropy; Lmax=diagonal maximum line; LAM=laminarity; RR=rate of recurrence; TT=Trapping Time.
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‘Table 1. Comparison of the descriptive values of cost, revenue and percentage of funds transferred from SUS in American dollars
(6),for patients undergoing coronary atery bypass surgery from Mach to September 2012 - S0 Paulo, 8azi, 2017.

et o | Avesge T o [ mdiect | average [ Pference TReveue ] uncing
totalcosts | costs | costs | revenues | €O%X | den o
‘Consolidated total | 1362 | 1088585591 | 6,315,19643 | 459663516 | 469989785 | 618595806 | 56830 | 43179
Total/patient 360 | 70%m55 | apses | sases | sas0rs | asaisr | 81540 | ames
e ot | 156 | 1458802 | 46105 | 613697 | asarsy | s7a0ee | saaen | aisie
I | s | aomns | 2wes | 2090 | 2msy | ajaes | o | saom
ST | e | sowar | s | a0 | ams | ssseso | ssaev | aese

Descriptive level of probabiliy of the non-parametric Mann-Whitney test.
© percentage individually calculated through statistcal analysis and with the value rounded for each patient i the sample
(desciptive level of probability of the non-parametric Mann-Whitney test)
@ Transfer coverage calculated by the direct average calculation, based on the value of the difference n revenue defcitThe

quotation of the US dollar (purchase) on 09/28/2012 was 2.0265 reais (http:/economia.uolcom.b/cotacoes/cambio/dolar-
comerciak-estados-unidos/Phistorico).
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Fig. 4 - RP of patients n the ater postoperative period after heart transplantation (above each graph s th identification of the patient and
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Abbreviations, acronyms & symbols

AF =Aial fbrilation
ApEn = Approximate entropy
@ =Comrelation dimension
DET = Determinism

DFA = Detrended fluctuations analysis
ENTR  =Entropy

HRV = Heart rate variabilty
LAM = Laminarity

Lmax = Maximumline

Lmean = Average diagonal length
REC  =Recurrence

R =Recurrence plots

R =RRintervals

SampEn = Sample entropy

Shén = Shannon entropy

T =Trappingtime
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‘Table 2. Cost and revenue descriptive values in American dollars (3), for patients submitted to coronary artery bypass surgery from
March to September 2012 - S0 Paulo, Brazi, 2017 (n=1362)

Variable

Means sD$ Median$. imum $ Maximum $.
Cost 799255 772418 646284 330026 15213210
Revenue 345073 1.77408 315037 252379 2887410
Difference 45418 629588 330364 12474513 209549
Difference % 5134 1081 5088 8900 1936

Percentage individually calculated through statistical analysis and with the value rounded for each patient in the sample.

‘The quotation of the US dollar (purchase) on 09/28/201 2 was 20265 reais (htip//economiauolcom b/cotacoes/cambio/dolar-
comercial-estados-unidos/historico)
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Table 3. Comparison of the descriptive values of cost and revenue in American dollars (5),for patients undergoing coronary artery
oypass surgery from March to September 2012, according to the length of stay — S30 Paulo, Brail 2017.

Variable stay N Means | DS Median$ |  Minimum § | Maximum$| P

Cost <7days | 416 | 497873 | 100962 | 4maazs 330026 2065431 | <0001
>7days | o6 | 031787 | 8o2sss | 731940 375024 15213210

Revenue <7days | 416 | 2@ | 31705 279556 252379 603661 | <0001
S7days | o6 | 37138 | 206122 | 327603 252693 2887410

Difference | <7days | 416 | 214346 | ose04 | oo3isa | 1572835 45378 | <0001
>7days | 046 | 55950 | 728204 | 401102 | 12674503 | 200549

Diference % | <7days | 416 101 754 237 7615 813 <0001
S7days | o4 5548 932 5457 5900 1936

Percentage individually calculated through statistical analysis and with the value rounded for each patient in the sample
(descriptiv level of probability of the non-parametric Mann-Whitney teso).
The quotation of the US dollar (purchase) on 09/28/2012 was 20265 reais (htip://economia.olcom.br/cotacoes/cambio/dolar-

comerciak-estados-unidos/historico).
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Fig. 1 -Patient selection flowchart.
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Table 3. Analysis of oxygenation in patients undergoing cardiac surgery.

Variable PEEP 10 PEEP 12 PEEP 15 ”~
P20 (mmHg)

Beore 12452165 12812288 1292195 026
Ater 13152168 1376225 19as1 053
» 033 o 002

Orygenation Index (mmHg)

Before S12za13 3204272 28232488 029
Ater 283za01 34392626 4852276 06
» 033 o 002

Arterial Orygen Saturation (%)

Before o722 966215 96325 o1
Ater %6921 972213 961233 052
~ 076 021 [

ruskal Walls test; b=Wilcoron test; PEEP=positive end expiratory pressure; PaOz=0xygen blood pressure
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Table 4. Hemodynamic impact of lung re-expansion therapy in patients undergoing cardiac surgery.

Variable PEEP 10 PEEP12 PEEP 15 ”~
HR (bpm)

Before 9762126 9232139 662151 021
Ater 922132 %0146 712133 o7
» 015 072 055

S8 (mmtig)

Before 11972106 2142116 Ta8z02 031
Ater TiEz128 12332149 852175 050
v 072 067 058

08P (mrmtia)

Before 62829 07284 252117 054
Ater 6142103 02275 672189 )
’ 035 084 024

MAP ()

Before 502277 79585 77785 05
Ater 79:88 794571 8422169 076
v 031 059 016

‘a=Kruskal Wallstest; b=Wilcoxon test; PEEP=positive end expiratory pressure; HR=heart rate; S8P=systolic blood pressure;

DEP=diastolic blood pressure; MAP=mean arterial pressure
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‘Table 1. Demographic characteristics of patients undergoing myocardial revascularization.

PEEP 10

PEEP12

PEEP 15

Variable =10 =10 n=10 ’
Gender a7
Male 700%) 660 6600
Female 30%) <o) <00
Age (years) 575:20 617273 64292 [
Y] 237:41 21232 2925 [
Comorbidities
Hypertension 4(40%) 660 200% o0
om 10 (100%) 10 (100%) 5 (50%) 0003
Dyslpidemia 4(a0%) <o) 360% a7
Smoking _ 200% 100%) 03
v _ 100% 200% 03

a=Chi-square test; b—Kruskal-Walls test PEEP=positve end expiratory pressure; BMi=body mass index; DM=diabetes melitus

AMi=acute myocardial infarction
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Table 2. Clinical and surgical characteristics of patients undergoing myocardial revascularization.

Variable

PEEP 10 PEEP 12 PEEP 15 ”~
Extracorporeal circultion (min) 6892156 7612236 743221 073
Bypass numbers 3075-3) 30753 30-3) [
Number of drains 202 20752 20229 o1

‘a=Kruskal-Wallis test; PEE]

itive end expiratory pressure.
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Tabl

Research strategy used on PubMed.

n

“Cardiac Surgery [MeSH] OR “Cardiac Surgery” OR “Surgery, Thoracic” OR ‘Surgery, Cardiac” OR ‘Surgery, Heart OR “Heart
Surgery” OR Procedure, Cardiac Surgical OR ‘Procedures, Cardiac Surgical” OR “Surgical Procedure, Cardiac” OR “Surgical
Procedures, Cardiac” OR ‘Surgical Procedures, Heart” OR “Cardiac Surgical Procedure’ OR *Heart Surgical Procedures” OR
“Procedure, Heart Surgical” OR “Procedures, Heart Surgical” OR "Surgical Procedure, Heart" OR Heart Surgical Procedure”

2

“Coronary Artery Bypass'Mesh] OR “Coronary Artery Bypass” OR ‘Artery Bypass, Coronary” OR ‘Artery Bypasses, Coronary”
(OR "Bypasses, Coronary Artery” OR “Coronary Artery Bypasses” OR ‘Coronary Artery Bypass Surgery” OR ‘Bypass, Coronary
Artery” OR “Aortocoronary Bypass” OR “Aortocoronary Bypasses® OR ‘Bypass, Aortocoronary” OR Bypasses, Aortocoronary”
‘OR"Bypass Surgery, Coronary Artery” OR “Coronary Artery Bypass Grafting”

=

“Tricuspid Valve Replacement” OR Tricuspid Valve Surgery” OR Valve _ Replacement” OR Valve Surgery” OR ‘Mitral Valve:
Replacement"OR Mitrl Valve Surgery” OR “Aortic Valve Replacement” OR “Aortic Valve Surgery”

w“

#10R220R 43

3

“Noninvasive ventilation'MeSH] OR “Noninvasive Ventilation” OR “Noninasive Ventilations" OR “Ventiltion, Noninvasive”
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‘OR“Ventiltions, Non Invasive" OR “bilevel ventiltion" OR “Noninvasive Positive Pressure Ventiltion” OR “CPAP* ORBIPAP"

“Continuous Positive Airway Pressure IMesh] OR Confinuous Positive Airway Pressure” ORCPAP Ventiation” OR Ventilation,
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Fig. 1 - Flowchart of the studies included i the systematic review and meta-analysis. NIV=noninvasive ventilation. PO=postoperative.
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B =Body massindex
CABG  =Coronary artery bypass grafting

COPD = Chronic obstructive pulmonary disease
@B = Cardiopulmonary bypass

an = Cardiovascular diseases

e = Endotracheal tube

v =Intensive care unit

v = Invasive mechanical ventilation

B
LET
mEP
e
mw
NV
Pa0;
PEEP
520

=Intermittent positive pressure breathing
=Lung expansion therapy

= Maximal expiratory pressure.

=Maximal inspiratory pressure
=Mechanical ventilation

=Nor-invasive ventilation

= Blood pressure oxygen
=Positive end expiration pressure.

= Arterial oxygen saturation






OPS/images/a15img07.png
‘Authors'roles & responsibiltes

Auc

A

scon

Ma

ARG

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

Substantial contributions to the conception or design
of the work; o the acquisiton; final approval of the
version to be published

Substantial contributions to the conception o design of
the work; final approval of the version to be published

Substantial contributions to the conception o design of
the work; final approval of the version to be published

Substantial contributions to the conception o design of
the work; final approval of the version to be published
Substantial contributions to the conception o design of
the work; final approval of the version to be published
Substantial contributions to the conception o design of
the work; final approval of the version to be published

Substantial contributions to the conception o design of
the work; final approval of the version to be published






OPS/images/a16img03.png
‘Table 2. Characteristics of the studies included in the review.

tervetion
Study,year | Typeof surgery | PrPe" | s control Intervention Control Assessed Results
[y goup Gow | oucomes
s
Amlyer | CRoG 126-63/6 | BLevlsusl | Svathed by S | ey on | Moralty e | Moriaky -t sme mboth
e sl | BIGOPP12 [ihefrioo | Asectais | goums
i AP |cr QPS5 [tothee | Preumoria
forsixpatients | cm0;BMIz30: | daysafter | Renubationate | ALeecasis preumaniaand
honeeded | AP 17EMP10 |sugery | WVTime Reraubatm el feer
ventilation emz0; for 24h Time spent in o,
oot | emodsothe weicy MV Time: s btween groups
patient could Lengihof | Githou statstaly sgifcant
ot orbetoreit hospalsayuni | cat)
ok e [ —
inthe erventin group, b
it sonfcant dference
60306 Berween groups.
Lengthofhospl sty
s shorer i the
inenvenion group v
sgifcant diference (=0019)
betveen roupsif he medical
eesse s consieretanh
s bevweengroups wibout
Sifcant dference (-0552)
betveen groupsf enmedical
factorsars condred
Tomow | GEG W13 [BlediCr | PAPST 202 | Adkctass | Adkcassiovernie
vtz wer iR |daysater | Lenginol | iterenton graup ithaut
0, zu/day | surgey | hosptalsayuni | sgmifcant diference (P-008)
or o mintes iy between goups
Lengthof hospital say:shorter n
heintenention sroup (withaut
sxistcaly sgtcant ot
Tohe | GEG 3071515 | CoNPs ygen | COAP 74 mit0 | 0503 for | Aiectass | Atlctas: siarbetween
1994 ey FO:03forth | ah #a0, arous
7202 bttrnhe nerventon
croup i srifcan dFerence
Between groups <005)
Lopesetal®, | GBGorvabe | 100-5050 | Bievive | Fors0mmes, [sUmin | 0, 720, betr e ervention
o sugery onygen thrapy | AP for MyTime croup, with sanfcantdeference
(el catheren | enerstinga (200009 betvsen roups
‘oot e ——
ey croups wihout sgnfcant
oerzemiio ference (0520 between
and axygen goups
Snachediothe
st Urin
arencughor
5p0z> 95%
Ve etal¥, | CRBG. % e |cowsenio [P [ p———
2000 3530 |(ovgting. | (Bl | paameters (7007 inteention roup (it
cercses, | AP 1Zemi0, [ ot Timespentin | sxsacaly scantdaa)
acrosol herapy, | 2SO | descrbed: | thelcl
mobiization) | (1) 5202h PaOsincresed e
ekiaion inenvendon roup bt without
s sgrifcant difeence <001
Fis Tome spentin e L s
o sorhcant dferencs
between grovps
Vazilowt |GBG e |-14nE | WS vnor [FVPEPS [ Ret o 87 covrol group presnied
a4 2010 [relacement desrbed | [critlevsol |descrbed |exubaton | igher ncidence (wthaut
Corbined [—r saisicaly sgnifcant daa)
sgers reschacunent
s meats o
commanicaon i 05 40%,
sneurysm epai o
iioneret[CA8G 220726 [[P02Cr st | Arwaypesk | iy more | ecass | o e e
i physheapy |presre 100 [fequenty . |Fa0r intenrtion rou wihout
echnioved . [1Semion [ necessayCP Sifcan diferce bevween
15 (okme) + C et four times/ croups (501)
Gy minimum 7202 s s etwen
o o ssutaciory croupson th st teeecys
irspraion. e
o omtes
exchsssion
Pl [COEG o322 [P G (s [Betweensand |t iceciais | Relcis ot dfren between
10 physothersmy) |75emiO for  |dewrbed | Hypoema | goups
oggen |1 70/50)
yporemia (30,70
ey <8 ime spentinthe |, icantyimproved atioin
e nennton group, (<005,
i an ot s 24 e
cotubtion; sttt a decresse
o e rted o roups
me spentinthe L simiar
etween groups wihout
srifcant dference between
o
o [GE s [ v [semoh e Trpoenia | [Poporenis sorieanty reduead
atv 1992 onyoen thrapy decrbed e pimorary shuntin the
G renventon group (=0016)
Taocker |GG G TocriT0 orst [ mermitent | Fyporia (P20 | yporema (070100,
aamm  [heatvabe |z [sandwd |leston e Tor10 |70, <100) | preuamoni eubaton ate:
estacement eatmen minewery | Nosocomil lowerinthe ntenenton graup,
hattocm |Preumonia | i dgifcant cfernce
1Goher | Renubaton ate [betveen groups (P=003)
infomaon |WTime A Time it extubation race:
wasrot | Timespertinthe | simir beteencroups,wihout
decrbed | ICUandstthe | sgnifcant diference (5005)
hospral Time spentinthe KU and at the

hosgitat smiar between groups;
without sigificant iference
(7>005)between groups

‘CPAP-continuous posiive airway pressute, MRS: myocardil revascularization suigery, EPAP-expitatory positiveaiinway pressure, CP-convertional
physiotherapy, IC:intervention/control, BMi: body mass index, IPAP:inspiratory positive arway pressure, IPPB intermittent positive pressure.
breathing, ARF:acue respiratory falure, S incentive spirometer,LLs lower lmbs, ULs: upper imibs, P30/FIO; partal pressure arterial oxygen/
fraction of inspied oxygen, PEEP- Positve end-expiratory pressure, PSV: pressure support ventition, ICU: ntensive care uni, CV: current
volure, NIV: noninvasive ventiation, s: versus; sual care* respiatory physiotherapy, coughing exerciss, I, mobilization and nebulization
with bronchodiator (2.5 mg of sabutamol every 6 hours), with saline solution (5 miL every 6 hours); P diaphragmatic breathing exercises
associted with active and/or active-assisted movement of the LLs and UL, cearing maneuvers, coughing and e-expansion techniques;
Standard treatment® axygen, CP ntermittent nasal CPAP and pharmacological reatment.





OPS/images/a16img04.png
Table 3. Risk of bias assessment.

Random

Blinding of

Description

P— Seavence | e | T | potent | heOucome | oftoserand | I
e | e - o [ | e | e ~
oot 01| Voo | e | v med | osviomes | vrviomes | s -
et 9| ocviormes | orviomes | veriame | v remes | orvtomes | v -
cranzon | v | vemiames | reremes | orviomes | vorviomes | v -
et 20| Voo | vt | vxiiomed | orviomes | s | v "
eoe 2070 | Voo | i | e med | orviomes | orviomes | s 0
Ohtoren a1 | ocviomes | rviomes | vt | v | v | v -
rrvamie | ve | vewimes | rernemes | toviomes | v | v 0
o e 1552 | s iomed | i o | Noxviomed | s e | Narelomes | e -
ot 200 | Voo | i | v med | orviomes | orvtomes | v -

Yes

for the Atelectasis outcome; Yes-

for the chest Xray.





OPS/images/a16img05.png
nw Control Risk Ratio Risk Ratio

Study or Subgroup___Events_Total_Events Total Weight_M.H, Random, 95% C 1, Random, 95% 1

A Jaal et al[15], 2013 28 15 B le0% 01300305

Franco et [16, 2011 T e 13 2% sl

Jouselastaifri], 1984 € 57 15 2% 11408623

Matt e al 3, 2000 wos 9 w0 w7 0si02, ]

Total (9% €1) 157 21 1000%  050(028,128)

Totaleverts

Hatrogeneiy: Tau 02;F=69%

Testlo overall fiect 2= 131 (P=0.19) L ! o 1™

Favours NIV Favours conlrol

Fig.2 - Analysi o the atelectsis regarding the tucle that compared the prophylactic NIV to the control group. NIV=noninvasive ventilation





OPS/images/a16img08.png
w Control Mean Diference Mean Diference

Study o Suboroup ___Mean SO Total_Mean SO Total Weight_ IV. Randon. 95% Ci V. Random, 95 C1
Wt 6131 (3, 2000 20905 3 221 12 3 37% -012F058,03 —
Pinlactalli7,1990 28 11 32 27 13 25 20% 0101053073

Zabocketalli0, 2009 112 07 232 116 01 23 944% -004F013,008)

Total (95% CI
Hetorogerety. Tau
Testforoveall efect:

1000% 0041.0.13,005]

N I
Favours NIV Favours contol

Fig. 5 - Analysis ofthe time spent in the intensive care unt regarding the studies that compared the prophylactic NIV to the control group.
NWV=noninvasive ventilation






OPS/images/a16img09.png
Abbreviations, acronyms & symbols

ARF
casG
e
cPap
PB
v
0P8

= Acute respiratory failure.
= Coronary artery bypass grafting

= Conventional physiotherapy

= Continuous positive airway pressure

= Cardiopulmonary bypass

=Intensive care unit

=Intermittent positive pressure breathing

NV
Pao;
)
psv
RCTs

= Incentive spirometer
=Noninvasive ventiation
=Partial pressure of oxygen
=Postoperative

=Positive pressure ventilation
= Randomized controlledtials






OPS/images/a16img06.png
nw Control Risk Ratio Risk Ratio

Study or Subgroup ___Events Total Events Total Weight M.t Random, 95% CI M4, Random, 95% 1
A Jaalyetal[15], 2013 0 6 2 6 ;5% 02000140 = ——

Zarbockstal 10], 2000 T 5 2% sk 020002173 ——

Total(95% ) 295 200 1000%  020[004,1.16] ——

Tota everts 1 7

aterogenaiy Taut= 1000 r= —
Haterogenety: Tau*= 0.00, Ch= 000, df=1 (P = 0.09) = 0% T m i

Testior overalleffect Z=173 (7= 0.07)

Favours NIV Favours control

Fig. 3 — Analysisof the pneumoniaregarding the studies that compared the prophylactic NIV to the control group. NIV=noninvasive ventilation





OPS/images/a16img07.png
w o . e
Al Jaaly etal[15], 2013 1 683 2 B3 251% 0.50(0.05, 5.38] B |

Zarbock et al(10], 2009 3 m 6 23 749% 051(013,201] —-—

Total (95% C1) 295 299 100.0% 051015, 1.66] A

Fig. 4 - Analysis o the reintubation rate regarding the studies that compared the prophylactic NIV to the control group. NIV=noninvasive.
ventilation





OPS/images/a17img02.png
1800
1600

1000

s |
o
-
-
=1
L .

Controlgroup  Surgcalcontrol  Treatedafter2  Treated afterd  Treated after 8
roup hours hours hours

Fig. 1 - Consolcated graviyscores comparisons A) Contolgroup cormpared o surgical contrl group: P<0.7;) surgical control group
‘compared to reatment 2 hours after surgery group: P<001; ) sugicalcontrol roup compared totreatment & hours e surgery group:
P<001; D) surgical control group compared fo treatment & hours after group: P<0.05.





OPS/images/a17img03.png
Abbreviations, acronyms & symbols

aH
AR
amp
cas
s
EDRF
B

= Anterior hypothalamus
= Alarm reaction

= Cyclc guanosine monophosphate

= Consolidated gravity scores

= Centrl nervous system

= Endothelium-derived relaxing factor
= Electrolyti lesions

Gk
icu
MOF
MOFs.
No
NoS
PDES

= Gonadotrofin-releasing hormone
= Intensive care unit

= Multiple organ falure

= Multiple organ falure syndrome
= Niric oxide

= Niri oxide synthase.
=Phosphodiesterase s






OPS/images/a16img10.png
‘Authors'roles & responsibiltes

smp

AGRM

s

Conception and design of the work; acquisition, analyss,
interpretation of data for the work; drafting the work
and reviing it citically for important intellectual
content; inal approval of the version to be published

Conception and design of the work; acquisition, analyss,
interpretation of data for the work; drafting the work
and reviing it citically for important intellectual
content; inal approval of the version to be published

Conception and design of the work; acquisition, analyss,
interpretation of data for the work; drafting the work
and reviing it aitically for important intellectual
content; final approva of the version to be published






OPS/images/a17img01.png
Table 1. Consolidated gravity scores (CGS) comparisons between different experimental groups.

Experimental | 1) Control group | 2) Surgical control | 3)Treatment 4)Treatment 5) Treatment
groups group 2hoursafter 4hours after 8hours after
surgerygroup | surgerygroup | surgery group
cas X2SD=110:30 X2SD=730:40 | X=SD=89070 | X=SD=12302%0
CGS comparison: Groupsiand2 | Groups2and3 | Groups2and4 | Groups2and’
Pualues Pe001 <001 P<001 Pe00s






OPS/images/a12img01.png
Table 1. Demographic details

Group16hrs(n=99) | Group2>6hrs (n=36) Pualue
Age (months) 263723089 1852262 0019
Sex (male) (5656%) 0% 07869
Weight (g) 785414 638+368 0005
Malnutition 8 @75%) nEe 0808
Trisomy 21 (n%) 26%) 7 065%) 0015
Type of VSD
Perimerbranous (n, %) 8 (686%) 206559 0225
Subsortic (%) 19091%) 10077% 0402
Muscular (0% 2021% 6065% 0688
Sizeof VSD
SmallVSD (n, %) 2405 2%) 7(166%) 0802
Moderate VSD (n, %) ) _ 0533
Large VSD (0% 72007% 830 0280
A
MidPAH (. 200121% 365% 0198
Moderate PAH (0,%) 100010%) 363%) 0531
Severe PAH (0,99 70 (6868%) 29 661%) 0208
Lesions
Single VSD (n %) 0979% 236669 013
Mutiple VSD (n, %) 5605%) 7094%) 0019
VSD+PDA (%) 3603%) 107% 0618
VSD+ASD (%) 2021%) 4011% [

'VSD=ventricular septal defect; ASD=atrial septal defect; PAH=pulmonary arterial hypertension; PD/
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‘Table 2. Intraoperative and postoperative data.

Group 1 Group2 ralue
<6hrs (n=99) >6hrs (n=36)
ACC time (min) 284541118 3130¢1491 0413
CPB time (min) 467541384 5091£1953 0522
vis 0012205 10652294 0001
Arterial blood gas
oH 7382004 7382007 0937
PCO, (mmHg) 33204578 3820479 0978
PO; (mmHg) 2465727928 207982825 0034
Hematocrit (6) 39264594 3708+686 0057
Bicarbonate (mEg/L) 26242248 285+312 0893
MVT (hours) 44209 2598249 <0001
1CU stay (days) 31213 56220 <0001
Hospital stay (days) 78424 112¢49 <0001

ACC=aortic cross-clamp; CPB=cardiopulmonary bypass; VIS=vasoactive inotropic score; PCO;=partial pressure of carbon dioxide;
PO;=partial pressure of oxygen; MVT=mechanical ventilation time; ICU=intensive care unit
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‘Table 3. Postoperative complications and mortality.

Group 1 Group2 Pualue
<6hrs (n=99) >6hrs (n=36)

Reintubation 20% 4011%) 0072
Lcos o 6(166%) <0001
Heart block

Transient _ 3

Permanent _ _
Renal dysfunction _ _
Hepatic dysfunction _ _
Respiratory failure _ _
Haematological complication _ _
Prolonged mechanical ventiation _ _
Sepsis 6 (6% 2(65%) 0762
Bleeding — 107% 05%
Neurological event — 107% 05%
Mortality _ 107% 05%

LCOS=low cardiac output syndrome
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Table 4. Regression analysis
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VSD=ventricular septal defect; POz=partial pressure of oxygen; VIS=vasoactive inotropic score; Ha=heart block; LCOS=low cardiac

output syndrome
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Table 2. The evaluation of chest X-ray and USG of the pathologies.

Observed problem Only Xray Only UsG USG and X-ray
Atclectasis 5 10 B
Right apical 3 o 2
Right basal o ) 6
Left apical 2 o
Left basal o 6 14
Preumothorax i - 1
Right 8 - o
Left 3 - 1
Pleural Efusion 3 4 9
Right 2 2 3
Left 1 2 6
Pericardiel effusion - 5 1
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‘Table 1. General clinical characteristics of the cases.

Characteri Total (n=60)
‘Age, day, median (range) 14230
Male,n %9 3660
BV g/m?) 02017026
Weigh, kg, median (range) 330845
‘Cardiac Pathology

s B

ToF 5

PDA 2

T n

Aortic coarctation s

TR 5

Truncus arteriosus 5

Pulmonary atresi 7

Complex cardiac pathology 9
RACHS |

Undiefined 2

2 B

5 7

4 %

5 B

HLHS=hypoplastic Ieft heart syndrome, PDA=patent ductus
arterosus TGA=transposton o the great arteres; TOF=Tetralogy
of Fallot; TAPVD=total abnormal pulmonary venous crainage,
RACHS-=risk adjustment for congenital heart surgery
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‘Table 1. Baseline clinical and demographic parameters.

Parameter SIRS group (n=26) | Control group (n=26) Palue
Age 6166292 568:192 0250
‘Gender (FM) 1016 1214 0574
Diabetes melitus s 3 0085
Hypercholesterolemia s 3 0aa7
Ejection fraction 485:95 505295 0566
Active smoker " 10 0777
Hypertension 8 7 0759
Chronic obstructive lung disease 9 6 0358
EuroSCORE 4526238 4105220 0503

SIRS=systemic inflammatory response syndrome;

male; Ni=male
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Table 2. Operative data of both groups

Parameter SIRS group (n=26) | Control group (n=26) Pyalue
Combined surgery (coronary/valve) & 5 0531

Isolated valve & 10 0559

Isolated CABG 10 10 1.000

Operation time (min) 18274442 13262388 0001*
Cardiopulmonary bypass time (min) 136403 1212305 0136

Cross-clamp time (min) 9834406 8324208 0264

Need forinotropic support 2 s 00002+
Number of blood transfusion (unit) 2412 12208 000"
Intra-sortic balloon pump. 3 1 0297

Major complications o

CABG—coronary sty bypass arafing; SRo—sysermic nfammaton resporise ynciome

* Statistically significant
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Table 3. Laboratory parameters.

Parameter

SIRS group (n=26) | Control group (n=26) Palue
WBC (<10mm?) (NR4-11) 9424375 8342355 0291
RBC (<10%/mm?) (NR 42-57) 46420754 4442088 0382
Platelet (x10/mm) (NR 150-400) 24548566 24228333 0898
HCT (99 (NR 35-50) 38458 37254 0522
MCV () (NR 77-96) 84442607 86554706 0253
MCHC g Hb/dI (32-36) 3415 3217 100
ROW (9% (NR 116-148) 15542 13034190 00001
PO blood creatinine (mg/d) (NR 05-1.5) 0984023 0972032 0897
PO fasting blood glucose (mg/dl) (NR 76-110) 11622 0+14 00001+

Hb=hemoglobin; HCT=hematocrt; NR=normal range; REC=red blood cell; RDW=red cell distribution width; SIRS=systemic

inflammatory response syncrome; WBC=white blood cell; MCV=mean corpuscular volume; MCH

concentration; PO=postoperative. * Statistically significant

~mean cell hemoglobin
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Table 4. Comparison of the population profil, EuraSCORE, risk factors and postoperative complications of patients submitted to
coronary artery bypass surgery from March to September 2012, according to the length of hospital stay — S3o Paulo, 2017.

Duration
Variable prr 7y p
(n=16) (n=046)
Age (inyears) (mean £ SD) 606+86 618:89 001"
Males (0,%) 2%6(712) 656 (693) 0503
EuroSCORE > 5 (n, %) 3002 7208 07967
Systemic aterial hypertension 37369 859(008) o0siom
Diabetes 135625) 406 429) <0001
Dyslpidemia 226(543) 522(552) orne
Riskfactors (n, %) Chvonic kidney falure 902 56(61) 000
Previous cerebrovascular accident 3G 5164) 0065
Arythrmia 809 2608 0367
Prior/chronic atial brilation 400 1506 03667
Transfusion 140 (33.7) 503 (532) <000
Al fibilation requiring ntervention 258 207219 <000
Major bleeding 43003 160(169) 0002
Preumonia 000 705 <000
Acute enal falure 209 ERE) <000
Perioperative acute myocardial infarction 307 205 0007
Compiication (n, %) Dialysis 000 1607) 0005
Cerebrovascular accident 000 16017) 0005
Prolonged mechanical ventiation 000 1607) 0005
Reoperation or bleeding 000 606 0186
Reoperation for bleeding/mediastinitis 000 1001 0037
Reoperation for mediastinitis 000 409 03207
Mediastinits with cinical treatrment 000 606 186"

 Descriptive probabiliy level Students test.
@ Descriptive probability level Chi-square test.
@ Descriptive probability level Fisher's exact test
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Table 1. Preoperative demographic and clinical data.

Variable Hospital A (N=106) Hospital B (N=508)
Age atsugery 6m@d-16y) 17m0d-66y)
Gender (male) 60(56%) 271 63%)
Weight (ko) 515 065-5955) 920(100-10200
Weight-for-age Z-score <2 0@ 161G71%)
Length or helght (em) 6262159 79 G6-183)
BM (/) 139(65-243) 156 (65-375)
BMforage Zscore <2 2078 101 233%)
Prenatal diognosis 802% 64 (165%)
Number of previous surgeries 005 005
Prematurty 210989 263%
Major noncardia structura anomaly o 506%
Combination procedure 20139 2865%)
Preoperative hematocri 06) 35@363) 00265
Preoperative 520, 9 93 (@5-100) % 05100

BMi=body mass index; Sa0=arteral oxygen saturation; m=months; d=days; y=years
Values are expressed as median (range) o count (proportion).
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‘Table 2 Frequency of diagnoses by group.

Diagnosis Frequency Percentage
Single venticle % 153
Tetralogy of Fallot 8 134
AsD 81 132
vsD n e
AV canal 50 a1
Pulmonary atresia ) 70
Coarctation of aorta and sortic arch hypoplasia 3 54
Patent ductus arteriosus 2 a1
Transpositon of the great arteres 2 a1
DORV 19 31
Partial anomalous pulmonary venous connection 16 26
Aortc valve disease e 23
Nitral valve disease 9 s
Cardiomyopathy s 13
Pulmonary valve disease 8 13
Truncus arteriosus 7 n
Tricuspid valve disease and Ebsteins anomaly s 08
Hypoplastic eft heart syndrome 4 07
RVOT abstruction and/or pulmonary stenosis “ 07
Total nomalous pulmonary venous connection 3 05
Unassigned 2 03
Shone's syndrome 2 03
Aortic aneurysm 1 02
AP window. [ 02
Condit failure [ 02
Congenttalycorected TGA 1 02
Cor triatriatum 1 02
Electrophysiological 1 02
LV 10 20rta tunnel 1 02
Miscellaneous,other [ 02
Vascular rings and Slings [ 02

ASD=atrial septal defect; VSD=ventricular septal defect; AV=atrioventricular, DORV=double outlet left ventricle; RVOT=right
ventiicle outflow tract; AP=30rtopulmonary; TGA=transposition of great arteries; =left ventricle
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‘Abbreviations, acronyms & symbols

CABG = Coronaryartery bypass graft
EC  =Exracorporealcirculation

iU =Intensive care unit

A =Inpatient hospital authorization
105 =Lengthofstay

MOH = Ministry of Health

SUS = Unified Health System
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Table 4. Multvariate ogistic egression of in-hospital mortality using RACHS-1 categories (n=491).

OR st Pvalue
Lower Upper
RACHS T category 000
i 100 -
2 09% 0297 3351 0597
3 4050 1asa [ 0008
4 284 0825 9501 0%
s 10570 273 5378 0004
Age group 0000
<30days 13132 5357 2187 0000
30days—1yewr 3678 1720 7267 0001
118 yeas -
Prematury [ o3 2260 0767
Mejor noncardiae sructural anomaly 552 009 s1509 o377
Combination pocedure 1325 040 3587 0579

=

Area under the receiver-operator characteristic (ROC) curve of 0.793, P<0001 for the model

s atio; 95%CI=95% confidence Interval, RACHS-

sk adjustment for congenital heart surgery 1
Nagelkerke's R of 0249, Mean standardized resicuals of 0.004£0.956, P=0.921 from 0.
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‘Table 3. Surgical and postoperative data.

Variable Hospital A (N=106) Hospital B (N=508)
CPB duration (min) 100 (0-390) 84(0-365)
XAo duration (min) 550-172) 450325
DHCA duration (min) 0(-149) 0(0-150)
Intraoperative death 109%) 70.4%)
Complications
Blecding 12017%) 3703%
Arhythrmia 468%) 23(45%)
Postoperative hematocit (%) 33(1059) 3701561)
Postoperative artrial lactate (mg/dL) 18(18243) 24(6-270)
VIS at the end of surgery 50-55) 100-325)
VIS at CICU arrival 8(0-54) 2670
Length of mechanical ventiation (h) 90 (0-1055) 1708779
Length of CICU stay (h) 141 (2-1885) 136 (16-6879)

CPB=cardiopulmonary bypass; Xho=aortic cross-clamp; DHCA=deep hypothermic circulatory arrest; IS=vasoactive-inotropic score;
CICU=cardiac intensive care unit

Values are expressed as median (range) or count (proportion).
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Table 5. Multvariate ogisti regression of in-hospital mortality using ABC levels (n=508)

OR 5%l Pvalue
Lower Upper
AeClevel o139
i 1000 -
2 1956 o733 s219 0181
3 2138 o786 S8 0137
4 380 1219 o3 oo
hge group 0000
<30days asss 3936 1904 0000
30days—1yewr 2057 1068 3025 0027
118 yeas 1000 -
Prematuy [ 0338 2 0765
Major noncardiacsructural anomaly 2501 0108 sass 0569
Combination pocedure 2051 [ 993 o

‘OR=odds-rati; 95%CI=95% confidence interval; ABC=Avistotle Basic Complexity

Nagelkerkes R of 0.160. Mean standardized resicuals of 0.007£0.966, P=059 from 0.
Area under the receiver-operator characteristic (ROC) curve of 0.730, P<0001 for the model
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Abbreviations, acronyms & symbols

CABG = Coronary artery bypass grating
FEVI  =Forced expiratory volume in one second
IU =Intensive care unit

Pa0;  =Partial pressure of oxygen

PEDro = Physiotherapy evidence database

RCT =Randomized dinical trials
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‘Table 6. Standardized mortality ratios of the two partcipating centers (N=491).
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N=total number of cases; N'=nurber of cases with an attributable RACHS-1 category; SMR=standardized mortalty ratio
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Abbreviations, acronyms & symbols
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Development
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=30 Paulo State Foundation for Research Support

= Infrastructure as a service

= International Quality Improvement Collaborative
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pca
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RoC
SR
SMR
st
usp
vis

= Likelihood ratio
= Pediatric Cardiac Critical Care Consortium

= Risk Adjustment for Congenital Heart Surgery.
= Research Electronic Data Capture

= Recelver-operator characteristics
=Standardized infection ratio

= Standardized mortality ratios

=Society of Thoracic Surgeons

= University of 30 Pauio
=Vasoactive-inotropic scores
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Fig. 3 - Chest Xay with posteroanterior (P4) view showing the
lateral border of the right atrium in the 4% itercostal space. The
intercostalspace for access to the pleural cavity was decided on the
basis of the anterior intercostalspace overling the lateral border of
theright atrium.
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‘Table 2. Operative details of all patients undergoing device failure.
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‘Abbreviations, acronyms & symbols

ASD = Atrial septal defect

CPB = Cardiopulmonary bypass

LPA  =Left pulmonary artery

VOT = Leftventricular outflow tract

TEE  =Transesophageal echocardiography
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Table 1. Intraoperative details

Patient and dlinical Mean £ 5.D/Median
characteristics (range)
CPB time (min) 58272035
AOX time (min) 201481)
Chest drainage (m)) 666727898
Device size (mm) 2073£495
ASD size (mm) 25074512
Hospital tay (days) 707222
Ventilation time (hours) 309)

CPB=cardiopulmonary bypass; AOX=aortic cross clamp;
ASD=arterial septal defect
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