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  There is no reminiscence of the word shock being used in its modern-day form before 1743. However, there is evidence that Hippocrates used the word exemia to define a state of being “drained of blood.” Shock or “choc” was first described in a trauma victim in the English translation of Henri-François LeDran’s 1740 text, Traité ou Reflexions Tire’es de la Pratique sur les Playes d’armes à feu (A treatise, or reflections, drawn from practice on gun-shot wounds.) In this text, he describes “choc” as a reaction to the sudden impact. However, the first English writer to use the word shock in its contemporary meaning was James Latta in 1795[1].

  George W. Crile, in 1899 suggested in his monograph, “An Experimental Research into Surgical Shock” that shock was a state of circulatory collapse due to excessive nervous stimulation. Other competing theories around the turn of the century included one penned by Malcolm in 1905, with the assertion that prolonged vasoconstriction led to the pathophysiological signs and symptoms observed in shock. In the following World War I, research about shock resulted in experiments by Walter B. Cannon of Harvard and William M. Bayliss of London in 1919 showing that an increase in permeability of the capillaries in response to trauma or toxins was responsible for many clinical manifestations of shock. In 1972 Hinshaw and Cox suggested a shock classification system, which is still in use today[1].

  Perhaps the best approach to defining the state of shock is that of Robert Hardaway, who begins his discussion by stating, “What shock is not.” This approach is interesting because demonstrates the entire development of circulatory shock as the pathophysiological concepts have changed. Thus, the shock is no longer: 1) Low blood pressure - due to the hypothalamus-pituitary-adrenal axis (release of catecholamines and cortisol) sustaining normal and even supranormal blood pressure; 2) a low pH does not necessarily accompany it - can be normal or even alkalotic depending on the endogenous production of bicarbonate and the compensatory hyperventilation to metabolic acidosis; 3) It is not always accompanied by low cardiac output - hyperdynamic states are associated, for example, with sepsis; 4) It is not due to the exhaustion of the adrenal gland - in pre-death, plasma levels of catecholamines are elevated; 5) Arteriolar vasodilatation does not necessarily coexist - the rule is that vasoconstriction occurs and; 6) There is not necessarily hypovolemia - an example is a cardiogenic shock resulting from acute myocardial infarction. After these considerations, it would remain to define “what shock is,” and, in search of a universal definition, it was concluded that the best definition of the shock state would be: “Inadequate capillary perfusion” or, simply, “Bad tissue perfusion.” These concepts stemming from the 1970s are linked to the Vietnam War.

  The discovery and the massive nitric oxide (NO) scientific investment annulled paradigms, starting a new era of knowledge. Vasoplegia associated with systemic inflammatory reaction was lifted to the condition of “enemy to be overcome” The concepts emerging from the observations acquired during the first 15 years of using methylene blue (MB) for treatment of vasoplegic syndrome (VS) during cardiac surgery have established some critical topics. But, we still feel that the cyclic guanosine monophosphate (cGMP) importance is underestimated in the medical literature.

  In 2009, we published a personal statement centered on MB as a treatment of VS in cardiac surgery, including fifteen years of questions, answers, doubts, and certainties[2]. Some repetitive observations can be applied to VS: (1) MB is safe at the recommended doses (the lethal dose is 40 mg.Kg-1); (2) the use of MB does not cause endothelial dysfunction; (3) the MB effect is manifested in cases of positive NO regulation; (4) MB itself is not a vasoconstrictor, because by blocking the cGMP pathway, it releases the adenosine 3’5’ - cyclic monophosphate (cAMP) pathway, facilitating the vasoconstrictor effect of epinephrine; (5) the MB may act through this mechanism of “crosstalk,” and its use as a medication of the first choice may not be correct; (6) the most used dosage is 2 mg.Kg-1 in IV bolus, followed by the same continuous doses infusion because the plasma concentrations markedly decrease in the first 40 minutes. Although there are no definitive randomized controlled trials, the MB used in the treatment of VS following cardiac surgery is currently the best, safest, and cheapest option; (8) however, a possible ‘window of opportunity for the effectiveness of MB has not yet been clearly established for humans.

  This editorial report has the primary purpose of performing a simple exercise of logic. It is well established[3,4]:

  
    1. The inflammatory reaction is present in all types of circulatory shock.

    2. As the vasoplegia extent goes on, a “vasoplegic endothelial dysfunction” with catecholamine-resistant arterial hypotension leads irreversibly to death.

    3. This dysfunction is mediated by the cGMP / NO system and is blocked by MB.

    4. Currently, the blockade of soluble guanylate cyclase (sGC) by MB, despite the most diverse criticisms, is still a matter of controversy, although this drug was first used in humans over 100 years ago.

  What is the basis for the proposed logic exercise?

  The NO pathway blocking is already part of the vasoplegia therapeutic arsenal. However, assuming that the MB is at least controversial, why the search for an alternative drug fall short of investment?

  Following the original report in 1994, the VS was afterward met with skepticism and even denial[5]. However, the VS has steadily been recognized as a common complication in cardiac surgery, occurring in 20% to 27% of patients, and associated with significant morbidity and mortality. Cost analysis showed that in the United States the vasoplegia imposed an increase in ICU length of stay of 166,000 days, coming to at least $1.4 billion in cost annually. Therefore, if prevented, could potentially save in healthcare spending[6].

  Restrictions on MB can be disguised as a mandatory objective. From the physiological point of view, a bias toward the blockage of the cGMP/ NO pathway concealed its fundamental importance. In other words, the resistance to MB use can blunt this importance.

  Quoting Blaise Pascoal’s should be “Reasons That Reason Itself does not know ...?”, But the science and pharmaceutical industry are in debt.
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    ABSTRACT

    INTRODUCTION:

    The coronavirus disease 2019 (COVID-19) has negatively impacted healthcare services worldwide. We hypothesized that the pandemic would affect our case mix and mortality. Our objective was to study this impact.

    METHODS:

    We retrospectively studied all patients who underwent congenital heart surgeries from March 21st to August 21st in 2019 and 2020 using the institutional electronic database. We compared demographic data, preoperative and postoperative length of stay (LOS), risk stratification using Risk Adjustment for Congenital Heart Surgery (RACHS) classification and outcomes in both periods.

    RESULTS:

    We observed a 66.7% decrease in our surgical volume (285 × 95 patients). Patients operated in the pre-pandemic period were older (911.3 [174.8 - 5953.8] days-old) compared to the pandemic period (275 days-old; P<0.05). When the case mix was compared between periods, the percentage of neonatal surgery was increased in the pandemic era (8% × 21.1%; P<0.05), and the number of RACHS 1-2 surgeries decreased significantly (60.7 × 27.4%; P<0.05). Preoperative LOS was increased in the pandemic period (1.2 × 7 days; P=0.001). There was no significant increment in mortality (P=0.1). Two patients tested positive for COVID-19 in the postoperative period and both died.

    CONCLUSION:

    Our program observed a sudden decrease in surgical volume and a consequent increase in surgical complexity. There was a non-significant increment in mortality.

    Keywords: SARS-Cov-2; COVID-19; Heart Defects, Congenital; Coronavirus Infection; Pandemics; Congenital Heart Disease.

  

   

   

  INTRODUCTION

  In March 2020, almost four months after the first severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) human infection was reported in Wuhan province, China, the first imported case of novel coronavirus disease 2019 (COVID-19) was confirmed in Brazil. At this time, the disease had already shown its complexity around the world, given the high transmission rate (R0 = 1.4-3.8) and a large number of hospitalizations needing intensive care and ventilation support, and exposed the frailty of all the best healthcare systems known[1-3].

  COVID-19 has demonstrated a significant impact on healthcare and economics on a scale rarely, if ever, seen in human history[4]. This catastrophe imposed an unlimited series of challenges to healthcare systems around the world. These challenges included enormous resource utilization, not only related to equipment and beds but to the human capital and highly specialized medical staff. In addition, there are substantial infection risks to patients, family members, and staff, mainly during the ascending curve of SARS-CoV-2 transmission.

  Although there were two initial observational studies reporting infants and children infrequently experiencing a severe clinical manifestation from COVID-19 compared to adults[5,6], soon after the first reported deaths, the Brazilian Ministry of Health recommended postponing or canceling elective surgeries regardless of the pervasiveness of the virus and number of cases in the region and the number and geographical distribution of cases at the time. Pediatric and congenital cardiovascular surgery programs around the globe wondered about how the pandemic would impact or affect their programs[7].

  According to initial reports from Wuhan and the Hubei region, patients with cardiovascular comorbidities were at higher risk of morbidity and mortality when associated with COVID-19[1-3,6].

  Few data on the impact of COVID-19 in congenital heart disease (CHD) patients were reported as well the impact of this pandemic on those in need of any surgical procedure but still clinically compensated[8-11].

  Although the focus of the medical community has shifted toward patients suffering from COVID-19, taking care of CHD patients was still of paramount importance, and it became even more challenging.

  The aim of this study was to analyze the impact of the pandemic on the pediatric and adult CHD surgery program at the largest cardiology center in Latin America.

   

  METHODS

  This is a retrospective analysis between March 21st and August 21st, 2020 (pandemic period or reduced volume of surgeries) and March 21st and August 21st, 2019 (pre-pandemic period or regular volume) using the electronic database of our institution. Routine preoperative tests for COVID-19 started in August; until July, only patients who had symptoms were tested due to the scarcity of tests. The study was conducted at the Instituto do Coração (or InCor) of Universidade de São Paulo, São Paulo, Brazil. The institutional review board and ethics committee approved the study.

  For this analysis, we included all patients who underwent congenital heart surgery during these periods comparing their demographic data, preoperative and postoperative length of stay (LOS), age, risk stratification using Risk Adjustment for Congenital Heart Surgery (RACHS) 1, and outcomes[12,13]. Patients undergoing heart transplantation were excluded.

  The patients were stratified according to their age in:

  1. Neonates: < 28 days of life

  2. Infants: from 29 days to 12 months old

  3. Children: from 12 months to 14 years old

  4. Adults: > 14 years old

  We used the age of 14 years as a cutoff for adult population because the Brazilian United Health System (or SUS) applies this parameter in Brazilian intensive care units (ICU).

  Both groups were compared and predictors for mortality were identified in the entire cohort, specifically studying the pandemic period impact on the outcomes.

  Statistical Analysis

  Standard descriptive statistics were calculated. Continuous numerical variables are presented as the median and interquartile range (25th - 75th percentiles). The normality test used was the Kolmogorov-Smirnov test. Chi-square test and Fisher's exact test were used for categorical variables. Survival was estimated using the Kaplan-Meier curve. Mann-Whitney U test was used to compare groups. Binary logistic regression with multivariable analysis was used to identify risk factors for in-hospital mortality. A P-value ≤ 0.05 was considered significant. For statistical analysis, we used the softwares IBM Corp. Released 2012, IBM SPSS Statistics for Windows, version 21.0, Armonk, NY: IBM Corp and GraphPad Prism 5 software (San Diego, California, United States of America).

   

  RESULTS

  During the pandemic, we observed a 66.7% decrease in patient volume. Between March 21st and August 21st, 2020, we performed 106 surgeries on 95 patients. During the same time span in 2019, we operated 294 surgeries on 285 patients.

  We also observed a complete change in patient profile and case mix (Table 1; Figure 1A and 1B). The median age of the patients dropped from 911 to 275 days old, with a 260% increase in neonatal surgery (P<0.0001; Figure 1A). RACHS distribution exhibited a significant decrease in more simple procedures (RACHS 1 and 2), from 60.7% to 27.4% (P<0.0001; Table 1 and Figure 1B).
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  There were seven patients with endocarditis in the pandemic period (7.4%) with two deaths (28.5%); meanwhile, the incidence in the same period in 2019 was 0.7% (two patients) (P=0.001).

  There was no significant difference in reoperations (reapproach to upsizing of a conduit, valve repair or replacement, next stage of single-ventricle palliation, or total repair after palliation) as an indication for elective surgery when comparing the periods (21.7% × 17.9%; P=0.1), but there was a significant increase in the surgical interventions during the same hospitalization (2.8% × 11.6%; P=0.003; Table 1) and there is a higher percentage of patients that required surgical reintervention in the same hospitalization during the pandemic period compared to the year before.

  Accordingly, during COVID-19 pandemic, it was observed an increased number of days in the hospital before surgery (1.2 × 6.8 days, P<0.001; Table 1).

  Outcomes

  We observed a 66.7% decreased in the total volume of pediatric and congenital cardiovascular surgeries during the pandemic period compared to the same period in 2019.

  Due to the relatively increased number of neonates and complex surgeries, the median days at postoperative ICU was longer during the pandemic period - 6.8 days compared to 4.1 days between March 21st and August 21st, 2019 (P=0.02; Table 2). Total hospital LOS was also affected (13.4 × 22.6; P<0.001; Table 2).

  On the other hand, there was no statistically significant increment in 30-day and overall mortalities in 2020 (P=0.1; Table 2).

  Both univariate and multivariate analyses identified neonatal surgery (P<0.001) and RACHS-1 category (P<0.001) and not the pandemic period as predictors for mortality (Table 3).
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  DISCUSSION

  Brazil was one of the most affected countries by the COVID-19 pandemic with more than 8.318/million serious or critical cases needing hospitalization and ICU care[14].

  The Brazilian healthcare infrastructure faced unprecedented challenges with the COVID-19 pandemic, and the CHD community was no exception. Patients avoided seeking medical attention for fear of catching the deadly condition or as an unintended consequence of stay-at-home orders. This delay in seeking medical care has drastically decreased emergency room visits for non-COVID conditions such as appendicitis, heart attack, stroke, and other diseases, including CHD.

  Elective surgeries were postponed or canceled, including those for CHD. It was not only a local situation, but a global recommendation[7].

  In this retrospective analysis of the largest Brazilian program of congenital heart surgery, we have observed a 66.7% decrease in surgical volume in the pandemic period. As we paused elective cases, there was a relative increase in the complexity of the cases (neonates and higher RACHS-1 classification). The number of RACHS-1 categories 1 and 2 and patients older than one year of age dropped dramatically.

  This shift in the case mix is explained by performing mainly urgent and emergency surgeries. This relative increment in neonatal surgery during the pandemic was observed in other centers and countries[9,15].

  The impact of the pandemic on congenital heart surgery programs was not only observed in countries considered epicenters of the pandemic, it was a global problem and one of the COVID-19 pandemic consequences[10].

  We have also noticed a peak incidence of bacterial endocarditis as an indication for surgery (seven out of 95 patients [7.4%]). This was observed in six patients in the postoperative period and in one patient with no previous intervention. In this patient without a previous diagnosis of any heart disease, the endocarditis was in the tricuspid valve due to a central venous catheter. This observation is yet to be understood, specifically if there was any relationship with the pandemic period. Due to the risk and fear of contamination by the COVID-19 virus, several patients probably stayed at home with some other types of infection (i.e., systemic or dental caries) that were not treated and developed endocarditis during this period, which may explain this increase. The infectious agent was isolated in six patients and five different species were identified.

  Institutional protocols have been established to prevent infection of patients both in the pre and postoperative periods. In our hospital, the protocol was regularly revised in order to comply with the most current recommendations and address any issues that arose as the pandemic evolved. In the first five months, between March 21st and August 21st, 2020, patients from our general hospital were referred to our cardiac center; we were not able to test every patient and did not have separated patient flows around the hospital. Additionally, in 2020, this was the period with the highest incidence of new infections in our country. ICUs were overloaded in every hospital, including in our unit.

  In this period, we had two patients that tested positive for SARS-Cov-2. One of them was an adult referred to our hospital with pulmonary valve endocarditis and mitral regurgitation. She had a preoperative COVID-19 negative test and underwent surgery with unremarkable recovery until the 8th postoperative day, when she was in the ward and an important pericardial effusion was identified. Immediately, pericardial drainage was performed; the patient was extubated and sent back to the ICU. On the same day, she presented with respiratory failure and cardiac arrest. After three minutes of cardiopulmonary resuscitation and reintubation, she recovered the cardiac function and further exams rolled out cardiac tamponade but revealed a severe bilateral pulmonary infiltration. The nasal swab confirmed COVID-19 and she was referred to our general hospital. Her respiratory status improved, and she was able to be extubated; however, while weaning her supplementary nasal cannula oxygen, she began to deteriorate clinically; she had become septic, which ultimately resulted in the patient’s death on the 24th postoperative day.

  The other postoperative COVID-19 patient was an 11-month-old child with tricuspid atresia/pulmonary stenosis but no previous intervention. He presented in our emergency room with severe hypoxemia. There were no signs of pulmonary infiltration on the admission X-ray and room air saturation was 50%. An echocardiogram revealed a severely restrictive atrial and ventricular septal defect. An urgent Glenn procedure with atrial septal defect enlargement was performed. The patient had postoperative bleeding and needed chest re-exploration, but then presented with good recovery and was extubated. Nevertheless, hypoxemia resumed, and an X-ray revealed severe bilateral pulmonary infiltration. Nasal swab confirmed COVID-19 infection. Hypoxemia was not responsive to intubation and mechanical ventilation measurements. Although Glenn anastomosis was patent and with good flow, his oxygen saturations remained in the 60%. On the 5th postoperative day, he had three resuscitated short cardiac arrests due to profound cyanosis followed by cardiac decompensation and was successfully resuscitated. The patient was cannulated on venous-venous extracorporeal membrane oxygenation (ECMO). He showed signs of pulmonary image and function healing, but on the 20th day of ECMO run, a fungal sepsis refractory to antimicrobial treatment was identified. The patient was weaned off ECMO but died on the 30th postoperative day.

  Since August 21st, 2020, our institutional protocol consists of dividing the hospital and the operative theatre into two parts - one called COVID-free area, for elective cases, patients recently tested negative for SARS-CoV-2 infection, and the other being a risk zone for patients with urgent and emergency operations and suspected or positive COVID-19 test.

  Different protocols and guidelines have been proposed around the world with the aim to establish a perioperative management issue for patients with CHD[9,10,16,17].

  We have not observed a statistically significant rise in global postoperative mortality. Both univariate and multivariate analyses identified neonatal surgery and higher RACHS category as independent risk factors. Since we had relatively more neonatal and complex cases in this period, the non-statistically significant higher mortality can be easily understood - and added to this is the fact that we lost two additional patients due to COVID-19 infection.

  The pandemic impacted the surgical volume and case mix, but based on our findings, it was not a risk factor for morbidity or mortality.

  Unfortunately, the two patients who were infected with COVID-19 died, highlighting the severity of the disease, specifically in the immunosuppressed postoperative period.

  With increasingly safer protocols and guidelines in times of pandemic, surgical outcomes for CHD can be very close to those of the pre-COVID-19 era.

  Limitations

  The main limitation is the fact that it is a retrospective single-center study.

   

  CONCLUSION

  In conclusion, COVID-19 had a severe impact on our Pediatric and Congenital Cardiac Surgery Program with a 66.7% decrease in surgical volume, increasing the relative incidence of complex surgical cases. There was no statistically significant rise in mortality compared to the same period in 2019.
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    ABSTRACT

    INTRODUCTION:

    This study aims to test the effect of phenytoin as an inhibitor of the process of dystrophic calcification in bovine pericardium and porcine leaflets implanted in the subcutaneous tissue of rats.

    METHODS:

    Isolated segments of biomaterials were implanted subcutaneously in young rats. The study groups received 500 mg phenytoin per kilogram of diet per day. After 90 days, samples were collected and quantitative calcification assessment by optical microscopy, radiological studies with mammography, and atomic emission spectrometry were performed.

    RESULTS:

    Inflammatory reaction was a frequent finding in all groups when analyzed by optical microscopy. The calcium level assessed by atomic absorption spectrophotometry was significantly lower in the study groups using phenytoin compared to the control groups (control bovine pericardium group X=0.254±0.280 µg/mg; study bovine pericardium group X=0.063±0.025 µg/mg; control porcine aortic leaflets group X=0.640±0.226 µg/mg; study porcine aortic leaflets group X=0.056±0.021 µg/mg; P<0.05). Radiologic studies revealed a statistically significant difference between the groups treated with and without phenytoin (not only regarding the bovine pericardium but also the porcine leaflets).

    CONCLUSION:

    The results obtained suggest that phenytoin reduces the calcification process of bovine pericardium segments and porcine aortic leaflets in subdermal implants in rats; also, the incidence of calcification in bovine pericardium grafts was similar to that of porcine aortic leaflets.

    Keywords: Biocompatible Materials; Subcutaneous Tissue; Phenytoin; Calcium; Microscopy; Spectrophotometry, Atomic; Incidence; Calcinosis; Pericardium.

  

   

   

  INTRODUCTION

  Calcification is a major cause of glutaraldehyde (GA)-fixed primary xenogeneic materials failure, mainly in children, leading to a high rate of reintervention[1-3]. The process and mechanism of calcification progression involving biological tissues in surgical practice is not yet fully understood. The process of calcification is related to the preservative used, due to its cytotoxic action, mechanical stress suffered by the heterograft, and host-related factors such as age, renal failure, and immune response[4-6].

  GA is undoubtedly the preservative of choice in the treatment of biomaterials. Nevertheless, the main commercially used preservatives are related to the promotion of dystrophic calcification by changes in collagen structure, amino acids extraction, presence of phospholipids that attract calcium ions, and the existence of cavities and gaps in the treated tissue produced by tissue fixation and cellular degradation[7].

  In an attempt to minimize these effects and increase the viability of xenogeneic grafts, several physical and chemical means have been associated after GA conservation, without consistent long-term results.

  Phenytoin is an anticonvulsant drug synthetized in 1908. However, its non-sedative anticonvulsant properties were identified only in 1936[8,9]. Although its mechanism of action is not fully understood yet[9], it is proven to promote changes in calcium metabolism and activity in dystrophic calcification by its antivitamin D action[10].

  This study aims to test the effectiveness of phenytoin as an inhibitor of the process of dystrophic calcification in porcine and bovine pericardium segments, preserved by GA and fixed by formaldehyde, implanted in the subcutaneous tissue of rats.

   

  METHODS

  Materials

  All samples of bovine pericardium and porcine aortic leaflets used were commercial products from Braile Biomédica (São José do Rio Preto, São Paulo, Brazil). Fresh biomaterials were selected from healthy animals immediately after slaughter and rinsed several times with 0,9% sodium chloride.

  The surrounding connective tissue was thoroughly removed. Each biomaterial was preserved by treatment with GA 0,65% (0.1 M HEPES buffer, pH 7.4, at room temperature, with two changes on the 2nd and 7th day) for 21 days. The biomaterial was thoroughly rinsed three times for 20 minutes and stored in alcohol solution (mixture of 1,2-octanediol, phenoxyethanol and 2,4-hexadienoic acid [1%] and ethanol [20%]).

  Animal Grouping

  Eighty four-week-old male Wistar rats (100 g) received subcutaneous implants and were divided into two groups with forty rats each. Whereas the P group received a subcutaneous bovine pericardium implant, the L group received porcine leaflets implants. These two groups were subdivided again into study groups PF and LF (receiving phenytoin; each one with 20 rats) and control groups P and L (not receiving phenytoin; each one with 20 rats).

  Subcutaneous Implantation Technique

  All procedures were in accordance with the rules of the Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources, National Academy of Sciences, Washington, D.C., 1996), respected the ethical principles on animal experimentation of the Brazilian College of Animal Experimentation (or COBEA), and were duly approved by the Ethical Committee on Animal Experimentation (or CEAA), Universidade Federal de Pernambuco.

  The rats were anesthetized with 10% chloral hydrate at 0.4 mL dose per 100 g of body weight and the paravertebral region was shaved. A 1.0-cm long incision was made in the skin, dividing the subcutaneous tissue enough to allow the introduction and accommodation of 1 cm2 of biomaterial samples (Figure 1). After implantation, the animals were grouped in five per standard cage, where they were kept in daily observation, following the previously established feeding and medication program. Samples were explanted on postoperative day 90, divided into two parts, and then rinsed with 0.9% sodium chloride. One part was fixed in 10% neutral buffered formalin for histological studies, and another was dried at 60° C for calcium analysis (Figure 2).

  
    

    [image: Fig. 1]

  

  Phenytoin Dosage

  The phenytoin dosage was calculated to be five times the recommended dose of the drug for pediatric patients. The daily dose was estimated to range from 10 to 12.5 mg, equivalent to a dose of 50 mg/kg of body weight (the average weight of rats at 90 days was 250 g). The drug was added to the diet of the PF and LF groups and the mice received the drug until the day of the tissue extraction - completing 90 days of dosage.

  Histological Study

  For histological study, the parts were dehydrated in increasing concentrations of ethanol, diaphanized in xylene, and included in paraffin. Cuts were made four-micron thick and stained with Mayer’s hematoxylin-eosin and von Kossa’s method for minerals (Figure 3).

  Radiologic Analysis of Graft Calcification

  After fixation with 10% formaldehyde solution, the grafts were submitted to analysis of calcification through mammography (a very sensitive radiological method). General Electric - Senographe DMR mammography device was used.

  The level of calcification in radiological studies was divided into: (N) normal or equal to the fixed graft; (+) focal calcification, (++) segmental calcification, and (+++) intense calcification.

  Concentration of Calcium in the Grafts

  After removal, the grafts were kept in 10% formaldehyde solution for 24 hours and then freeze-dried. After freeze-drying, the samples were immersed in a 6N HCl solution (at a rate of 3 mL of solution to 3 mg of freeze-dried tissue) and then hydrolyzed in a microwave system for model hydrolysis (MDS 2000 CEMCorp., Matthews, North Carolina, United States of America) for 45 minutes. After hydrolysis, the samples were diluted in a 5% 3N HCl solution. The calcium content of each sample was determined by atomic absorption spectrophotometry (AA-250Plus, PerkinElmer Inc., Norwalk, Connecticut, United States of America) and was expressed in micrograms per milligrams of dry tissue weight.

  Statistical Method

  For statistical analysis of the qualitative variables, the Fisher-Freeman-Halton exact test was performed, and the data were transferred to InStat/MDR Software. For quantitative variables analysis, the Student's t-test was performed. The results were considered statistically significant when P<0.05.

   

  RESULTS

  The evaluation by optical microscopy showed intense inflammatory reaction, with presence of lymphocytes, histiocytes, and plasma cells in all studied groups (Figure 4). There was a statistically significant difference regarding the decrease in calcification between the groups in the optical microscopy evaluation, despite a 5% reduction of calcification in PL and LF groups (Figure 5).

  Radiologic studies with mammography (Figure 6) revealed a statistically significant difference between the groups treated with and without phenytoin (not only regarding the bovine pericardium but also the porcine leaflets) (Figure 7).

  In this study, calcium concentrations measured by atomic absorption spectrophotometry were lower in PF and LF groups, which used phenytoin as an inhibitor of the calcification process up to 90 days after implantation. Among P and L groups, which did not received phenytoin, and PF and LF, receiving phenytoin as an anticalcifying treatment, there was no significant difference in calcium concentration (Figure 8).
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  DISCUSSION

  Dystrophic calcification of biomaterials and implanted bioprostheses can keep an intimate relationship with physiological calcification in bone formation[11,12]. The mineral deposit is basically the same in both processes. A deposit of hydroxyapatite crystals occurs initially in the matrix and, after exposure of these crystals to extracellular fluid, forms calcium crystals and later attracts the arrival of connective tissue, particularly collagen. These crystals become niche nurseries for the accumulation of more calcium crystals. Increased deposition of calcium crystals in active medullary formation depends on the availability of calcium and orthophosphate in extracellular fluid, and possibly the presence of collagen, which can be changed or delayed by the presence of natural mineralization inhibitors, such as proteoglycans, osteocalcin, phosphoproteins, and β-2-glycoprotein[11,13].

  Aortic porcine leaflets and bovine pericardium tissue are most commonly used in the manufacture of grafts for heart defects, fixed to intracardiac bioprostheses and valve replacements, being the ones chosen in this study for their routine use in current surgical procedures[14,15].

  The hypothesis that GA is one of the factors responsible for the process of calcification led researchers to develop process modifications and conservation studies, adding presumed mineralizing or inhibitory substances until replacement of fixatives[11].

  Vitamin D and the parathyroid hormones play a crucial role in regulating calcium metabolism, activating calcium-binding proteins, increasing their serum level, and acting on their intestinal absorption[18]. Low serum vitamin D levels reduce available calcium levels for bone formation and, therefore, reduce bone mass[17]. On the other hand, increased vitamin D serum levels can cause calcification of various other organs, but with minimal effect on the bones themselves[18].

  The increase in vitamin D metabolism can occur in young animals and in some human diseases, such as renal failure, infectious processes, and as an immune response of the host in the case of children and young people[19]. Age-dependent aspects of vitamin D metabolism may be linked to age-dependent aspects in heterografts and calcification of bioprostheses. Vitamin D is a stimulant for osteocalcin biosynthesis that is closely linked to the process of physiological and pathological calcification, and can interact to promote age-dependent calcification in GA-fixed tissue, through the action of osteocalcin[20].

  Phenytoin is a potent non-sedative anticonvulsant drug recommended by the American Epilepsy Society Guidelines to treat seizures unresponsive to benzodiazepines[7,21]. Its anticonvulsants properties are thought to stem from its activity in sodium and calcium channels[7,8]. Barnhart described that prolonged use of phenytoin may cause side effects such as osteomalacia, hypocalcemia, hyperphosphatemia, and increased parathyroid hormone concentration[16]. Phenytoin appears to exert an immunosuppressive effect on humans, reducing lymphocyte synthesis and proportional reduction in cells. It can cause a reduction in serum levels of immunoglobulin (Ig) G, IgM, IgA, IgE and decreased ability to demonstrate delayed hypersensitivity reactions, although these findings are dose- and time-dependent[16].

  Phenytoin’s antivitamin D effect occurs through increased induction of hepatic microsomal level of vitamin D catabolism and its metabolic effects and biological assets through a change in hepatic conversion of vitamin D (calciferol to 25-hydroxycalciferol)[17]. Liao et al.[10] showed the effectiveness of phenytoin in inhibiting rat myocardial calcification and subcutaneously implanted bovine pericardium segments, when subjected to a special diet that enhances calcification, including myocardium.

  The inhibitory action of calcification by phenytoin was to test phenytoin’s antivitamin D action in delaying the calcification process of xenomaterials implanted in subcutaneous tissue of rats. In our study, the phenytoin daily dose was set to be five times greater than human pediatric dosage. This addition was done on purpose, since the mouse metabolism is higher/faster than the human metabolism, it would enable a more effective assessment of phenytoin action, assuming that increasing the dose could have a greater action on calcium metabolism[10].

  The presence of fibrosis in the pathway, frequently found in histological studies (Figures 1 and 2), is related to the histological type of fixed xenograft used. The bovine pericardium is rich in type I collagen and the porcine aortic leaflets are rich in type III collagen, occurring more frequently in bovine pericardium than in porcine aortic leaflets[11].

  The evaluation by optical microscopy showed intense inflammatory reaction, with presence of lymphocytes, histiocytes, and plasma cells in all studied groups. The ability of GA to form covalent connections with proteins decreasing its antigenicity does not preclude the presence of intense inflammatory reaction in the literature reports, possibly because of its residual action[20]. These findings differ from those found by Liao et al.[10], who suggested that the inflammatory reaction between the grafts and the GA-fixed host could be controlled with the use of phenytoin. There was a statistically significant difference regarding the decrease of calcification between the groups in the optical microscopy evaluation, despite a 5% reduction of calcification in PL and LF groups.

  In this study, calcium concentrations measured by atomic absorption spectrophotometry were lower in PF and LF groups, which used phenytoin as an inhibitor of the calcification process up to 90 days after implantation. Some authors reported that the calcium concentration of GA-fixed grafts is progressive and related to the time of implant[11,12,24], occurring more frequently at 45 days after implantation and being more dramatic at 90 days.

  Among P and L groups, which did not received phenytoin, and PF and LF groups, receiving phenytoin as anticalcifying treatment, there was no significant difference in calcium concentration. These findings agree with those of Jorge-Herrero et al.[24], suggesting that bovine pericardium tissues and porcine aortic leaflets are not prone to the calcification process. Both of which are used to make bioprostheses, with a greater tendency to use of bioprostheses made with bovine pericardium compared to those manufactured with porcine aortic leaflets[25].

   

  CONCLUSION

  The results found in this study (decreased incidence of macroscopic changes in consistency and staining, lower incidence of focal calcification and lower inflammatory reaction, lower incidence of calcification seen in radiological studies with mammography equipment, as well as by the lower calcium concentration, as measured by atomic absorption spectrophotometry, in PF and LF groups, which used phenytoin as an anticalcifying treatment) suggests that the antivitamin D action of phenytoin inhibited the process of dystrophic calcification.
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    ABSTRACT

    INTRODUCTION:

    The treatment of infrarenal aortic aneurysms has changed in the last three decades. Endovascular aneurysm repair (EVAR) has become the primary treatment option in anatomically suitable patients with infrarenal aortic aneurysms. However, there is no serum biomarker to be used in EVAR follow-up.

    METHODS:

    This is a prospective single-centre study of 30 consecutive patients with abdominal aortic aneurysm (AAA) who underwent EVAR. Serum dosages of micro ribonucleic acid 1281 (miRNA-1281), creatinine, total cholesterol, triglycerides, and C-reactive protein (CRP) were evaluated and angiotomographic evaluations were performed preoperatively and six months after the intervention.

    RESULTS:

    There was a hyperexpression of miRNA-1281 in patients with AAA and a significant reduction of it after EVAR, from 1.66-fold before EVAR to 0.27 after the procedure (P<0.0001). MiRNA-1281 expression was not influenced by renal function (creatinine: 1.14±0.29, P=0.68), total cholesterol (179.9±59.9, P=0.22), or CRP (1.17±3.5; P=0.48). There is correlation between AAA size and CRP serum levels, however there was no statically significant reduction of CRP after EVAR.

    DISCUSSION:

    MiRNA-1281 expression may be influenced by cholesterol, triglycerides levels, and renal function. We found no difference in these markers before and six months after EVAR. However, miRNA-1281 presents a significant reduction in patients with no follow-up complications. We hypothesize that miRNA-1281 expression may be related to aortic wall stress or flow changes.

    CONCLUSION:

    MiRNA-1281 may contribute as a possible marker of EVAR follow-up.

    Keywords: MicroRNAs; Aortic Aneurysm, Abdominal; Endovascular Procedures, C-Reactive Protein; Biomarkers.

  

   
 
   

  INTRODUCTION

  The prevalence of abdominal aortic aneurysm (AAA) depends on associated risk factors that include advanced age, male gender, white race, positive family history, smoking, hypertension, hypercholesterolaemia, peripheral vascular occlusive disease, and coronary artery disease. AAA progression is not linear, but usually presents points of acceleration which can appear at any time. Conversely, aortic dilatations can remain stable and asymptomatic for many years, during which aged patients may die of other causes[1].

  Endovascular aneurysm repair (EVAR) has become the primary treatment option in anatomically suitable patients with infrarenal aortic aneurysms. Randomised controlled trials have shown a reduced perioperative mortality rate compared with open repair[2]. The therapeutic success of EVAR is closely related to the evolution of renal function, which may compromise the results regarding the morbidity and mortality of the treatment. The monitoring of its evolution is fundamental to optimise the results and to detect possible complications or therapeutic failure[3].

  Several serum markers have been associated with perioperative risk. The relationship between C-reactive protein (CRP) and AAA has been studied, demonstrating a positive relationship between aneurysm-related CRP and the aneurysm’s size, and being a predictor of post-treatment aneurysm progression and a prognostic factor of treatment[4].

  Micro ribonucleic acids (miRNAs, also known as microRNAs or miR) were not known until the end of the 20th century, but their discovery opened a large field of research. MiRNAs are important regulators of gene expression. Recent studies on their origin, biogenesis, and mechanisms of action have greatly increased the knowledge about their molecular biology[5].

  Due to their genetic regulation function in several biological processes and metabolic functions, as well as their high stability in biological fluids, circulating miRNAs have been highlighted as having great possibility for the identification of new non-invasive biomarkers of diseases[6,7]. In addition, they have been the target of many studies in order to understand their role in the pathophysiology of various diseases, including malignant neoplasms, atherosclerosis, and aneurysms[8-10].

  A serum analysis of miRNAs in patients with AAA identified 151 miRNAs with altered expression, with miRNA-1281 hyperexpressed (> 8-fold) in patients with aneurysm[6]. This motivate the inclusion of miRNA-1281 in the present study to analyze its evolution after EVAR and its role as AAA biomarker. This miRNA is evolved in many biological pathways including regulation of lipid metabolism by peroxisome proliferator-activated receptor alpha[11].

  The aim of this study was to evaluate the relationship between miRNA-1281 and CRP before and after the endovascular treatment of AAA, as well as the evolution of renal function, correlating with clinical data, aneurysmal sac change, and postoperative complications. Patients were evaluated before and six months after EVAR with clinical, laboratorial, and computed tomography (CT) examination. The planning for taking the samples for pre-treatment and six months later took into consideration the baseline of the disease to be treated and the furthest period from the procedure where there would be no further influence on the inflammatory process of the procedure and even any flow or morphological changes could have already appeared as, for example, the type II endoleaks.

   

  METHODS

  We performed a prospective study of a single centre in the Division of Vascular and Endovascular Surgery of Clinical Hospital of Ribeirão Preto Medical School, University of São Paulo, Ribeirão Preto, São Paulo, Brazil during the period from January 2014 to November 2015. The institutional ethics committee approved the study and each patient provided signed informed consent prior to participation.

  Inclusion criteria were as follows: patients with degenerative infrarenal AAA, with or without iliac aneurysms, eligible for standard endovascular repair were included in the present study, respecting current treatment indication[12].

  Exclusion criteria were as follows: patients with a ruptured aneurysm; patients with an aneurysm in any arterial territory other than the infrarenal aorta; patients who, for whatever reason, did not complete the total follow-up time of six months; patients with underlying diseases (medical psychosis, meningitis, stroke, multiple sclerosis, tumours, and autoimmune diseases); and patients who refused to participate in the study.

  Description of Devices

  Six different types of endografts were used: AFX® (Endologix Inc, Irvine, California, United States of America [USA]) (n=9); GORE® EXCLUDER® (Excluder; W. L. Gore and Assoc, Flagstaff, Arizona, USA) (n=7); MEDTRONIC® ENDURANT® (Endurant; Medtronic, Minneapolis, USA) (n=7); HERCULES® (MicroPort Scientific Corporation, Shanghai, China) (n=4); COOK® ZENITH® (Zenith; CookInc, Bloomington, Indiana, USA) (n=2); and ANACONDA® (Anaconda; Sulzer Vascutek, Bad Soden, Germany) (n=1). The variety of endoprostheses used are justified by the variability of the anatomy of each aneurysm, with the most adequate endoprosthesis selected for each case.

  Laboratory Examinations

  Peripheral venous blood samples were obtained 24 hours before the endoprosthesis implant and six months after the procedure. Whole blood was stored in a tube containing ethylenediaminetetraacetic acid (EDTA) and frozen at -80°C. All of the collected material was stored until analysis.

  Ribonucleic Acid (RNA) Extraction

  Total RNA was extracted with TRIzol® (Thermo Fischer Scientific, Carlsbad, California, USA) reagent according to the manufacturer’s instructions. The blood samples were collected in EDTA tubes in quantities of approximately 4 mL. The samples were transferred to 50 mL falcon sterile tube free of ribonuclease, to which 20 mL of red cell lysis buffer was added. After maintaining the solution for 15 minutes on ice, it was centrifuged again for 10 minutes at 3000 rpm. The supernatant was discarded, leaving the pellet, which was resuspended in 250 mL of phosphate-buffered saline (or PBS) and 750 mL of TRIzol and transferred to a 1.5 mL Eppendorf tube. From this moment, the blood samples were processed according to the TRIzol protocol.

  MiRNA Complementary Deoxyribonucleic Acid (cDNA) Synthesis

  Reverse transcription (RT) was performed using the commercial kit High Capacity cDNA Reverse Transcription (Applied Biosystems, Walthan, Massachusetts, USA). For the miRNA cDNA synthesis, for every 5 ng of RNA, we added 0.75 µl of RT Buffer, 0.075 µl of deoxynucleotide triphosphate, 1.5 µl of specific primers (miRNA or endogenous control), 0.5 µl of the MultiScribeTM (Thermo Fischer Scientific, Carlsbad, California, USA) enzyme, and 0.094 µl of ribonuclease out (1.9U), making the solution up to a total volume of 7.5 µl with diethyl pyrocarbonate (DEPC)-treated water. The samples were then taken to a thermal cycler for 30 minutes at 16ºC, 30 minutes at 42ºC, five minutes at 85ºC, and cooled to 4°C. Later, the samples were stored in a freezer at -20ºC. Before using the synthesised cDNA in the real-time polymerase chain reaction (PCR) reaction, it was diluted by 1:4 in DEPC-treated water.

  Real-time Quantitative Polymerase Chain Reaction (RQ-PCR) of MiRNAs

  Real-time PCR was used to confirm the differential expression of miRNAs. TaqMan Assay-on-demand (Applied Biosystems, Walthan, Massachusetts, USA), which is commercially available, was used in the expression of quantitative analysis. The comparative CT method (∆∆CT) was used to calculate the relative quantification of expression. The U6 gene was used as a house-keeping gene. The amplification reactions by RQ-PCR were performed twice with the TaqMan Master Mix (Applied Biosystems, Walthan, Massachusetts, USA) reagent. The reaction had a final volume of 10 µl, including 5 µl of the specific TaqMan Master Mix reagent, 0.5 µl of each specific probe, and 4.5 µl of diluted cDNA. The 7500 Fast Real-Time PCR System (Applied Biosystems, Walthan, Massachusetts, USA) detection equipment was used with the 7500 Sequence Detection System (Applied Biosystems, Walthan, Massachusetts, USA) software in order to obtain the CT values. The standard amplification conditions were 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for one minute. The data were then exported to Excel spreadsheets in order to calculate the values of 2-∆∆CT. A threshold of 0.1 was then established for the endogenous and studied miRNAs; the value considered for the deviation between samples was up to 0.5.

  Aneurysm Morphometry

  The 32-bit OsirixR program was used to perform aneurysm measurements, which were plotted in a previously prepared diagram. The measurements were performed at two time points (preoperatively and six months after the surgical procedure) by the same examinator previous the blood data analysis.

  Procedures

  The procedures were performed with the patient under general anaesthesia by the same team for all patients and following the institutional protocols for vascular interventions. The procedures were performed in a surgical centre, using a GE/OEC 9900 ELITE (GE Hualun Medical Systems Co, Beijing, China) surgical arch, with the bilateral femoral access route for delivery and the release of devices. Non-fractioned heparin (5,000 units) was given intraoperatively shortly after the insertion of the introducer. For angiographic study, a low osmolarity non-ionic contrast agent (Iopamiron 300, Bracco Imaging SpA, Ferentino, Italy) was used.

  Follow-up

  All patients were followed up at the same outpatient clinic, with returns scheduled for one, six, and 12 months (the patients had free access to outpatient clinics if necessary). At the return visits, they underwent a thorough clinical examination, performed by one of the team members, a trained vascular surgeon. These patients underwent surveillance (total aortic angiography by CT or magnetic resonance imaging) at three times: one, six, and 12 months after the surgical procedure, with the purpose of investigating leaks and/or changes in aneurysmal sac morphometry.

  Statistical Analysis

  Statistical analysis was performed using GraphPad Prism version 6.0 (GraphPad Software Inc., San Diego, California, USA). Normal distribution was not assumed. Data are presented as median (interquartile range) unless otherwise stated. For the comparison of the demographic characteristics and clinical variables of the studied subgroups, the Fisher's exact test was used for the nominal variables, and the non-parametric Mann-Whitney test was used for the single continuous variable (age). Non-parametric Mann-Whitney and Wilcoxon tests were used for variables with non-normal distributions. In addition, the correlation was performed by stations, calculating the Spearman correlation coefficient (r). The null hypothesis was rejected when the chance of occurrence of the observed differences did not exceed 5% (P<0.05).

   

  RESULTS

  Forty-one patients were recruited for the study, and 11 were excluded: surgical site infection (n=3 patients); accidental renal artery occlusion (n=1 patient); malignant neoplasm (n=1 patient); type II endoleak (n=3 patients); loss of follow-up (n=2 patients); death (n=1 patient). Thirty treated patients completed the study. Most of the patients were male elderly and smokers (Table 1). There was no need for transfusion in any of the cases. All procedures were well performed. Comorbidities are described in Table 2.
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  The median increase of miRNA-1281 before the procedure was 1.66-fold, with values ranging from 0.21 to 8.14. For men, it was 1.64, and for women, it was 1.72. After endovascular treatment, it was 0.27 with P<0.0001 (Figure 1). Among males, it was 0.27, and among females, it was 0.30.

    

    [image: Fig. 1. Micro ribonucleic acid (MiRNA)-1281 expression before and after endovascular aneurysm repair (EVAR). Moment I - before EVAR. Moment II - six months after EVAR.]

  

 
  Creatinine baseline values > 1.5 mg/dL were considered as prior renal dysfunction. Overall, 16.6% of the patients presented an increase > 25% in creatinine serum level or drop in glomerular filtration > 20% after EVAR and were considered to have renal dysfunction (Table 2). The mean creatinine increased by 0.07 mg/dl (P=0.68).

  Mean CRP levels before the procedure were 1.67 mg/L, with distant extreme values ranging from 0.02 to 19.47, and, after the procedure, 0.69 mg/L (P=0.48).

  There was no statistically difference in total cholesterol or triglycerides levels during EVAR follow-up. Also, there was no relation between total cholesterol (mean 179±51, P=0.22) or triglycerides (170±82, P=0.8) and miRNA-1281 expression.

   

  DISCUSSION

  When the UK Small Aneurysm Trial demonstrated no benefit from surgical treatment to small AAA, finding a clinical treatment to limit aneurysm growth became the target of several researches, especially in the last decade. However, there are no successful therapies in this field yet. Understanding the risk factors and pathological mechanisms of this disease is important to change this reality.

  The existing literature on miRNA and AAA is still scarce, and the biological importance seems unclear. The prevalence of AAA is associated with advanced age, male gender, white race, positive family history, smoking, hypertension, hypercholesterolaemia, peripheral vascular occlusive disease, and coronary artery disease. The risk of developing an AAA increases considerably after the age of 60 years. AAA is present in 1% of men between the ages of 55 and 64 years and the prevalence increases from 2% to 4% every decade thereafter. In our study, we found a higher prevalence of AAA in men (86.67%), with a mean age of 68.6 years, in agreement with other studies that describe a prevalence of four to six times greater in men than in women[13].

  Smoking is the major risk factor for aneurysm formation and the over time of smoking seems to have a greater influence than smoking burden[14]. In our series, we found 26 smokers (86.67%), corroborating the literature data.

  An important factor to consider in endovascular treatment is impairment of renal function. Some authors have reported no long-term effects on renal function, while others have found a significant decline over time[15].

  Renal function decline appears to be multifactorial and may be attributed to prior renal dysfunction, other comorbidities, the procedure itself, type of endoprosthesis, and diagnostic and therapeutic procedures required to evaluate and treat complications related to endoprosthesis during follow-up. In our series, creatinine levels and glomerular filtration rate showed no statistical variation before and after the procedure (P=0.68) from the preoperative period to a six-month follow-up.

  The relationship between several serum markers and AAA has broadened the fields of the study, such as CRP and miRNAs. There is relationship between CRP and AAA, as a predictor of post-treatment aneurysm progression and as a treatment prognostic factor[4]. In our study, we also found significance in the positive association between CRP and aneurysm diameter (P=0.0009, r=-0.53044), which suggests that patients with bigger AAA present higher levels of CRP; these data might be related to a higher inflammatory activity in AAA with larger diameters.

  Novel studies also demonstrated a significant increase in the plasma concentrations of fibrinogen, D-dimer, and the thrombin-antithrombin III complex in people with AAA, as well as a significant correlation between aortic diameter and D-dimer, in addition to these haemostasis markers. Other markers related to AAA include matrix metalloproteinase (MMP) 9, tissue inhibitor of MMP 1, interleukin 6, α1-antitrypsin, apolipoprotein A, and high-density lipoprotein. Despite a wide variety of biomarkers identified in patients with AAA, their prognostic value is yet to be established[16].

  In comparison to the usual protein biomarkers, miRNAs may provide early disease markers (usually the protein biomarkers are released after tissue damage) or those of greater specificity. In fact, miRNAs can be detected quantitatively by the RQ-PCR technique with high sensitivity, specificity, and multiplexing potential. However, RQ-PCR remains a relatively time-consuming technique compared to many analyses currently used in clinical laboratories, and nowadays there is no consensus on a method of data normalisation[17].

  Zhang et al.[6] studied the expression of miRNAs in patients with AAA. They evaluated 10 cases with aneurysm and 10 controls through microarray in blood samples and concluded that of the 151 miRNAs that presented a difference of at least two-fold, three patients presented a large increase (> 5) (miRNA 191-3p, miRNA 455-3p, and miRNA 1281). In a second step, these results were confirmed in a larger cohort of patients (60 cases and 60 controls) through RQ-PCR, with a fold increase of 5.90, 5.44, and 3.09 for miRNA-191-3p, miRNA455 -3p, and miRNA-1281, respectively.

  Maegdefessel et al.[18,19] investigated the role of miRNA-29b in two murine models of experimental AAA: the porcine pancreatic elastase infusion model in C57BL/6 mice and the angiotensin II (AngII) infusion model in apolipoprotein E-deficient (or ApoE-/-) mice. AAA development was accompanied by decreased aortic expression of miRNA-29b, along with the increased expression of known miRNA-29b targets, Col1a1, Col3a1, Col5a1, and Eln, in both models. A similar pattern of reduced miRNA-29b expression and increased target gene expression was observed in human AAA tissue samples compared to that in organ donor controls, proposing that miRNA-29b can induce significant perivascular fibrosis of the aortic wall and thereby protect the aorta from expansion via transforming growth factor beta modulation. Using the same model, miRNA-21 increased as AAA develop, as nicotine enhances up-regulation of miRNA-21 and then phosphatase and tensin homologue activity.

  More than biomarkers, miRNAs are promising targets in direct therapies to limit aneurysm growth. In a novel therapeutic approach, Wang et al.[20] delivered a miRNA-126 mimic guided by microbubble ultrasound to an AAA AngII-induced mouse model to down-regulate vascular cell adhesion molecule 1 and prevent aneurysm development. In other research using the same murine model, the inhibition of miRNA-712 and human/murine homologue miRNA-205 as AngII-induced miRNAs in the abdominal aortic endothelium in vivo and in vitro significantly decreased the aortic MMP activity and inflammation, preventing AAA development[21].

  However, there are no studies evaluating such miRNAs as markers after treatment, which was the objective of our study. In our study, miRNA-1281 was identified in the whole blood of patients with AAA and showed a significant reduction in expression after endovascular treatment, with a significant decrease (> 5-fold) after the surgery (P<0.0001), showing a positive and significant correlation both with the presence of the aneurysm and with the favourable clinical and anatomical evolution. Additionally, there was no association of miRNA expression with the diameter of the aneurysm (P=0.7058). Our study suggests a limited restorative property of aneurysmal tissue with subsequent improvement following endovascular treatment because miRNA-1281 was overexpressed and significantly reduced its levels after endovascular treatment.

  Recent studies have shown a relationship of some miRNAs with renal dysfunction, such as miRNA-148b, miRNA-25, and miRNA-30b, among others[22]. However, we did not find any studies that related miRNA-1281 to the regulation of renal function. In our study, creatinine levels before and after EVAR remained stable and presented no relation with miRNA-1281 expression.

  Rotllan et al.[23], in a recent study, demonstrated that the inhibition of miRNA-1281, miRNA-148a, or miRNA-185 led to a decline in low-density lipoprotein levels, but did not assess their relationship to total cholesterol and triglycerides[23]. In our study, we found no correlation between miRNA-1281 expression and total cholesterol or triglyceride levels.

  Tarbase experimentally supported interactions for miRNA-1281 with a list of 67 genes. PubMed Central research shows 204 genes linked to AAA. The only common gene between both is related to the transcription factor activator protein 2 (AP-2) alpha pathway. AP-2α is a member of the AP-2 transcription factor family consisting of α, β, γ, δ, and ε subunits. Aspirin activates AMP-activated protein kinase (AMPK) to increase AP-2α in accelerated atherosclerotic plaques. This pathway is also related to AAA incidence and growth through AMPKα2/AP-2α signalling[24,25]. Therefore, miRNA-1281 may influence AAA growth and incidence through AP-2α, although more studies are needed to confirm this hypothesis. In our study, intervention resulted in a significant decrease in the expression of the miRNA-1281 after six postoperative months, suggesting that the exclusion of the aneurysmal sac changes the pathways of the miRNAs. However, our findings share the inexistence or weak correlation of the miRNAs with the diameter of the aneurysm. This finding was consistent with previous study using the same methodology but with different types of miRNAs.

  The reason why miRNA-1281 reduces after aneurysm treatment is still ununderstood. Once the aortic wall disease was not removed in EVAR, we hypothesize that miRNA-1281 expression may be related to aortic wall stress or flow changes. However, this was not evaluated in this study and other experiments are needed to confirm that. A sudden reduction in hemodynamic stress in the aneurysmal wall could influence the expression of several molecules, including miRNA-1281, thus interfering with local lipoprotein metabolism correlating with aneurysmal sac stabilization after EVAR. This hypothesis would also require further studies for evaluation.

  Limitations

  Several limitations of our study may be considered. The small number of patients, which is reflected in the large standard deviations; the use of previously described miRNAs not being performed a study of paired controls, which may not be reproducible since the miRNAs involved in the pathophysiology of AAA are not known; and the non-inclusion of a patient with endoleak, which impairs the real meaning of the reduced expression of miRNAs studied in the present study after endovascular treatment.

  There is currently no available blood test for the diagnosis or monitoring of AAA. Given the stability of the miRNAs in circulation and their association with AAA, they are potential biomarkers for AAA. Further research is needed with rigorous case-control group definitions, sample acquisition protocols, and miRNA expression profiling techniques to identify miRNAs specific for AAA compared to other cardiovascular diseases for diagnostic, prognostic, and therapeutic purposes.

   

  CONCLUSION

  The study shows a significant reduce of miRNA-1281 after six months of the EVAR treatment for AAA. These data indicate the need of new studies to verify miRNA-128 as a possible marker of EVAR follow-up, with a larger number of samples and including cases with endoleaks as well.
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    ABSTRACT

    INTRODUCTION:

    In heart transplantation (HT) recipients, several factors are critical to promptly adopting appropriate rehabilitation strategies and may be important to predict outcomes way after surgery. This study aimed to determine preoperative patient-related risk factors that could adversely affect the postoperative clinical course of patients undergoing HT.

    METHODS:

    Twenty-one hospitalized patients with heart failure undergoing HT were evaluated according to respiratory muscle strength and functional capacity before HT. Mechanical ventilation (MV) time, reintubation rate, and intensive care unit (ICU) length of stay were recorded, and assessed postoperatively.

    RESULTS:

    Inspiratory muscle strength as absolute and percentpredicted values were strongly correlated with MV time (r=-0.61 and r=-0.70, respectively, at P<0.001). Concerning ICU length of stay, only maximal inspiratory pressure (MIP) absolute and percent-predicted values were significantly associated. The absolute |MIP| was significantly negatively correlated with ICU length of stay (r=-0.58 at P=0.006) and the percent-predicted MIP was also significantly negatively correlated with ICU length of stay (r=-0.68 at P=0.0007). No associations were observed between preoperative functional capacity, age, sex, and clinical characteristics and MV time and ICU length of stay in the cohort included in this study. Patients with respiratory muscle weakness had a higher prevalence of prolonged MV, reintubation, and delayed ICU length of stay.

    CONCLUSION:

    An impairment of preoperative MIP was associated with poorer short-term outcomes following HT. As such, inspiratory muscle strength is an important clinical preoperative marker in patients undergoing HT.

    Keywords: Heart Failure; Heart Transplantation; Respiratory Muscle; Muscle Weakness; Treatment Outcomes.

  

   
 
   

  INTRODUCTION

  Heart failure (HF) is a highly prevalent global syndrome, especially in older subjects, and represents a major cause of hospitalization, morbidity, and mortality[1]. Heart transplantation (HT) is considered the gold standard for the treatment of refractory terminal HF, especially since the 1980s, with the advent of immunosuppressive therapy[2].

  In HT recipients, accurate identification of all factors that may affect outcome in terms of functional recovery, morbidity, and mortality is critical to promptly adopt appropriate rehabilitation strategies[3]. Left ventricular dysfunction is related to systemic alterations and is an important marker to stratify risk for exercise-induced events during rehabilitation[4]. As such, advanced HF leads to alteration of pulmonary pressure due to chronic congestion secondary to left chamber dysfunction. Preoperative pulmonary hypertension has been described as a prognostic marker for short-term outcomes after HT[5].

  Patients with HF have an impaired functional capacity, i.e., poor six-minute walk test (6MWT) distance, poor quality of life, and muscle weakness; deconditioning plays an important role in these clinical characteristics. Interestingly, in addition to peripheral muscle impairment, the respiratory musculature is also oftentimes compromised in patients with HF[6]. Previous work has demonstrated a relationship between decreasing maximal inspiratory muscle strength and endurance and metabolic and structural damage to diaphragmatic fibers[7].

  Meyer et al.[7,8]has shown that respiratory muscle strength has been characterized as an independent predictor of HF prognosis. The reduction of respiratory muscle strength, as determined by maximal inspiratory pressure (MIP), is related to the severity of HF, as demonstrated by the stepwise worsening impairment in MIP with increasing New York Heart Association (NYHA) functional class[9]. In this context, we hypothesized that clinical baseline characteristics, decrease functional capacity, and respiratory muscle weakness may contribute to the development of poor postoperative outcomes of HF patients undergoing HT.

  If our hypothesis is confirmed, these measures could guide more precise therapeutic and rehabilitative strategies in these patient populations[3]. As such, this study aimed to determine preoperative patient-related risk factors that could adversely affect the postoperative clinical course in patients undergoing HT.

   

  METHODS

  This observational study was conducted between October 2013 and February 2017 at the Hospital São Paulo, Hospital Universitário da Universidade Federal de São Paulo, Brazil. All appropriate ethical aspects were followed with study approval obtained from the institution’s Clinical Ethical Research Committee. All subjects were informed about the study and signed a written consent form before enrolment.

  Subjects

  For this prospective study, hospitalized patients with end-stage HF undergoing HT were recruited. Eligible criteria were applied as follows: 1) both sexes; 2) age between 18 and 70 years; and 3) an HF diagnosis determined by the referring clinician, confirmed by echocardiography and stratified according to clinical presentation (NYHA classes III and IV).

  Exclusion criteria applied were: 1) chronic obstructive pulmonary disease, confirmed by spirometry according to the Global Initiative for Obstructive Lung Disease, or GOLD[10]; 2) unstable angina pectoris; 3) atrial and ventricular arrhythmias leading to hemodynamic compromise; 4) hemodynamic instability; 5) acute coronary syndromes; 6) chronic renal failure or dialysis; 7) intraoperative death; 8) neuromuscular and psychiatric conditions that could potentially influence test performance; and 9) noncardiac conditions limiting exercise performance.

  Surgical Procedures

  During the intraoperative period, all patients were submitted to the same protocol of anesthesia and mechanical ventilation (MV). The surgical procedure followed a standard protocol, with median sternotomy access and usual cannulation for cardiopulmonary bypass (CPB). After the onset of CPB, recipient cardiectomy was performed so that it could be completed simultaneously with the arrival of the donor heart. All operations were performed using the bicaval technique[11], first sequencing left atrial anastomosis, usually followed by anastomosis of the inferior vena cava, pulmonary artery, aorta, and superior vena cava. At the end of the surgery the usual mediastinal and pleural thoracic drains were placed. Before closing the sternum, atrial and ventricular temporary pacing wires were inserted.

  After the procedure, all patients were transferred to the intensive care unit (ICU) where postoperative care was performed in a manner similar to that of other open-heart surgery cases. Extubation was performed according to an established protocol in the ICU, followed by noninvasive MV for one hour. The mediastinal tubes were removed as early as possible, according to the rate of fluid drainage. The immunosuppression protocol consisted of cyclosporine, azathioprine, and methylprednisolone. All patients underwent endomyocardial biopsy to monitor acute rejection during the in-hospital phase.

  Respiratory Muscle Strength

  An analogical manometer (Critical Med, Rio de Janeiro, Rio de Janeiro, Brazil) was used for determination of preoperative MIP. This protocol was performed as described by the American Thoracic Society (ATS)[12] and reference values were obtained through equations described by Neder et al.[13].

  Functional Capacity

  Functional capacity was determined by the 6MWT performed in the preoperative period according to ATS Guidelines[14] and reference values were obtained through equations described by Soares-Pereira et al.[15].

  Patient-Related Factors and Clinical Outcomes

  Anthropometric data were obtained through the admission and clinical data by echocardiography (i.e., preoperative pulmonary arterial systolic pressure [PASP] and left ventricular ejection fraction [LVEF]). The MV time, reintubation rate, length of postoperative ICU stay, and mortality were recorded for all patients.

  Statistical Analysis

  The normality distribution of data was analyzed by the Kolmogorov-Smirnov test. Categorical data were presented in absolute (n) and relative (%) frequency. Semi-continuous and continuous variables were presented as mean and standard deviation. The Pearson’s correlation coefficient was used to determine the association between age, inspiratory muscle strength, PASP, LVEF, and the 6MWT with MV time and length of postoperative ICU stay.

  Frequency distributions for patients with and without inspiratory muscle weakness (MIP < 70% of predicted value) in respect of outcomes were obtained as follows: postoperative prolonged MV time (> 48 hours), reintubation, and prolonged ICU length of stay (> 6 days). A P-value < 0.05 was used to consider statistical significance for all tests.

   

  RESULTS

  During the study period, 56 patients were assessed for eligibility, and from that sample, 21 patients were included. The progression of patients throughout the study is indicated in a flowchart (Figure 1). Baseline clinical and anthropometric characteristics of participants are summarized in Table 1.
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  The inspiratory muscle strength as absolute and percent-predicted values were significantly negatively correlated with MV time (r=-0.61 with P=0.0031 and r=-0.70 with P=0.0004, respectively, Figure 2). Concerning ICU length of stay, only absolute and percent-predicted |MIP| values were significantly associated. Absolute |MIP| was significantly negatively correlated with ICU length of stay (r=-0.58 with P=0.006, Figure 3), and the percent-predicted MIP was also significantly negatively correlated with ICU length of stay (r=-0.68 with P=0.0007, Figure 3). No associations were observed between age, PASP, LVEF, or 6MWT and MV time and length of postoperative ICU stay.

    

    [image: Fig. 2. Clinical factors related to mechanical ventilation (MV) time. A. Age; B. pulmonary arterial systolic pressure (PASP); C. left ventricular ejection fraction (LVEF); D. maximal inspiratory pressure (MIP); E. percent-predicted MIP; F. six-minute walk test (6MWT) distance.]

  

 
    

    [image: Fig. 3. Clinical factors related to length of intensive care unit (ICU) stay. A. Age; B. pulmonary arterial systolic pressure (PASP); C. left ventricular ejection fraction (LVEF); D. maximal inspiratory pressure (MIP); E. percent-predicted MIP; F. six-minute walk test (6MWT) distance.]

  

 
  When patients were dichotomized according to the presence of respiratory muscle weakness, those with percent-predict MIP < 70% presented a higher prevalence of prolonged MV, and significantly higher prevalence of reintubation, and delayed ICU discharge (Table 2).

  
    

    [image: Table 2. Patients with or without respiratory muscle weakness regardless of short-term outcomes.]

  

  Five deaths were observed within 30 days of HT. From this sample, three of those patients had preoperative inspiratory muscle weakness.

   

  DISCUSSION

  The results of the current study revealed that the presence of inspiratory muscle weakness was associated with poorer clinical outcomes following HT. Preoperative MIP evaluation demonstrated clinical value that is easily performed, noninvasive, and safe to administer in the inpatient environment[16].

  Although MIP depends on patients’ cooperation and maximal effort, repeated measurements reveal good reproducibility[16]. This test could be easily applied in all inpatient clinical settings, administered at the same time as a routine pulmonary function test or as a standalone measure. Another advantage is the possibility to risk stratification of patients independently of their ability to walk or cycle.

  Impaired respiratory muscle strength is frequently present in HF patients, possibly reflecting an increased work of breathing. Chronic lung congestion occurs secondarily to left ventricle dysfunction causing a restrictive ventilatory pattern and inefficiency, overloading the respiratory muscles in HF patients[17].

  Beyond mechanical mechanism, inspiratory muscle weakness can occur due to deconditioning status, indicating the role of skeletal muscle proteolysis. A generalized skeletal muscle disorder is associated with oxidative stress and activation of pro-inflammatory pathways frequently present in HF patients[18,19]. This process is described as sarcopenia, a systemic skeletal muscle disorder that impairs the function of both the skeletal and respiratory musculature, resulting in further functional decline[20]. Also, a switch of muscle fiber types is observed as HF severity increases[21]. Tukinov et al.[18] investigated skeletal muscle myopathy in HF patients, finding a greater percentage of type I muscle fibers and a significantly lower percentage of type II and type IIa muscle fibers in the costal diaphragm compared to healthy subjects. A disease-induced adaptation of type I fiber predominance revealed poorer respiratory strength and power secondary to the pathophysiologic effects of HF[19]. The authors suggested that adding assessments for inspiratory muscle power could more completely detect the impact of HF on muscle dysfunction. In fact, our results revealed that 42.9% of patients with terminal HF had respiratory muscle weakness, defined as an MIP < 70% of predicted. This finding is corroborated by previous studies that indicate a 30-50% prevalence of respiratory muscle weakness in HF patients[22].

  A longer time of exposure to HF in conjunction with aging could precipitate further complications. Studies have shown a progressive reduction of |MIP| between 0.8 and 2.7 cmH2O per year in elderly subjects[23,24]. Elderly subjects also often present with cognitive impairment, frailty, and a significant number of other comorbidities. Therefore, age is a common risk factor for cardiovascular events and mortality, in clinically and surgically managed patients with HF. However, the findings of our study did not show an association between age and MV time or ICU length of stay. These results may indicate that, in patients with HF undergoing HT, other age-independent mechanisms could better account for short-term risk following HT.

  A reduction in LVEF explains cardiopulmonary mechanical disarrangement and systemic alterations in HF patients. Previous studies demonstrated that inpatients with reduced LVEF exhibit poor functional capacity and worsening respiratory muscle strength[25]. Nevertheless, HF patients develop compensatory systemic mechanisms, such as tolerance to high pulmonary vascular pressure during effort and peripheral vascular resistance control, which are not necessarily related to the degree of LVEF[26]. Although LVEF had been recognized as an important prognostic marker following heart surgery[27], the current findings indicate LVEF was not related to other measures of interest. Even though left ventricular dysfunction may display systemic alterations, the compensatory mechanisms are more related to prognosis than LVEF itself, especially in HT, where the failing heart is replaced. Similarly, in the present study, our results showed that LVEF was not related to MV time and ICU length of stay. Meyer et al.[8] demonstrated that the prognostic value of LVEF could be improved by adding the assessment of MIP and peak of oxygen uptake in HF patients. They also found that MIP was able to predict prognosis independently of NYHA class and norepinephrine levels.

  To meet the unique mechanisms underlying the course of HF, recent studies have addressed the importance of pulmonary hypertension in HF. Bursi et al.28] (2012) demonstrated that PASP strongly predicts mortality and is an incremental and clinically relevant prognostic marker independent of other established predictors of outcome in HF patients. Within the possibility of vascular modulation in the presence of pulmonary hypertension, the present study investigates whether PASP would be associated with short-term outcomes following HT. However, in the present study, we did not observe a correlation between these variables, which could be explained by the advanced HF profile in our cohort patients. Specifically, the patients included in the current study had severe HF necessitating HT, and therefore higher levels of PASP.

  The severity of disease progression in the current study can be confirmed by the patients with the NYHA functional class around III and IV. Filusch et al.[29] (2011) demonstrated, in a large cohort of HF patients (n=5,532), that inspiratory muscle strength was progressively more impaired according to the worsening NYHA functional class. They identified that patients with NYHA class I have significantly greater strength compared to those of all other NYHA classes. Whereas patients with NYHA class IV have significantly poorer respiratory muscle power compared to those in all other NYHA classes[9,19].

  These assumptions reveal that patients with worse NYHA and lower respiratory muscle strength had impairment in functional capacity and exercise performance. A well-established and accepted evaluation of functional capacity in HF patients undergoing HT is the 6MWT. Frequently employed in clinical practice, the 6MWT is an easy-to-perform test, has the ability to differentiate the clinical impact of therapies, holds prognostic value, and is better tolerated than a maximal incremental exercise test[30].

  Stewart et al.[31] (2014) indicated that patients with left ventricular dysfunction who walked < 300 meters in the preoperative period were at higher risk of unfavorable outcomes following myocardial revascularization surgery. Notwithstanding, the findings of the current study did not observe an association between 6MWT distance and MV time or ICU length of stay. Likewise, Rocco et al.[32] (2018) identified that the 6MWT alone is not able to predict short-term outcomes following myocardial revascularization, unless patients had an obvious impairment in 6MWT distance. They found that direct measurement of oxygen consumption evaluation would more accurately predict risk during the postoperative period, especially because ventilatory expired gas analysis provides more substantial data about compensatory mechanisms, tolerance of high arterial pulmonary pressures, and ventilatory performance.

  Previous studies confirmed the association between ventilatory inefficiency, measured by the ratio between ventilation and carbon dioxide production, and inspiratory muscle weakness, verified by low MIP[33]. Several protocols of inspiratory muscle training were able to improve ventilatory efficiency, especially in those patients with advanced HF[20,34].

  Regardless of the complexity of parameters evaluated in the preoperative period of HT, inspiratory muscle strength (i.e., MIP) seems to reflect an overall adaptation secondary to refractory HF. The current study identified that the main parameter able to detect higher chances of short-term outcomes following HT is MIP. Patients with respiratory muscle weakness, i.e., percent-predicted MIP < 70%, expressed a higher prevalence of reintubation, prolonged MV, and delayed ICU length of stay.

  In the postoperative phase of cardiac surgery, prolonged MV time is currently defined as a time longer than 24 to 48 hours of MV support[35]. In HF patients within the preoperative phase of HT, marked respiratory muscle weakness is already established before MV[25]. A previous report identified that respiratory muscle training in the preoperative phase benefits patients in the postoperative phase of revascularization surgery, with a lower incidence of pulmonary complications, including MV dependence[36]. These assumptions suggest that a higher impartment of MIP in the preoperative phase is associated with prolonged MV time postoperatively.

  To the best of our knowledge, our study was the first to directly investigate the association between preoperative respiratory muscle weakness and postoperative short-term outcomes in hospitalized patients undergoing HT. Camkiran et al.[37] (2015) analyzed patients in the postoperative phase of HT and found a longer MV time (123.8 hours), and, consequently, a prolonged ICU stay (19.8 days). This study corroborates with our findings, where our patients with a longer MV time (110.9 hours) also evolved with a prolonged ICU stay (10.7 days).

  A previous study found a negatively significant association between MIP and C-reactive protein, fibrinogen, and white blood cell count. Beyond mechanical compensation, the investigators of the same study concluded that inspiratory muscle weakness may be a marker of metabolic and inflammatory pathophysiologic processes[19,38].

  The current scenario expresses the importance of inspiratory muscle weakness as a clinical manifestation of the severity of HF adaptations, with an interdependence between cardiac and respiratory systems, and also indicates that it is an important prognostic tool[18,19]. Evidence suggests that respiratory muscle strength improvement before coronary artery bypass graft surgery was able to reduce the incidence of postoperative pulmonary complications, MV time, and length of hospital stay[39]. The present findings support that increasing inspiratory muscle strength in the preoperative phase may also improve early postoperative outcomes in patients undergoing HT.

  Limitations

  A limitation of the present study was the absence of a greater number of patients. As such, we had a limited number of deaths and were unable to perform an in-depth and conclusive survival analysis.

   

  CONCLUSION

  Impairment in preoperative MIP was associated with poorer short-term outcomes following HT. Therefore, our findings in conjunction with previous research indicate that inspiratory muscle strength appears to be an important clinical measure in patients undergoing HT.
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    ABSTRACT

    INTRODUCTION:

    The mouse heterotopic cardiac transplant model has been extensively used to explore transplant immunity. Although the cuff technique facilitates the operation, the procedure remains difficult, and vessel eversion is the most difficult step. Cuff movement and everted vessel wall slippage are the main adverse factors in vessel eversion. Traditional strategies to prevent these factors focus on cuff fixation, while more steps or surgical instruments would be required.

    METHODS:

    According to the reported protocols and our experience, the vessel eversion skills were modified and used for transplantation. Cardiac grafts from C57BL/6(H-2b) or BALB/c(H-2d) mice were transplanted into C57BL/6(H-2b) mice. The operating times of recent 90 operations, which were divided into 9 groups according to their sequence, were summarized and analyzed.

    RESULTS:

    The mouse cervical cardiac transplantation was successfully performed by using the modified vessel eversion skills. The cuff movement, which is the most important adverse factor to prevent vessel eversion, was effectively prevented. In the recent 90 operations, the total operating time was 47.3±7.9 min and the success rate was 98%.

    CONCLUSIONS:

    The modified surgical skills simplify the vessel eversion in mouse cervical cardiac transplantation with cuff technique, characterized by less cuff movement, fewer steps, and surgical instruments. Using these surgical skills, the transplant can be performed in a short time.

    Keywords: Heart Transplantation; Tissue Donors; Heart; Vascular Factor; Surgical Instruments; Animals.

  

   

   

  INTRODUCTION

  Corry first described the mouse heterotopic vascularized cardiac transplant model in 1973[1], and Chen first described mouse cervical cardiac transplantation in 1991[2]. In this nonfunctional transplant model, the cardiac graft aorta is anastomosed to the recipient artery, and the cardiac graft pulmonary artery is anastomosed to the recipient vein; the host blood flow perfuses the cardiac graft through the coronary circulation. Although the mouse heterotopic cardiac transplant model has been extensively used to explore transplant immunity[3,4], the procedure remains difficult. To simplify the operation, cuff technique was developed for mouse cervical cardiac transplantation in 1991[5].

  Although the cuff technique facilitates the mouse cervical cardiac transplantation, the procedure is still difficult. During the surgery, vessel eversion is the most difficult step; cuff movement and everted vessel wall slippage are the main adverse factors in vessel eversion[3,6-8]. Traditionally, strategies to prevent these problems have focused on cuff fixation, such as the use of a specially designed cuff that has an extension, or on modification of the manner of vessel anastomosis or the use of affiliating tools[3,6-8], which required more steps or surgical instruments. In this article, we present surgical skills to simplify vessel eversion that do not require specially designed cuffs or surgical instruments.

   

  METHODS

  Animals

  The 6-12-week-old male C57BL/6(H-2b) and BALB/c(H-2d) mice were purchased from Beijing HFK Bioscience Co., Ltd, or Beijing SPF Biotechnology Co., Ltd, or generated by the Institute of Zoology. All mice were kept in microisolator cages in a specific pathogen-free facility. All experiments were approved by the Animal Ethics Committee of the Institute of Zoology. All animals received human care in compliance with the Guide for the Care and Use of Laboratory Animals.

  Surgical Instruments and Materials

  The cuffs were designed in two sizes. The cuff for the external jugular vein (EJV) has a 0.8 mm external diameter and a 0.7 mm inner diameter. The cuff for the carotid artery (CA) has a 0.5 mm external diameter and a 0.4 mm inner diameter. The cuffs were cut in segments ranging from 1 to 1.3 mm (Figure 1). A set of microsurgical instruments included two curved forceps with a 0.15 mm tip for tissue isolation and vessel eversion, and two curved forceps with a 0.30 mm tip for knotting. Microvascular clamps were purchased from Scanlan (Ref. 1001-531). Braintree Scientific, Inc. (Ref. 103-S) supplied the 7-0 silk.

  
    

    [image: Fig. 1. Cuffs. The left cuff is for external jugular vein (EJV) eversion, and the right cuff is for carotid artery (CA) eversion.]

  

  Microscope

  The operation was conducted using an operating microscope (Luckbird, Zhenjiang Zhongtian Optical Instruments Co., Ltd., Zhenjiang, China) with a magnification between 5x and 25x.

  Cardiac Graft Procurement and Transplantation

  The cardiac graft procurement and transplantation primarily followed the reported protocols[5,9,10], modified by our experience. In the step of recipient vessel eversion, the vessel was dragged into the cuff, and the vessel end was gently caught with two forceps, bilaterally, while the cuff was perpendicular to the clamp (Figure 2A). One half of the vessel end was everted over the cuff first, followed by the other half of the vessel end eversion (Figure 2B). To connect the everted vessel wall to the cuff, the surgeon held the vessel wall with one forceps, caught one end of a preset circumferential ligature with the other forceps, and encircled the everted vessel wall with this ligature. Then, the surgeon gently fixed the end of the ligature to the everted vessel wall and released the first forceps to tie the ligature (Figures 2C and 2D). A single surgeon finished the cardiac graft procurement and transplantation. Transplant rejection was defined as cardiac graft arrest.

  
    

    [image: Fig. 2. Diagram of vessel eversion. (A) The vessel is dragged into the cuff, and the vessel end is gently caught with two forceps bilaterally, while the cuff is perpendicular and clamped. (B) First, half of the vessel end is everted over the cuff, followed by the other half of the vessel end eversion. (C) A preset circumferential ligature encircles the everted vessel wall, and one end of the ligature is gently pulled to prevent slippage of the everted vessel wall. (D) The ligature is tied, and the vessel eversion is finished. The gray diamond represents the tip of the forceps; red represents the vessel wall.]

  

  Statistical Analysis

  All data were presented as mean±SEM. Graft survival was compared using the log-rank test. A P <0.05 was considered statistically significant.

   

  RESULTS

  The Mouse Cervical Cardiac Transplantation Model with Cuff Technique Was Successfully Established

  According to the reported protocols[5,9,10] and our modification during training, the mouse cervical cardiac transplantation was established successively (Figures 3A and 3B). The survival time of allogeneic grafts was 7 to 8 days, and syngeneic grafts had a long-term survival rate (P<0.005) (Figure 3C). In the 90 most recent operations, only 2 transplantations failed; the cause was vascular torsion after cardiac graft shift.

  
    

    [image: Fig. 3. Mouse cervical cardiac transplantation model with a cuff technique is established. (A) The cardiac graft is implanted. (B) Recipient blood perfuses the cardiac graft. (C) Survival curve of the syngeneic or allogeneic grafts. The white arrow points toward the head of the recipient mouse.]

  

  Vessel Eversion Can Be Successfully Performed in a Short Time

  Vessel eversion is the most difficult step of mouse cervical cardiac transplantation using the cuff technique. Cuff movement and everted vessel wall slippage are the main adverse factors of vessel eversion[3,6-8]. Following the surgical skills previously described, vessel eversion can be successfully performed (Figure 4A). Vessel preparation, which extends from performing recipient skin incision to finishing the vessel eversion of both EJV and CA, can be performed in a short time. In 90 recent operations, the time required for vessel preparation was 21.0±4.8 min. The 90 operations were divided into 9 groups according to their time sequence; the time of vessel preparation was stable with a declining trend (Figure 4B). Therefore, the surgical skills are effective to perform the vessel eversion.
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  The Transplant Can Be Finished in A Short Time

  Due to the benefit of vessel eversion surgical skills, the transplant can be completed in a short time. In our recent 90 consecutive operations, the total time was 47.3±7.9 min from the beginning of the graft procurement to the incision suture of the recipient mice. Furtherly, these 90 operations were divided into 9 groups according to their time sequence. In the last 10 operations, the operating time was stably decreased and totaling 39.0±6.4 min. The recipient time, including vessel preparation, graft implantation, and recipient incision suture, also decreased (Figure 5). Therefore, improved operational skills significantly shortened the operating time.

  
    

    [image: Fig. 5]

  

   

  DISCUSSION

  The mouse heterotopic cardiac transplant model has been extensively used to explore transplant immunity[3,4]. Compared to the suture anastomosis, deploying a cuff technique may be easier and saves time[5,11]. The most difficult step of mouse cervical cardiac transplantation using the cuff technique is vessel eversion, especially for the CA[8,10]. Cuff movement and everted vessel wall slippage are the primary adverse factors in vessel eversion[3,6-8]. Some work has been done to address these adverse factors, such as using a cuff with an extension that can be held with a clamp and using instruments to hold the cuffs. These improvements help make vessel eversion easier in situations requiring more steps or surgical instruments. In addition, improving surgical skills may be another way to facilitate vessel eversion.

  During our operations, we first placed the cuff perpendicular to the clamp and then everted the vessel wall half in half. To prevent vessel wall slippage during ligation after eversion, one forceps held the vessel wall while the other forceps caught one end of a preset circumferential ligature. The second forceps encircled the everted vessel wall with this ligature, then gently pulled the end of the ligature to fix the everted vessel wall. The surgeon released the first forceps to tie the ligature. In our experience, the adverse effects of cuff movement and everted vessel wall slippage can be prevented using these surgical skills.

  Traditionally, the average total operating time has been reported to be 45 to 60 min[9-12]; the total operating time of our recent 90 consecutive operations was 47.3±7.9 min. In addition to the total time, the time of vessel preparation, defined as the process from performing the recipient skin incision to finishing the vessel eversion of both EJV and CA, was 21.0±4.8 min for these 90 operations. Our improvement in surgical skills was effective in reducing the time of operations.

  Several useful points and some troubleshooting are as follows:

  Watching a video of the operation is helpful for mastering the operation. Some videos by Ratschiller and Oberhuber are available online[10,12,13].

  Super-fine-tip forceps, such as the forceps with a 0.15 mm tip, are more appropriate during blood vessel isolation, eversion, and anastomosis.

  An inner core, which is placed into the vessel lumen to facilitate vessel eversion, may be useful during the early training stage. Our experience, however, indicates that it should be avoided as much as possible because of the risk of vessel intima injury and thrombosis for some genetically modified mice.

  The site of the ligature on the recipient CA must be at the proximal site of its bifurcation, and some distance should be left from the ligature to the bifurcation to avoid the risk of cerebral blood flow disorder.

  The length of the cuffs should be appropriate for vessel eversion and donor and recipient vessel anastomosis. In our experience, 1.0-1.3 mm may be suitable.

  In conclusion, in addition to the strategies that facilitate vessel eversion by fixing the cuff in mouse cervical cardiac transplantation with cuff technique, the modified surgical skills simplify the vessel eversion, characterized by less cuff movement, fewer steps and surgical instruments. Using these surgical skills, the transplantation could be performed in a short time.
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    ABSTRACT

    INTRODUCTION:

    Our objective was to identify preoperative risk factors and to develop and validate a risk-prediction model for the need for blood (erythrocyte concentrate [EC]) transfusion during extracorporeal circulation (ECC) in patients undergoing coronary artery bypass grafting (CABG).

    METHODS:

    This is a retrospective observational study including 530 consecutive patients who underwent isolated on-pump CABG at our Centre over a full two-year period. The risk model was developed and validated by logistic regression and bootstrap analysis. Discrimination and calibration were assessed using the area under the receiver operating characteristic curve (AUC) and the Hosmer-Lemeshow (H-L) test, respectively.

    RESULTS:

    EC transfusion during ECC was required in 91 patients (17.2%). Of these, the majority were transfused with one (54.9%) or two (41.8%) EC units. The final model covariates (reported as odds ratios; 95% confidence interval) were age (1.07; 1.02-1.13), glomerular filtration rate (0.98; 0.96-1.00), body surface area (0.95; 0.92-0.98), peripheral vascular disease (3.03; 1.01-9.05), cerebrovascular disease (4.58; 1.29-16.18), and hematocrit (0.55; 0.48-0.63). The risk model developed has an excellent discriminatory power (AUC: 0,963). The results of the H-L test showed that the model predicts accurately both on average and across the ranges of deciles of risk.

    CONCLUSIONS:

    A risk-prediction model for EC transfusion during ECC was developed, which performed adequately in terms of discrimination, calibration, and stability over a wide spectrum of risk. It can be used as an instrument to provide accurate information about the need for EC transfusion during ECC, and as a valuable adjunct for local improvement of clinical practice.

    Keywords: Blood Transfusion; Coronary Artery Bypass; Cardiopulmonary Bypass; Risk Factors; Risk-Prediction Model.
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  INTRODUCTION

  Cardiac surgery under cardiopulmonary bypass (CPB) is associated with the transfusion of blood products[1]. Approximately 20% of all transfusions in the United States of America are associated with cardiac surgery[2,3], and some studies report that more than half of patients undergoing cardiac surgery receive blood products during the perioperative period[4]. However, despite advances and efforts to conserve blood, protocols and indications for blood transfusion vary from institution to institution[2,5,6]. Although there is currently less need for transfusion, there are many patients who still need it and there are some variables that can predict the need for its use.

  Transfusions are associated with a higher risk for the patient, as well as with a great financial cost[7]. Risks related to the use of blood include ABO/Rh incompatibility, sepsis, immunosuppression and viral transmission (hepatitis B, C, and human immunodeficiency virus), and association with increased morbidity and mortality[2,5]. There are several methods, pharmacological or non-pharmacological, that help to reduce bleeding and transfusion. The main pharmacological approaches are the use of tranexamic acid or epsilon-aminocaproic acid. Non-pharmacological methods include autologous retrograde transfusion and autotransfusion[7]. The use of these various methods, either alone or in combination, can reduce the number of transfusions needed[2,7].

  Analysis of the results is important to improve the provision of health care[8]. An essential part of the preoperative study of a candidate for cardiac surgery is the assessment of the need for transfusion. Risk prediction, defined as the ability to predict the outcome of the given act, can provide crucial information in several areas: for the patient and the family, who can be correctly informed about the estimated risk, increasing the accuracy of the expectation; and for the attending physician, who will be able to better assess the respective risk-benefit ratio and compare it with that of other therapeutic options[9]. On the other hand, it allows a constant assessment of the quality of performance of the system and, consequently, improvement in the health care provided[10,11].

  In this study, we intended to evaluate the influence of preoperative variables in the consumption of blood products in patients undergoing isolated coronary artery bypass grafting (CABG). The main objectives are analysis of the consumption of erythrocyte concentrate (EC) and identification of the respective risk factors and to build and validate a risk-prediction model for EC transfusion during CABG that allows the identification of risk groups within the population, which may eventually be studied in order to use blood conservation techniques, as well as the optimization of the relationship with the blood service for better organization and management of resources.

   

  METHODS

  Study Design and Population Selection

  This is a monocentric, observational, and retrospective study consisting of 530 patients who underwent consecutive isolated CABG with CPB, at our Centre, over a full two-year period. Urgent, emergent surgery and reoperations were included in this study. Exclusion criteria were associated surgical procedures and CABG without the use of CPB (off-pump CABG). The transfusion of other blood products was not studied. All ethical issues were fulfilled in carrying out this study.

  Origin and Collection of Data

  The data referring to this population were obtained by consultation of the clinical file and individual CPB data record and of the electronic system of the Clinical Pathology Department, to retrieve the preoperative serum values of hematocrit (Htc) and creatinine.

  Surgical Technique and Conduction of CPB

  Priming of the extracorporeal circulation circuit was, as a general rule, performed with 1,000-1,100 cc of isotonic crystalloid solution. Whenever possible and desirable, the retrograde autologous priming technique was used for the partial or total elimination of this volume. One EC unit was usually included in the prime when the preoperative Htc was < 34%. Systemic heparinization consisted of the administration of 300 IU/kg of sodium heparin. CPB was performed with a non-pulsatile flow (roller pump) and a membrane oxygenator; the perfusion pressure was electively maintained between 55 and 60 mmHg. During CPB, a 20% mannitol solution (5 cc/kg) was routinely administered. Overall, EC transfusion was performed when the Htc value under CPB was < 24%.

  Cardioplegia was not used and all distal anastomoses were performed with the heart beating or in ventricular fibrillation without aortic cross-clamping, with moderate hypothermia (32 ºC), and with a decompressed left ventricle by a cannula introduced through the right upper pulmonary vein. Proximal anastomoses were performed with the heart beating and, as a general rule, during a single period of partial clamping of the aorta. In some cases, the aorta was untouched and the anastomoses performed with one or two periods of very low flow, as described before[12]. At the end of the CPB, all the blood retained in the circuit was reinfused. Heparinization was reversed with administration of protamine, at a dose of 1.5 mg/kg. Blood recovery systems, such as ultrafiltration or Cell Saver, were not used.

  Statistical Analysis

  Data are summarized as means and standard deviations for continuous variables and as frequencies and percentages for categorical variables. For each sample of data referring to continuous variables, the coefficients of asymmetry (skewness) and kurtosis (tailedness) were determined, as well as the respective standard errors. The sample was considered to have a normal distribution if the result of dividing the asymmetry and the kurtosis coefficients by standard errors was less than two. Student's t-test for two samples was performed differently, depending on whether it was assumed that the samples to be compared had or did not have different variances. The variances were previously compared using the Levene’s test.

  Risk Model - Development and Validation

  The EC transfusion was dichotomized, considering the transfusion of at least one unit of EC during the CPB period as a value 1 and the opposite as value 0. The criterion for selecting the preoperative variables to be included in the analysis had considered its potential relevance in relation to the result under study and observations of previously published works.

  The preoperative variables selected for analysis were age, gender, body surface, body mass index, diabetes mellitus, hypertension, recent smoking, peripheral vascular disease, cerebrovascular disease, chronic obstructive pulmonary disease, Htc, serum creatinine, glomerular filtration rate (GFR), severe angina (Canadian Cardiovascular Society class III/IV), recent acute myocardial infarction (AMI) (< 30 days), history of AMI, left ventricular (LV) dysfunction (EF < 40%), three-vessel coronary disease, non-elective surgery, and reoperation.

  The entire population was used to build the risk model. This was developed using the logistic regression method associated with the random sampling technique with replacement (bootstrapping). Initially, a comparative analysis of the preoperative variables selected in the groups of patients with and without EC transfusion was performed, with the univariate analysis being performed using the Chi-square (χ2) test and Fisher’s test for the categorical variables, and the Student t-test and Mann-Whitney U test for the continuous variables. Variables that in the univariate analysis showed a P-value < 0.20 were submitted to a multivariate study by logistic regression using the forward stepwise method. Since the effective sample is relatively small (91 patients), a P-value < 0.1 was used as the criterion for retention of variables in the final model.

  The technique of random sampling with replacement (bootstrapping) was used in combination with the logistic regression analysis for the process of selecting the variables to include in the final model. In this way, 200 new samples were created by this technique, all with 100% of the population (n=530), and each one of them was submitted to a multivariate analysis by logistic regression using the methodology mentioned before. Only the variables that were present in more than 50% of the samples were included in the final model, the others being excluded.

  The risk model was assessed for two properties: calibration and discrimination. The calibration was evaluated by the Hosmer-Lemeshow (H-L) test, which analyzes the differences between the observed results and those predicted by the model over the risk deciles. A statistically non-significant result (P>0.05) suggests a good global calibration of the model. In order to provide more detailed information on the model's behavior in relation to a risk spectrum, a graph with the observed and predicted values for each of the risk decile groups was constructed.

  The discriminatory power of the model was assessed by analyzing the area below the receiver operating characteristic (ROC) curve. The methodology used to calculate the area below the ROC curve and respective standard errors was the non-parametric approximation to the Wilcoxon-Mann-Whitney statistic. If the area obtained is > 0.7, it can be concluded that the model has an acceptable discriminatory power and, consequently, can be used in ordering patients in treatment groups. The R2 Nagelkerke value was also determined, which can give a measure of the percentage of explanation that the variables identified in the logistic regression have to predict the event under study (e.g., R2 Nagelkerke=0.521 means that 52.1% of the variation found in an event are explained by the block of variables included in the model).

  The statistical analysis was performed using the IBM Corp. Released 2012, IBM SPSS Statistics for Windows, Version 21, Armonk, NY: IBM Corp.

   

  RESULTS

  Table 1 shows the demographic and clinical characteristics of the study population. The mean age was 64.5±9.4 years and most of the patients (85.5%) were male.
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  Table 2 describes the data related to EC transfusion in the study population. In total, the average number of EC units administered was 0.3. Ninety-one patients (17.2%) were transfused: 50 (54.9%), 38 (41.8%), and three (3.3%) patients received one, two, and three units, respectively. A total of 135 EC units (mean: 1.5 per patient) were transfused; of these, 63% were used in 41 patients (45.1%).

  
    

    [image: Table 2. Data related to erythrocyte concentrate transfusion in the study population.]

  

  Table 3 shows the data of preoperative variables in the groups of patients with and without EC transfusion during CPB. When compared to the one that was not transfused, the population with EC transfusion was older (P<0.001), had smaller body surface area and body mass index, lower Htc (P≤0.001), worse renal function (higher creatinine levels and lower GFR; P<0.005), and a significantly higher prevalence of women, arterial hypertension, recent AMI, peripheral vascular disease, cerebrovascular disease, and severe angina.

  The model for predicting the risk of EC transfusion included the following variables: age, body surface, peripheral vascular disease, cerebrovascular disease, Htc, and GFR (Table 4).

  
    

    [image: Table 3. Univariate analysis of preoperative variables in groups of patients with (n=91) and without (n = 439) TEC during CPB.]

  

  The model accurately predicts the risk of EC transfusion (χ2 [6 g. L.] = 297.47, P<0.001). The result of the H-L test revealed that there was no significant difference between the values observed and those predicted by the model (P=0.956). On the other hand, there is also a good adjustment between the observed and expected values throughout the partial analysis of the risk decision groups (Figure 1).

    

    [image: Fig. 1. Risk-prediction model. Observed vs. expected values of risk deciles.]

  

 
  About 71.5% (R2 Nagelkerke=0.715) of the variation found in EC transfusion during CPB is explained by the model. The relative contribution of each factor to the risk-prediction model is shown in the Visual Abstract. It should be noted that the Htc alone explains 60.2% (R2 Nagelkerke=0.602) of the variability found for calculating the risk predicted by the model, and, consequently, 84% is the relative contribution of this variable to the risk estimate. The ROC curve of the risk-prediction model for EC transfusion is shown in Figure 2.

    

    [image: Fig. 2. Receiver operating characteristic (ROC) curve of the risk-prediction model. The area under the model's ROC curve was 0.963 (95% confidence interval: 0.947-0.979).]

  

 
  The model was validated internally, obtaining for the 200 new samples tested an average value of 0.962 (95% confidence interval: 0.945-0.980) of the area below the ROC curve.

   

  DISCUSSION

  A risk prediction model for EC transfusion was developed, which proved to be a good instrument to provide an objective individual estimate of the need for EC transfusion during CPB in our patient population. This measure can improve clinical practice in the institution, essentially regarding the allocation of available resources, decision making, informed consent, and quality control.

  The results described before cannot be compared with others, since, to our knowledge, there is no record of the consumption of blood products during the CPB period itself. In general, the series published refer to the global perioperative period or the period of surgery and intensive care unit.

  Once a patient becomes a candidate for cardiac surgery, an important part of the preoperative study is the assessment of the need for and risk of transfusion of blood components. Recognition of this concept is well expressed in the guidelines on patient blood management for adult cardiac surgery of the Society of Thoracic Surgeons/Society of Cardiovascular Anesthesiologists[13], and of the European Association for Cardio-Thoracic Surgery/European Association of Cardiothoracic Anesthesiology[14], and the guidelines on perioperative medication in adult cardiac surgery and patient blood management[15].

  The initial studies, on which most of the early recommendations were based, were retrospective and reinforced the idea of EC administration as a factor of poor prognosis. Classically, they compared patients who received EC versus patients who did not. Even though they recognized that the first group of patients were at higher risk, trying to compensate for this fact by statistical methods, the need for transfusion remained an independent marker of poor results[16], an idea that remains rooted to this day[17-19]. However, more recent, non-retrospective studies, based on randomized trials and meta-analyses, question previous evidence.

  Thus, and although there are some risk scores, such as the Transfusion Risk and Clinical Knowledge (TRACK) score[17], the Transfusion Risk Understanding Scoring Tool (TRUST)[18] and the Papworth Bleeding Risk Score (BRiSc)[19], these did not serve as a reference. TRACK was not used because it is a score that is based on a specific population (Jehovah's Witnesses); TRUST is a score that includes all surgical procedures that require CPB; and in BRiSc, there was only one center, admitting that there are differences when the results are compared with those of the other centers.

  A fundamental question raised by many of previous works is whether EC administration is a marker of poor results, so a restrictive administration policy (Htc < 24%) would lead to better results compared to a liberal administration policy (Htc < 30%). However, these same trials have shown that liberal strategies are not inferior, with lower long-term mortality, raising even the possibility of very restrictive policies to increase global mortality[16].

  The use of blood in coronary surgery with CPB is highly variable. In the studies published by Takai[20] and Scott et al., the average number of transfused EC units was 0.9 and 2.4, respectively. Another study, involving a population of 732 patients operated on at our Centre, in the 2002-2003 biennium, reported an average value of 0.2 EC units[21], which reveals instinctual stability of this indicator in quite separate temporal analyses.

  The developed risk model proved to be valid, with good calibration and good discriminatory power, considering that 71.5% of the variation explained by the model is unusually high. When considering the initial variables and the values obtained by univariate analysis, it is interesting to consider that the classic locus of mortality in cardiac surgery from diabetes mellitus, arterial hypertension, smoking, and LV dysfunction are not risk factors. Usually, these are indicative of patients with worse general condition, with more complex and time-consuming surgeries.

  In the present study, after univariate and multivariate analysis, age, body surface, peripheral vascular disease, cerebrovascular disease, Htc, and GFR were identified as the risk factors with the greatest prediction for EC transfusion. Htc represents 84% of the variation explained by the model, however the importance of the remaining variables is not negligible. Among the factors responsible for the variation of the Htc, is not only the hemorrhage, but preoperative anemia and intraoperative haemodilution are as/more significant[16]. Some authors argue that the body surface provides the best approximation for the total blood volume[22]. Having said this, and taking into account the constant volume corresponding to the volume administered in CPB, haemodilution is greater as the smaller the body surface is[23].

  The approach to patients with indication for CABG and who have concomitant severe carotid artery disease is controversial but falls outside the scope of this study. In these cases, the increased need for EC transfusion leads to ponder the effect of changes in carotid and cerebral circulation and in peripheral and central baroreceptors and chemoreceptors.

  The association between renal dysfunction and haemodilution is well established, as well as its relationship with heart failure and the adverse events that result from it[24]. This baseline haemodilution in patients with renal dysfunction, associated with haemodilution inherent to CPB, is an important factor in decreasing Htc and increase the need for transfusion. Interestingly, for reasons not yet fully defined/identified, the decrease in Htc is a risk factor for renal failure[25].

  Hence, the implementation of this risk model can be of great importance. Preoperatively, in addition to a correct study and optimization of the patient in preparation for surgery, renal function and Htc value are particularly important, since they are the two most directly modifiable variables. At the same time, the use of this model allows the creation of a risk profile for EC administration in our patient population. Additionally, it can be used as a valuable adjunct to the improvement of clinical practice in the population treated at the institution, essentially regarding allocation of available resources, decision-making, informed consent, and quality control. The high cost of EC and other blood products, the scarcity of donors and the risks inherent to the transfusion itself implicate that administration of these products needs to be carefully evaluated.

  In the extreme, this risk stratification allows modifying the surgical technique, namely through the use of surgery without CPB, or the adoption of forms of blood conservation such as the Cell Saver. Some blood conservation measures are already routinely implemented: retrograde autologous priming (whenever possible) and reinfusion of residual blood from the circuit at the end of the perfusion/intervention (still in the operating room). The CPB circuit must be prepared so that filling can be done with the smallest volume possible using tubes, circuits, reservoirs, and oxygenators with reduced volumes. Also, in our Centre, the blood drained from mediastinum and pericardium during the first hours in the intensive care is reinfused directly or after washing and filtering.

  In short, the implementation of this model would be an important step in optimizing and improving the quality of surgery. Additionally, it can be used as a valuable adjunct to the improvement of clinical practice at the institution, essentially regarding the allocation of available resources, decision-making, informed consent, and quality control.

  Limitations

  The limitations of this study are inherent to its retrospective design, which means that the associations found may not necessarily have a causal link. On the other hand, the calculated odds-ratios represent only an approximation of the real relative risk, which can only be calculated with prospective methodologies.

   

  CONCLUSION

  We developed a risk-prediction model for EC transfusion that reveals an adequate performance in relation to three aspects: discrimination, calibration, and stability over a wide spectrum. Consequently, the developed risk model can be used as an instrument to provide an objective individual estimate of the need for EC transfusion during CPB in our patient population.
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    ABSTRACT

    INTRODUCTION:

    Blood cardioplegia (BC) and Custodiol cardioplegia (CC) have been used for a long time in open heart surgery and are highly effective solutions. The most controversial issue among these two is whether there is any difference between them regarding myocardial damage after ischemia surgery. In this study, autophagy, apoptosis, and hypoxia markers were investigated and that way we evaluated the differences between BC and CC patients.

    METHODS:

    A total of 30 patients were included in this study, using two different cardioplegic solutions. Three different whole blood samples of the patients were taken from a central vein (preoperatively, immediately postoperatively, and one day after surgery). Total ribonucleic acid was extracted from these samples. Quantitative real-time polymerase chain reaction was performed, and changes in gene expression were determined by the 2-∆∆Ct method of relative quantification.

    RESULTS:

    In the CC group, Beclin gene expression level was found to be higher and this difference was statistically significant (P=0.0024). Similarly, cysteine-aspartic acid protease (caspase) 9 and hypoxia-inducible factor 1α messenger ribonucleic acid (mRNA) gene expression level increased and were significantly different in the CC group. In the BC group, Beclin and microtubule-associated protein light chain 3 expressions were higher in the samples taken one day after surgery. Caspases 3 and 8 gene expressions were significantly different in the BC group.

    CONCLUSION:

    As a result of the analysis performed between the two cardioplegia groups, it has been shown that CC harms the myocardium more than BC at the level of mRNA expression of related markers.

    Keywords: Cardioplegic Solutions; RNA, Messenger, Caspase 9; Aspartic Acid; Heart Arrest,Induced; Cardiac Surgical Procedures; Real-Time Polymerase Chain Reaction.

  

   

    

  INTRODUCTION

  One of the main treatment options for coronary artery diseases (CAD) is coronary artery bypass surgery, but myocardial ischemia-reperfusion (IR) injury is inevitable in this treatment. Ischemic injury during surgery is directly related to postoperative patient mortality and morbidity. Myocardial protection desired to be provided during coronary artery surgery depends on the adequate access of cardioplegic solutions used to all regions of the heart. It is still controversial which cardioplegia solution is more effective in myocardial protection during cardiac surgery. Although experimental studies show that blood cardioplegia (BC) is more effective in myocardial protection than crystalloid cardioplegia[1,2], clinical studies do not fully support this result.

  Cell death and survival rates are important in hemostasis of tissues, pathogenesis of diseases, and development of organs. Apoptosis is defined as a form of cysteine-aspartic acid protease (caspase)-related genetic control cell death and this has been associated with cardiovascular diseases. Apoptosis, one of the forms of cell death in the body, is activated by stimuli defined as external and internal pathways. The pathway resulting in activation of caspase 9 is the mitochondrial pathway. Caspases 3, 6, and 7 are activated by caspases 8 and 9, which causes the division of basic cellular substrates and apoptotic cell death in the external pathway[3]. It has been thought that apoptosis, which causes the death of cardiomyocytes, may be responsible for the development and progression of heart failure[4].

  Autophagy is a form of cell death that occurs to eliminate unnecessary cells during tissue and organ development[4]. Several autophagy-related (Atg) genes/proteins, including Beclin-1 protein (encoded by BCN1, a mammalian homolog of yeast Atg6 gene) and microtubule-associated protein light chain 3 (LC3, homolog of yeast Atg8 gene), play important roles and are often considered as potential markers of autophagic activity. Beclin-1 (encoded by BCN1) and LC3 (homolog of yeast Atg8 gene) are major mediators of autophagy. LC3 is an essential component for elongation of autophagosomal membranes and Beclin-1 is involved in the very early stage of autophagosome formation (nucleation phase)[5]. Autophagy induced by cardiac IR during acute stress is thought to be cardioprotective[6]. Although as much as damaged mitochondria and cytochrome c release are potent triggers of apoptosis, the autophagic removal process is a critical antiapoptotic mechanism[7]. Indeed, Garcia et al. have reported impaired cardiac autophagy in patients with postoperative atrial fibrillation[8].

  There are conflicting studies showing that the effects of BC are superior to or similar to those of Custodiol cardioplegia (CC) in adult patients. This issue has not been fully clarified in terms of autophagy, hypoxia, and apoptosis in the blood of coronary bypass patients. For this reason, we investigated which group could have better results with messenger ribonucleic acid (mRNA) expressions of autophagy, apoptosis, and hypoxia biomarkers.

   

  METHODS

  Patients’ Samples

  The study was performed with 30 patients who underwent randomized coronary artery bypass grafting (CABG). The patients were equally divided into BC and CC groups. The Erciyes University Medical Faculty Ethics Committee approval was obtained for the study and the 1964 Helsinki Declaration (and its later amendments) or comparable ethical standards were followed. Patients with acute coronary syndrome, emergency CABG, chronic renal failure, previous heart surgery history, infective endocarditis, peripheral vascular diseases, and chronic inflammatory disease met the exclusion criteria. Basal blood levels and echocardiographic evaluation were performed before the procedure. Three different whole blood samples of the patients were taken from a central vein for genetic analysis: prior to starting the cardiopulmonary bypass (CPB), at the end of CPB, and one day after surgery. Written informed consent was obtained from the patients before they participated in the research. This article does not contain any studies with animals performed by any of the authors.

  Anesthesia and Surgery

  During anesthesia induction, propofol and fentanyl were administered to all patients. Esmeron, propofol, and fentanyl are used in anesthesia infusion. The surgeries were performed by the same surgeon and perfusion team. Median sternotomy, standard CPB, and moderate hypothermia (28-31°C) were used. In the BC group, the antegrade method was preferred and after starting with 700 cc, 400 cc return was given with a 20 min interval. Custodiol was administered as a single dose of 30 cc/kg. The surgical procedure included left internal mammary artery for left anterior descending artery and saphenous graft for other vessels. According to preoperative echocardiographic evaluations, patients with valve replacement indication (n=5, 3/2) underwent additional valve replacement for coronary operation.

  Biochemical Parameters

  Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein (LDL)-cholesterol, triglyceride (TG), aspartate transaminase, and alanine transaminase were assayed with the Beckman Coulter analyzer using its specific kits. The level of LDL-cholesterol was calculated using Fridewald’s formula (LDL = TC - HDL-c - [TG/5]). Normal reference values were as follows: TC, 120 - 200 mg/dL; HDL-cholesterol, 40-60 mg/dL; LDL-cholesterol, 100-130 mg/dL; and TG, 35-150 mg/dL. Blood samples were taken from the patients to evaluate renal function. Normal reference values were taken as 5-25 mg/dL for blood urea nitrogen and 0.6-1.2 mg/dL for creatinine. Three different whole blood samples of the patients were taken from a central vein: prior to starting the CPB, at the end of CPB, and one day after surgery.

  Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR) Analysis for Gene Expression

  Total ribonucleic acid (RNA) was extracted from whole blood samples of patients using PureZol (Bio-Rad, Hercules, California, United States of America) according to the manufacturer’s instructions. The RNA concentration was determined by a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Inc., Rockland, Delaware, United States of America). RNA (1 µg) was reverse transcribed by a First Strand cDNA Synthesis kit (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer’s instructions. QRT-PCR assay reactions were performed using LightCycler 480 Probes Master and Primer/Probes (Roche Diagnostics GmbH) in a 20-µl reaction volume. Reactions were run in duplicate and QRT-PCR was performed with the LightCycler 480 II instrument (Roche, Germany). The cycling conditions used were: initial denaturation at 95°C for 10 min, followed by 45 cycles at 95°C for 10 sec, 60°C for 30 sec, and 72°C for 60 sec. Beta-actin (or ACTB) and glyceraldehyde-3-phosphate dehydrogenase (or GAPDH) were used as housekeeping genes. The changes in gene expression were determined by the 2-ΔΔCt method of relative quantification.

  Statistical Analysis

  Statistical analyses were conducted using IBM Corp. Released 2012, IBM SPSS Statistics for Windows, Version 21.0, Armonk, NY: IBM Corp. The compatibility of the countable variables with normal distribution was checked by the Kolmogorov-Smirnov test. Non-parametric tests were applied to the variables without normal distribution after logarithmic transformation, and parametric tests to those with a normal distribution. Values not compatible with normal distribution were expressed as mean ± standard deviation (or mean±SD). In order to compare the pre-procedure and post-procedure values, binary t-test was used for variables with normal distribution and Wilcoxon’s rank test for those without normal distribution. Relationships between the variables were examined using Pearson’s correlation analysis. P<0.05 was considered as statistically significant.

   

  RESULTS

  Clinical Findings

  A total of 30 patients, 15 in the BC group and 15 in the CC group, were included in the study. There was no significant difference between the two groups in baseline characteristics (Table 1). Furthermore, there was no significant difference between the two groups in terms of hemodynamic parameters of cardiac rate, systolic blood pressure, and diastolic blood pressure.
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  No significant difference was found between the two groups in terms of the echocardiographic parameters left ventricular ejection fraction, left ventricular end-systolic diameter, and left ventricular end-diastolic diameter (Table 1). Although there was no significant difference in postoperative echocardiography, the ejection fraction was better in the BC group than in the CC group (51.0±1.8 vs. 48.1±2.4, respectively; P=0.4).

  Another important data of our study is the cross-clamping times that will affect ischemia and apoptosis. When the cross-clamping duration of the patients was examined, no significant difference was found between the two groups (119.0±27.9 in the CC group vs. 127.0 ±36.2 in the BC group; P=0.504).

  Blood mRNA Expression Results

  Three different blood samples of patients in the BC group were compared among themselves; the Beclin gene expression in the blood sample taken on the first postoperative day was found to be increased compared to the Beclin gene expression in the blood sample taken before the heart was stopped during surgery and the gene expression in the blood sample taken after the heart was operated, but this increase was not statistically significant. LC3 gene expression was increased in preoperative blood samples compared to postoperative blood samples, but this increase was not statistically significant (Figure 1A). Caspase 3 and caspase 8 gene expressions were found to be statistically significant and both of them were increased (P<0.001 and P=0.0437, respectively). Caspase 9 expression did not show a difference between the samples (Figure 1B). There was a statistically significant difference in terms of hypoxia-inducible factor 1α (HIF-1α) gene expression (P=0.0135) (Figure 1C).
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  Patients in the CC group were compared among themselves; the Beclin gene expression in the blood sample taken on the first postoperative day showed a statistically significant decrease compared to the mRNA expression in the blood sample taken preoperatively and in the blood sample taken after the operation (P<0.001). No differences were detected in LC3 gene expression in three different samples (Figure 2A). There was a statistically significant difference in caspase 3, caspase 8, and caspase 9 gene expressions (P<0.001, P=0.0019, and P<0.001, respectively) (Figures 2B). There was a statistically significant difference in HIF-1α gene expression between the groups (P<0.001) (Figure 2C).
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  When mRNA expression levels of the blood samples taken from the BC and CC patients on the first postoperative day and of the heart samples taken after the operation were compared, Beclin gene expression level was higher in the CC group compared to the BC group and this difference was statistically significant (P=0.0024). Similarly, it was found that caspase 9 and HIF1-α gene expression levels were increased and significantly differentiated in the CC group (Table 2).
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  DISCUSSION

  This study’s results showed that BC provided better protection for myocardial tissue during CABG than CC, as evidenced by the blood expression levels of autophagy, apoptosis, and hypoxia genes. Although myocardial protection methods were not fully affected by hemodynamic, biochemical, and echocardiographic findings, it was concluded from mRNA levels. The prolongation of ischemia during operation and the failure to adequately protect the myocardial tissue affect the results of surgery. The purpose of cardioplegic solutions is to prevent the electrolyte imbalances that may occur during the operation, to protect the myocardial energy, and to increase the durability of myocardium against ischemia and reperfusion by preventing acidosis.

  One of the most important factors affecting postoperative mortality and morbidity during cardiac surgery is IR injury. Failure of adequate preservation of the myocardium during surgery, prolonged ischemia duration, and reperfusion injury after ischemia should be prevented; cardioplegic solutions can prevent these by regulating electrolyte balance, preserving myocardial energy, and correcting acidosis that will occur.

  BC and CC have demonstrated beneficial effects as measured with the biochemical markers in biological models and patients, although the latter option (intracellular composed solution) may appear more effective[9]. BC is used as a standard in myocardial protection during cardiac surgery. However, when BC is used, this should be repeated every 15-20 minutes. At this time, the surgical procedure stops[10]. Although this seems to be a disadvantage of BC, it gives very good results in replacing deficiencies. A single dose of solution appears adequate in protecting the myocardium for an extended period. However, clinical studies have not been conclusive regarding which type of cardioplegia provides better protection[11,12]. Of course, the biggest disadvantage is that these studies are not homogeneous and have time differences. Our study is more homogeneous in this respect, the difference between the basal characteristic and duration of the forehead as a special group will lead to better interpretation. While more macromolecules are used in the studies[10-13], we have obtained different results by using molecular markers in our study. Differences in electrolyte concentrations between the two cardioplegic solutions may contribute to this finding. Furthermore, the introduction of oxygenated blood into cardiomyocytes, a more effective buffer system, and a better and more uniform capillary flow have been proposed as mechanisms behind better protection with BC[14].

  In one study, LC3 gene expression and LC3-II protein levels in peripheral leukocytes were measured in patients with CAD (n=146) and healthy controls (n=87). Both the LC3 gene and LC3 protein expression levels in the peripheral leukocytes were significantly decreased between CAD patients and controls. According to those results, the authors suggested that decreased LC3 gene expression led to decreased autophagosome formation. Therefore, they concluded that autophagy in circulating leucocytes may be involved in the pathogenesis of atherosclerosis and CAD[15]. Khalil et al.[16] reported that Atg5 and LC3 genes were significantly down-regulated in the blood samples of 50 cardiovascular patients and 30 healthy controls[16]. In our BC group, Beclin and LC3 gene expressions were not significant, but there was a continuous increase. In the CC group, a significant increase was detected between the samples taken at the end of CPB and the samples taken one day after surgery.

  HIF-1 is a short-lived heterodimeric receptor that has been shown to respond to hypoxic conditions ubiquitous in the body. HIF-1 adapts the body's metabolism and functions to recover from severe hypoxic conditions including inflammation, sepsis, hypertension, hypervolemic shock, heart or lung disease, and anemia. In these critical situations, HIF-1α dimerizes with the HIF-1β transcription factor to copy various hypoxia-response genes[17]. HIF-1α expression was significantly stronger in patients with CAD than controls, and the level of HIF-1α was associated with the severity of atherosclerosis and a higher level of coronary collaterals[18]. In our study, HIF-1α expression elevation of the one-day-after-surgery samples comparing to the blood samples taken at the end of CPB showed more hypoxia in the CC group than in the BC group, so we can suggest that BC protects from hypoxia.

  Caspase-dependent apoptosis plays a vital role in myocardial apoptosis[19]. Caspases are essential in cells for apoptosis, one of the main types of programmed cell death, in development and most stages of adult life. Caspases 2, 8, 9, and 10 trigger apoptosis and are known as upstream or initiator caspases; they activate the executioner or downstream caspases comprising of caspases 3, 6, and 7, which ultimately execute apoptotic cell death[20]. In our study, more apoptosis was detected in the CC group; particularly caspase 9 expression was found to be more increased than in the BC group, thus it can be said to have a lower effect on myocardial protection than BC.

  Limitations

  The most important limitations of this study are the small number of patients and the fact that this is a single-center study.

   

  CONCLUSION

  As a result of the findings, our study showed that traditional treatment could be better for protecting the myocardium during the surgery by managing the cell death mechanisms. Thus, we believe that these results will shed light on new and larger studies within the near future.
  
   

  REFERENCES

  1. Catinella FP, Cunningham JN Jr, Spencer FC. Myocardial protection during prolonged aortic cross-clamping. Comparison of blood and crystalloid cardioplegia. J Thorac Cardiovasc Surg. 1984;88(3):411-23.

  2. Feindel CM, Tait GA, Wilson GJ, Klement P, MacGregor DC. Multidose blood versus crystalloid cardioplegia. Comparison by quantitative assessment of irreversible myocardial injury. J Thorac Cardiovasc Surg. 1984;87(4):585-95.

  3. Xia P, Liu Y, Cheng Z. Signaling pathways in cardiac myocyte apoptosis. Biomed Res Int. 2016;2016:9583268. doi:10.1155/2016/9583268.

  4. Takemura G, Kanoh M, Minatoguchi S, Fujiwara H. Cardiomyocyte apoptosis in the failing heart--a critical review from definition and classification of cell death. Int J Cardiol. 2013;167(6):2373-86. doi:10.1016/j.ijcard.2013.01.163.

  5. Hamurcu Z, Delibasi N, Nalbantoglu U, Sener EF, Nurdinov N, Tasci B, et al. FOXM1 plays a role in autophagy by transcriptionally regulating Beclin-1 and LC3 genes in human triple-negative breast cancer cells. J Mol Med (Berl). 2019;97(4):491-508. doi:10.1007/s00109-019-01750-8.

  6. Loos B, Genade S, Ellis B, Lochner A, Engelbrecht AM. At the core of survival: autophagy delays the onset of both apoptotic and necrotic cell death in a model of ischemic cell injury. Exp Cell Res. 2011;317(10):1437- 53. doi:10.1016/j.yexcr.2011.03.011.

  7. Singh KK, Yanagawa B, Quan A, Wang R, Garg A, Khan R, et al. Autophagy gene fingerprint in human ischemia and reperfusion. J Thorac Cardiovasc Surg. 2014;147(3):1065-72.e1. doi:10.1016/j.jtcvs.2013.04.042.

  8. Garcia L, Verdejo HE, Kuzmicic J, Zalaquett R, Gonzalez S, Lavandero S, et al. Impaired cardiac autophagy in patients developing postoperative atrial fibrillation. J Thorac Cardiovasc Surg. 2012;143(2):451-9. doi:10.1016/j.jtcvs.2011.07.056.

  9. Sakata J, Morishita K, Ito T, Koshino T, Kazui T, Abe T. Comparison of clinical outcome between histidine-triptophan-ketoglutalate solution and cold blood cardioplegic solution in mitral valve replacement. J Card Surg. 1998;13(1):43-7. doi:10.1111/j.1540-8191.1998.tb01053.x.

  10. Viana FF, Shi WY, Hayward PA, Larobina ME, Liskaser F, Matalanis G. Custodiol versus blood cardioplegia in complex cardiac operations: an Australian experience. Eur J Cardiothorac Surg. 2013;43(3):526-31. doi:10.1093/ejcts/ezs319.

  11. Guru V, Omura J, Alghamdi AA, Weisel R, Fremes SE. Is blood superior to crystalloid cardioplegia? A meta-analysis of randomized clinical trials. Circulation. 2006;114(1 Suppl):I331-8. doi:10.1161/CIRCULATIONAHA.105.001644.

  12. Jacob S, Kallikourdis A, Sellke F, Dunning J. Is blood cardioplegia superior to crystalloid cardioplegia? Interact Cardiovasc Thorac Surg. 2008;7(3):491-8. doi:10.1510/icvts.2008.178343.

  13. Braathen B, Tønnessen T. Cold blood cardioplegia reduces the increase in cardiac enzyme levels compared with cold crystalloid cardioplegia in patients undergoing aortic valve replacement for isolated aortic stenosis. J Thorac Cardiovasc Surg. 2010;139(4):874-80. doi:10.1016/j.jtcvs.2009.05.036.

  14. Barner HB. Blood cardioplegia: a review and comparison with crystalloid cardioplegia. Ann Thorac Surg. 1991;52(6):1354-67. doi:10.1016/0003-4975(91)90034-n.

  15. Wu G, Wei G, Huang J, Pang S, Liu L, Yan B. Decreased gene expression of LC3 in peripheral leucocytes of patients with coronary artery disease. Eur J Clin Invest. 2011;41(9):958-63. doi:10.1111/j.1365-2362.2011.02486.x.

  16. Khalil H, Abd El Maksoud AI, Alian A, El-Hamady WA, Daif AA, Awad AM, et al. Interruption of autophagosome formation in cardiovascular disease, an evidence for protective response of autophagy. Immunol Invest. 2020;49(3):249-63. doi:10.1080/08820139.2019.1635619.

  17. Bogdanovski DA, DiFazio LT, Bogdanovski AK, Csóka B, Jordan GB, Paul ER, et al. Hypoxia-inducible-factor-1 in trauma and critical care. J Crit Care. 2017;42:207-12. doi:10.1016/j.jcrc.2017.07.029.

  18. Chen SM, Li YG, Wang DM, Zhang GH, Tan CJ. Expression of heme oxygenase-1, hypoxia inducible factor-1alpha, and ubiquitin in peripheral inflammatory cells from patients with coronary heart disease. Clin Chem Lab Med. 2009;47(3):327-33. doi:10.1515/CCLM.2009.073.

  19. Regula KM, Kirshenbaum LA. Apoptosis of ventricular myocytes: a means to an end. J Mol Cell Cardiol. 2005;38(1):3-13. doi:10.1016/j.yjmcc.2004.11.003.

  20. Rupinder SK, Gurpreet AK, Manjeet S. Cell suicide and caspases. Vascul Pharmacol. 2007;46(6):383-93. doi:10.1016/j.vph.2007.01.006.

   

   

  

  Submitted on: 06/22/2020

  Approved on: 07/17/2020

 
    

    [image: . ]

  





  DOI: 10.21470/1678-9741-2020-0077

  ORIGINAL ARTICLE

  
    Selçuk ÜN, Sargın M, Baştopçu M, Mete EMT, Erdoğan SB, Öcalmaz Ş, et al. Braz J Cardiovasc Surg;36(3):338-345

  

  
    Microbiological Spectrum of Nosocomial ECMO Infections in a Tertiary Care Center

  

   

   

  Ümmühan Nehir SelçukI; Murat SargınI; Murat BaştopçuI; Evren Müge Taşdemir MeteI; Sevinç Bayer ErdoğanI; Şeyda ÖcalmazII; Gökçen OrhanI; Serap Aykut AkaI

  IDepartment of Cardiovascular Surgery, Dr. Siyami Ersek Thoracic and Cardiovascular Surgery Training and Research Hospital, Istanbul, Turkey. 

  IIDepartment of Infectious Diseases and Clinical Microbiology, Dr. Siyami Ersek Thoracic and Cardiovascular Surgery Training and Research Hospital, Istanbul, Turkey.

   

  
    ABSTRACT

    INTRODUCTION:

    Extracorporeal membrane oxygenation (ECMO) is a life-saving treatment in cardiogenic and respiratory shock. It is prone to various complications, infection being among the most frequent. This study aims to define the prevalence and characteristics of infections in ECMO patients in a tertiary care center for cardiac diseases.

    METHODS:

    All ECMO patients between 2012 and 2016 in a single cardiac center were retrospectively included. Demographic data, ECMO indications, type, site, duration, and infection-related data were recorded. Data were analyzed among all patients and separately between pediatric and adult patient groups.

    RESULTS:

    One hundred and twenty-six patients, 66 (53.4%) pediatric and 60 (47.6%) adult, received ECMO within the study period. Mean age was 3.54±4.27 years in the pediatric group and 54.92±15.57 years in the adult group. The main indication for ECMO was postcardiotomy shock (77.8%). Forty-six (36.5%) of all cases developed a culture-proven nosocomial infection with a rate of 49/1000 ECMO days. Infection was associated with > 5 days of ECMO duration and hemodialysis requirement in all patients and lower age in the pediatric group. The most frequent infection site was the lower respiratory tract (14.3%), while the most common isolated organisms were Klebsiella (8.7%) and Streptococcus (4.8%) species.

    CONCLUSION:

    The respiratory tract is the most common site of infection, however, all sites impose a threat to recovery, with longer treatment durations required for patients with culture-proven infections. A better understanding of the infectious spectrum and its effect on the mortality and morbidity is required for more successful treatment of ECMO patients.

    Keywords: Extracorporeal Membrane Oxygenation; Klebsiella; Heart Diseases; Respiratory System; Cross Infection; Morbidity; Shock; Duration of Therapy.

  

   
 
   

  INTRODUCTION

  Extracorporeal membrane oxygenation (ECMO) is increasingly used in heart and lung failure. Despite improvements in device technology and intensive care, mortality and complications are higher than desired[1-4]. Multiple risk factors for increased complications accompany ECMO patients. A suppressed immune system, presence of cannulas and catheters, and altered antibiotic pharmacokinetics facilitate the occurrence of an infection in this patient population[5]. An acquired infection in these patients on an already delicate state results in increased morbidity, length of in-hospital stay, and mortality, although the relationship between infection and mortality cannot always be demonstrated in ECMO patients[6-8].

  Data from the Extracorporeal Life Support Organization (ELSO) registry analyzed in 2011[9] reported an 11.7% prevalence for ECMO-related infections. However, other studies have reported higher infectious complications for ECMO-supported patients, ranging from nine to 65%, suggesting that real-world infectious complications are more frequent than those included in the ELSO registry[10]. The prevalence and profile of the acquired infections in ECMO patients differ across centers, so does each center's approach to preventive measures and institutional acceptance of a prophylaxis protocol[10,11].

  The purpose of this study is to determine the profile of nosocomial infections arising in adult and pediatric patients under ECMO support in our tertiary center for cardiac diseases. We analyzed the prevalence, site, and microbiological profile of infections arising in these patients, as well as associated factors with ECMO-related infections.

   

  METHODS

  Patients treated with an ECMO in our tertiary care center for cardiac diseases between 2012 and 2016 were included in this retrospective study. Demographic data, ECMO indication, location, duration, and infection parameters, including type of organism and localization, were recorded. Approval from the hospital's review board was obtained and the study was carried out in accordance with the Declaration of Helsinki. Patients of all ages were analyzed prior to separate analysis of pediatric and adult groups. Patients under 18 years of age were included in the pediatric group while those aged 18 years or above were included in the adult group. Pediatric patients were treated in the pediatric intensive care unit (ICU) while adult patients were treated in the adult ICU.

  ECMO indications included postcardiotomy cardiogenic shock, refractory shock after acute myocardial infarction, decompensated heart failure, fulminant myocarditis, and respiratory failure. ECMO was instated in either venoarterial (VA) or venovenous (VV) fashion. For VA-ECMO, cannulae were placed with percutaneous femoral access or central (intrathoracic) access through the ascending aorta and right atrium. For VV-ECMO, cannulae were placed percutaneously in the femoral and jugular veins. Per institutional policy, no prophylaxis except for surgical prophylaxis on the day of surgery is followed for ECMO patients and infections are treated when clinically diagnosed.

  Hospital-acquired infections were determined using the Center for Disease Control and National Hospital Acquired Infection Surveillance criteria[12]. ECMO-related infection was defined as an infection that began from 24 hours after initiation of ECMO support until 48 hours after the end of ECMO treatment. Pathogens and type of acquired infection were recorded in accordance with guideline definitions[13]. Ventilator-associated lower respiratory tract infection was defined as a combination of a new infiltration on chest X-ray with one of the following: purulent secretions, fever > 38.3 °C, or leucocyte count > 109/L[14,15].

  The Number Cruncher Statistical System, or NCSS, 2007 (Kaysville, Utah, United States of America) software was used for statistical analysis. Besides descriptive statistical methods (mean, standard deviation, median, frequency, rate, minimum, maximum), Mann-Whitney U test was used for comparison of groups without normal distribution. Pearson's Chi-squared test, Yates Continuity correction, and Fisher's exact test were used to compare groups with categorical data. Significance was set at P<0.05.

   

  RESULTS

  One hundred and twenty-six patients were implanted with an ECMO in our institution between the years 2012 and 2016. Mean age was 3.54±4.27 years in the pediatric group and 54.92±15.57 years in the adult group. The demographic characteristics of the patients are shown in Table 1. Hospital stay before ECMO implantation was 7.53±12.19 days for the whole cohort. Regarding antibiotic use, 10.3% of patients were under a single antibiotic and 18.3% of patients were under two or more antibiotics at the time of ECMO implantation, while 71.4% had received no antibiotics.

  
    

    [image: Table 1. Demographic characteristics of ECMO patients.]

  

  Pediatric patients made up 53.4% (n=66) of our patient population, while 47.6% (n=60) of the cases were adult cardiac surgery patients. VA-ECMO was used in 122 (96.8%) and VV-ECMO in four (3.2%) cases. Postcardiotomy shock was the most frequent indication for ECMO with 98 (77.8%) patients. Surgical details, ECMO indications, and types are summarized in Table 2.
 
  ECMO-related infection was seen in 46 (36.5%) of all included patients, with a rate of 49 episodes per 1,000 ECMO days. Adults had a higher prevalence and incidence of nosocomial ECMO infections (Table 3). The most frequent site of infection was the lower respiratory tract with 18 (26.5%) of all infections, followed by surgical wounds with 13 (10.3%), and catheter infections with eight (6.3%). The distributions of infection sites were similar between adult and pediatric patients. Urinary tract infections were observed only in the adult group with just two (1.5%) cases.
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  The most frequently isolated pathogen was Klebsiella (8.7%), followed by Streptococcus (4.8%), and Acinetobacter (4.0%) species (Table 4). Concerning fungal infections, Candida was the causing organism in two (3.0%) pediatric patients and was not detected in adult patients.
 
  Overall mortality in our cohort was 51.6%. In neither the pediatric nor the adult patient group, any significant association could be shown between infection and mortality (Table 5). The duration of ECMO support was significantly longer in patients with ECMO-related infections (P<0.01). When the pediatric and adult patients were analyzed separately, ECMO duration was again significantly longer with infection in each cohort (P<0.01). Patient factors with respect to ECMO-related infection are presented in Table 6 for the pediatric and adult cohort. The pediatric population cases with positive cultures had a lower median age (P<0.05). No such difference in age was observed among adult patients for culture positivity (P>0.05). Hemodialysis requirement at the bedside and longer than five days of ECMO support were more frequent in patients with ECMO-related infections in both groups.
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  DISCUSSION

  ECMO patients with a compromised immune system and abundant contact with foreign surfaces are prone to infections. Together with major bleeding and renal failure, infections are among the most frequent complications observed in ECMO patients[16,17]. In this study, 36.5% of ECMO patients had nosocomial infections, higher than what is reported in the ELSO registry data from 2011. An important contrast between our patients and those in the ELSO registry is that the registry was dominantly made up of a pediatric population. Infections are more prevalent in adult ECMO patients[8,10,11,18], as was the case in our study, with a prevalence of 45.0% in the adult group and 28.8% in the pediatric group. Prevalence of infection was higher, with 21% of the adult patients in the ELSO registry, with other institutions reporting a range between 8-45.1% for acquired infections in ECMO patients[8].

  The spectrum of ECMO infections in our center differed in frequency from the microbiology reported previously in the ELSO registry data. In the analysis by Bizarro et al.[9], the most common microorganisms were coagulase-negative Staphylococci, among all patients, and Candida, followed by Pseudomonas, among adult patients. In the analysis by Vogel et al.[19], non-lactose fermenting rods (Pseudomonas, Acinetobacter, Serratia) were the most frequent group of organisms causing acquired infections. Our findings were different in that Klebsiella was the leading causative agent. Candida was rare in our cohort, with 1.6% of all patients, and it was only cultured in samples from pediatric patients. If the microorganisms in nosocomial infections in our study are ranked in groups, similarly to the analysis by Vogel et al.[19], lactose fermenting rods become the leading cause, and non-lactose fermenting rods come in second. A direct comparison of our study with these two ELSO registry analyses would not be correct considering the differences in patient populations; 88.9% in one and 92.3% in the other study comprised pediatric patients, and thus, adult patients were a minority. ECMO indications were reported only by Bizarro et al.[9], being mostly respiratory indications in contrast to our study group, which chiefly required ECMO for cardiac indications. Infection sites were not noted in either of the studies, making it impossible for a comparison of our results in this light against ELSO data.

  The respiratory tract is the most frequent site of acquired infections in both the pediatric and adult ECMO patients[8,10,18] and is the leading site of infection in both our groups. This was followed by surgical wounds and catheter wounds, while urinary tract infections were detected less often. Bloodstream infections (BSI) had a relatively low prevalence in our group but can vary in occurrence across different age groups[10] and can be alarming as there is evidence that BSI have an impact on mortality[20]. The causative agents and infection sites varied slightly between pediatric and adult patients. While the lower respiratory tract, surgical wounds, and catheter wounds were the three most frequent sites of infection in both age groups, BSI were seen more in the pediatric patients, and the opposite was true for urinary tract infections, which were observed only in the adult patients of our study.

  Fungal infections are distressing in the intensive care setting and are also frequently observed in ECMO patients. Aspergillus infection or Candida in the bloodstream have been shown to increase mortality in ECMO-supported patients[21]. Aspergillosis was not seen in our cohort, but Candida was positive in the cultures of two pediatric cases. Although lower in comparison to bacterial infections, fungal infections are also a point of concern during ECMO support.

  We followed national and international guidelines in the treatment of patients in the study. Although prophylaxis is not practiced in our institution for the duration of ECMO treatment, 28.6% of our patients had been receiving antibiotics for other purposes at the time of ECMO initiation. This situation makes it difficult to make comparisons across institutions as although a consistent definition of nosocomial infections under ECMO support is utilized in studies, the condition of the patient at the time of ECMO implantation may predispose to different infections; this includes both the previously administered antibiotics and also the demographic characteristics of different cohorts.

  The use of prophylactic antibiotics against hospital-acquired infections in ECMO patients is a topic of dispute. Despite the lack of an official recommendation, prophylaxis is ubiquitously practiced[10]. Hsu et al.[22] did not follow a standard prophylactic regimen, however, more than 75% of their patients received glycopeptide and antipseudomonal antibiotics during ECMO initiation. In the study by Grasselli et al.[23] on ICU patients, 92% of the patients that developed an infection were under antibiotic treatment and antimicrobial exposure was also implicated in the shift towards Gram-negative and multidrug-resistant pathogens. The consensus so far is that evidence is lacking to recommend prophylactic antibiotic use, but that it may be of benefit in a subset of susceptible patients[11]. This area warrants further study in clarifying the benefit of prophylactic antibiotics against infection and mortality.

  A longer ECMO duration is reported to increase the risk of infectious complications[10,23,24]. However, an infection may also complicate the weaning process and contribute to prolonged ECMO requirement[10,23]. Another mechanism cited for prolonged ECMO duration in patients with infections is the proclivity toward coagulation and impaired oxygenation and pump support by the ECMO system[10].

  Dialysis requirement during ECMO support is associated with increased mortality and morbidity. It is unclear whether renal failure or the added circuitry at the bedside is a cause of proclivity to infections in these patients[25]. Regardless of the mechanism, it is clear that renal failure under ECMO support is associated with poor prognosis, including an increased observance of acquired infections.

  Limitations

  There are certain limitations to our study. The study was retrospective in design and holds the pertinent limitations in data collection. Most of our patients were under ECMO support for postcardiotomy shock and our results could, therefore, differ from studies with patients of respiratory failure or other causes of cardiac failure. As the number of patients in this study was not adequate to perform a risk factor analysis, only associations were made between patient factors and infections without delineating risk factors. A prospective study or a multi-center study with current data from the ELSO registry would help characterize the problem of ECMO-related infections better.

   

  CONCLUSION

  Nosocomial infections are an important entity in the course of ECMO patients. The respiratory tract is the most common site of infection, however, all sites impose a threat to recovery, with longer treatment durations required for patients with culture-proven infections. A better understanding of the infectious spectrum and its effect on the mortality and morbidity are required for more successful treatment of patients that require ECMO.
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    ABSTRACT

    INTRODUCTION:

    Coronary artery ectasia (CAE) is one of the uncommon cardiovascular disorders and its prognosis is still debated.

    OBJECTIVE:

    We aimed to review long-term follow-up data in patients with CAE and to evaluate the prognosis of CAE patients with coronary slow flow phenomenon (CSFP).

    METHODS:

    This study had a prospective design and 143 patients with CAE were included. The angiographic and demographic characteristics were reviewed in detail. The patients were categorized, based on concomitant coronary artery stenosis detected by angiography, as CCAE group (n=87, ≥30% luminal stenosis) and ICAE group (n=56, <30% luminal stenosis) and also categorized by the coronary flow as CSFP group (n=51) and normal flow coronary ectasia - NCEA group (n=92). All patients were re-evaluated at 6-month intervals. Follow-up data, cardiovascular (CV) mortality, hospitalization and major adverse cardiac events (MACE) were collected. The level of statistical significance was set at 5%.

    RESULTS:

    Patients were followed up for an average of 56.9±7.4 months. During the follow-up, statistically significant differences were found in hospitalization, CV mortality and MACE between the CCAE and ICAE groups (P=0.038, P=0.003, P=0.001, respectively). The CSFP and NCEA groups were also compared. There was a statistical difference with respect to hospitalization between the CFSP and NCEA groups (P=0.001), but no difference was observed in terms of MACE and CV mortality (P=0.793 and P=0.279).

    CONCLUSION:

    CSFP accompanying CAE may be a predictor of hospitalization. Significant atherosclerotic plaques coexisting with CAE may be predictive for MACE.

    Keywords: Coronary Vessels. Constriction; Pathologic. Coronary Stenosis. Coronary Aneurysm. Angiography. Hospitalization.

  

   

   

  INTRODUCTION

  Coronary artery ectasia (CAE) is described as the dilation of a segment of a coronary artery at least 1.5 times the adjacent segment [1]. CAE and aneurysms are encountered in 1.5-5% of coronary angiographies, but are less frequent in non atherosclerotic cases [2]. The exact pathophysiological mechanisms of CAE have not been clearly understood. A variety of etiologies, including congenital defects, inﬂammation, endothelial dysfunction, vasculitis and atherosclerosis are associated with the development of CAE, but atherosclerosis is the main cause in nearly half of all CAE cases [3,4]. In the clinical setting, CAE is associated with adverse cardiovascular outcomes, such as coronary spasm, thrombosis, distal embolization, dissection, and myocardial ischemia [5].

  Isolated coronary artery ectasia (ICAE) is defined as the absence of coronary artery stenosis and accounts for roughly 0.1-0.79% of all CAE cases [6]. In addition to atherosclerosis, slow flow may also accompany ICAE. Higher rates of morbidity and mortality were found in CAE patients with atherosclerosis than in ICAE patients in previous studies [7]. There are limited data in the literature regarding CAE and especially its prognosis due to its low incidence.

  This study investigated the long-term clinical outcomes of a sample of CAE patients from southeastern Anatolia. In addition, we aimed to evaluate the prognosis of CAE patients with coronary slow flow phenomenon (CSFP).

   

  METHODS

  This study had a prospective design and included complete follow-up until June 2019 for patients with CAE who underwent coronary angiography between January 2008 and January 2013 at the Adana City Research and Training Hospital. Study patients were selected among patients who presented to our clinic with stable angina pectoris and were subsequently referred to coronary angiography.

  Patients were categorized based on concomitant coronary artery stenosis detected by angiography as CCAE group (n=87, ≥30% luminal stenosis) and ICAE group (n=56, <30% luminal stenosis), and also categorized by the coronary flow as CSFP group (n=51) and normal flow coronary ectasia - NCEA (n=92). The clinical, angiographic and demographic characteristics of the patients were reviewed in detail. These groups were compared in terms of major adverse cardiac events (MACE), hospitalization and cardiovascular (CV) mortality.

  The exclusion criteria were: severe or moderate valvular heart disease, percutaneous coronary intervention (PCI) on ectatic vessel, heart failure (left ventricular ejection fraction <40%), inﬂammatory diseases (acute or chronic), and hepatic and renal disorders. In addition, patients for whom detailed information (no data on 6-month follow-up) could not be retrieved from their medical records were excluded from the study.

  CV risk factors for coronary artery disease (CAD) were identified from patients’ hospital records and physical examination at the time of presentation, including hypertension (HT), diabetes mellitus, current or past smoking, family history of CAD and dyslipidemia. We used standard definitions for risk factors, as described in current guidelines. The study was approved by the Institutional Review Board of the Adana City Research and Training Hospital.

  Coronary Angiography

  The images were evaluated by two clinical specialists who were blinded to the clinical findings of the patients. Coronary angiography was performed with Philips Allura Xper FD10 device (Philips Medical Systems). Femoral artery cannulation and Judkins method were used for coronary angiography. The radiocontrast agents were iodixanol or iohexol. Two orthogonal projections were recorded and analysed by two interventional cardiologists using the software of Philips Allura Xper FD10 device. CAE was defined for coronary angiography findings of segmental or diffuse coronary artery dilation to >1.5-fold the diameter of adjacent segments of the same artery without stenosis. Ectatic vessel diameter and ratio of the ectatic segment to the normal segment diameter were determined using the quantitative coronary analysis (QCA) system. Using this method, CAE patients were divided into two groups, including the ICAE group (<30% luminal stenosis) and the CCAE group (≥30% luminal stenosis). In addition, the degree of CAE was categorized according to the Markis classification as follows: type 1, diffuse ectasia in two or three vessels; type 2, diffuse ectasia in one vessel and localized disease in another vessel; type 3, diffuse ectasia in a single vessel; and type 4, segmental localized ectasia [8].

  CSFP is an angiographic entity characterized by delayed progression of the injected contrast medium through the coronary tree. Two interventional cardiologists calculated thrombolysis in myocardial infarction (TIMI) frame counts (TFCs) for each coronary vessel. Images were acquired at 15 frames/s, and all frames were multiplied by 2. The left anterior descending (LAD) artery frame counts were divided by 1.7 due to the longer length. Similar to previous established methods, a frame count above 27 for all vessels was considered a slow coronary flow [9]. According to these criteria, 51 patients were included in the CSFP group.

  Follow-up

  The eligible patients were re-evaluated at 6-month intervals. Patients whose detailed data could not be retrieved and those who did not return for follow-up were excluded from the study. Follow-up examinations were conducted at the hospital during routine check-ups. For a small number of patients (8%), follow-up data were obtained from the hospital or health center registry, from clinical notes, or from telephone surveys conducted by two cardiologists. Although the follow-up process started with 968 evaluable patients, complete follow-up was achieved only for 143 patients.

  Complete follow-up data, including information on MACE (recurrent interventions, acute coronary syndromes, PCI and coronary artery bypass grafting [CABG] surgery), hospitalization and CV mortality were collected. Hospitalization was defined as hospital stay (≥2 days) for stable angina and recurrent intervention was defined as need for intervention (e.g., PCI or CABG) in an ectatic vessel due to angina pectoris. At least one culprit lesion was found in the ectatic vessels in acute coronary syndrome (ACS) and PCI cases. Cardiovascular mortality was defined as a failed intervention on an ectatic vessel and subsequent heart failure or cardiac arrest associated with malignant arrhythmias.

  Statistical Analysis

  The SPSS for Windows software (version 22.0, IBM Corp., Armonk, NY, USA) was used for all statistical analyses. A Kolmogorov-Smirnov test was used to check the normality of the distributions of continuous variables. The independent samples t-test was used to assess normally distributed variables and the Mann-Whitney U test was used for non-normally distributed variables. Mean±standard deviation or median (interquartile range) were calculated for continuous variables depending on whether they showed a normal distribution. Categorical variables were presented as percentages. Follow-up data (without follow-up variable) from CCAE-ICAE and NCEA-CSFP groups were compared using the chi-square test. The common variable (hospitalization) considered significant by these tests was included in the binomial logistic regression analysis as a dependent variable, and the effect of significant ectatic coronary lesions and the coronary slow phenomenon on this dependent variable were investigated. A two-sided P<0.05 was considered statistically significant in all statistical analyses.

   

  RESULTS

  CAE was observed in one vessel in 46.1% (n=66), in two vessels in 47.5% (n=68) and in three vessels in 6.4% (n=9) of the patients. Of all arteries, the right coronary artery (RCA) was the vessel most affected by ectasia (in 64.3% of patients, irrespective of the number of affected coronary vessels) and type 1 ectasia was the most common (30%) according to the criteria of Markis et al. [8] (Table 1). No significant difference in age or sex was observed when the demographics of the groups were evaluated. In addition, the groups were similar in terms of diabetes mellitus, HT, smoking, dyslipidemia and family history for CAD, with no statistically significant difference (P>0.05). There was no significant difference in biochemical variables between the study groups based on a comparison of the laboratory data (P>0.05) (Table 2).
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  The patients were followed up for an average period of 56.9±7.4 months. Compared with respect to hospitalization, 12 patients in the ICAE group and 33 patients in the CCAE group were hospitalized secondary to cardiac causes, and the difference was statistically significant (P=0.044). In addition, cardiovascular mortality, PCI and acute coronary syndromes were statistically significantly more common in the CCAE group (P<0.05). In contrast, 16 patients in the CCAE group and 4 patients in the ICAE group underwent CABG surgery, with no statistically significant difference (P=0.083) (Table 3).
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  During the follow-up, 12 (8.4%) patients died, all of them in the CCAE group, and the deaths occurred as a result of cardiac causes (acute coronary syndromes followed by ventricular fibrillation in 8 patients, decompensated heart failure in 1 patient, and malignant arrhythmia in 3 patients). This led to a statistically significant difference in mortality between the groups (P=0.003).

  Slow flow was observed in one vessel in 60.7% (n=33), two vessels in 33.3% (n=17), and three vessels in 5.8% (n=3) of the patients followed. Of all arteries, RCA was the most affected by coronary slow flow (68.6%), followed by LAD and circumflex artery (Cx) in decreasing order. No statistical difference was observed between the CFSP and NCEA groups in terms of demographic characteristics, including diabetes, HT, smoking, dyslipidemia and family history of CAD (P>0.05). When these groups were evaluated in terms of laboratory data, there was no significant difference between the groups. Relevant data are shown in Table 4.

 
  Of the 12 patients who died, 6 were in the NCEA group, while the other 6 patients were in the CSFP group. The difference between the groups in terms of cardiovascular mortality was not statistically significant (P=0.376). Fifteen patients in the NCEA group and 30 patients in the CSFP group were hospitalized due to cardiac causes (particularly stable angina pectoris), which led to a statistically significant difference in hospitalization between the groups (P=0.001). The rates of PCI, CABG and ACS did not differ significantly between the groups (P>0.05) (Table 5).
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  Among the 51 CFSP patients, 31 had significant concomitant coronary artery stenosis (>30%) and MACE and hospitalization rates were statistically higher in this group in comparison to the CSFP group without significant coronary artery stenosis (P=0.03 and P=0.02, respectively). However, no difference was observed between these groups in CV mortality (P=0.152).

  In light of the aforementioned data, the impacts of significant ectatic coronary lesion and CSFP on the odds ratio of hospitalization were examined with a binomial logistic regression analysis. According to the results of this regression analysis, concomitant CSFP increased the relative risk of hospitalization by more than 2.8 times in CAE patients in comparison to atherosclerosis. The results are shown in Table 6.
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  In the case of CAE, no significant difference was observed between groups in terms of age, gender and biochemical data when patients who underwent repeated interventions (44 patients) were compared with those who did not undergo repeated interventions (99 patients) (P>0.05). In addition, the groups were similar in terms of major CAD risk factors, with no statistical difference (P>0.05). These patient groups did not show a statistically significant difference with respect to the slow flow (P=0.852). However, the presence of significant ectatic lesions was statistically significant in patients with a history of repeated interventions (P=0.001). Ejection fraction was lower in the group with repeated interventions, and the difference was also statistically significant (P=0.006). CV mortality rate was higher and statistically significant in the group undergoing repeated interventions (P=0.001).

   

  DISCUSSION

  In the current study, we first identified CAE patients and then we evaluated the coexistence of CSFP and/or coronary artery disease with CAE. Finally, we investigated the prognosis of CAE patients over a period of approximately 60 months on average. In this respect, this is the first study in literature that clearly demonstrated the effect of the CSFP on the prognosis of CAE patients.

  The frequency of CAE detected by coronary angiography ranges from 0.3% to 4.9% [2-10]. In many studies, it has been reported that CAE is most frequently seen in RCA, followed by LAD, Cx and left main coronary artery (LMCA) involvement, respectively [11]. In our study, CAE was detected most frequently in RCA, which is consistent with the literature. On the other hand, type 1 and type 3 ectasia were found more frequently in studies that examined the prevalence of individual CAE types [12]. Type I ectasia was most commonly observed in our study. In addition, although it has been reported in some publications that CAE is more common in men, others have found no gender differences [12]. In the present study, no statistically significant difference was found between the two genders in terms of the presence of CAE.

  The association between CAE and inflammation has been frequently reported in the literature. Inflammation is the main pathophisiological mechanism underlying CAE. CAE is more common in human immunodeficiency virus (HIV) infection [13], and is associated with higher levels of uric acid, high-sensitivity C-reactive protein (hs-CRP) [14], and other inflammatory cytokines such as interleukin-1b, tumor necrosis factor alpha (TNF-α), and interleukin 10 [15]. Monocyte to high-density lipoprotein ratio (MHR) [16], neutrophil to lymphocyte ratio (NLR) [17] and insulin-like growth factor I (IGF-I) level [18] are also elevated in CAE. These inflammatory processes may be independent of the presence of atherosclerosis. It was found that, in patients with CAE without atherosclerosis, hs-CRP levels are elevated compared to normal coronaries [19].

  The mechanism for ischemia development is not clear in isolated CAE. Slow or turbulent flow in the enlarged vessel may cause thrombosis in the ectatic segment or embolism to the distal coronary artery [20]. Güleç et al. [21] reported that, in cases of CAE, microvascular perfusion is also impaired in addition to epicardial perfusion. Two recent studies have suggested that left ventricular diastolic dysfunction was detected in patients with CAE examined by tissue Doppler imaging [22], which may be caused by microvascular dysfunction and/or ischemia [23].

  There are many studies in the literature reporting that HT may play a role in the pathogenesis of CAE [24]. Contrastingly, there are also studies reporting that the frequency of HT is not different from the control group [25]. In our study, the HT prevalence could not be compared since there was no control group without CAE; however, 44.7% (n=64) of 143 patients with ectasia were diagnosed with HT.

  CAE can present with symptoms caused by isolated or concomitant atherosclerosis. In the literature, CAE has been reported to cause slow flow, thrombus formation and vasospasm in the coronary arteries. It has been suggested that CAE causes clinical presentations that can lead to ischemic heart disease or even myocardial infarction without obstructive CAD. In our study, the presence of atherosclerosis was investigated in addition to CAE. Concomitant CAD was detected in 60.8% of the patients, and RCA was most commonly affected by stenosis and atherosclerotic lesions. Giannoglou et al. [26] reported CAD at a rate of 87.1% in patients with CAE.

  MACE are well-established consequences of CAE [27]. A three-year follow-up study showed similar clinical outcomes when compared to heavy atherosclerotic coronary burden [26]. On the other hand, other studies reported non-benign courses in CAE as a result of dilated lumens with disrupted flow, a substrate for potential thrombus formation [27]. In our study, patients with CAE who had significant coronary stenosis, a sign of severe atherosclerosis, showed a higher mortality rate in the long term, with similar trends in hospital admissions with chest pain, acute coronary syndrome and arrhythmia. Perhaps the long-term outcome of our patients provides stronger evidence for worse clinical outcome in the CCAE group compared to the ICAE group. In our study, the ejection fraction was lower in the group with recurrent interventions in patients with CAE. Concomitant significant coronary artery stenosis was more common and CV mortality was also higher in this group. Diabetes, HT and other factors were not predictors of recurrent intervention in the CAE group.

  In our study, 12 of the 143 patients died after an average follow-up of 57 months, and the annual mortality rate found was 1.66%. There is limited data in the literature regarding the prognosis of patients with CAE. It is noteworthy that Markis et al. [8] reported in their study that the short-term prognosis was the same as that of patients with three-vessel disease followed up by a medical follow-up decision, and the annual mortality rate was reported at 15%. In another study, the mortality rate was not different from the control group, regardless of the form of treatment (medical or surgical) [5]. Hartnell et al. found an annual mortality rate of 4.6% in patients followed by medical treatment and 2.4% in the surgical group, and concluded that the presence of CAE alone did not affect mortality.

  It is known that CAE is one of the secondary causes of coronary slow flow. CSFP is most common in patients presenting with symptoms of chest pain, rest or mixed-pattern angina, and this is a hallmark of CSFP. Moreover, CSFP patients may present with life-threatening arrhythmias and sudden cardiac death [29,30]. Although there are publications stating that male gender is a predictor for CSFP, data on the absence of a gender relationship are also available in the literature [31]. However, in our study, there was no statistically significant difference between genders in terms of coronary CFSP. Little is known about the prognosis of CSFP, because the most published literature includes patients with known heart failure and other diseases and, as a result, its outcome is unclear [31]. Sadamatsu et al. [32] and Chaudhry et al. [33] reported that patients with CSFP had a favorable long-term prognosis, while Fragasso et al. [34] investigated 12 patients with CSFP in an average follow-up of 15 years and concluded that patients with CSFP had a worse cardiac prognosis and, therefore, should be carefully followed. Moreover, the number of patients reported was limited (from a dozen to over a hundred); thus, CSFP remains poorly understood. Compared to previously published reports, our study had a relatively adequate sample size and explored risk factors for worse prognosis for the ﬁrst time in the literature.

  Another important finding of our study is that hospitalization is more common in the presence of coronary slow flow in CAE. The presence of CAE may be one of the causes of CFSP, because one of the factors affecting the coronary artery blood flow is the geometric shape and the structure of the vein. It is known that CFSP can cause chest pain during rest and exercise and can be associated with increased frequency of hospitalization.

  Limitations

  Our study has some limitations. This is a single cohort study (without a control group) that required data collection for approximately 60 months. One of our limitations was the lack of treatment options for patients followed up with medical therapy. Further large prospective studies are needed to better demonstrate the criteria for treatment selection and prognostic evaluation in patients with CAE.

   

  CONCLUSION

  The coronary slow flow phenomenon accompanying CAE may affect clinical follow-up, cause symptoms and may be a predictor of hospitalization. Significant atherosclerotic plaques coexisting with CAE may be predictive for MACE.
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    ABSTRACT

    INTRODUCTION:

    This study investigated the role of the neutrophil-lymphocyte ratio (NLR), the perioperative changes in NLR (delta-NLR), the platelet-lymphocyte ratio (PLR), and the platelet count in predicting acute kidney injury (AKI) following coronary artery bypass grafting (CABG) during hospital stay.

    METHODS:

    The records of 396 patients with preoperative creatinine < 1.5 mg/dl undergoing isolated CABG between October 2015 and October 2019 were reviewed retrospectively. Diagnosis of AKI was based on the Kidney Disease Improving Global Outcomes definition. Demographic data, operative data, in-hospital mortality, preoperative NLR, PLR, and platelet counts were compared between patients with (AKI group) and without (non-AKI group) postoperative AKI. Additionally, NLR, delta-NLR, and PLR values were calculated daily for the first four postoperative days. A “subsequent AKI group” was formed for the first four postoperative days by excluding patients diagnosed with AKI. The daily and overall predictivity of the markers for AKI are investigated.

    RESULTS:

    AKI was present in 86 patients during the postoperative period, while 310 patients had normal postoperative renal functions. NLR, delta-NLR, and PLR on the first four postoperative days (P<0.001 for all) were significantly associated with the development of AKI in subsequent days. Multivariate analysis identified postoperative NLR (odds ratio 1.17, 95% confidence interval 1.11-1.23; P<0.001) as an independent predictor of AKI. PLR lost its significant association with AKI at the values measured at discharge from hospital (P>0.05).

    CONCLUSION:

    NLR values measured on the first four days postoperatively are a useful tool in predicting AKI during hospital stay following CABG.

    Keywords: Coronary Artery Bypass; Acute Kidney Injury; Neutrophils; Lymphocytes; Platelet Count; Length of Stay; Patient Discharge..

  

   
 
   

  INTRODUCTION

  Acute kidney injury (AKI) following cardiac surgery is a common complication which increases costs, morbidity, and mortality, even in cases in which renal failure does not occur1,2. The reported incidence of AKI following cardiac surgery is 5-30%, and cardiac surgery is the second most common cause of AKI in intensive care units3,4. The exact pathogenesis of post-cardiac surgery AKI is unclear. However, multiple factors, including systemic inflammation that may occur in the preoperative, intraoperative, and postoperative periods, will result in postoperative renal injury5. The early diagnosis of AKI can serve as a guide to treatment and improve prognosis. Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) measured before surgery have been identified as simple markers for predicting AKI following cardiac surgery2,6,7. Urea or creatinine values measured in the first 48-72 hours after cardiac surgery are insufficient for demonstrating kidney damage4,8. Therefore, a reliable predictor of AKI is needed in the first few postoperative days.

  An increase in neutrophil numbers and a decrease in lymphocyte and platelet counts occur immediately following cardiac surgery, and it may take months for all blood parameters to fully recover9. These dynamic changes are attributed to systemic inflammation, which is also a risk factor for AKI. The changes in NLR in the early postoperative period from preoperative values (delta-NLR) are reported to be a prognostic factor in predicting outcomes of surgery in cases of malignancy due to their association with systemic inflammation10-12. Earlier studies revealed an association between baseline and postoperative hematological indices and postoperative adverse outcomes, rather than the effect of acute changes in these parameters. The relationship between AKI and the delta-NLR in patients undergoing isolated coronary artery bypass grafting (CABG) has not been studied to date.

  The fall of platelet count was related with development of AKI following CABG13. Paradoxically, higher PLR values on postoperative day one were also found to be related with AKI2. This caused suspicion about the predictive power of PLR in the postoperative days of CABG.

  The aim of this study was to investigate the relationships between NLR, PLR, delta-NLR, platelet counts, and AKI during hospital stay of patients undergoing isolated CABG.

   

  METHODS

  Study Population

  Approval for this study was granted by the local ethical committee, and all procedures were conducted in accordance with the principles set out in the Declaration of Helsinki. The medical records of 631 patients undergoing CABG between October 2015 and October 2019 were reviewed retrospectively.

  Patients with low hemoglobin (Hgb) levels (≤ 10 g/dL), renal impairment (serum creatinine levels > 1.5 mg/dl or patients on dialysis), with active infection or active or chronic autoimmune disease, taking steroids or chemotherapeutic drugs, with moderate or severe valvular heart disease, scheduled for concomitant surgery, in a critical preoperative condition (requiring inotropic drug support or intra-aortic balloon pumping), with a left ventricular ejection fraction (LVEF) ≤ 30%, requiring respiratory support, individuals who were reoperated because of hemodynamic instability or bleeding, patients who were operated on a beating heart, and patients undergoing repeat CABG were excluded. Three hundred ninety-six patients aged between 38 and 79 years and who underwent isolated CABG with cardiopulmonary bypass (CPB) were finally enrolled. Patients’ demographic and clinical data were retrieved from the electronic hospital records and archives.

  Definitions

  Characteristics such as age, gender, smoking history, diabetes, hypertension, hyperlipidemia, LVEF, pre- and postoperative laboratory parameters (Hgb levels, and leukocyte, neutrophil, lymphocyte, and platelet counts), serum creatinine, blood urea nitrogen (BUN), albumin, operative findings including duration of CPB and aortic cross-clamping, number of revascularized vessels, and in-hospital mortality were recorded. Hypertension was defined as blood pressure ≥ 140/90 mmHg or antihypertensive drug use, while smoking status was defined as positive if the individual concerned had not quit for at least the previous year. Diabetes was defined as a fasting blood glucose value ≥ 126 mg/dl or the use of antidiabetic medications, while hyperlipidemia was defined as a total cholesterol level > 220 mg/dl and low-density lipoprotein-cholesterol > 130 mg/dl or receipt of antihyperlipidemic drugs. Distal anastomoses were grouped as 1-3 and > 3 in number.

  Diagnosis of AKI was based on the Kidney Disease Improving Global Outcomes (KDIGO) definition (serum creatinine rising by ≥ 0.3 mg/dl within 48 hours of surgery or rising to ≥ 1.5 times baseline values, or renal replacement therapy being required). Baseline serum creatinine was defined as the final concentration measured in the last week before surgery, while postoperative serum creatinine levels were measured daily following surgery8. Urine output was not employed since this can be affected by diuretics and/or intravenous fluids administered during and after surgery2,8. Patients who developed AKI following surgery during hospital stay were classified as the AKI group, and the day when AKI developed was noted. Those with normal postoperative renal functions were classified as the non-AKI group.

  NLR and PLR values were first calculated. In order to show dynamic changes in NLR, delta-NLR was calculated by subtracting the preoperative NLR from the postoperative NLR (postoperative NLR-preoperative NLR)10. In order to analyze the daily predictivity of the parameters for the development of AKI in the first four postoperative days, patients who were diagnosed with AKI on or before the studied day were excluded from the AKI group and the “subsequent AKI group” was formed for postoperative days one, two, three, and four. The leukocyte, neutrophil, lymphocyte, platelet counts, NLR, delta-NLR, and PLR values were compared for every day between the “subsequent AKI group” and the “non-AKI group”. Additionally, to investigate the predictive value of the postoperative parameters for the occurrence of AKI, the method used by Kertai et al.13 was applied by calculating the nadir platelet and peak NLR, delta-NLR, and PLR values from the results obtained on the first four postoperative days. The minimum (nadir) platelet count was defined as the lowest in-hospital value measured in the first four postoperative days. Similarly, the maximum NLR, delta-NLR, and PLR values in the first four postoperative days were defined as peak NLR, delta-NLR or PLR. Patients preoperative demographic characteristics, laboratory parameters, and preoperative NLR, PLR, peak NLR, peak PLR, and nadir platelet values are compared between AKI and non-AKI groups.

  The leukocyte, neutrophil, lymphocyte, platelet counts, NLR, delta-NLR, and PLR values were calculated for the first, second, third, and fourth postoperative days (NLR 1, 2, 3, and 4, delta-NLR 1, 2, 3, and 4, PLR 1, 2, 3, and 4) and on the day of discharge from hospital. Approximately 5 to 7 ml of venous blood samples were added to a sterile tube with ethylenediaminetetraacetic acid. An automated blood count device (Abbott CELL-DYN 3700; Abbott Laboratory, Abbott Park, Illinois, United States of America) was employed to calculate hematological parameters following a one-hour waiting period.

  Operative Technique

  All procedures were performed by the same surgical team. Following induction of general anesthesia, median sternotomy was performed, and left internal thoracic artery and saphenous venous grafts were prepared. Following systemic heparin administration (300 IU/kg), aortic and venous cannulations were performed and CPB was instituted. The activated clotting time was maintained over 450 seconds during the procedures, moderate hypothermia (28-32 °C) is used. CPB flow was maintained at 2.2-2.5 l/min/m2, and mean blood pressure was held at between 50 and 80 mmHg. Hematocrit levels of 20-25% were maintained during CPB. Cross-clamping was applied to the ascending aorta, followed by antegrade hypothermic and hyperkalemic blood cardioplegia. Distal anastomoses were performed during aortic cross-clamping, while proximal anastomoses were performed on beating heart over the ascending aorta with a lateral clamp.

  After surgery, all patients were moved to the intensive care unit. Patients were extubated following the restoration of normal orientation and cooperation if their hemodynamic and respiratory functions were recovered. If no contraindication was determined, all patients were started on 50 mg/day oral metoprolol after the first postoperative day.

  Statistics

  Statistical analysis was performed on IBM Corp. Released 2013, IBM SPSS Statistics for Windows, Version 22.0, Armonk, NY: IBM Corp. Data exhibiting normal distribution were expressed as mean ± standard deviation, and those without normal distribution as median values (minimum-maximum). Data obtained by counting were expressed as percentages (%). Normality of distribution was assessed using a histogram or the Kolmogorov-Smirnov test, while homogeneity of distribution was assessed using Levene’s test for equality of variance. Intergroup comparisons were performed using Student’s t-test in the event of normal and homogenous distribution, or with the Mann-Whitney U test if distribution was not normal and homogeneous. Differences between the groups were evaluated by parametric or non-parametric Pearson’s Chi-Square test or Fisher’s exact test, depending on whether or not the distribution was parametric. The effects of the preoperative risk factors thought to affect the development of AKI (including peak NLR, delta-NLR, PLR, and nadir platelet counts) were investigated using univariate logistic regression analysis. The multiple effects of the risk factors identified as being effective or possibly effective in the prediction of AKI at univariate statistical analysis were then investigated using multivariate logistic regression analysis. The development of AKI on subsequent days was investigated using univariate regression analysis in terms of NLR, delta-NLR, and PLR on the first, second, third, and fourth postoperative days. Odds ratio, 95% confidence interval, and level of significance were determined for each risk factor. P-values < 0.05 were regarded as statistically significant. Receiver operating curve (ROC) analysis was used to compute the sensitivity and the specificity of preoperative NLR, PLR, peak NLR, peak delta-NLR, and peak PLR in predicting in-hospital AKI. The sensitivity and specificity of NLR, delta-NLR, and PLR in the first, second, third, and fourth postoperative days to predict AKI on the subsequent days were computed using ROC analysis.

  Results were considered statistically significant at P<0.05.

   

  RESULTS

  Three hundred ninety-six patients (mean age 62.2±9 years, 78.7% men) were included into the study. Mean hospitalization time was 7.27±1.73 days. AKI, diagnosed based on the KDIGO classification, was present in 86 patients (Group 1, AKI 22%), while 310 patients had normal postoperative renal functions (Group 2, non-AKI, 78%). Seventeen patients were diagnosed with AKI on postoperative day one. Sixty-nine patients developed AKI after postoperative day one, 21 after day two, nine after day three, and four after day four, and these patients’ values were used to analyze development of subsequent AKI for any specific postoperative day. None of these patients required renal replacement therapy. Demographic characteristics and preoperative results and operative data are summarized in Table 1. Age (P=0.014), preoperative creatinine (P<0.001), BUN (P=0.002), albumin (P=0.016), lymphocyte count (P<0.001), preoperative NLR (P<0.001), and preoperative PLR (P<0.001) levels differed significantly between the groups.
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  Comparisons of the subsequent AKI group with the non-AKI group revealed significantly higher leukocyte counts on postoperative days two, three, and four (P<0.001 all), significantly higher neutrophil counts on postoperative days one, two, three, and four (P=0.008, P<0.001, P<0.001, and P<0.001, respectively), significantly lower lymphocyte counts on postoperative days one, two, and three (P<0.001, P<0.001, and P=0.001, respectively), and significantly lower platelet counts on postoperative days one, two, three, and four (P<0.001, P<0.001, P<0.001, and P=0.006, respectively). NLR, delta-NLR, and PLR values on postoperative days one, two, three, and four were significantly higher (P<0.001, P<0.001, P<0.001, and P=0.001, respectively; all) in the subsequent AKI group. This indicates that the profile of cellular inflammation changes in the first four postoperative days, and that an increase in NLR, delta-NLR, and PLR values occurs at least one day prior to diagnosis of AKI (Table 2).

  Peak NLR and peak PLR values on the first four postoperative days were significantly higher (P<0.001 for both) among patients who developed AKI compared to the non-AKI group. Nadir platelet counts were significantly lower (P=0.001) among patients who developed AKI (Table 2).

  
    

    [image: Table 2]

  

  Leukocyte, neutrophil, lymphocyte, and platelet counts, and NLR, delta-NLR, and PLR values on the day of discharge were compared among patients with and without occurrence of AKI during their hospital stays. The relations between leukocyte count and PLR values and the presence of AKI had lost their significance by the day of discharge from hospital (Table 3).
 
  Multivariate analysis of those variables found to be statistically significant at univariate analysis identified preoperative creatinine (P=0.001), preoperative albumin (P=0.03), preoperative leukocyte (P=0.018), preoperative NLR (P=0.007), and postoperative peak NLR (P<0.001) as independent predictors of postoperative AKI (Table 4).
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  Univariate analysis results for NLR, delta-NLR, and PLR values on postoperative days one, two, three, and four in terms of prediction of subsequent AKI for each postoperative day are summarized in Table 5.
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  ROC curves were calculated to analyze the predictivity of preoperative NLR and PLR (Figure 1). Also, ROC curves were calculated for NLR, delta-NLR, and PLR on postoperative days one and two to determine their predictivity of AKI on subsequent days (Figure 2).

    

    [image: Fig. 1. Receiver operating curve analysis for preoperative (preop.) neutrophil-lymphocyte ratio (NLR), delta-NLR, and plateletlymphocyte ratio (PLR) values regarding occurrence of postoperative acute kidney injury during hospital stay.]

  

 
  ROC curve analysis results for NLR 3, delta-NLR 3, PLR 3, NLR 4, delta-NLR 4, and PLR 4 in terms of prediction of AKI on subsequent days are summarized in Table 6. The results of ROC curve analysis in predicting postoperative AKI for peak NLR, peak delta-NLR, and peak PLR are shown in Figure 3.
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  DISCUSSION

  This study shows the value of NLR, delta-NLR, and PLR measured on the first four days after CABG in terms of prediction of in-hospital AKI on subsequent days. Postoperative NLR values on the first four days following CABG emerged as the most reliable and independent predictors of in-hospital AKI.

  The pathophysiology of AKI following cardiac surgery is multifactorial and includes inflammation, ischemia-reperfusion injury, operative trauma, blood exposed to the artificial surface of the CPB circuit, neurohormonal activation, metabolic factors, and oxidative stress3,4,14. Neutrophil activation plays a crucial role in the initiation and progression of inflammation and is implicated in reperfusion injury, and CPB itself is associated with neutrophil activation and an augmented neutrophil count9,15. Neutrophils play a limited role in atherogenesis, but lymphocytes are involved in the development and progression of atherosclerosis and are inversely associated with inflammation. A reduced lymphocyte count reflects physiological stress, and an increased cardiovascular risk and mortality15,16. CPB-induced inflammation increases average neutrophil values, which rapidly reach their peak on the second day after surgery, while lymphocytes decrease and achieve their lowest value on the first day after surgery9. Thrombocytosis is an important factor in the pathophysiology of atherosclerosis, and a reduction in platelet counts is observed following CPB15,16. NLR and PLR are easily available, inexpensive markers and are positively correlated with such inflammatory markers as tumor necrosis factor-α and interleukin (IL)-617.

  NLR and PLR values measured at the preoperative period have been reported to predict AKI following cardiac surgery1,2 The present study provides additional evidence that postoperative AKI is associated with elevated preoperative NLR and PLR values. One meta-analysis investigating NLR for the prediction of AKI estimated an area under the curve (AUC) of 0.65 in a cardiac surgery subgroup7. Similarly, a cutoff value of 2.65 (sensitivity 66.1%, specificity 64.7%) with an AUC of 0.69 has been reported for the predictivity of preoperative NLR2.

  In the present study, ROC analysis yielded a similar result for preoperative NLR (AUC: 0.67) with a similar cutoff value of 2.51 (65% sensitivity, 61%specificity) (Figure 1). Additionally, preoperative NLR emerged as an independent predictor of postoperative AKI (Table 4).

  Increased NLR can be related to the complexity of atherosclerosis or lower creatinine clearance levels, as previously reported. Preoperative NLR has been identified as a predictor for mortality and cardiovascular events following CABG15,18. However, the body is subject to an emerging postoperative inflammatory response as well as to the existing inflammatory burden of the preoperative period.

  The postoperative NLR, delta-NLR, and PLR values were analyzed for their daily predictivity as well as the predictivity of their peak values. The later AKI developed, the higher were the NLR, delta-NLR, and PLR values prior to development of AKI (Table 2). These results suggest that a greater inflammatory response is triggered in patients who will develop AKI in later days after surgery. NLR and delta-NLR were significant for all four postoperative days at univariate logistic regression analysis (P<0.001 all). Meanwhile, the significance of P-values of PLR in predicting AKI diminished during the first four days (P<0.001, P<0.001, P=0.037, P=0.041, respectively) (Table 5). Daily postoperative NLR exhibited the highest predictivity for postoperative AKI at univariate analysis and ROC analysis (Table 5, Table 6, and Figure 2). In ROC analysis of daily NLR, delta-NLR, and PLR values for the occurrence of AKI, the AUC values augmented with the advance of days (Table 6). These values show that a high risk of AKI exists in patients with high cellular inflammation levels after the second day of surgery. However, the number of patients developing AKI after the third and fourth days were decreased (nine and four, respectively), this might have affected the very high AUC, sensitivity, and specificity of the measured parameters.

  The peak NLR, delta-NLR, and PLR as well as nadir platelet counts of the first four postoperative days were compared in terms of the occurrence of AKI until discharge from hospital. Peak NLR emerged as an independent predictor of AKI (Table 4). ROC analysis revealed the highest AUC for NLR, a cutoff value of 19.5 exhibiting 80% sensitivity and 81% specificity. This threshold could be used to predict overall risk of AKI in the first four postoperative days.

  Delta-NLR is used to demonstrate the dynamic change in NLR from its initial values to post-treatment values. This new marker is directly related to the effect of the treatment applied. The relationship between inflammation and delta-NLR has previously been studied in other surgical patient groups10-12. This study shows that delta-NLR is strongly related with AKI and delta-NLR values were significantly augmented prior the development of AKI. However, NLR values were superior to delta-NLR in predicting AKI as an independent predictor following CABG.

  Surgery triggered an inflammatory response among all patients, which was measured with augmented postoperative NLR values comparing to preoperative baseline values (Table 1 vs. Table 2). By considering the NLR and delta-NLR values of patients who developed AKI during the postoperative days, the measured values were augmented for every day. The NLR and delta-NLR values obtained in the later days of the postoperative course as well as calculated cutoff values were higher than in the previous days. These results show that other factors than surgery alone might be involved in the development of AKI with the ongoing days. Additionally, in patients who did not developed AKI, the NLR and delta-NLR values decreased constantly with the course of time (Table 2, Table 6, and Figure 2). The difference in the parameters of cellular inflammation among patients with and without AKI cannot be attributed to the operation itself, since the CPB and cross-clamping times were similar among the groups. It was due to the augmented response of the body.

  Platelet counts have previously been analyzed in order to evaluate their predictivity for the development of AKI following CABG, using nadir platelet counts13. Fall in platelet counts was also associated with AKI in the present study. However, platelet counts were not superior to NLR in terms of prediction of AKI based on AUC in the ROC (Table 4 and Figure 3).

  While preoperative platelet counts were higher in patients with AKI, this was not statistically significant (Table 1). In contrast, as reported previously, platelet counts decreased progressively during the first four postoperative days and were significantly lower prior to the development of AKI compared to the non-AKI patients9. Additionally, platelet counts were significantly lower in patients with AKI on the day of discharge in accordance with previous reports13.

  PLR values measured at the preoperative period and on the postoperative day one have been reported to predict AKI following cardiac surgery2. Concerns about the predictivity of PLR as an inflammatory marker following CABG exist due to an expected fall in platelet levels following surgery19. Additionally, an increased risk for AKI has been reported with a decrease in platelet counts13. However, due to a greater fall in lymphocyte levels, PLR was correlated with the presence or absence of AKI for each of the first four postoperative days (Table 2). PLR values on the day of discharge from hospital exhibited no association with the occurrence of AKI (Table 3). This shows that PLR values lost their significance beyond the first four days. Additionally, PLR exhibited the lowest AUC at ROC compared with NLR and delta-NLR, which restricts the use of PLR as a predictor of AKI (Table 6 and Figures 1, 2, and 3)

  Lymphocyte counts were significantly lower in patients who developed AKI, they reached a nadir on postoperative day two (Table 2). Therefore, the predictive value of PLR 3 and 4 was reduced at univariate analysis (Table 5). Recent results show that PLR has a limited role as a predictor.

  AKI is a complex entity, in which various injury mechanisms and injury sites may be present. The prediction of AKI in patients with normal preoperative creatinine values is important for treatment planning and to avoid further complications. Any novel biomarker should be able to show AKI in the first 72 hours after CABG, when creatinine levels are often nondiagnostic for AKI8. Various biomarkers have been proposed for predicting the occurrence and development of AKI in recent years. However, markers such as neutrophil gelatinase-associated lipocalin, cystatin C, IL-18, tissue inhibitor of matrix metalloproteinase-2, and insulin-like growth factor-binding protein 7 are expensive and not available in all hospitals4,7. NLR is, therefore, a useful tool in the prediction of AKI.

  To the best of our knowledge, this is the first study demonstrating the use of dynamic changes in NLR in AKI prediction in patients undergoing CABG.

  Limitations

  This is a retrospective study of a single center. The study was based on a relatively small sample size, especially the number of patients with AKI after postoperative day two diminished dramatically. The high NLR and PLR values obtained on days four and five may be associated with different postoperative factors either than the surgical stress itself. Due to the retrospective nature of the study, a causal relation could not be drawn. We employed the method used by Kertai et al.13 only to assess the relation between the continuous postoperative parameters with postoperative AKI. Instead of choosing a cutoff value for dichromatous analysis as originally described, we performed a ROC analysis to evaluate the predictivity and demonstrate the cutoff values of nadir and peak values as well as daily obtained parameters. We think this method provided a more detailed analysis.

   

  CONCLUSION

  Augmented NLR and delta-NLR values were predictive for subsequent development of AKI on each of the first four postoperative days. NLR was the strongest and only independent predictor of in-hospital AKI. PLR lost its significant association with presence of AKI during hospital stay; therefore, we do not recommend its use beyond the first postoperative days. The detection of elevated NLR in the preoperative period as well as in postoperative days should serve as a warning for measures to be taken to treat kidney damage.
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    ABSTRACT

    OBJECTIVE:

    The positional relationship between the three branches of the aortic arch was determined in normal people. This study provides data to support the customization of aortic arch stents and simplifies intraluminal treatment.

    METHODS:

    From January 2019 to August 2019, 120 patients who met the inclusion criteria were examined by CT angiography. The ratio of the distance from the midpoint of the three-branch opening onto the anterior wall to the cross-sectional diameter of the aortic arch was calculated. The positional relationship among the three-branch openings was obtained and the data were analyzed statistically.

    RESULTS:

    The three-branch openings were not in a straight line. The positional relationship among the three-branch openings was divided into four types, which were not statistically different between sex and age (P>0.05).

    CONCLUSION:

    By measuring the opening position of the three aortic branches, the positional relationship among the three branches was defined to provide a theoretical basis for the design of intraluminal stents and simplified intracavity thoracic endovascular aortic repair (TEVAR) technology.

    Keywords: Aorta, Thoracic; Computed Tomography Angiography; Aorta; Stents.

  

   

   

  INTRODUCTION

  The incidence of aortic arch disease has increased annually due to an aging population and the rise of cardiovascular diseases. Dissecting aortic aneurysms are characterized by acute onset and severe illness. These patients frequently manifest several symptoms, such as sudden severe pain, shock, and organ ischemia that decrease health status and quality of life of patients1). Standard open repair, although technically possible, is often associated with relatively high surgical trauma, postoperative mortality, and serious complications (including stroke and myocardial infarction)2,3. As a result, less invasive thoracic endovascular aortic repair (TEVAR) approaches have been designed to partially substitute traditional thoracotomy for the treatment of most conditions of the thoracoabdominal aorta. 

  However, due to the unique anatomical structure of the aortic arch (AA), the use of endovascular approaches to repair the aortic arch has been limited by the tortuosity of the aorta and hemodynamic forces, as well as the need to maintain the perfusion of the vital arch vessels4,5).

  To further broaden the surgical indications for TEVAR and simplify the surgical approach for endovascular treatment, a deeper understanding of AA morphology is needed. Most previous studies have focused on the measurement of the aortic diameter, the distance between the three branches of the AA and their angle with the AA. Although some studies have a detailed description of the aorta and AA branches, they are not relevant enough to the occurrence of aortic disease and endovascular treatment.

  This study took a different perspective by using a commercially available software platform and vascular imaging workstation to define the relationships among the three arch vessels and the AA axis in patients without aneurysms or dissections (Figure 1). This provides a theoretical basis for further stent design and simplification of the treatment for aortic arch aneurysms.
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  METHODS

  Patient Selection

  Patients who underwent thoracic aortic computed tomography angiography (CTA) in our hospital from January to August 2019 were enrolled in this study. The CTA examination was conducted in patients with chest pain, abdominal pain, and low back pain that resulted in diagnoses of kidney stones, nerve-root type cervical spondylosis, coronary heart disease, or pulmonary embolism. 

  Exclusion criteria included: 1) patients diagnosed with arterial diseases such as aortic aneurysms, aortic dissection, aortic wall hematomas, or aortic penetrating ulcers affecting the thoracic aorta and/or AA branches; 2) inadequate CT scan parameters, range, and image quality, including unsuitable window width and position, or intravascular lumen contrast agents that were poorly filled; 3) patients with severe organic lesions in the chest or mediastinum causing changes in aortic morphology; 4) patients diagnosed with connective tissue diseases, e.g. Marfan syndrome; 5) patients with aortic diseases after surgery; 6) the presence of variations in the AA branches.

  After applying the exclusion criteria, 80 men and 40 women aged 16 to 89 years old, with an average of (63±14) years, were registered. 

  Inspection Steps and Image Processing Methods

  Before performing the CT scans, patient history of iodine allergy, renal function, and recent similar tests was collected in recent days. An allergy test was performed before the examination to observe whether the patient had an allergic reaction such as itchy skin or difficulty breathing. Scanning was carried out using a 64-row spiral CT (GE Corporation, United States), so that the scanning plane was continuous from the mandible to the groin. The scanned image was entered into an AW4.6 workstation in DICOM format. The centerline tool was utilized to straighten the AA, and the cross section of the three branches was found. The three branch positions of the AA were evaluated separately. 

  Measurement Methods

  The appropriate CT sequence was selected and the Vessel IQ Xpress and Vessel Analysis functions were used to obtain an image of the straightened AA. The central point of the three branches on the straightened image was identified (Figure 2). The cross section of the three branches at the central point position was determined (Figure 3). The vertical distances (AB, CD) from the anterior and posterior points A and C to the anterior wall of the aorta were measured. The diameter of the aortic arch (EF) was measured and the AB/EF and CD/EF ratios were calculated. The ratio of the distance from the center of the branch opening onto the anterior wall to the diameter of the aortic arch was defined as: ((AB/EF+CD/EF)/2). The ratios of the perpendicular distance from the center of the three branches of the left subclavian artery (LSA), left common carotid artery (LCCA), and brachiocephalic trunk (BCT) to the anterior wall and the diameter of the aortic arch in the cross section were defined as K1, K2, and K3, respectively. 
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  Data Analysis

  The absolute value (K1-K2, K1-K3, K2-K3) ≤0.1 was approximated as a two-branch center line parallel to the aortic arch axis, and these data were used to assess the positional relationship of the three branches of the aorta. Finally, K values and classifications were grouped by gender and age (group ≤40 years, group 41~60 years, group ≥61 years). 

  Statistical Methods

  Data were analyzed using SPSS 17.0 software. The measurement data were expressed as mean±standard deviation. The t-test was used to compare sex groups. One-way analysis of variance was used to compare age groups, and pairwise post hoc multiple comparisons were performed using least significant difference tests (LSD-t). The positional relationship of the three branches of the aorta in the normal population was divided into types I, II, III and IV. The different distribution of each type in males and females or in each age group was tested by chi-square tests. A P<0.05 was considered statistically significant for all tests.

   

  RESULTS

  Three-Branch Opening Position

  Descriptive data for K1, K2 and K3 are found in Table 1. The three-branch openings were not completely in a straight line. The LSA was closer to the anterior wall of the aortic arch, the LCCA was closer to the anterior wall, and the BCT was closer to the posterior wall. There were no significant differences in K1, K2 or K3 by gender (Table 2) or age (Table 3).
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  Classification of Three-Branch Positional Relationship

  Data suggest that there was a specified relationship between the three-branch openings. K1, K2, and K3 were used as the central positions of the openings of the three branches. If the absolute value (L1-L2, L2-L3, L1-L3) was less than 0.1, the center line of the two branches was defined as parallel to the axis of the aortic arch. The morphological differences were divided into four types: type I (71 cases, 59.2%): the three-branch straight center line was approximately parallel to the aortic arch axis; type II (29 cases, 31.7%): the LSA-LCCA center line was parallel to the aortic arch axis and was defined as type IIA (the BCT-LCCA center line was parallel to the aortic arch axis and was defined as type IIB); type III (10 cases, 8.3%): the LSA-LCCA center line was parallel to the aortic arch axis and was defined as type III (if the LCCA was closer to the anterior wall of the aortic arch, it was defined as type IIIA, and if it was closer to the posterior wall, it was defined as type IIIB); type IV (one case, 0.8%): there was no parallel relationship with the aortic arch axis among the three-branch openings (Figure 4). There were no statistical differences among the four types with gender or age (Tables 4 and 5).
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  Stent Design Model

  At present, the standard length of the front end of the stent branch is 5, 10, 15, or 20 mm. In theory, the greater the distance between the LSA and the LCCA, the greater the length of the front-end stent will have a longer anchoring zone, reducing leakage and displacement of the stent. The front end of the stent branch has different specifications. In addition, different patients have different aortic diameters, so there are more than 10 types of single-branched stents. Therefore, the manufacture of such a stent is more cumbersome. 

  Data showed that the central connection between the LSA and the LCCA was approximately parallel to the axis of the aortic arch, accounting for more than 80% of the cases. Therefore, we designed a groove in the front end of a single branch bracket. In this way, different length specifications at the head end of the stent due to the distance uncertainty between the LSA and the LCCA are unnecessary. Significantly reduced size of the single-branch bracket facilitates production. 

  As shown in Figure 5, the groove is slotted at the head end of the single branch, and the center line of the groove and branch is parallel to the axis of the stent. The bottom edge of the groove is as long as the branch diameter. This model does not need to consider the distance between the LSA and the LCCA. The model avoids LCCA closure and greatly simplifies the design of single-branch brackets. It is convenient to produce and stock (Figures 5 and 6).
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  DISCUSSION

  In the past, the positional relationship of the three branches of the aortic arch (AA) was regarded complex and varied from person to person. Such characteristics limit the current application of aortic arch stents. We determined the regularity of the three branches by measuring their positional relationship and divided them into four types. These data can be used to improve the existing stent model, simplifying the production specifications of the stents.

  Although some studies have revealed the anatomy of the AA6,7), there are few morphological studies associated with endovascular treatment8. In previous studies, the positional relationship between the three branches of the aorta and the AA was concentrated mainly on the distance between the three branches and the angle between the three branches and the axis of the AA. Finlay et al.9) showed that the distance from the aortic sinus to the brachiocephalic trunk (BCT), the left common carotid artery (LCCA), and the left subclavian artery (LSA) were 69.9±11.8 mm, 8 1.7±13.8 mm, 9 6.6±15.8 mm, respectively. The distances from BCT to LCCA and from LCCA to the LSA were 5.1±1.5 mm and 10.9±4.4 mm, respectively. Yu et al.10 showed that the distance between BCT and LCCA was 4.39±2.49 mm, and the distance between LCCA and LSA was 6.43±3.98. Shin et al.11 studied 25 cases at autopsy and found that the angles between BCT, LCCA, LSA and the AA were 65.3°, 46.9°, 63.8°, respectively.

  Measurement of relevant data provides parameters for the design of the stents. The data vary due to individual differences among people. Previous studies have not been able to customize AA stents because of the variability of the three branches of AA. There may be certain rules between the three-branch openings, which are important to better understand the morphology of the AA branches. In this study, we determined the positional relationship between the three-branch openings of the AA from a different perspective. By measuring the opening position of the three branches, we can better understand the positional relationship among the three branches to provide a theoretical basis for the design of intraluminal stents and to simplify the intracavitary TEVAR technology.

  Multidetector CT has become the most common method for evaluating thoracic vasculature12) and the main diagnostic method for assessment of thoracic aortic abnormalities13). It is increasingly used to assess the morphology of AA. Due to the natural curved structure of the aortic arch, it is difficult to measure the position of the three branches of the AA. In this study, we utilized the centerline tool to more accurately measure the position of the AA branches on the cross-sectional image.

  There seems to be a specific and well-defined relationship among the three branches, which does not differ by sex or age. The aortic three-branch positional relationship can be divided into four types. The different morphological types have nothing to do with age and gender but may be determined in part genetically.

  The castor device employed an easy-to-use unibody design, including a main body and a branch graft to avoid type III endoleaks. Clinicians have been successful in a small number of cases using self-made or customized branch stents and achieved satisfactory clinical results14,15). Due to the difference in distance between the LSA and the LCCA, previous single-branch stent models are often designed to different specifications to avoid LCCA closure. Compared to the traditional single-branch stent, the new stent model does not need to consider the distance between the LCCA and the LSA, which simplifies the stent design and is more convenient for clinical application. The parallel relationship between the aortic branches we found provides the theoretical basis for simplifying the stent design. Such production of standardized grafts will reduce manufacturing costs and shorten the present delay in therapy that exists with customized production. 

  Limitations

  Our study is based on a normal three-branch population, and we have not conducted a thorough study of the population of variant aortic branches. The population we selected was mainly in the hospital. Patients with a CTA exam for various reasons have a certain bias. In the future, we will need to recruit non-hospital populations for measurement and observation and collect multicenter and multiregional data so that the results can be more refined to reflect the general population.

   

  CONCLUSIONS

  The development of standardized off-the-shelf aortic arch endografts will reduce production costs and treatment delays that currently place patients at an additional risk of adverse sequelae. The present study describes a stent model based on the results of a morphological study. Based on these findings, a prototype of an off-the-shelf endograft is suggested that can now be evaluated, refined, and validated by future studies.

  Authors’ Note

  This investigation was reviewed and approved by the Seventh Affiliated Hospital, Sun Yat-sen University institutional review board, following the principles outlined in the Declaration of Helsinki. A waiver for informed consent was granted due to the study’s minimal risk and retrospective methodology.
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    ABSTRACT

    INTRODUCTION:

    In this study, we aimed to investigate the impact of transcatheter aortic valve implantation (TAVI) on serum apelin levels in patients with severe symptomatic aortic valve stenosis (AS).

    METHODS:

    Forty-six consecutive patients (76.9±7.4 years, n=27 women) who underwent TAVI and 45 age- and sex-matched control subjects were included in the study. Echocardiographic parameters, serum apelin, pro-brain natriuretic peptide (Pro-BNP), and troponin I levels were compared between the groups. In addition, the preprocedural and first-month follow-up echocardiographic parameters and serum apelin values of TAVI patients were compared.

    RESULTS:

    Serum median troponin I and Pro-BNP levels were significantly higher and serum apelin levels were significantly lower in TAVI patients before TAVI procedure than in the control subjects (P<0.001, for all). Median troponin I and Pro-BNP levels were significantly decreased and apelin levels were significantly increased after TAVI procedure compared to the peri-procedural levels. There was a significant and moderate negative correlation between Pro-BNP and apelin levels measured before and after TAVI procedure. A statistically significant and strong negative correlation was found between aortic valve area and Pro-BNP level before TAVI procedure, while a statistically significant but weak positive correlation was found between valve area and apelin level.

    CONCLUSION:

    In our study, apelin levels were significantly lower and Pro-BNP levels were higher in AS patients compared with the control group. Moreover, after TAVI procedure, a significant increase in apelin levels and a significant decrease in Pro-BNP levels were observed. There was also a negative and moderate correlation between apelin and Pro-BNP levels.

    Keywords: Apelin; Aortic Valve Stenosis; Transcatheter Aortic Valve Implantation; Echocardiography..

  

   

   

  INTRODUCTION

  Aortic valve stenosis (AS) is the most common heart valve disease in Europe and North America, requiring the most surgical or catheter intervention, and its incidence increases with advancing age. Calcific AS, especially observed in patients older than 65 years of age, is the most common form of this disease1. Transcatheter aortic valve implantation (TAVI) is an alternative treatment for patients with severe AS who cannot undergo surgical aortic valve replacement or are at high risk2-4.

  Apelin is an adipokine isolated from cattle gastric juice in 1998 by Tatemato et al.5. Preproapelin, a precursor of apelin, which was also isolated from adipose tissue in 2005 and accepted as a new member of the adipose tissue family, was detected in many tissues, while the biologically active apelin was detected in the epithelial cells of the gastric mucosa, myocardial and endocardial tissues, and the endothelium of large and small vessels6,7. Data from previous studies indicate that apelin may have significant regulatory effects on myocardial contraction, blood pressure, angioneogenesis, and fluid balance in addition to inhibiting apoptosis8-10. Studies have shown that serum apelin levels decrease in many serious cardiovascular diseases9,11,12. To our best knowledge, there are no studies in the literature investigating serum apelin levels in patients undergoing TAVI for AS. In the present study, we aimed to investigate the effect of TAVI on serum apelin levels in patients with symptomatic AS.

   

  METHODS

  Patient Population

  Forty-six consecutive patients who underwent TAVI in our clinic, between July 2019 and December 2019, for severe symptomatic calcific AS and 45 age- and sex-matched, non-aortic stenosis patients were prospectively included in the study. Patients with history of severe coronary artery disease, peripheral artery disease, acute coronary syndrome, atrial fibrillation, congenital heart disease, myocarditis, pericarditis, gouty arthritis, use of diuretic drugs, use of xanthine oxidase inhibitor and hepatotoxic drugs, acute or chronic renal dysfunction, primary or secondary hyperparathyroidism, malignancies, acute or chronic inflammatory diseases, and active infections were excluded from study.

  The study protocol was approved by the local ethics committee and informed consent was obtained from all patients included in the study.

  Patients’ baseline medical and demographic characteristics were recorded before TAVI procedure. In addition, before the procedure, venous blood samples were collected from all patients for routine blood parameters. Serum apelin and serum pro-brain natriuretic peptide (Pro-BNP) levels of TAVI patients were measured before TAVI procedure and one month after it. Also, serum apelin and serum Pro-BNP levels of control subjects were measured and compared with the levels of before TAVI procedure.

  The first-month control of the patients was carried out by the physician performing the TAVI procedure at the outpatient clinic.

  Definitions

  Hypertension (HT) was defined as the patient's systolic and diastolic blood pressure being > 140/90 mmHg measured at rest and/or using any antihypertensive drug. Diabetes mellitus was defined as the patient's measured fasting blood glucose > 126 mg/dL, the measured blood glucose > 200 mg/dl at any time and/or taking antidiabetic medication. Dyslipidemia was defined as the total cholesterol level ≥ 200 mg/dL and/or using any lipid-lowering treatment. Smoking was defined as having one or more cigarettes in a day for at least one year.

  Echocardiography

  All patients included in the study were evaluated by transthoracic echocardiography (TTE) one day before and one month after the TAVI procedure. Aortic valve functions were performed according to the recommendations of the Valve Academic Research Consortium-2, or VARC-2, before the procedure and at the follow-up13. Standard echocardiographic imaging (two-dimensional, M-mode, conventional Doppler and color Doppler) was performed by two experienced cardiologists who did not know about the patient's clinical presentation and laboratory parameters, using a dedicated ultrasound machine (ACUSON SC2000; Ultrasound, Siemens) with a 2.5-3.5 and Z6 MHz transducer.

  Blood Sample Collection and Analyses

  To determine serum apelin levels, 10 ml venous blood samples were collected from patients before TAVI procedure and one month after it. Likewise, 10 ml venous blood samples were collected from the control group. The venous blood samples of the patients and controls were centrifuged at 4,000 rpm for 10 minutes. Sufficient plasma was placed in Eppendorf Tubes® and incubated at -80 °C until analyzed. Serum apelin levels were measured using a commercially available enzyme-linked immunosorbent assay, also known as ELISA, kit (Cusabio Biotech Co., Wuhan, People’s Republic of China).

  Statistical Analysis

  Normal distribution of the continuous parameters (i.e., age, troponin, apelin) was given as mean (± standard deviation). Those without normal distribution were given as median (interquartiles 25th-75th). Categorical variables (i.e., sex, HT) were given as numbers and percentages (%). Continuous parameters with normal distribution were compared with Student's t-test, whereas non-normally distributed parameters were compared with Mann-Whitney U test. Categorical parameters were compared with Chi-square test or Fisher's exact test. Regarding the parameters measured before and after TAVI procedure (such as apelin and Pro-BNP), those with normal distribution were compared with the paired Student's t-test and those without normal distribution were compared with the Wilcoxon test. Spearman or Pearson correlation analyses were performed to show the relationship between the parameters. Data analysis was performed with IBM Corp. Released 2011, IBM SPSS Statistics for Windows, Version 20.0, Armonk, NY: IBM Corp. A P<0.05 was determined as statistically significant.

   

  RESULTS

  Forty-six patients (n=27 women, 60%) with a mean age of 76.9±7.4 years who underwent TAVI and age- and sex-matched 45 controls subjects (mean age 77.9±9.5 years) were included in the study. The demographic and medical characteristics of both groups are summarized in Table 1. There was no statistically significant difference between the groups in terms of clinical characteristics, drug use rates, and routine laboratory parameters.
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  While median serum troponin I levels (0.350 ng/ml (0.240-0.470) vs. 0.055 ng/ml (0.016-0.203); P<0.001) and serum Pro-BNP levels (2455 (1160-3690) ng/L vs. 32 (26-36) ng/L; P<0.001) measured before TAVI procedure were significantly higher than those from the control group, serum apelin levels (172 (150-207) ng/ml vs. 375 (340-417) ng/ml; P<0.001) were significantly lower (Table 1).

  The mean isovolumetric relaxation time and E/e’ values of the patients detected by TTE before TAVI procedure were higher than those from the control group, whereas the mean septal and lateral e’ values were lower (Table 2). There was no significant change in left ventricular systolic function after TAVI procedure, but a significant improvement in diastolic function was observed (Table 3). The median serum Pro-BNP levels after TAVI were significantly reduced (2455 (1140-3770) ng/L vs. 1010 (460-1950) ng/L; P<0.001), while the median serum apelin levels were significantly increased (172 (150-207) ng/ml vs. 193 (180-220) ng/ml; P<0.001). In addition, the median serum apelin levels detected in the patients after TAVI procedure were significantly lower compared to the control group (193 (180-220) ng/ml vs. 375 (340-417) ng/ml; P<0.001) (Figure 1).
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  There was a statistically significant, moderate, and negative relationship between serum Pro-BNP and serum apelin levels both before and after the TAVI procedure (Table 3) (Figure 2). There was a statistically significant, strong, and negative correlation between aortic valve area and serum Pro-BNP levels before the TAVI procedure, while a statistically significant, moderate, and positive correlation was found between valve area and serum apelin levels. There was also a statistically significant, strong, and positive correlation between aortic valve mean gradient and serum Pro-BNP levels, while a statistically significant, moderate, and negative correlation was found between aortic valve mean gradient and serum apelin levels (Table 3). There was a negative, strong correlation between serum apelin levels and left ventricular mass index before TAVI procedure. In addition, there was a positive correlation between troponin I value and left ventricular mass index before TAVI.
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  DISCUSSION

  In the present study, we showed that serum apelin levels were significantly lower in symptomatic AS patients compared with the control subjects. Moreover, we found that serum apelin levels were significantly increased one month after TAVI procedure compared to preprocedural levels. Also, we found that there was a significant and negative correlation between serum Pro-BNP and serum apelin levels both before and after the TAVI procedure. To the best of our knowledge, this is the first study to investigate serum apelin levels in symptomatic AS patients before and after TAVI procedure.

  Previous studies have shown that serum Pro-BNP level is elevated in patients with AS and serum Pro-BNP level is reduced after TAVI procedure14,15. A recent study investigating the level of serum apelin in patients with calcific AS showed an inverse relationship between the severity of calcific AS and serum apelin level11.

  Narrowing in the left ventricular outflow tract due to AS causes an increase in left ventricular systolic and diastolic pressures, left ventricular muscle mass, and results in left ventricular hypertrophy. If AS is left untreated, the left ventricle enlarges, systolic function deteriorates, and heart failure occurs over time1. As a result, serum Pro-BNP levels increase in response to pressure and volume overload in the left ventricular myocardium1.

  Apelin is an endogenous peptide that is essential for various biological processes and plays an important role in the regulation of cardiovascular functions8. In previous studies, serum apelin levels were found to be lower in many cardiovascular diseases such as coronary artery disease, acute myocardial infarction, advanced heart failure, pulmonary HT, and systemic HT when compared with the control group9,12,16-18.

  In their study, Chong et al. have shown that serum Pro-BNP levels were significantly higher and serum apelin levels were significantly lower in patients with heart failure with reduced left ventricular ejection fraction (HFrLVEF) than in control subjects12. Similarly to this study, in another study in which patients undergoing cardiac resynchronization therapy for HFrLVEF were included, a significant decrease in serum Pro-BNP levels and a significant increase in serum apelin levels were observed after cardiac resynchronization therapy19. In another study, a significant increase in tissue apelin levels was found after the procedure in HFrLVEF patients who underwent left ventricular assist device20.

  HT, similarly to AS in terms of pressure overload, can cause left ventricular hypertrophy and diastolic and systolic dysfunction. Previous studies have shown that serum apelin levels are lower in hypertensive patients compared to the control groups9,21,22. In a study which included 344 untreated HT patients, serum apelin levels were found to be lower in patients who developed left ventricular hypertrophy than in patients without left ventricular hypertrophy21.

  In another study, which enrolled HT patients, a significant decrease in systolic and diastolic blood pressure resulted in improvement of diastolic function parameters and an increase in serum apelin levels one month after treatment22. In our study, a significant increase in serum apelin levels and a decrease in serum Pro-BNP levels were observed after the TAVI procedure with the removal of left ventricular pressure load.

  In our study, left ventricular muscle mass was significantly higher and left ventricular diastolic dysfunction was more prominent in patients with AS compared to the control group. However, there was no significant difference in left ventricular systolic functions between the groups. Previous studies have shown improvement of left ventricular diastolic and systolic functions in patients who underwent TAVI procedure for severe symptomatic AS23,24. In our study, left ventricular diastolic parameters improved after TAVI procedure, but there was no significant difference in systolic functions determined by left ventricular ejection fraction (LVEF).

  In a recent study, serum troponin I and Pro-BNP levels were significantly higher in patients with AS compared to healthy controls, and serum troponin I values were found to be correlated with left ventricular mass index25. Similarly, in our study, serum troponin I values were found to be high in patients with AS and a positive significant correlation was found between left ventricular mass index and troponin I value.

  Limitations

  The most important limitation of our study is that it is a single-center study and its sample size is small. Another important limitation was the short follow-up period of the patients, and that it was not possible to determine whether serum apelin values measured before and after TAVI had a role in predicting a clinical event. In our study, although there was an improvement in left ventricular diastolic functions assessed by TTE after TAVI procedure, there was no improvement in systolic functions. However, left ventricular systolic functions were evaluated with LVEF in our study, which is not sufficient. Evaluation of left ventricular systolic functions by speckle tracking echocardiography could be more valuable.

   

  CONCLUSION

  In the present study, serum apelin levels were found to be significantly lower in patients with AS compared to the control subjects. Moreover, serum apelin levels were increased significantly after TAVI procedure in symptomatic AS patients. In addition, a negative and moderate correlation was found between serum apelin and Pro-BNP levels before and after TAVI procedure.
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    ABSTRACT

    INTRODUCTION:

    The objective of this study is to compare the effects of conventional                         monopolar electrosurgery (CMES) and low-thermal plasma kinetic cautery (PKC)                         on complications such as bleeding, abnormal wound healing, pain, and                         drainage in patients who underwent on-pump coronary artery bypass grafting                         (CABG).

    METHODS:

    This retrospective clinical study included 258 patients undergoing CABG; the                         patients were randomized to PKC (PEAK PlasmaBlade, n=153) and CMES (n=105)                         groups. The patients’ clinical data were examined retrospectively for                         biochemical variables, postoperative drainage, post-surgery erythrocyte                         suspension transfusion count, surgical site pain examined with visual                         analogue scale (VAS), and wound healing. Two-sided P-value                         > 0.05 was considered as statistically significant.

    RESULTS:

    The median post-surgery erythrocyte suspension transfusion number was                         significantly lower with PKC compared to CMES (0 [0-1] vs.                         1 [1-4], respectively, P<0.001). Mean postoperative                         drain output and time until removal of drain tubes were significantly lower                         with PKC compared to CMES (300±113 vs.                         547±192 and 1.95±1.5 vs. 2.44±1.8; P<0.001 and P=0.025, respectively).                         Mean VAS score for spontaneous and cough-induced pain were significantly                         lower with PKC compared to CMES (1.98±1.51 vs.                         3.94± 2.09 and 3.76±1.46 vs. 5.6±1.92; P<0.001 for both comparisons). Reoperation due to                         bleeding was significantly higher with CMES compared to PKC (0 vs. 11 [7.2%], P=0.001).

    CONCLUSION:

    Use of PKC during CABG considerably reduces postoperative drainage, need for                         blood transfusion, reoperation due to bleeding, and postoperative pain. PCK                         appears to be a good alternative to CMES for CABG.

    Keywords: Coronary Artery Bypass; Electrosurgery; Pain; Postoperative; Visual Analog Scale.

  

   

   

  INTRODUCTION

  Ischemic heart disease patients undergoing coronary artery bypass grafting (CABG)                 have a significantly increased risk of complications such as surgical site                 infection, abnormal wound healing, and blood loss (complication rates are 3%, 19%,                 and 10%, respectively) suggesting that major comorbidities such as old age,                 diabetes, low cardiac output, vascular circulation problems, and use of                 anticoagulant drugs may compromise outcomes [1,2]. However, surgical technique-related and modifiable factors                 can minimize these complications. One of them is the choice of device used for                 cutting tissues and ablation of blood vessels. The standard and commonly used device                 is the conventional monopolar electrosurgery (CMES) device, which uses                 continuous-waveform radiofrequency energy delivered by an uninsulated metal                 electrode to cut tissue by thermal ablation, producing simultaneous hemostasis [3]. CMES device                 provides an operating temperature in the range of 250 °C to 350 °C [3]. This high temperature results in                 significant thermal damage, widespread deep tissue necrosis of the incised tissues,                 and delayed wound healing, and has a potential to injure adjacent structures such as                 the heart, lung, vagus and phrenic nerves, and grafts such as internal mammary                 artery or vena saphena magna.

  As an alternative to CMES cautery, plasma kinetic coagulation and resection uses                 radiofrequency energy by utilizing bipolar plasma kinetic technology. Plasma kinetic                 cautery (PKC) (PEAK PlasmaBlade®, Medtronic Advanced Energy LLC, Portsmouth,                 United States of America [USA]) is a novel, low-thermal-injury electrosurgical                 instrument that uses very brief (40 µs) high-frequency pulses of                 radiofrequency energy to induce electrical plasma hemostasis along the edge of a                 thin (approximately 12.5 µm), flat, 99.5% insulated electrode [3]. PKC produces an                 operating temperature between 40 °C and 100 °C with its electrode [3]. The efficacy and reliability of                 PKC has been shown in human ophthalmologic dissection (retina and other intraocular                 tissues), bariatric surgery, mastectomy, and urologic surgery where PKC was reported                 to have similar precision as a scalpel and hemostatic control to CMES [3-9].

  In recent years, PKC hemostasis and incision has started to be used in a small number                 of cardiac surgery clinics. However, no study on the efficiency and reliability of                 PKC in patients undergoing CABG is currently available in the literature.

  In this retrospective clinical study, we compared the effects of CMES and PKC on                 complications such as bleeding, abnormal wound healing, surgical site pain, and                 drainage in patients who underwent on-pump CABG.

   

  METHODS

  Patient Selection

  This is a retrospective observational study that was carried out in accordance                     with the principles outlined in the Declaration of Helsinki. Ethical approval                     was obtained from the local ethical committee (13.05.2020/143) and all patients                     provided written informed consent for using of their medical records prior to                     the planned surgery. Two hundred fifty-eight adult ischemic heart disease                     patients who underwent on-pump CABG between January 2016 to December 2019 were                     included in the study. The inclusion criteria were: patients aged between 18 and                     80 years and who underwent CABG requiring cardiopulmonary bypass (CPB).                     Exclusion criteria were: low ejection fraction (EF < 30%), emergency                     operation, left ventricular aneurysm, reoperation, concomitant procedures (such                     as valve replacement, carotid endarterectomy, left ventricular aneurysm                     resection, and others), perioperative myocardial infarct, preoperative diagnosis                     of chronic renal or hepatic insufficiency, malignancy, systemic inflammatory                     disease, history of cardiac surgery, lack of consent, and failure to obtain all                     the patient data necessary for the study.

  The patients who underwent CABG with PKC only (n=153) were assigned as the study                     group while patients who underwent surgery with CMES and blade (n=105) were                     assigned as the control group. Low-density lipoprotein cholesterol (> 160                     mg/dL [4.1 mmol/L]), non-high-density lipoprotein cholesterol (> 190 mg/dL                     [4.9 mmol/L]), and triglycerides (> 150 mg/dL, nonfasting) were used to                     determine the presence of hyperlipidemia, and hypertension is defined as a                     systolic blood pressure ≥ 140 mm Hg or a diastolic blood pressure of                     ≥ 90 mm Hg.

  Biochemical Parameters

  Preoperative and postoperative hematologic and biochemical parameters were                     collected from the patients’ records. Complete blood counts were analyzed with                     an automatic 24-parameter blood count device (Bayer Pentra 80-Siemens Healthcare                     Diagnostics Products, Marburg, Germany). All the other biochemical parameters                     were analyzed using fresh plasma with a Siemens BCS measuring device (Siemens                     Healthcare Diagnostics Products GmbH 2008 Marburg, Germany).

   

  Histopathologic Procedure

  All harvested arterial segments were immersed in 10% neutral formalin solution                     and embedded in paraffin. Sections were cut with a cryostat at 6-µm                     thickness and were prepared for histochemical studies. These sections were                     evaluated for luminal endothelial integrity in the left internal mammary artery                     (LIMA) and in the vaso vasorum.

  Also, to represent the cutting edge burnt tissue, thymus tissue was totally                     excised following median sternotomy in a patient and the thymus tissue was                     incised full section with both cautery systems, then the cutting edge                     photographs were taken.

  Visual Analogue Scale Pain Score

  Visual analogue scale (VAS) pain scores were obtained from the patients’ records.                     The intensity of pain was evaluated after extubation every six hours, for a                     total of 72 hours (12 times), during the intensive care unit stay and whenever                     the patient had complaints and need for analgesics. Patients were asked to state                     their pain intensity during rest and while coughing using VAS. Pain intensity                     was measured by critical care nurses in a routine workup who were blinded to the                     protocols and results of the study but were fully trained and familiar with                     VAS.

  Anesthetic Protocol

  Patients were premedicated with 0.05 mg/kg of intramuscular midazolam (Dormicum,                     Roche Pharmaceuticals, Nutley, New Jersey, USA) 30 minutes before surgery.                     Intubation was carried out after the induction of anesthesia with 2% lidocaine                     (Aritmal, Osel Ilaç San. ve Tic. A.S. Istanbul, Turkey), 0.05 mg/kg of                     midazolam, 25-30 mcg/kg of fentanyl citrate (Abbojet, Abbott Laboratories,                     Abbott Park, Los Angeles, USA), 1 mg/kg of ketamine (Ketalar, Zentiva                     Saglık Urünleri San. ve Tic. A.S., Kırklareli, Turkey), 0.2 mg/kg                     of etomidate (Lipuro, B. Braun Melsungen AG, Berlin, Germany), and 0.1 mg/kg of                     pancuronium (Pavulon; Santa Farma, United Arab Emirates). A nasoesophageal                     temperature probe and capnograph were placed, following the insertion of a                     nasogastric tube and Foley urine catheter. Before the commencement of CPB, 300                     IU/kg of systemic heparin was administered first, and then additional heparin                     doses were administered to keep activated clotting time (Hemochron 801, ITC,                     USA) > 480 seconds. The process was reversed by the administration of                     protamine hydrochloride (Protamin ICN, Mefar A.S., Istanbul, Turkey) at the end                     of the surgery. Anesthesia was maintained with 0.05 mg/kg/min of propofol                     (Diprivan, AstraZeneca Türkiye İlaç Sanayi ve Ticaret Ltd. Şti.,                     Istanbul, Turkey) and 25 mcg/kg/min of remifentanyl (Ultiva, GlaxoSmithKline                     Manufacturing S.p.A, Milan, Italy) infusion, each for two hours, with the                     administration of 2 mg of pancuronium. Dopamine (5 µg/kg/min) and                     dobutamine (5 µg/kg/min) were used to facilitate weaning off CPB, as                     necessary. No patient in either group required high dose of inotrope support                     post-CPB or postoperatively. All subjects received methylprednisolone (1-2                     mg/kg) and cefazolin sodium (1000 mg) prior to skin incision. None received                     intraoperative steroids.

  Surgical Protocol

  All operations were performed by the same surgical team. During surgery, two                     different cautery systems were used. In the study group, only PKC was used for                     full-thickness skin incisions, bleeding hemostasis, and preparation of LIMA,                     which was prepared as a pedicled graft and major saphenous vein (MSV) grafts.                     For the application of PKC, an ultrasonic scalpel (PEAK PlasmaBlade, Medtronic,                     Portsmouth, USA) was used. A radiofrequency power source (PULSAR II Generator,                     Medtronic, Portsmouth, USA) of 160 W at a radiofrequency of 340-450 Hz was used                     for the supply of electrosurgery and PK3 mode at 340 V2 was applied for tissue                     resection. The incident power was 160 W during cutting and 80 W for coagulation.                     In the control group, routine surgery was performed with blade and CMES. For                     CMES, a monopolar reusable cautery pen (Denizler Med İstanbul, Turkey) was used                     with Petkot 500S 220V AC 50-Hz energy input (Petas, Ankara, Turkey) for                     electrosurgical energy. Monopolar mode at 80-110 W was used for cutting. The                     incident power was 70 W for coagulation and 40 W for tissue cutting.

  Cardiopulmonary Bypass Technique

  Following median sternotomy, LIMA and MSV grafts were prepared for all patients.                     After systemic heparin administration, the artery was clipped, wrapped in a                     papaverine-soaked cloth, and stored under the manubrium sterni until                     anastomosis. A redundant 1-cm long arterial segment proximal to the clip was cut                     off and preserved in formalin for laboratory examination. After this, an                     aorto-two stage cannulation CPB was conducted and an antegrade cardioplegia                     cannula was placed on the ascending aorta. A roller pump (Jostra HL20,                     Herrlingen, Germany) was used in all cases. The CPB of each patient consisted of                     a cardiotomy reservoir, a tubing set, a hollow fiber membrane oxygenator, and a                     40 µm arterial line filter. Mild hypothermia was applied with a                     nasopharyngeal temperature of 32 °C and a non-pulsatile flow of 2.4                         l/min/m2 and a mean arterial pressure of 55-65 mmHg was                     maintained during the CPB. Hemodilution was achieved with a hematocrit level of                     26%. The circuits were primed with a mixture of 500 ml of succinyl gelatine 6 %                     (Gelofusine IV, B. Braun Medikal Dış Ticaret A.Ş, Esenler,                     Istanbul, Turkey), 1000 ml of isolyte, 100 ml of mannitol 20 %,                         NaHCO3 8.4%, 250 mg of methylprednisolone (Prednol 250, Mustafa                     Nevzat Inc., Istanbul, Turkey), and 1 g of cefazolin (Cefamezin 1 g, Zentiva                     Saglık Urünleri San. ve Tic. A.S., Istanbul, Turkey) at room temperature                     (20 °C) adding up to a total of 1600 ml fluid. Myocardial protection was                     provided via intermittent (20 min intervals) antegrade cold blood cardioplegia                     in a standard formula. The cardioplegic solution was initiated at a volume of                     1000 ml and repeated in volumes of 500 ml every 20 minutes, reaching a total of                     2000-2500 ml, depending on the patient. Patients were weaned off the CPB                     systematically after completing all vascular anastomosis and ensuring that the                     entire surgical area was free of any bleeding site. At least two chest tubes                     (one for mediastina and one for left pleural cavity) were placed in all                     patients.

  Erythrocyte suspension and fresh frozen plasma were given at the                     anesthesiologist's discretion. Blood transfusion was performed only if the                     hemoglobin level was < 7 mg/dl, hematocrit value was < 25 %, and if any                     clinical sign of blood loss existed.

  Data Collection

  Preoperative and postoperative levels of hemoglobin, hematocrit, neutrophils,                     platelets, blood urea nitrogen (BUN), creatinine, alanine aminotransferase,                     C-reactive protein (CRP), and EF (%) were obtained from the electronic database                     of the hospitals’ patient file system. Clinical patient data were collected by                     reviewing medical and nursing records. Several parameters were determined such                     as age, body mass index, blood pressure, operative time points, time until drain                     removal, total volume of drain output, postoperative VAS pain scores,                     complications, blood transfusion, revision for bleeding, and mortality. Abnormal                     wound healing included wound dehiscence, sternal dehiscence, surgical site                     infection, and deep tissue necrosis.

  Statistics

  Data analyses were carried out using IBM Corp. Released 2017, IBM SPSS Statistics                     for Windows, Version 25.0, Armonk, NY: IBM Corp. Results were expressed as mean                     and standard deviation or number and percent. At first, all data were examined                     by Shapiro-Wilk test to determine whether intraindividual differences were                     distributed normally. As a normal Gaussian distribution was not found,                     comparisons of differences between groups were carried out using Mann-Whitney U                     test for non-parametric data, and χ2-test or Fisher’s exact                     test for categorical variables. Data for different time points were compared                     with related-samples Wilcoxon signed-rank test. Two-sided P-value > 0.05 was considered as statistically                     significant.

   

  RESULTS

  Demographic variables are shown in Table 1,                 which indicates that the study and control groups were comparable for the presence                 of risk factors (age, gender, body surface area, systolic/diastolic blood pressure,                 hypertension, smoking, insulin-dependent diabetes mellitus, peripheral vascular                 disease, chronic obstructive lung disease, family history of ischemic heart disease,                 and EF [%]). There were no statistically significant differences in any of the                 demographic parameters between the groups except the prevalence of hyperlipidemia.                 The PKC group showed a significantly higher prevalence of hyperlipidemia compared to                 the CMES group (P=0.01).
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  Both CMES and PKC groups showed comparable mean surgery time (296±65 vs. 299±71, respectively, P=0.711),                 duration of CPB (75.42±28.96 vs. 80.45±24.68,                 respectively, P=0.137), cross-clamping time (45.75±16.16 vs. 48.55±16.48, respectively, P=0.123), in-patient stay (9±3 vs.                 9±3, respectively, P=0.66), and median number of bypass (3                 [1-5] vs. 3 [1-5], P=0.852, respectively) (Table 2). The median erythrocyte suspension                 transfusion number (0 [0-1] vs. 1 [1-4]) was significantly lower in                 the study (PKC) group after surgery compared to the control (CMES) group                     (P<0.001) (Table 2).                 The mean postoperative drain output (300±113 vs.                 547±192, P<0.001) and time until drain tubes removal                 (1.95±1.5 vs. 2.44±1.8, P=0.025)                 were also significantly lower in the study group.

  Mean VAS score for spontaneous (1.98 ±1.51 vs. 3.94±                 2.09, P<0.001) and cough-induced (3.76±1.46 vs. 5.6±1.92, P<0.001) pain were                 significantly lower in the study group compared to the control group (Table 3). Reoperation due to bleeding was                 significantly high in the control group (0 vs. 11 [7.2 %], P=0.001) (Table 3). The                 incidence of postoperative complications such as thromboembolic event, atrial                 fibrillation, sternal and leg incision complication, and mortality were                 statistically similar in both groups (Table                 3).
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  Mean BUN, creatinine, platelet count, white blood cell count, CRP, and aspartate                 aminotransferase levels were increased compared to baseline levels in both groups,                 but this difference did not reach statistical significance                 (P>0.05 for all of the above parameters in two groups) (Figures 1 A to F).
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  The histopathological changes and the coagulation depths of the surgical procedure in                 the thymus tissue and LIMA specimens were obtained for qualitative purposes only                 and, therefore, a statistical comparison could not be carried out. Nonetheless, the                 depth of the tissue that was affected by coagulation was 1.52 mm with CMES and 1.29                 mm with PKC. Endothelial damage of the LIMA was minimal with both devices (Figure 2).
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  DISCUSSION

  The purpose of this study was to evaluate if PKC could reduce bleeding complications                 and improve the wound-healing process in patients undergoing on-pump CABG. CABG                 entails a very large surgical incision site that includes median sternotomy and the                 entire course of MSV. The current study results show that PKC significantly reduced                 the incidence of bleeding-related reoperation, postoperative drain output, and time                 until drain tubes removal, surgical site pain, and need for blood transfusion.                 Abnormal wound healing was lower with PKC compared to the electrocautery technique,                 although the difference did not reach statistical significance and the wound healing                 process with PKC was better than the electrocautery technique from the perspective                 of the surgeon.

  Although there are previously studies concerning PKC and CABG patients and data from                 surgeries with similar large surgical incision sites, such as abdominoplasty or                 mastectomy, have been reported, there are no studies comparing the use of PKC and                 CMES in post-CABG complications [3,10-12]. To the best of our knowledge,                 this is the first study to report a comparison of the use of PKC and CMES in                 post-CABG complications.

  In cardiac surgery, the large incision site requires the use of extensive                 cauterization and other instruments, such as vascular clips, sutures, and others, to                 reduce bleeding. Even with meticulous surgical technique, patients may have high                 amount of bleeding and drainage (hemorrhagic, serohemorrhagic, and serous, in due                 course, respectively) compared to other surgeries because of preoperative use of                 anticoagulant or antiplatelet therapy, intraoperative heparin administration, and                 postoperative hemodynamic distribution. Therefore, the best option is to manage                 coagulation concurrent with performing tissue incision. Although, CMES has been used                 safely during CABG for decades, PKC is a novel surgical instrument that provides                 minimal tissue injury, similar precision as a scalpel, and similar hemostatic                 control as CMES. Electrocautery generates high thermal energy, which can result in                 deep and wide coagulation of tissue and lysis of subcutaneous fatty tissue. These                 events are likely to be less with PKC, making PKC an attractive alternative. There                 are several studies showing better coagulation results in different surgery                 modalities. Dogan et al. [11] reported that PKC could reduce the drainage amount and                 duration compared to electrocautery in mastectomy patients. Ruidiaz et al. [10] reported that                 PKC generated 25.6% lower serous drain output compared to scalpel and traditional                 electrosurgery in abdominoplasty. Similar to these recent reports in the literature,                 the current study also demonstrated a statically significant decrease in drainage                 amount and time until drain tubes removal with PKC. The reduction in serous drainage                 was most likely due to successful vascular coagulation with minimal thermal injury                 with the use of PKC. Akgul et al. [4] reported that the depth of coagulation of the tissue from                 the cautery system is an important factor for the reduction of bleeding rate and                 successful hemostasis. These authors reported that the depth of coagulation with PKC                 was 3.2±1.53 mm and with monopolar electrocautery it was 1.52±1.29 mm                 in patients with benign prostate hyperplasia, which is a homogenous tissue. This is                 an important factor to consider during the preparation of both arterial and venous                 grafts and necessitates the preparation of grafts at a safe distance from cautery                 tip. Future randomized controlled studies on PKC with large sample sizes are needed                 to show the safety of PKC during graft preparation on CABG more clearly.

  Blood transfusion due to postoperative bleeding in CABG leads to morbidities such as                 infection, prolongation of ventilation, neurological problems, and renal failure [1]. Blood                 transfusion is carried out immediately in response to decreased hemoglobin level in                 CABG patients to prevent postoperative hemodynamic disturbances [1]. The transfused erythrocyte                 suspension count is associated with postoperative drainage [12]. If postoperative drainage is                 over the standard expectation and all options in the medical management of bleeding                 have been exhausted, emergency exploration for bleeding is mandatory in CABG. The                 current study results show that CMES patients required revision for bleeding                 surgeries significantly more than PKC patients. Ruidiaz et al. [10] reported a 58% reduction in                 hemoglobin drop with PKC compared to CMES in abdominoplasty patients. Although                 reduction in hemoglobin drop was not significant, erythrocyte suspension transfusion                 was significantly higher in the CMES group in the current study.

  Our knowledge on the coagulation depth of LIMA and the surrounding tissue is limited.                 Since it is difficult to obtain these specimens from patients with ischemic heart                 disease during CABG in vivo, we aimed to compare this parameter on                 remnant thymus specimens that could be extracted during surgery in one case as a                 preliminary study. We cannot reach to any firm conclusion with just one sample;                 nonetheless, based on the surgeon’s experience and knowledge, the surgical site                 incisions with PKC appeared similar to the use of blade and worse pathological                 changes of the coagulated tissue were seen with CMES compared to PKC.

  Postoperative pain is one of the most prevalent complaints of patients undergoing                 CABG during their hospital stay. Watt-Watson et al. [13] reported that 69% of patients                 had complaints of moderate to severe pain, which was severe for 30% of the patients                 at hospital discharge [14]. Moreover, Parry et al. [14] reported that pain sensitivity increased from                 moderate to severe for deep breathing and coughing (43% of the patients), general                 activity (33% of the patients), mood (30% of the patients), and walking (27% of the                 patients). Generally, surgical incision-related wounds cause moderate to severe                 pain, which can be ameliorated over time, but can interfere with patients’ daily                 efforts such as cough, deep breath, or general activities [13-14].The current study showed a significant difference in pain                 intensity between the PKC and CMES groups, indicating the importance of surgical                 technique in the etiology of pain. Patients in the PKC group had a lower pain score                 compared to patients in the CMES group in the current study.

  The high thermal energy of CMES results in widespread effects on the underlying                 tissue and lysis of subcutaneous fatty tissue leading to significantly abnormal                 wound healing. Ideal postsurgical healing is seen after scalpel incisions [10]. A recent                 study stated that PKC shows healed incision strength and skin scar width equivalent                 to scalpel incisions [10]. Recently, Huang et al. [15] investigated the coagulation depths of CMES and                 PKC in prostate resection in a canine model and stated that PKC resection caused a                 deeper coagulation depth in the prostatic tissue compared to CMES [15]. According to these authors,                 their findings reflect a more efficient hemostatic effect of PKC. Corroborating                 this, we observed in the current study that the PKC group showed clinical signs of                 successful coagulation including reduced drainage volume and need for erythrocyte                 transfusion. However, in our opinion, this finding should be supported further with                 clinical or clinical simulation studies before advising clinicians on this                 difference in depth between PKC and CMES. Moreover, safety should be confirmed with                 histopathological examination of the arterial grafts especially during the                 preparation of LIMA grafts.

  Although the current study has some limitations, it is important because it sheds                 light on the advantages of PKC over CMES.

  Limitations

  There are limitations in this study that should be considered when interpreting                     the data. First, the patients received some anticoagulant and antiplatelet                     therapy prior to the surgery; however, it was impossible to discontinue these                     medications because of the presence of ischemic heart disease that resulted in                     bleeding and prolongation of the postoperative drainage. In our opinion, this                     was not a significant limitation of the study because every patient had the same                     clinical conditions. Second, although the differences in wound healing and                     complications did not reach statistical significance, based on the surgeon’s                     knowledge and experience, many differences were noted during the healing process                     of the wound. The current study method and statistical analysis were not                     designed to evaluate the healing process, but the observations made have                     initiated a new study plan to confirm the findings. Third, the data can be                     affected by the limited number of patients recruited from a single center.                     Fourth, the technique of the surgeon who carried out these surgeries may also                     have an effect on the study outcomes. Therefore, a multicenter randomized                     controlled study design with different surgeons and surgical techniques as well                     as large numbers of patients are needed to support our findings and in order to                     gain wider acceptance of the use of PKC in CABG.

   

  CONCLUSION

  The low-thermal PKC appears to be effective and safe in performing dissection and                 hemostasis during CABG with its considerable reduced postoperative drainage, need                 for blood transfusion, reoperation, and postoperative pain. At the end of the                 procedure, PKC provides a better surgical outcome with minimal bleeding and reduced                 incidence of blood transfusion. The low thermal effect is a persuasive advantage of                 this technique for preparing grafts in a more reliable environment, especially for                 grafts as LIMA. The final conclusion of the study may be that PCK appears to be a                 good alternative to CMES for CABG.
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    ABSTRACT

    INTRODUCTION:

    The present study intends to systematically review the literature on the use of extracorporeal membrane oxygenation (ECMO) in patients with coronavirus disease 2019 (COVID-19).

    METHODS:

    The research was carried out according to the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA). Studies were selected from PubMed/MEDLINE and LILACS databases between December 2019 and May 17 2020, using the descriptors "ECMO AND COVID-19", "Extracorporeal Membrane Oxygenation AND COVID-19", "ECLS AND COVID-19", and "Extracorporeal Life Support AND COVID-19". Exclusion criteria were government epidemiological bulletins, comments, literature reviews, and articles without full access to content.

    RESULTS:

    Two hundred and thirty-three scientific productions were found, however only 18 did not met the exclusion criteria and could be included in this study, amouting to a total of 911 patients - 624 (68.5%) men, 261 (28.6%) women, and 26 (2.8%) without sex information. The mean age of the patients was 53.7 years. ECMO was necessary in 274 (30.1%) people (200 [73%] submitted to veno-venous ECMO, nine [3.3%] to veno-arterial ECMO, and seven [2.5%] moved between these two types or needed a more specific ECMO according to the disease prognosis). Five studies did not specify the type of ECMO used, amounting 57 (20.8%) patients. Five patients (1.8%) were discharged, 77 (28.1%) died, 125 (45.6%) remained hospitalized until publication time of their respective studies, and 67 patients (24.4%) had no outcome information.

    CONCLUSION:

    It is evident that more research, covering larger populations, must be carried out in order to clearly elucidate the role of ECMO in the treatment of COVID-19.

    Keywords: Extracorporeal Membrane Oxygenation; Coronavirus Infections; COVID-19; Patient Discharge.

  

   

   

  INTRODUCTION

  Coronavirus disease 2019 (COVID-19), a disease caused by a new type of coronavirus, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is being considered cause of the most important health crisis of the last hundred years[1]. Originating in the People's Republic of China, the disease quickly spread to all continents. On March 11 2020, the World Health Organization (WHO) declared a pandemic status [2].

  In June 12 2020, more than 7.4 million people were infected and 400,000 deaths had occurred from the disease worldwide. Behind the United States of America (USA) alone, with two million cases, Brazil occupied, on that date, the second position in the ranking of countries with more cases of COVID-19, with about 850 thousand cases. In terms of number of deaths, USA remains in the lead, accounting for 115,000 deaths[3].

  SARS-CoV-2 infection can lead to the development of acute respiratory distress syndrome (ARDS)[4]. Approximately 14% of COVID-19 cases are serious and 5% are critical[5]. In such cases, therapy includes protective pulmonary mechanical ventilation, neuromuscular blockade, higher positive end-expiratory pressure, pulmonary recruitment techniques, and prone positioning. When conventional therapy fails, extracorporeal membrane oxygenation (ECMO) can be considered as an alternative in certain patients[6].

  In ECMO treatment, there are two basic methods that can be used: veno-venous (VV-ECMO) or veno-arterial (VA-ECMO)[7]. Regarding to COVID-19 respiratory complications, VV-ECMO is the recommended form[6]. Thus, this study aims to review the literature on the use of this therapeutic strategy in patients with COVID-19.

   

  METHODS

  Data Sources and Search Strategies

  This is a systematic review conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes, or PRISMA[8], recommendations.

  For this review, studies involving patients with COVID-19 were used. Studies published in the PubMed/MEDLINE and LILACS databases were screened between December 2019 and May 17 2020, using the descriptors "ECMO AND COVID-19", "Extracorporeal Membrane Oxygenation AND COVID-19", "ECLS AND COVID-19", and "Extracorporeal Life Support AND COVID-19". In addition, a manual search was carried out for references cited in the articles.

  Research Variables

  The following variables were researched: country of study, study population, sex (male and female), use of ECMO, type of ECMO used in the treatment of patients with COVID-19, main outcomes, and conclusions/recommendations.

  Eligibility criteria

  We included letters to the editor, clinical trials, cohorts, cross-sectional studies, clinical cases, and case series studies (published and pre-print). Government epidemiological bulletins, comments, literature reviews, articles without full access to content, and studies in animals were excluded.

  Selection of Studies

  The search was carried out by four independent researchers. After this stage, three researchers independently performed the following steps: 1) reading the title and summary to identify potential eligible studies; 2) reading the full text; 3) collecting ECMO data and setting up the database. The analysis was independently conducted by two other researchers. The divergences were analyzed and resolved by consensus.

  The included studies were submitted to a qualitative analysis using the Risk Of Bias In Non-randomized Studies of Interventions, or ROBINS-I[9], which is a recommended tool to assess the risk of bias in non-randomized studies included in systematic reviews.

  Data Extraction

  For data extraction, the researchers created a database. At this stage, the database was mounted. The data was entered by a first investigator and subsequently checked by a second investigator on the team. The systematization/analysis of the data was conducted by two other independent researchers.

   

  RESULTS

  Initially, 233 scientific productions were found in the researched databases. After the successive stages of analysis, only 18 articles fit the objective of this study, pointing to ECMO as one of the resources in the treatment of COVID-19 (Figure 1): Europe[4] (1 study, 333 patients), People's Republic of China[2,6,10,11,12] (5 studies, 385 patients), Japan[13,14,15,16] (4 studies, 98 patients), USA[17,18,19] (3 studies, 43 patients), Spain[20] (1 study, 48 patients), Italy[21] (1 study, 1591 patients), and Switzerland[22] (1 study, 1 patient).
 
  The surveys total 911 patients confirmed with COVID-19, 68.5% (n=624) males and 28.6% (n=261) females; there was no sex information about 2.8% (n=26) of the patients. The mean age of patients in studies [1,2,4,6,10,11,12,13,14,15,16,17,19,21,22,26]that reported this data was 53,7 years. and Japan was the country with the oldest patients, with the highest reported age being 81 years and the lowest, 16 years.

  ECMO was necessary as a resource in those patients whose health status was severe/critical, totaling 274 (30.1%) people (Table 1). Regarding the type of ECMO, 73% (n=200) of the patients underwent VV-ECMO. Among the others, nine individuals (3.3%) required VA-ECMO and seven patients (2.5%) moved from one type to another according to the disease prognosis, or needed a more specific type of ECMO such as veno-veno-venous ECMO, veno-arterio-venous ECMO, or veno-veno-arterial ECMO. Five studies[2,8,12,13,10] did not specify the type of ECMO used to treat their patients (57 [20.8%] patients) (Table 1).

    

    [image: Fig. 1. Flowchart of studies selection, 2020.]

  

 
  Regarding the outcome related to the use of ECMO, concerning the 274 patients who used the therapeutic resource, five (n=1.8%) were discharged, 125 (45.6%) remained hospitalized until the publication date of the respective study, and there was no outcome information about 67 patients (n=24.4%) (Table 1). Five studies[2,4,6,15,18] (n=219) reported deaths during treatment, totaling 77 patients (35.2%), among which, two studies[2,6] developed in the People's Republic of China had the highest mortality rate.

  When analyzing the risk of bias in different domains studies, it is noticed that there is a predominance of serious risk of bias due to confounding, to selection of participants, and in measurement of outcomes, however, the studies presented low risk of bias due to deviations from the intended interventios and moderate risk on what concerns to bias in classification of interventions and selection of the reported result. Bias due to missing data presented moderate, low, and no information risk proportional between selected papers. The overall risk of bias of all selected articles was classified as serious (Figure 2).

    

    [image: Fig. 2. Risk of bias in studies.]

  

 
   

  DISCUSSION

  Most patients with COVID-19 have mild symptoms and evolve to cure of the disease. However, some of them progress to a severe state of the disease, developing dyspnoea and hypoxemia about a week after onset. Such patients can rapidly progress to ARDS and, later, to multiple organ failure or even death[10].

  WHO and the Centers for Disease Control and Prevention, or CDC, through the publication of guidelines, indicate the possibility of treatment by ECMO in patients in severe/critical condition, with respiratory failure and cardiac involvement, whose conventional treatment is not being promising[17].

  ECMO is indicated in patients with refractory hypoxemia with a partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) < 50 mmHg for three hours or a PaO2/FiO2 < 80 mmHg for > 6 hours[23]. Severe and refractory hypoxemia is an event associated with mortality in over 95% of patients. In this scenario, conventional mechanical ventilation is not able to promote minimal blood oxygenation compatible with life. At this time, the extracorporeal oxygenation technique (ECMO) can be used until the lungs recover and regain their basic function[22].

  In this review, less than half of the analyzed patients used ECMO. In fact, it is an intensive therapy whose priority is given to a specific group of patients: younger patients with a relatively low prevalence of comorbidities and with an acceptable probability of reversing the pulmonary failure typical of these patients[25]. Thus, an adequate clinical judgment and an understanding of the risk-benefit relationship are important to identify when ECMO may be effective[13].

  In addition, some factors must be observed, such as old age, comorbidities that portend a poor prognosis (diabetes, heart disease, obesity, among others), and, especially, if patients have hemorrhage in the central nervous system, underlying terminal diseases, or evidence of multisystem organ failure[5].

  A fact verified in this study was that the majority of patients who needed ECMO were submitted to the venous type. In fact, except for VA-ECMO cannulation in emergency situations, as in the case of cardiopulmonary resuscitation, patients are placed on VV-ECMO, in order to correct the hypoxia resulting from the lung failure caused by the virus, having considered that the low oxygen content could progress quickly, leading to multiple organ failure[6].

  Some patients, during ECMO, may receive antivirals, antibacterial agents, steroids, immunoglobulins, chloroquine, vasoconstrictor agents, or even other medications as complementary treatment. Other concomitant therapies are also possible, such as renal replacement[20,18]. Everything will depend on what problems the patient may present as well as the choice of which other treatment will be ideal to help in the recovery of the patient.

  It is noteworthy that the role of ECMO in the treatment of the disease caused by this new virus remains uncertain and, in the meantime, new research by several authors is always suggested[2,5,13,18,19]. From this perspective, the position among researchers may be controversial, because while some authors tend to be more pessimistic when observing high mortality rates with this type of treatment[2,19], including reporting septic shock and multiple organ failure[2], others suggest that it may play an important role and aid to those in the critical state of ARDS due to COVID-19[4,6,11]. Such facts become more evident when assessing the risk of bias in studies.

  It should also be noted that the therapeutic modality of extracorporeal ventilation is still not widespread. This scenario may be due to the fact that ECMO is an expensive technology that consumes many resources, which may make it impossible for several countries affected by COVID-19 to pay for it[6]. Another important point is that it must be carried out in experienced centers, with qualified professionals, and a multidisciplinary approach[6,25].

  Limitations

  The main limitation of this study was the small number of papers that addressed the use of ECMO treatment in the current pandemic.

   

  CONCLUSION

  Based on the above, it is evident that more studies, covering larger populations, should be carried out with regard to the use of ECMO in COVID-19 patients, mainly because it is an alternative to the conventional failed treatment of some critical patients. It can also be seen that with new studies, the mechanisms that involve the disease and death of patients due to COVID-19 could be better evidenced, mainly in critical condition, in order to elucidate the role of ECMO in the treatment of patients affected by COVID-19.
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    ABSTRACT

    Coronary artery bypass grafting (CABG) has consolidated its role as the most effective procedure for treating patients with advanced atherosclerotic coronary artery disease, reducing the long-term risk of myocardial infarction and death compared to other therapies and relieving angina. Despite the recognized benefits afforded by surgical myocardial revascularization, a subset of higher-risk patients bears a more elevated risk of perioperative stroke. Stroke remains the drawback of conventional CABG and has been strongly linked to aortic manipulation (cannulation, cross‐clamping, and side-biting clamping for the performance of proximal aortic anastomoses) and the use of cardiopulmonary bypass. Adoption of off-pump CABG (OPCAB) is demonstrated to lower the risk of perioperative stroke, as well as reducing the risk of short-term mortality, renal failure, atrial fibrillation, bleeding, and length of intensive care unit stay. However, increased risk persists owing to the need for the tangential ascending aorta clamping to construct the proximal anastomosis. The concept of anaortic (aorta no-touch) OPCAB (anOPCAB) stems from eliminating ascending aorta manipulation, virtually abolishing the risk of embolism caused by aortic wall debris into the brain circulation. The adoption of anOPCAB has been shown to further decrease the risk of postoperative stroke, especially in higher-risk patients, entailing a step forward and a refinement of outcomes provided by the primeval OPCAB technique. Therefore, anOPCAB has been the recommended technique in patients with cerebrovascular disease and/or calciﬁcation or atheromatous plaque in the ascending aorta and should be preferred in patients with high-risk factors for neurological damage and stroke.
    Keywords: Coronary Artery Bypass; Atrial Fibrilation; Coronary Artery Diseases; Plaque Atherosclerotic; Stroke; Aorta; Embolism.

  

   

   

  INTRODUCTION

  Endorsed by recent and robust evidence, coronary artery bypass grafting (CABG) has solidified its role as the most effective procedure for treating patients with advanced atherosclerotic coronary artery disease (CAD), reducing the long-term risk of myocardial infarction (MI) and death compared to other therapies, besides relieving angina[1-5].

  Despite the recognized benefits afforded by surgical revascularization, a subset of higher-risk patients bears a more elevated risk of perioperative neurological complications, and stroke remains the drawback of conventional CABG. Data from administrative databases and observational registries suggest that the incidence of perioperative stroke after cardiac surgery ranges from 0.8% to 5.2%[6].

  The occurrence of CABG perioperative stroke displays a bimodal configuration. Approximately half of the perioperative strokes are identified immediately on the patient's awakening from anesthesia (intraoperative/early strokes), resulting mainly from manipulation of the aorta with cerebral atheroembolization or the release of particulate matter from the cardiopulmonary bypass (CPB) circuit. The other half occurs days after an initial uneventful recovery and is defined as postoperative/delayed strokes. Delayed strokes are often consequent to postoperative atrial fibrillation, perioperative MI with intracavitary thrombus formation, or previous cerebrovascular disease. Both early and delayed strokes are related to a significant increase in the postoperative period as well as late morbidity and mortality, however, early stroke is associated with a significantly higher operative mortality than delayed stroke, a 12-fold increase (29% vs. 2% without stroke)[7,8].

   

  TACKLING PERIOPERATIVE NEUROLOGICAL COMPLICATIONS AND STROKE

  Neurological complications comprising stroke, delirium, and cognitive decline associated with on-pump CABG (ONCAB) have been strongly linked to aortic manipulation (cannulation, cross-clamping, and side-biting clamping for the performance of proximal aortic anastomoses) and use of CPB. Early stroke is usually located in the cerebral right hemisphere, consistent with the jet of the flow from the aortic cannula[6].

  Adoption of off-pump CABG (OPCAB) and avoidance of aortic manipulation lower the risk of perioperative stroke[9]. The elimination of CPB decreases not only the risk of stroke, but also the short-term mortality, renal failure, atrial fibrillation, bleeding, and length of intensive care unit stay[9]. The use of OPCAB has broadened the indication of surgical revascularization for patients at high risk for undergoing CPB, including the very elderly and patients with impending end-organ failure. Although OPCAB significantly reduces the incidence of postoperative neurological complications compared to ONCAB[10,11], increased risk persists owing to the need for the tangential ascending aorta clamping to construct the proximal anastomosis[12].

  The concept of anaortic (aorta no-touch) OPCAB (anOPCAB) has emerged as a viable and effective technical solution for patients at high risk for perioperative neurological damage or stroke. This concept stems from eliminating ascending aorta manipulation, virtually abolishing the risk of embolism caused by aortic wall debris into the brain circulation[9,13]. The adoption of anOPCAB further decreases the risk of postoperative stroke, especially in higher-risk patients, with reported rates at < 0.4%[9,12], entailing a step forward and a refinement on outcomes provided by the primeval OPCAB technique. Therefore, anOPCAB has been the recommended technique in patients with cerebrovascular disease and/or calciﬁcation or atheromatous plaque in the ascending aorta and should be preferred in patients with high-risk factors for neurological damage and stroke[9-17].

   

  HIGH-RISK PATIENTS FOR PERIOPERATIVE STROKE

  Regardless of the severity of aortic atherosclerotic involvement, clamping the aorta during CABG increases the risk of postoperative stroke[14]. However, certain subgroups of patients face an enhanced risk for perioperative neurological injury. The known risk factors associated with neurological injury after CABG encompasses advanced age, aortic atheromatous disease, aortic manipulation, diabetes, female sex, hypertension, peripheral vascular disease, previous neurological injury, symptomatic carotid stenosis, and use of CPB[18]. Age is one of the most significant predictors of brain injury and the risk for perioperative stroke is 4.6 times higher for individuals 65 to 75 years old and 5.2 times higher for patients over 75 years of age, compared with those under 65 years[6]. Aorta with wall thickness > 4 mm and aortic plaques protruding > 3 mm increase the risk of adverse neurologic outcomes during aortic manipulation[19,20].

  The higher rate of stroke following CABG is found in the first 30 days after the procedure, subsequently the incidence of stroke in a 31-day to five-year follow-up is similar between CABG and percutaneous coronary intervention (PCI)[21]. Therefore, limiting, if not completely eliminating, aortic manipulation performing an anOPCAB procedure substantially reduces stroke rates[9,14,21-24]. In octogenarians, a contemporary meta-analysis of studies comparing outcomes of ONCAB and OPCAB revealed that OPCAB provided lower in-hospital mortality, stroke rate, and length of hospital stay with a similar incidence of other adverse outcomes. Preferentially offering OPCAB to octogenarians could be translated into a reduced economic burden on the healthcare providers[25]. In diabetic patients, who currently comprise nearly half of patients referred for CABG[26], individual patient-data pooled analysis demonstrates that five-year stroke rates nearly doubled after CABG compared with PCI[21].

   

  THE EMERGING ISSUE OF SILENT BRAIN INFARCT

  Silent brain infarcts (SBI) are clinically silent, neuroimaging-diagnosed infarcts, and although the initial insult is not clinically apparent, SBI has been linked to significant later morbidity. The risk of subsequent stroke increases more than five times when SBI is present, which may reflect associated underlying risks and additional associated sequelae including cognitive dysfunction, increased risk of dementia, psychiatric disturbances, and reduced quality of life[27]. The real incidence of postoperative SBI may be markedly higher than the clinically evident strokes as shown on magnetic resonance imaging (MRI) after CABG and surgical aortic valve replacement[28,29]. Postoperative diffusion-weighted MRI reveals that new brain infarcts after CABG are significantly more frequent than clinically evident stroke, reaching 27.6% of the operated patients, most of the lesions being clinically silent[30], stressing that becomes imperative the introduction of strategies to minimize this incidence[31].

   

  THE RATIONALE FOR ANAORTIC OPCAB WITH BILATERAL INTERNAL THORACIC ARTERY GRAFTING

  The utilization of bilateral internal thoracic artery (BITA) grafts is paramount for fulfilling the concept of anOPCAB, supplemented with the saphenous vein (SV) or radial artery (RA) as a Y-composite graft based on the in situ skeletonized BITA, enabling complete coronary revascularization (Figures 1, 2, and 3).
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  Similar midterm patency rates, improvement of myocardial perfusion, and clinical outcomes between vein grafts and arterial grafts are reported when veins are used as a composite graft based on the internal thoracic artery (ITA)[32]. In the SAVE RITA trial, a randomized trial comparing the strategy of using the right ITA (RITA) vs. SV Y-composite grafts in OPCAB, the five-year occlusion rate and midterm clinical outcomes of the SV composite grafts were non-inferior to that of the RITA composite grafts. No significant differences between the two groups were found in overall survival and freedom from major adverse cardiac events at both five years and eight years. The use of an SV composite graft based on the in situ left ITA (LITA), as opposed to aortocoronary bypass graft, has numerous advantages. First, the SV composite graft is continuously exposed to protective effects of endothelium-derived mediators such as the nitric oxide released from the ITA. Furthermore, the length of the SV needed to reach the target vessel is shorter than that of an aortocoronary SV graft (SVG), and finally, the SV conduit anastomosed to the ITA is exposed to less circulatory stress than a conduit anastomosed to the ascending aorta[33-36] (Figure 4).
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  The RA graft long-term patency was demonstrated to be higher in patients with progressively severe proximal stenoses, suggesting that RA grafting should not be considered in the setting of moderate (< 90% proximal obstruction) or questionably severe target vessel obstructions. Therefore, the benefit of RA graft patency over SVG patency is reliably seen when the degree of proximal coronary artery stenosis is severe (> 90%) and SVG should be preferred to revascularize the right coronary system when stenosis is < 90%[37,38].

  Long-term assessment of in situ and free RITA grafts patency revealed that the highest RITA failure rates were associated with grafting a native coronary artery with a stenosis of less than 60% compared with 80-100%. Grafts to non-left anterior descending coronary arteries had a greater risk of failure, the highest risk ratio being associated with grafting the right coronary artery (RCA). Preference should be given to grafting arteries with a high-grade stenosis or occlusion, to graft left rather than RCA, and in situ rather than free ITA grafts. Routing the RITA to the left side, either anterior to the aorta or through the transverse sinus, did not influence patency[39] (Figure 5).

  In patients where revascularization of the RCA was performed with SVG, with the right gastroepiploic artery, or RITA was used in a Y-composite fashion, the use of an SVG was associated with superior graft functionality compared with the other conduits and the graft function was negatively influenced by the minimum lumen diameter[40].

  Athanasiou et al., in a systematic review, aimed to identify if arterial grafts are superior to SVGs and whether graft failure rates vary between proximal and distal RCA anastomoses. Increased graft failure with the right gastroepiploic artery and RITA was found compared with SV. No significant difference was observed in late graft failure for RA compared with SV, although lower graft failure was observed with RA grafts to the proximal RCA when compared with SV[41]. A recent patient-level combined analysis of randomized, controlled trials performed by The Radial Artery Database International Alliance investigators failed to demonstrate a significant survival benefit despite superior patency of the RA graft compared with SVG[36,42].

  Performance of total arterial coronary revascularization has been promoted as offering the benefits of reduced morbidity and the need for reintervention with better long-term survival. However, the universal adoption rate remains extremely low, around 4-5% of total cases, because of relatively greater technical complexity, duration of the procedure, the perceived increased risk of sternal wound complications, biased patient selection, and lack of evidence from randomized controlled trials. Furthermore, an arterial conduit might not be the best one for grafting a less severely obstructed RCA[18,36].

  Alternatively, a great improvement in outcomes has been achieved with SVG harvested with a no-touch (NT) technique. The NT technique of SV harvesting with an extensive pedicle of surrounding tissue, in which the manipulation and tension of the SV are minimized and manual intraluminal dilation is avoided during harvest, can potentially overcome the limitations of SVG when used as a composite graft based on the in situ LITA. Long-term patency of NT-SVGs seems less affected by coronary stenosis grade (a shortcoming for RA graft use), making this conduit preferable to RA grafts in CABG surgery, particularly for grafting the RCA[43] (Figure 6).
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  RITA STUMP AS GRAFT INFLOW SOURCE

  The strategy of an SVG anastomosed to the ITA, rather than to the ascending aorta, can also be taken further and made more functional and physiological. Using the RITA proximal stump as a graft inflow source, as previously reported by Benussi et al.[44], is a logical and straightforward surgical strategy, avoiding handling the aorta, theoretically granting further protection against neurological complications and stroke. Additionally, the caliber of the two vessels is similar and the wall thickness is comparable. No new skills are needed for applying the technique, at the reach of all competent surgeons routinely performing CABG. An additional Y-graft can be attached to the RITA stump itself or the connected vein, further expanding the scope of the anOPCAB (Table 1).
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  BILATERAL INTERNAL THORACIC ARTERY GRAFTING

  Although the 10-year results of the Arterial Revascularization Trial (ART) showed no difference in survival between single ITA (SITA) or BITA grafts[45], younger patients with fewer comorbidities stand to gain the most from BITA grafting and hence it should not be denied to this patient cohort. Noteworthy, based on observational evidence, the 2018 European Society of Cardiology/European Association for Cardio-Thoracic Surgery (ESC/EACTS) Guidelines on Myocardial Revascularization recommends the consideration of a second arterial graft (RITA or RA) as an adjunct to LITA in appropriate patients (class IIA)[46].

  In a recent multicenter cohort from the New Jersey Open Heart Surgery Registry with 42,714 patients undergoing CABG, with a median follow-up of 7.8 years, the long-term risks of MI and death associated with single-arterial CABG were higher than those associated with multiarterial CABG[47]. Benedetto et al. compared the outcomes of different conduit strategies in ONCAB and OPCAB surgeries in a single-center, observational study of 12,633 patients (1,818 with multiarterial OPCAB, 1,208 with multiarterial ONCAB, 4,412 with single-arterial OPCAB, and 5,195 with single-arterial ONCAB, considered the control group) undergoing primary isolated CABG surgery, with a mean follow-up of 8.2 years. The adjusted 30-day mortality and stroke were similar among the four groups, whereas the multiarterial OPCAB and ONCAB groups were associated with a significant fully adjusted 20% relative risk reduction in late mortality compared with standard single-arterial ONCAB. OPCAB was associated with a two-fold increased risk of incomplete revascularization irrespective of the use of multiarterial or single-arterial grafting. Multiarterial grafting is feasible in OPCAB and provides a long-term survival benefit compared with a conventional single-arterial strategy[48,49].

   

  SKELETONIZED ITA

  BITA harvesting has been associated with a higher incidence of deep sternal wound infections (DSWI), particularly in patients with diabetes or obesity[50], and dissecting the ITA grafts with skeletonized technique results in a lower incidence of DSWI for BITA grafting[51,52].

  Using the Society of Thoracic Surgeons Adult Cardiac Surgery Database including 11,269 patients, the skeletonized BITA was associated with a decreased risk of DSWI, with no difference in operative mortality[53].

  Skeletonization increases the intraoperative flow and the length of the ITA by as much as 2.5 cm, allowing it to reach more distal targets and sequential grafting[54,55].

   

  SURGEON AND TEAM EXPERIENCE AS A KEY FACTOR FOR OUTCOMES

  Mounting evidence reveals that superior outcomes with OPCAB are associated with the surgeon and the operative team's experience and expertise. In an analysis of 2,094,094 patients undergoing ONCAB and OPCAB from the Nationwide Inpatient Sample database, OPCAB compared with ONCAB was associated with increased risk-adjusted mortality when performed in low-volume centers (< 29 cases/year) or by low-volume surgeons (< 19 cases/year). Conversely, in high-volume OPCAB centers (≥ 164 cases/year) and surgeons (≥ 48 cases/year), OPCAB reduced mortality compared with ONCAB in cases requiring a single graft or two or more grafts. Therefore, OPCAB outcome is dependent on volume at both the institution and individual surgeon levels and should not be performed at low-volume centers and by low-volume surgeons[56].

  A post hoc analysis of the ART demonstrate that surgeons experienced with both on-pump and off-pump techniques, whether using SITA or BITA grafts, yielded excellent results with no differences between the techniques, translated by low mortality, stroke, MI, and need for wound reconstruction and repeat revascularization[57].

  A recent large observational study revealed a reduction of mortality with off-pump compared with on-pump surgery in high-risk patients, regardless of the number of grafts, if performed by experienced surgeons[58].

  In a meta-analytic approach, Gaudino et al. demonstrated surgeons’ inexperience with the OPCAB procedure to be associated with increased mortality[59]. In surgical trials, a lack of experience and familiarity with the OPCAB will typically result in a high crossover rate to the control arm. The crossover rate from the OPCAB group was 7.9% and 9.7% in the CORONARY and the German Off-Pump Coronary Artery Bypass Grafting in Elderly Patients (GOPCABE) trials, respectively, vs. 12.4% in the ROOBY trial. In the largest randomized controlled trial meta-analysis of OPCAB vs. ONCAB to date (104 trials, 30,915 patients), a difference in survival in favor of ONCAB is found only in the studies with a crossover rate ≥ 10%, a rate that may be considered a surrogate marker for a lack of surgical proficiency with OPCAB techniques[60]

  Saito et al., analyzing the Japan Cardiovascular Surgery Database, reported that isolated CABG was performed off-pump in 55.0% (n = 16,173) of all CABG cases (n = 29,392) in Japan. The operative mortality in elective cases was 1.1% for OPCAB compared with 2.5% for ONCAB, and all types of complications were lower for OPCAB than ONCAB, except for "readmission < 30 days"[61].

  Raja et al. compared the impact of OPCAB and ONCAB on short-term and long-term outcomes in a high-volume off-pump coronary surgery center in isolated first-time CABG procedures with at least two grafts; 5,995 OPCAB and 4,875 ONCAB were performed by surgeons with exclusive off-pump and on-pump practices. OPCAB performed by experienced surgeons, who perform only off-pump procedures in a high-volume off-pump coronary surgery center, was associated with a lower risk of operative deaths, fewer postoperative complications, and similar 20-year survival and freedom from reintervention rates compared with ONCAB[62].

  The 2018 ESC/EACTS Guidelines on Myocardial Revascularization state that OPCAB and preferably NT techniques on the ascending aorta by experienced operators is Class I recommendation in patients with significant atherosclerotic aortic disease. Also, Class IIa is granted to the technique for subgroups of high-risk patients. There is a special emphasis in patients with stable multivessel and/or left main coronary artery disease with porcelain aorta, where commonly the Heart Team recommendation is in favor of PCI unless expertise exists with an OPCAB. The guidelines recommend OPCAB in patients with renal impairment and suggest considering beating heart revascularization to reduce perioperative bleeding and the need for transfusions[13,46].

   

  LONG-TERM OUTCOMES

  The earlier concerns raised by the five-year follow-up of the ROOBY trial[63], and also a 10-year analysis of a regional clinical registry in the United States of America[64], suggesting an increased mortality and higher rate of graft failure in patients undergoing OPCAB were counterbalanced by a succession of well-conducted randomized controlled trials reporting long-term outcomes and demonstrating otherwise.

  The MASS III trial was the first study to reach the longest ever follow-up at 10 years, with 308 patients randomized: 155 to OPCAB and 153 to ONCAB. The endpoints were freedom from death, MI, revascularization, and cerebrovascular events. No difference was found between the groups concerning primary composite endpoints at a 10-year follow-up. Although OPCAB surgery was associated with a lower number of grafts and a higher incidence of atrial fibrillation, it had no effects on long-term outcomes[65].

  The CORONARY trial randomized 4,752 patients to undergo OPCAB or ONCAB. The five-year outcome analyzed a composite outcome of death, stroke, MI, renal failure, or repeat coronary revascularization. No significant differences were seen between the off-pump group and the on-pump group in the rate of the composite outcome (23.1% and 23.6%, respectively)[15].

  The GOPCABE trial enrolled 2,539 patients aged ≥ 75 years who were randomly assigned to undergo OPCAB or ONCAB. The five-year follow-up data of this trial reported that 361 patients (31%) assigned to OPCAB and 352 patients (30%) assigned to ONCAB had died (hazard ratio OPCAB/ONCAB, 1.03; 95% confidence interval [CI], 0.89-1.19; P=0.71). The composite outcome of death, MI, and repeat revascularization occurred in 397 (34%) patients after OPCAB and in 389 (33%) patients after ONCAB (hazard ratio, 1.03; 95% CI, 0.89-1.18; P=0.704). Incomplete revascularization occurred in 403 (34%) patients in the OPCAB group and 354 (29%) in patients assigned to ONCAB (P<0.001). They concluded that in elderly patients ≥ 75 years of age, the five-year survival rates and the combined outcome of death, MI, and repeat revascularization were similar after ONCAB and OPCAB. Incomplete revascularization was associated with a lower five-year survival rate, irrespective of the type of surgery[66].

  These results reinforce the long-term follow-up of several other studies. No difference in mortality was seen in the Octopus trial after five years, BHACAS I and II trials after eight years, or in the SMART trial after eight years of follow-up[67-69].

   

  LEFT THORACOTOMY AND MINIMALLY INVASIVE APPROACH

  A left thoracotomy approach has been advocated as a safe alternative to a median sternotomy for CABG on the beating heart, allowing dissection and utilization of both ITA grafts for the left coronary system[70].

  Multivessel minimally invasive CABG, performed off-pump through a left anterolateral thoracotomy with BITAs has recently emerged as an alternative to conventional CABG, with low postoperative complications and encouraging outcomes[71].

   

  EXCELLENCE CENTERS FOR CABG

  The Excellence Centers for CABG have become an appealing concept, as specialization in surgical procedures has been shown to improve outcomes. Subspecialization in CABG and dedicated coronary surgery programs may lead to faster operations, increased use of BITA grafts, fewer complications, lower costs, and improved survival[72].

  These Excellence Centers would be able to implement OPCAB, minimally invasive, boost total arterial revascularization, adapt quickly to new techniques with proven advantages, and manage patients with CAD as part of a Coronary Revascularization Heart Team at high-quality, high-volume CABG hospitals[73].
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    ABSTRACT

    Vasoplegic syndrome (VS) comprises a constellation of concurrent signs and symptoms: hypotension, high cardiac index, low systemic vascular resistance, low filling pressures, the tendency to occur diffuse bleeding, and sustained hypotension. All of these parameters may persist even despite the use of high doses of vasoconstrictor amines. VS arises from vasoplegic endothelial dysfunction with excessive release of nitric oxide by polymorphonuclear leukocytes mediated by the nitric oxide synthase’s inducible form and is associated with systemic inflammatory reaction and high morbimortality. The achievements regarding the treatment of VS with methylene blue (MB) are a valuable Brazilian contribution to cardiac surgery. The present text review was designed to deliver the accumulated knowledge in the past ten years of employing MB to treat VS after cardiac surgery. Considering that we have already published two papers describing acquired experiences and concepts after 15 and 20 years, now, as we achieve the 30-year mark, we compose a trilogy.
    Keywords: Vasoplegia; Cardiac Surgical Procedures; Methylene Blue; Nitric Oxide; Neutrophils; Hypotension.

  

   

   

  INTRODUCTION

  Vasoplegic syndrome (VS) comprises a constellation of concurrent signs and symptoms: hypotension, high cardiac index, low systemic vascular resistance, low filling pressures, the tendency to occur diffuse bleeding, and sustained hypotension. All of these parameters may persist even despite the use of high doses of vasoconstrictor amines. VS arises from vasoplegic endothelial dysfunction with excessive release of nitric oxide (NO) by polymorphonuclear leukocytes, mediated by the inducible form of the NO synthase (NOS), and is associated with systemic inflammatory reaction and high morbimortality. The discovery of NO as a mediator of vascular reactivity brought about a paradigm shift, revolutionizing the understanding and searching for new frontiers in cardiocirculatory pathophysiology. According to the words of Salvador Moncada, it created a situation in which everything that was learned about the entity “vasoconstriction” should be reviewed, considering the phenomenon as a “loss of vasodilation” rather than simple constriction of the blood vessels. This review’s primary purpose does not intend to include the “NO saga” in more detail; however, for didactic purposes, we chose to include a schematic representation of the cyclic guanosine monophosphate (cGMP)/NO release pathway (Figure 1). The present review focuses only on the VS associated with cardiac surgery, considering the three vasodilation mechanisms known and awarded with the Nobel Prize (Figure 2).
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    [image: Fig. 2. The three mechanisms of vasodilatation. cAMP=3’,5’-cyclic adenosine monophosphate; cGMP=cyclic guanosine monophosphate; EDRFs=endothelium-derived relaxing factors; NO=nitric oxide; PGI2=prostacyclin]

  

 
  A summarized historical review shows that the definition of VS and its treatment are valuable Brazilian contributions to cardiac surgery. Gomes[1] described the syndrome, and the treatment with methylene blue (MB) was proposed by Evora et al.[2]. The first documentation of this therapeutic approach in patients who underwent heart surgery was presented by Andrade et al.[3], in 1996, at a Congress of the Sociedade Brasileira de Cirurgia Cardiovascular.

  As time went by, the NO saga was associated with spasm and thrombosis due to antiplatelet and vasoconstriction effects (Figure 3). However, in our obsessive struggle against the VS, we always kept in mind that the increased release of NO is also a form of endothelial dysfunction. We proposed a classification to facilitate and allow an overview of endothelial dysfunction (Table 1), but, curiously, we could not start an open discussion on the subject[4-6].

    

    [image: Fig. 3. Vasodilator and antiplatelet actions of nitric oxide (NO). 5-HT=5- hydroxytryptamine; ADP=adenosine diphosphate; EDRF=endothelium-derived relaxing factor; TXA2=thromboxane A2]

  

 
  
    

    [image: Table 1. Classification of endothelial dysfunction.]

  

  MB has been used in clinical practice for many years, namely in the therapy of methemoglobinemia and as a urinary antiseptic, with no contraindications to date regarding its safe use. Thus, its use is already regulated both scientifically and ethically, meaning that there is no encumbrance of lengthy processes of drug regulation and approval. Nowadays, the use of MB seems the most reasonable therapeutic proposal since it does not interfere with NO synthesis and because it is a medication widely used in other clinical conditions. MB’s action is based on the inhibition of guanylate cyclase, preventing the excessive synthesis of cGMP and, consequently, avoiding NO-mediated endothelial relaxation[1,7].

  This introduction was intended solely to set the background for the 30 years of the following concepts’ evolution. However, the text’s main target remains as a discussion of vasoplegia as a complication of cardiac surgery.

  The first 15 years - Creating and accumulating concepts

  The concepts emerging from the observations obtained during the first 15 years of using MB to treat VS in cardiac surgery have established some critical topics. Nevertheless, we still feel that the cGMP’s importance is underestimated in the literature[8].

  In 2009, we published a personal statement centered at MB as a treatment of VS in cardiac surgery, including 15 years of questions, answers, doubts, and certainties[1]. Some observations can be applied to VS: (1) MB is safe at the recommended doses (the lethal dose is 40 mg.kg-1); (2) the use of MB does not cause endothelial dysfunction; (3) the MB effect appears in cases of positive NO regulation; (4) MB itself is not a vasoconstrictor because by blocking the cGMP pathway, it releases the 3',5'-cyclic adenosine monophosphate (cAMP) pathway, facilitating the vasoconstrictor effect of epinephrine; (5) MB may act through this mechanism of “crosstalk” (Figure 4) and its use as a first choice medication may not be correct; (6) the most used dosage is 2 mg.kg-1 in intravenous (IV) bolus, followed by the same continuous infusion, as plasma concentrations decrease markedly in the first 40 minutes; (7) although there are no definitive multicenter studies, the MB used in the treatment of VS cardiac surgery is currently the best, safest, and cheapest option; (8) however, a possible “window of opportunity” for the effectiveness of MB is not established for humans.

    

    [image: Fig. 4. Schematic points of the “crosstalk” between cyclic guanosine monophosphate (cGMP) (nitric oxide [NO]) and 3’,5’-cyclic adenosine monophosphate (cAMP) (prostacyclin). ATP=adenosine triphosphate; Gp=Gp proteins; GS=Gs proteins; GTP=guanosine triphosphate; iNOS=inducible nitric oxide synthase; IP3=inositol triphosphate; MB=methylene blue; PGH2=prostaglandin H2; PGI2=prostacyclin; PIP2=phosphatidylinositol 4,5-biphosphate; PLC=phospholipase C; R=receptor; sGC=soluble guanylyl cyclase]

  

 
  Twenty years of accumulated experience

  Twenty years of accumulated research should now be summarized. In addition to the bibliographical data, some capital questions were elected to consolidate the most important aspects of the MB use in VS treatment associated with cardiac surgery[1,7]: (1) What medications would be listed as VS risk factors in cardiac surgery?; (2) Could the systemic inflammatory reaction be caused by blood exposure to the non-endothelial cardiopulmonary bypass circuit?; (3) Is the in vivo MB use safe?; (4) What are the possible complications of MB use?; (5) Does the use of MB cause endothelial dysfunction?; (6) Does the MB injection cause any hemodynamic effect in non-vasoplegic patients?; (7) Does MB have a proper pressure effect?;(8) Does a therapeutic window be established in humans?. We found the responses for most of these questions, but always keeping in mind the real reasons why the cGMP/NO pathway blockage is still underestimated and that most studies on this pathway’s role continue in search of common sense.

  Thirty years of accumulated experience - Keep following the NO saga

  The data in this expanded review leave the impression that the number and quality of publications do not reflect the frequency with which MB is used in clinical practice. Therefore, the difficulty of carrying out multicenter studies is implicit. However, it has been passed on as verbal information. Regarding the increased literature on this topic, one can be optimistic, as shown on the Medical Literature Analysis and Retrieval System Online - MEDLINE database (Figure 5). However, data and medical practices still point to a certainty that the soluble blockade of guanylate cyclase in distributive shock control remains underestimated.

    

    [image: Fig. 5. Graph presentation of the increased number of papers as time goes by (Medical Literature Analysis and Retrieval System Online - MEDLINE).]

  

 
  In this environment, the main question arises: “What can we do when circulatory shock becomes refractory to classical therapeutic measures, including administration of fluids, inotropes, and vasoconstrictors?”. The answers to this question are currently limited to the accumulated evidence regarding three cAMP-independent vasoconstriction mechanisms: (1) cGMP/NO-dependent vasoconstriction (the most crucial mechanism); (2) vasopressin administration; and (3) hyperpolarization-dependent vasoconstriction.

  One might wonder why these therapeutic alternatives don't always work. We believe that there are at least five aspects to this investigation: (1) lack of consideration of existing guidelines or evidence-based medicine about the accepted treatment options available; (2) the lack of more excellent knowledge of the different vasodilation mechanisms; (3) the possibility of interference between different vasodilation mechanisms; (4) the enzymatic activity of soluble guanylyl cyclase (sGC); and (5) the frequent use of MB as a therapeutic “rescue” or “final” attempt.

  Still, many authors are reluctant to recommend MB for early use, given the current minimal level of evidence and possible adverse effects, encouraging studies that systematically collect data to help solve these problems. Similar emergencies involving death risk in cases of circulatory collapse do not allow prospective randomized studies.

  Finally, we chose three main points to be highlighted after over 30 years of MB accumulated experience: (1) MB action to treat VS is time-dependent; (2) there is a need for the establishment of the MB therapeutic window in humans; and (3) we believe that MB is a microcirculation protector. This would be the first step towards a systematic guideline to be followed by possible multicenter studies.

  Because the present review is considered a unique article to complete a trilogy with the two other articles published in the BJCVS[1,7], which are considerably cited, we will summarize our ongoing main lines of research about the MB role on VS as a relevant complication of the cardiac surgery. We will present a proposal for a therapeutic test with MB, describe the role of MB as a sparer of vasoconstrictor amines with consequent protection of the microcirculation, delineate the use of MB in volume replacement in catastrophic hemorrhages, and discuss the MB use in neonate and children.

  MB test to “keep the pharmacological time” of VS

  Considering MB as a “new potential use of an old antidote” to treat distributional shock, one can think that the NO-cGMP pathway plays a central pathophysiological role in the increase in NO and cGMP production, which is well documented in various distributive shock conditions, such as sepsis and anaphylaxis, and there is experimental and clinical evidence to support the use of MB in cases of refractory VS without response to conventional treatment. Perhaps the concept of “window of opportunity” would be best understood by acknowledging that MB's action to treat VS is time-dependent. Despite all of its positive characteristics, when it comes to using MB in VS treatment, the big challenge remains to determine when the inflammation starts and in what “window” is the patient? Thinking about it, we imagine a simple and easy MB system for patients with distributive shock, as follows. Firstly, if there is no hemodynamic monitoring presence, but there is a clear need for an increase in amines to guarantee a minimum mean arterial pressure (MAP) of 65 mmHg, proceed to perform the test with an IV MB bolus infusion (1 mg/kg). The increase in MAP would mean that the patient is in a window dependent on sGC and one should start a regular treatment. If there is hemodynamic monitoring, the results of the test can be quantified. Secondly, in addition to the routine, collect samples for nitrite/nitrate, cGMP, and other inflammatory markers. Thirdly, the use of MB as the last therapeutic option of rescue must be a paradigm to be contested.

  If the MB test becomes a practical reality, it is possible that the “window of opportunity” loses its relevance, always keeping in mind that determination of the starting point of inflammatory reaction is a challenging task.

  Combination of broad spectrum vasopressors, vasopressor-sparing strategies, and microcirculation protection

  We continue to lose the fight against vasodilatory shock due to the exacerbated inflammatory response. Volume restoration and vasopressors are not always able to overcome this situation, requiring new therapeutic strategies. In a recent Letter to the Editor[9], we suggested that the possibility of a combination of three concepts would be an exciting idea. These three concepts are (1) the broad spectrum vasopressors, (2) the vasopressor-sparing strategies, and (3) microcirculation protection.

  The concept of broad spectrum vasopressors suggests that the septic shock treatment must be started on multiple vasopressors with a different mechanism of action. Catecholamine vasopressor support-sparing strategies is a mandatory concept to pursue adjunctive therapeutic options to reduce vasoactive support requirements without compromising arterial pressure and the microcirculation[10] and reduce the need for high doses of catecholamine vasopressors. It would also be desirable to seek new vasopressors that increase the arterial blood pressure without microcirculatory damage.

  Possible MB role as microcirculation protector

  MB has been used with success as a treatment for vasopressor-refractory septic shock vasoplegia. The supposed MB mechanism is the inhibition of the microvasculature of the endothelial NO and improved responsiveness to amines. However, to date, only one relevant study has demonstrated the microcirculatory MB effect[11]. Also, few data show the impact on global hemodynamics and microcirculation in an experimentally induced rat septic shock model (Figure 6). We investigated with the aid of intravital microscopy, confirming Nantais data[11].

    

    [image: Fig. 6. Photograph of rat mesenteric microcirculation showing the excellent structure after Escherichia coli lipopolysaccharide injection. The # shows the venula; the arrows show almost normal leukocyte adhesion. LPS=; MB=methylene blue]

  

 
  The therapeutic use of NOS including humans has been abandoned based on increased mortality due to microcirculatory damage. So, using intravital microscopy, we decided to test an exciting hypothesis that MB should protect the microcirculation and bring back the NOS inhibition to the clinical scenario. Unfortunately, we found that MB does not protect the microcirculation against the deleterious effects of the NOS inhibitor (results not published).

  Also, there are several limitations of using microcirculation parameters in clinical practice and shock resuscitation. However, several measurements are suggested to represent microcirculation, including lactate levels, the gap between the venous and arterial carbon dioxide, and capillary filling time.

  MB in severe bleeding and MB use in child and neonates

  These two aspects are being studied in our laboratory, and our data are compatible with the safe MB use. The early treatment of traumatic hemorrhagic shock is mandatory, and it is a research challenge to determine the best way to prevent cardiac arrest before bleeding control. The blockade of the cGMP/NO pathway, although its pathophysiological justification, has not been considered in clinical or experimental practice. Our laboratory data showed the MB safety to be used earlier on significant hemorrhages.
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    ABSTRACT

    Dual-chamber pacemaker is a fully automatic pacemaker with the function of simulating human physiological pacing. It regulates pacing by programming different refractory periods and various special functions, which are closely related to arrhythmia. After in-depth understanding of these special functions, regular electrocardiogram follow-up analysis is required to provide individualized optimal program control and so is appropriate the administration of the pacemaker’s special functions to better provide optimal clinical guidance for patients with arrhythmia.
    Keywords: Pacemaker, Artificial; Arrhythmias, Cardiac; Pacemaker, Artificial; Electrocardiography; Follow-up Studies.

  

   

   

  INTRODUCTION

  A 38-year-old female patient was implanted with St. Jude dual-chamber pacemaker (Victory XL DR 5816) three years ago, after being diagnosed with viral myocarditis, sinus bradycardia, and atrioventricular block II. After palpitation for one month, the patient came for re-diagnosis and we conducted a pacemaker program control and a 24-hour dynamic electrocardiogram (ECG) tracking.

   

  QUESTIONS

  
    A What was the cause for palpitation after implantation with the pacemaker?

    B What is A pace on the premature ventricular contraction (PVC) option?

    C What did the ECG interrogation disclose?

  Discussion of Questions

  The patient got interposition PVC frequently, triggering A pace on the PVC response of the pacemaker. Resultantly, the sinus P wave lied within the post-atrial ventricular blanking (PAVB), which could not be sensed by the pacemaker, and ventricular pacing (VP) was released in the ventricular vulnerable period (VVP) frequently, contributing to serious arrhythmia. Furthermore, when the sinus P wave occurred in crosstalk detection window (CDW), the ventricular safety standby (VSS) function triggered VP, 120 ms after atrial pacing (AP), aggravating the palpitation (Figures 1 to 3, Question A).

    

    [image: Fig. 1. Sinus P wave was transmitted to ventricle and premature ventricular contraction (PVC) occurred. AR=atrial refractory]

  

 
  A pace on PVC option by this specific pacemaker: upon the occurrence of PVC event, the post-ventricular atrial refractory period (PVARP) is extended to 480 ms. The first 150 ms are the absolute refractory period (ARP), which can’t be sensed, and the latter 330 ms are the relative refractory period (RRP). If P wave is sensed within the RRP, named retrograde P wave, AP will be released at 330 ms behind this retrograde P; if P wave is not sensed in the RRP, then AP will be released by the end of ventriculoatrial (VA) interval. Therefore, AP is prevented from being inhibited. Generally, this option was designed to prevent pacemaker-mediated tachycardia (PMT) formed by constant PVC events via extension of PVARP after PVC recognition (Figure 4, Question B).

    

    [image: Fig. 4. Demonstrations of the special function, A pace on premature ventricular contraction (PVC) of the pacemaker. When PVC occurs, 480-ms post-ventricular atrial refractory period (PVARP) happens thereafter, during which the absolute refractory period is 150 ms and the relative refractory period is 330 ms. If the P wave occurs during the relative refractory period, the P wave is called retrograde P wave and atrial pacing will be released at 330 ms after the retrograde P wave. AVD=atrial-ventricular delay]

  

 
  Through ECG interrogation, pacemaker has aberrant responses to occasional PVC: PVC was marked in Figures 1 and 2, where ① and ④ pointed at it. After PVC, sinus P wave was transmitted to ventricle and PVC recurred at ②. At the end of T wave after this PVC, spontaneous P wave was seen clearly. However, this P wave did not trigger the VP of the pacemaker and it took 720 ms from this PVC to the next AP, shorter than VA interval. At ②, the retrograde P wave occurred within the RRP (330 ms period marked in the Figure 1) after PVC, defined as an atrial refractory (AR) event. Due to A pace on PVC, the pacemaker could sense the retrograde P wave and release AP at 330 ms after AR without triggering VP. ③⑤ displayed a different response from ②. P wave after PVC occurred within the ARP (the former 150 ms in the PVARP interval) and could not be sensed by the pacemaker, which consequently resulted in the AP release during the VA interval. This happened at 04.03 am, at the rest status, with heart beats at 45 times/min, ventriculoventricular interval of 1340 ms, paced atrial-ventricular interval of 275 ms, and VA of 1065 ms. ECG showed the patient had occasional PVC or ventricular premature beat with three typical patterns as below: sinus P wave was transmitted to ventricle, A pace on PVC response by the pacemaker, and AP was triggered during VA interval after PVC. Furthermore, a double pulse appeared after PVC (⑥, Figure 3) and the interval was 275 ms. The first pulse was AP. The QRS wave after PVC occurred within the PAVB interval and remained undetected. Thereafter, VP was released at 275 ms after the AP and occurred in the VVP of sinus QRS. Besides, this AP was 330 ms after the AR event and the P wave was over 280 ms later than the QRS wave. AP-VP sequence was also detected after PVC ⑦ and the interval was 120 ms. The first pulse was AP and was overlapped with the spontaneous sinus QRS wave, which occurred within CDW and thus triggered the VSS function, forming an AP-VS-VP sequence. The pacemaker could not tell whether the signal was crosstalk or spontaneous and released an early VP to avoid asystole. The AR event was 330 ms earlier than the AP and the former QRS wave was over 280 ms earlier than this AR event due to A pace on PVC option. The ECG results disclosed the combined outcomes of both functions of A pace on PVC and VSS of the pacemaker (Question C).

   

  BRIEF CONSIDERATION OF THE CASE REPORTED

  In this case, we finally stopped A pace on PVC option for the patient and also let her take 47.5 mg metoprolol succinate sustained-release tablets once every day for a month and the results proved to be good.

  In practice, patients with implantation of earlier pacemakers have chances of PMT, which pushes the advances and enrichments in pacemaker special functions[1]. Pacemakers failed to sense during PAVB, thereby inducing the VP release within the VVP, posing high risks of arrhythmia. Producers developed PVARP extension mechanism to avoid detection of the retrograde P wave in order to prevent PMT occurrence[2].

  In this case, the option of A pace on PVC was on when the pacemaker identified PVC, extending PVARP, securing the AP to curb the atrial arrhythmia[3]. Therefore, A pace on PVC function from St. Jude has been widely used in practice[4-6]. Sinus QRS wave appeared within the CDW, the VSS helped to prevent the crosstalk from inhibiting VP. However, clinically, VSS might not only be triggered by the crosstalk sensing, but also frequent PVC events and poor atrial sensing, etc., which encouraged producers to develop automatic ventricular blanking pos-AP, which features dynamic period of program-controlled blanking crosstalk sensing to avoid pseudo-identification of crosstalk. Considering the existence of such complex cases, clinical doctors need to get in-depth understanding of pacemaker mechanisms and value the follow-up programming controls as well as logic analysis in order to enable themselves to customize the optimal programming control for each patient. Only by doing this, clinicians can provide optimal treatment for arrhythmia patients.

   

  LEARNING POINTS

  
    • PVC response option can help to reduce PVC-triggered PMT by the pacemakers.

    • When the PVC response is combined with VSS function, arrhythmia occurs.

    • Programming a control specially customized for each patient tends to lower the rate of similar arrhythmia cases.
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    ABSTRACT

    A common element of internal thoracic artery harvesting techniques is a distal vascular clamp placement at the end of the procedure, not only to avoid bleeding, but also to increase the internal hydrostatic pressure, diameter and flow.The logic indicates that the placement of this clamp at the beginning of the dissection will allow the artery to benefit earlier from these advantages.After more than five years of experience, we present a modification in the classical technique of skeletonized harvesting of the internal thoracic artery, consisting of artery distal occlusion at the beginning of the procedure. Some of its advantages are discussed.
    Keywords: Mammary Arteries; Hydrostatic Pressure; Dissection; Cardiovascular System; Hemorrhage.

  

   

   

  INTRODUCTION

  Obtaining high flow in the internal thoracic artery (ITA) has been a concern of cardiac surgeons since the dawn of the era of direct myocardial revascularization. This topic has become more important in the last two decades, as the strategy of revascularization of the anterolateral heart wall with bilateral internal thoracic arteries has gained wide acceptance.

  A growing body of evidence shows that the flow of the arterial graft is the determining factor of its quality and patency in any period analyzed[1,2]. Several factors condition it, but the blood flow is one of the few that the surgeon can modify at the time of surgery.

  Skeletonized artery harvesting, administration of various vasodilators or antispasmodics and the development of safer cauterization technologies have been the main methods used by surgeons to increase the diameter and flow of arterial conduits. On the other hand, at some point in the historical evolution of the ITA dissection procedures, surgeons realized that the distal occlusion of the artery at the end of its harvesting caused an increase in its diameter and flow. Little has been written about that physiological response[3,4].

  For the past 5 years, we have completely dissected the ITA with its distal end occluded, without the need for patient heparinization. Probably no other group does ITA harvesting that way, so we want to share the benefits of this new method with a greater number of cardiothoracic surgeons.

   

  TECHNIQUE

  First, the endothoracic fascia or transverse thoracic muscle fibers that cover the distal segment of the ITA are opened. Although apparently other groups do not use it, we have observed that the opening of these structures with a scalpel is very easy and fast, with practically no risk of injury to the artery or muscle bleeding (Figures 1 and 2). The use of electrocautery will take longer and there will always be a risk of thermal injury to other structures, even at low power.

  The presence of two or three branches practically the same diameter as the previous segment of the vessel, in the artery section that coincides with the union of the sternum body and its xiphoid process, are anatomical clues to adequately identify the end of the ITA. In most of the population, the ITA ends at the 6th intercostal space, a point that coincides with the aforementioned articulation (Figure 3). 

  The use of a retractor that allows a pronounced elevation of the distal third of the sternum will notably facilitate the identification of the ITA terminal branches (Figure 4). In our practice, there was no sternum fractures or rib disarticulation caused by a marked retraction of that bone segment.

    

    [image: Fig. 1. Opening of the endothoracic fascia covering the distal segment of the left ITA. The use of a scalpel facilitates the maneuver.]

  

 
  Finally, without the need for prior heparin administration, a bulldog clamp is placed before the bifurcation (Figures 2 and 4), and dissection and control of the rest of the branches is initiated.

   

  DISCUSSION

  Recent studies[5,6] have shown that when all the lateral branches of the ITA are occluded during their harvesting, their native (physiological) flow decreases; therefore, there appears to be no benefit to the strategy of keeping ITA distally patent during dissection.

  On the other hand, after dissection, with the ITA clamped for a period, the initially low arterial flow will increase considerably. Therefore, the ITA distal occlusion at the beginning of its dissection allowed an earlier onset of its dilation and increased flow[7].

  A main determinant of the anterograde flow of the ITA is the reverse bloodstream (flow competence) that reaches the distal end of the vessel, due to the connections of its final branches (superior epigastric and musculophrenic artery) with other arterial systems (distal segments of the thoracic aorta, external iliac artery, etc.). For this reason, the free flow of the ITA (against zero resistance) will always be greater than when connected to the circulation, either in its natural location or anastomosed to a coronary artery. 

  Early occlusion of the artery causes an abolition of flow competition in both directions, so its antegrade and retrograde flows will begin to increase. The increased flows will cause a greater production of nitric oxide by the enzyme endothelial nitric oxide synthetase, which will dilate the artery and further increase the flow, initiating a very favorable vicious circle for the hemoduct quality (Figure 5).

    

    [image: Fig. 5. Considerable dilation of the middle segment of the left ITA during the harvesting with its distal end occluded.]

  

 
  In a recently completed randomized control trial (unpublished data), we found that the free flow of ITA (post-harvesting) was significantly higher when the artery was occluded distally at the beginning of its dissection (83±24 vs. 44±15 mL/min.; P<0.001). In almost half of the patients, flows higher than 100 mL/min were obtained. In no case heparinization was necessary before the placement of the clamp, since it has been known for decades that there is no risk of thrombosis when the ITA is distally occluded.

  At the same time, the distal occlusion of the ITA during harvesting will cause an intentional redistribution of blood flow to the sternum and other mediastinal organs, either directly (ITA's sternal branches) or by feeding collateral circulation channels (connections of the pericardiophrenic artery with epicardial branches of the coronary arteries)[8]. One of the principles of arterial circulation states that a vessel occlusion will cause opening of pre-existing channels, due to the increase in local intravascular pressure. This happens especially in the ITA, due to its known significant potential for plasticity in the presence of an obstruction to the anterograde flow. The pressure elevation inside the ITA, caused by distal clamp placement, will lead to an increase in blood flow to the heart through sources of non-coronary myocardial collateral circulation.

  This new myocardial blood flow will be favored by the presence of extensive networks of coronary collateral circulation in patients who usually have had myocardial ischemia for many years. Furthermore, this collateral irrigation will be both anterograde and retrograde, thanks to the large number of anastomoses that establish the pericardiophrenic artery and other final branches of the ITA at the level of the diaphragm[9].

  On the other hand, the intentional redistribution of increased blood flow to the sternum during the ITA harvesting is another important advantage obtained from the artery distal occlusion. Since ITA is the most important source of sternum blood supply, a certain amount of the antibiotic (antibioprophylaxis) that will protect the bone from future infectious complications will be distributed far from the operative field when the vessel is distally patent. Nevertheless, the ITA distal occlusion as close as possible to the antibioprophylaxis administration will allow the sternum impregnation with an antimicrobial amount, even higher than would occur under normal conditions. In the near future, bilateral ITA distal occlusion just after sternotomy, or even preoperatively by means of catheter-mediated procedures, besides favoring myocardial irrigation coming from extracardiac sources[10], could greatly reduce the incidence of sternal healing complications when both internal thoracic arteries are used.

   

  CONCLUSION

  Internal thoracic artery harvesting with its occluded distal end offers significant benefits related to the quality of the graft and protection of the mediastinal organs against future infectious complications. However, these physiological advantages have apparently not been perceived by cardiac surgeons, as ITAs are currently occluded only at the end of their preparation.

  The high production of heparin sulfate in the endothelium of the ITA allows clamping without the need for systemic heparinization of the patient, which reduces the risk of bleeding or conduit injury during handling. Our study demonstrated that the ITA can be occluded for a long time without risk of thrombosis or endothelial injury. Furthermore, the postoperative outcomes of the patients were satisfactory.
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    ABSTRACT

    In the growing era of transcatheter aortic valve implantation, it is crucial to develop minimally invasive surgical techniques. These methods enable easier recovery from surgical trauma, especially in elderly and frail patients. Minimally invasive aortic valve replacement (MIAVR) is frequently performed via upper hemisternotomy. We describe MIAVR via right anterior thoracotomy, which is associated with less trauma, rapid mobilization, lower blood transfusion rates, and lower risk of postoperative wound infections. As minimally invasive procedures tend to take longer operative times, we suggest using rapid-deployment valve prostheses to overcome this limitation. This description focuses on the technical aspects and preoperative assessment.
    Keywords: Transcatheter Aortic Valve Replacement; Aortic Valve; Thoracotomy; Surgical Wound Infection; Frail Elderly; Heart Valve Prosthesis..

  

   
 
  Since its first description in 1996[1], minimally invasive aortic valve replacement (MIAVR) has been gaining popularity in cardiothoracic surgery. Thanks to its minimally invasive nature and low surgical trauma with excellent cosmetic results, both the patients and referring physicians are favoring MIAVR over the conventional procedure via median sternotomy. Indeed, various studies show equivalent or even superior outcomes of MIAVR compared to conventional surgery[2]. Additionally to the excellent cosmetic result, numerous studies report a decrease in blood transfusions, shorter intensive care unit (ICU) length of stay, and reduction in the rates of wound infections as well as postoperative pain after MIAVR, with no difference in postoperative mortality[3]. Furthermore, right anterior thoracotomy (RAT), with preservation of the sternum, has been proposed as an even less invasive method of MIAVR. Here, we describe our RAT approach using sutureless aortic valve prosthesis to achieve the best functional and cosmetic results without prolonging operative time. All patients consented for the surgery and use of their anonymized data for future research and publications. Data and materials are available for consultation. We also present our concept of simplifying preoperative imaging to achieve the optimal planning of the procedure.

   

  TECHNIQUE

  Preoperative Planning

  Preoperative workup included diagnostic coronary angiogram, transthoracic echocardiogram, and a plain upright posterior-anterior and lateral radiographic chest film. A chest computer tomography (CT)-scan was only performed if the X-ray showed any pathologies or anatomical abnormalities to plan the incision.

  Operative Technique

  External defibrillator pads are placed on the back and left chest prior to draping. Transesophageal echocardiography (TEE) probe is placed for the evaluation throughout the surgery.

  Thoracotomy

  We use a 6-7-cm incision to enter the chest through left anterior thoracotomy in the second to third intercostal space according to the surgeons’ assessment of the preoperative imaging. A soft tissue retractor is placed, and the ribs are spread with the retractor for additional exposure. We do not perform a rib-transection. The right internal mammary artery and vein are left untouched. After opening the pericardium, the stay sutures are placed to obtain an adequate exposure of the aorta. The stay sutures are brought out of the chest by the suture hook and tightened.

  Cannulation and Cardiopulmonary Bypass

  We prefer direct cannulation of the aorta and right atrium with standard low-profile cannulas. If central cannulation is not possible due to the anatomical abnormalities or extensive calcification, peripheral percutaneous arterial and/or venous cannulation is performed with appropriately sized cannulas (Figures 1A and B). After establishing a cardiopulmonary bypass (CPB), a left ventricular vent is placed via right superior pulmonary vein in a regular fashion. The body temperature is maintained at 36°C. Antegrade cardioplegia is applied via needle through the aortic root or selectively directly into the coronary ostia. Aorta is cross clamped using a flexible clamp. If the aorta is anatomically shifted to the left, a selective positive pressure ventilation with positive end-expiratory pressure > 20 mmHg of the left lung can be used to move the operating field to the right for the better exposure. This does not warrant selective intubation and can be easily achieved by a bronchus blocker.

  
  Aortic Valve Exposure and Replacement

  A high transverse aortotomy is carried out to expose and assess the aortic valve. After excising and decalcifying the valve, the aortic annulus is sized with Perceval® (LivaNova, London, United Kingdom) aortic valve sizers in a regular manner (Figures 2A and B). Then, rapid-deployment valve system is brought down into the position by the three 3/0 double-armed polypropylene guiding sutures, each one positioned into the corresponding nadir of the aortic sinus. After confirming the positioning, the valve is deployed in place as previously described by our team[4]. The prosthesis is checked again for proper anchoring and seat, and the aortotomy is closed in double layers.

    

    [image: Fig. 1. Right anterior thoracotomy approach, intraoperative situs after cannulation. A) 1, aortic cannula; 2, venous cannula; B) 1, aortic clamp; 2, left ventricular vent; 3, aortic valve.]

  

 
  A 32 F chest tube and pacer leads must be placed while on CBP and unloaded. Deairing is performed with TEE-guidance via aortic and left ventricular vent without direct manipulation of the heart. Separation from CPB and decannulation are performed. The valve prosthesis function is again assessed by the TEE, and the anticoagulation is reversed. The pericardium is partly closed to limit the adhesions of the lung to the heart or future possible procedures. A large suture is placed to approximate the ribs and the thoracotomy is closed in a routine fashion in layers.

   

  DISCUSSION

  Over the last two decades, tendencies in surgical valve procedures are rapidly shifting towards minimally invasive strategies. In the growing era of transcatheter aortic valve implantation (TAVI), surgical procedures are being challenged by faster patients’ mobilization, shorter ICU and in-hospital length of stay, and less surgical trauma offered by TAVI.

  Although MIAVR is often associated with longer operative and cross-clamping times, it has proven to be a feasible and safe procedure with lower postoperative mortality even in high-risk and elderly patients[5,6]. Indeed, not only does RAT maintain the sternum stability, providing the rapid mobilization, but it also prevents postoperative bleeding and provides lower blood transfusion rates and shorter ICU length of stay[7]. Cross-clamping time is known to be an independent predictor of morbidity and mortality in cardiac surgery. By combining the RAT approach with sutureless valve prostheses, we were able to drastically reduce the operative and cross-clamping times[8]. Through conventional central cannulation in most cases with low profile cannulas, we tend to avoid the groin complications associated with the cannulation of the groin vessels and longer immobilization.

  During the preoperative planning, some groups[9] use a chest CT to map the incision height. With our growing experience using RAT, we shifted from this concept to using echocardiography and X-ray to plan chest cavity access. CT-scan is performed only in the case of X-ray or echocardiography showing any abnormalities that could complicate the RAT access. This concept helps us spare time and reduce costs and radiation exposure.

  Additionally, the RAT approach provides excellent cosmetic results with less pain and faster return to work, thus, improving patients’ satisfaction (Figures 3A and B).

    

    [image: Fig. 3. Cosmetic result of minimally invasive aortic valve replacement via right anterior thoracotomy approach. A) 1, 5-cm incision; 2, chest tube; B) 1, 5-cm incision; 2, chest tube.]

  

 
  Although surgeons have to go through the learning curve in order to perform MIAVR via the RAT approach, it can still be safely performed with an excellent hemodynamic profile and a low rate of postoperative complications.

  In modern cardiac surgery, it is crucial to develop minimally invasive procedures. Based on our experience, RAT approach in combination with sutureless valve prosthesis provide excellent results. Operative and cross-clamping times, surgical trauma, blood transfusion, and ICU/in-hospital length of stay are kept low.

  Preoperative imaging and careful planning are the key to success in MIAVR. Moreover, by using central cannulation, some groin complications can be easily avoided without impairing the surgical access to the valve. The superior cosmetic result provides higher patients’ and referring physicians’ satisfaction.

   

  CONCLUSION

  Similar to any MIAVR, the RAT approach is technically more sophisticated compared to conventional surgical aortic valve replacement. Nevertheless, after completing the learning curve, there is no reason for surgeons not to provide this alternative method for their patients.
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    ABSTRACT

    INTRODUCTION:

     Patients in the postoperative period of coronary artery bypass grafting (CABG) present respiratory and autonomic dysfunctions. In this sense, cardiovascular physiotherapy has been offered as an indispensable differential for the improvement of the prognosis of this population. Heart rate variability is a simple, noninvasive method to analyze autonomic modulation, as well as the accentuation maneuver of respiratory sinus arrhythmia, which demonstrates the parasympathetic autonomic control over the heart. Five patients undergoing cardiac surgery performed a protocol of cardiovascular physiotherapy in the postoperative period and had their data referring to the preoperative period, the 1st and 4th postoperative days analyzed.

    Keywords: Heart Rate Variability; Respiratory Sinus Arrhythmia Maneuver; Cardiovascular Physiotherapy; Coronary Artery Bypass Grafting.

  

   

   

  INTRODUCTION

  Cardiovascular physiotherapy (CP) is an integral part of the care of patients in the postoperative period of coronary artery bypass grafting (CABG), since it contributes to a better prognosis regarding the recovery of autonomic and respiratory disorders present in the period. In this context, the autonomic heart rate (HR) modulation can be evaluated in a non-invasive way, based on the analysis of heart rate variability (HRV) and HR response[1,2] in autonomic function tests, as in the maneuver of accentuation of respiratory sinus arrhythmia (M-RSA)[3,4].

  Respiratory sinus arrhythmia (RSA) is a physiological event characterized by HR oscillations associated with the respiratory cycle[5]. Such phenomenon seems to occur by an inhibition of parasympathetic activity during inspiration, with M-RSA being a tool to evaluate this autonomic control. Reduction in HRV and RSA may be associated with abnormal and insufficient autonomic nervous system (ANS) adaptability over cardiac autonomic control of patients after CABG and have an influence on their prognosis[1,6]. Pulmonary dysfunction, associated with respiratory complications, such as the need to remain with invasive or non-invasive ventilatory support for longer than scheduled, atelectasis and hypoxemia, increase the rate of morbidity and mortality in this period[7,8].

  Currently, few studies contemplate the HRV analysis in the postoperative period of CABG with the application of an exercise-based CP protocol, and none of them provides complementary data on the behavior of RSA in this period. However, the analysis of this variable brings information about the integrity of parasympathetic modulation and how the ventilatory mechanics can alter this modulation[9,10]. In view of this, our objective was to evaluate the effect of CP on cardiac autonomic modulation during the postoperative period of cardiac surgery.

   

  COMMENTS

  Five patients undergoing CABG were admitted to the Coronary Care Unit of the Federal Hospital of State Public Servants of Rio de Janeiro. They performed a CP protocol in the postoperative period and had their data referring to the preoperative period, the 1st and 4th postoperative days analyzed. This study was approved by the Ethics Committee of Federal Hospital of State Public Servants of Rio de Janeiro (CAEE: 39101114.2.0000.5257). Initially, the patients underwent two types of daily evaluations: (i) Clinical cardiological evaluation performed daily by the unit's physician. This assessment consisted of routine tests to characterize the clinical evolution, arterial blood gas analysis, laboratory tests (blood count, biochemistry, electrolytes) and electrocardiogram; (ii) Physiotherapy evaluation: consisting of anamnesis and physical examination, to investigate the history and current illness, as well as life and eating habits. The evaluations were performed daily, always at the same time of day, considering circadian variations, to define their progression or not in the experimental protocol.

  CP consisted of: (i) 1st postoperative day - Head of bed elevated 45º: breathing exercises (4 min) and active-assisted exercises of upper and lower limbs - 3 sets of 10 repetitions; (ii) 2nd postoperative day: Patient seated at 90º: breathing exercises (4 min) and active-free exercises of upper and lower limbs (2 sets of 15 repetitions). Orthostatic posture: stationary walking (5 min or limited by symptoms); 3rd postoperative day: Seated patient: breathing exercises and repetition of stage 2 with 3 sets of 15 repetitions. Ambulation in the corridor (5 min); 4th postoperative day: Seated patient: repetition of stage 3. Ambulation in the corridor (10 min); 5th postoperative day: Patient in orthostatic position: repeat stage 3. Ambulation in the corridor (10 min) and up and down stairs (4 steps).

  HR and R-R intervals (RRi) were recorded beat by beat using a heart rate monitor (Polar®RS800). While using this heart rate monitor, data was transmitted simultaneously to the watch where it was stored. The collection was performed at rest in the supine position for 10 minutes. The same heart rate monitor was used during the performance of the M-RSA, when the patient was instructed, by verbal and tactile command (abdominal stimulation), to perform deep and slow nasal inspirations and oral expirations, varying the pulmonary volume from total lung capacity to residual volume, according to the existing protocol[5]. HRV data were analized using Kubius HRV 2.0 application for Windows. Initially, from the visual inspection, the 5-minute stretches with the highest stability of the resting ECG RRi tracing were selected. Time domain analysis was performed by means of HR, mean RRi, standard deviation of NN intervals (SDNN) and root mean square of the successive differences (RMSSD) indexes[1]. Then, through a specific routine developed in the MATLAB application, the following HR and RRi indexes obtained from M-RSA were calculated: expiration/inspiration ratio (E/I) and inspiration-expiration difference (ΔIE)[3]. All patients who participated in the study started the protocol from the 1st postoperative day after orotracheal extubation and with medical consent and performed the activities once a day for at least five days of hospitalization according to Table 1[10].

  
    

    [image: Table 1. Anthropometric data and clinical characteristics of the patients.]

  

  The data were analyzed by descriptive statistics organized in Sigmaplot (version 11 for Windows). The results were presented as mean and standard deviation. The anthropometric data and general characteristics of the individuals were shown in Table 1. HRV and M-RSA values were shown in Figure 1.

    

    [image: Fig. 1. Heart rate variability and maneuver of respiratory sinus arrhythmia pre- and post-CABG.]

  

 
  The main findings of this study are that HRV indexes of post-CABG patients undergoing CP showed improvement in the index related to parasympathetic modulation (RMSSD). Additionally, on the 4th postoperative day, most patients had values like those in the preoperative period. Interestingly, during the M-RSA, the values that represent the amplitude of the RSA showed a reduction, improving in the 4th postoperative day. It is already consolidated in the literature that, immediately after CABG, the autonomic dysfunction is present and this dysfunction is related to a greater number of cardiovascular complications, worse prognosis and higher mortality[6,7,9,10].

  Soares et al.[11] (2005) showed that cardiac autonomic modulation worsens substantially in the first six postoperative days and the reversibility of this worsening occurs only 60 days after CABG. However, in our study, for four days a behavior of return to the basal values could already be observed in some important variables such as HR and SDNN index. Some studies[(11,12] have already demonstrated that physical exercise during the postoperative period of CABG has several benefits in autonomic modulation.

  Takeyama et al. (2000)[13] showed that physical exercise during the postoperative period of CABG improves functional capacity and parasympathetic modulation. Therefore, analyzing the autonomic modulation in the postoperative period of CABG would give us the possibility to evaluate the improvement of this system during exercise application, contributing to the standardization of CP prescription, in addition to improved safety and efficiency[8].

  Pulmonary function impairment after CABG is expected and has several causes, such as: sternotomy, pain, pleurotomy by graft incision[14], pleural drainage insertion site[7,14,15], diaphragmatic dysfunction, general anesthesia and reflex dysfunction of the phrenic nerve[8,16,17], in addition to the use of cardiopulmonary bypass[16,17]. Changes in pulmonary mechanics, restrictive respiratory pattern, and shallow breathing are commonly observed in these patients. In this context, a variety of respiratory maneuvers were the basis of CP care in post-CABG patients. However, early mobilization has proved to be a central strategy in the management of patients undergoing this procedure[18,19].

  Data analyzed during M-RSA are unpublished so far in this population. We believe that the improvement in the amplitude of M-RSA is probably related to the fact that these patients, in addition to improving autonomic modulation, also improved pulmonary function with inclusion in CP care. Respiratory exercises and mobilization are able to increase tidal volume, which in turn directly alter the M-RSA amplitude data. The improvement of pulmonary dysfunction provides these patients early cardiopulmonary reconditioning to perform their daily life activities, to generate better prognoses and less possibility of new cardiovascular events[7,10,16-19].

  The limiting conditions of the present study are the sample size, the difficulty in keeping the protocol days unchanged and the lack of daily data, allowing a more precise follow-up of what happened during the entire hospitalization.

   

  CONCLUSION

  In conclusion, it was possible to observe better values of autonomic modulation close to the hospital discharge period, suggesting that the use of an exercise-based cardiovascular physiotherapy protocol may have favored this finding. The indexes that correspond to vagal modulation were the most expressive. The amplitude of M-RSA, described for the first time in this population and during the intervention, also showed values suggestive of improvement close to the 4th postoperative day.
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    ABSTRACT

    INTRODUCTION:

    Over the past few years, we have seen some signs of change in mental health among cardiovascular surgeons. Suicide cases, troubled professional relationships, separations, and treatment of depression and anxiety are common occurrences in this group of surgeons. With this in mind, we decided to perform an analysis of the mental health of Brazilian cardiovascular surgeons.

    METHODS:

    This is a cross-sectional qualitative study. Thirty-seven validated questionnaires (from the Diagnostic and Statistical Manual of Mental Disorders, fifth edition) were collected at the 46th Congress of the Sociedade Brasileira de Cirurgia Cardiovascular, in April 2019. It was authorized by the Faculdade da Saúde e Ecologia Humana Ethics Committee (CAAE-09479519.7.0000.5101). The questionnaires were analyzed by a psychiatrist who grouped the individuals with signs suggestive of some mental disorder.

    RESULTS:

    The questions that pointed out signs and symptoms of possible anxiety, depression, alcohol or drug abuse, and burnout were selected in the questionnaire. Seventeen individuals (45.95%) did not score for any disorder. Twenty individuals (54.05%) in our sample had one or more disorders, with 43.24% (16 individuals) showing signs or symptoms compatible with anxiety - the World Health Organization data for Brazil show a 9.3% incidence of anxiety in the general population. We found signs of depression in 21.62% of our sample (5.8% in the general population), of alcohol or drug abuse in 27.03% (19.4% in the general population), and of burnout in 40.54% (32% in the general population).

    CONCLUSION:

    Mental disorders are present in most cardiovascular surgeons studied.

    Keywords: Mental Health; Depression; Burnout, Psychological; Substance-Related Disorders; Surgeons.

  

   

   

  INTRODUCTION

  Knowing the finitude of life and facing the suffering of patients during the physicians’ professional practice make medical activity extremely arduous. The burnout syndrome can be defined as a state of exhaustion caused by professional activity[1]. Some studies demonstrate that about 35% of surgeons have burnout[1]. Because it deals with severe patients and risk situations, the cardiovascular surgery is one of the medical specialties that generates most impact on mental health. The cardiovascular surgery environment demands a lot of the physicians and many important decisions must be made based in rationality and emotional balance. Surgeons work hard for many hours, regularly dealing with life and death situations for their patients. They make many personal sacrifices to practice their profession. These attributes of surgical practice added to the rigors and duration of training can interfere with mental health. A surgeon's routine includes not having schedules and often not fulfilling social and family commitments. According to one study, the divorce rate among surgeons is one of the highest, reaching 33% after 30 years[2]. There is not a very reliable statistic, due to the lack of studies on the subject, but in the United States of America, an average of 10-15% of debts due to alcohol abuse among doctors is already calculated[3]. Rates of suicide among surgeons and physicians have been reported to be remarkably higher than in the general population[4]. Controlling emotions and personal problems is fundamental for better results at work. Suicide, divorces, and dysfunction in personal relationships motivated this study. There is a fine line that separates dedication and overwork on mental health[1].

  Objectives

  The objective of this study is to identify the prevalence of mental health of Brazilian cardiovascular surgeons, at the time of the 46th Congress of the Sociedade Brasileira de Cirurgia Cardiovascular (SBCCV). With these results, we intend to contribute with the specialty in order to improve the training and work environment, besides stimulating research in this area.

   

  METHODS

  We conducted a qualitative cross-sectional study by using a convenience sample and evaluating the mental health of cardiovascular surgeons present at the 46th Brazilian congress of SBCCV, April 2019, in Belo Horizonte, Minas Gerais. We distributed 120 validated questionnaires from the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5(R)), by the American Psychiatric Association[5]. The questionnaires were distributed during the breaks of the congress and collected at the end of the event - those were deposited in a box anonymously by the participants at the congress secretariat. Thirty-seven questionnaires were received complete with signed free and informed consent form (FICF). The remaining questionnaires were not fully answered by the participants or the individuals did not want to participate in the study.

  The inclusion criterion was being a graduated cardiovascular surgeon who is practicing in Brazil and answered the entire questionnaire.

  The exclusion criteria were being medical students, residents, and other professionals who are not doctors or incomplete or unsigned forms.

  All participants read and signed the FICF.

  The questionnaire separates individuals into four nosological entities, namely: anxiety, depression, substance abuse, and burnout. Surgeons showing signs of one or more disorders were separated into single and mixed disorder groups. The results were analyzed blindly by a psychiatrist who grouped the individuals with signs suggestive of some mental disorder, among the four abovementioned.

  The work was analyzed and approved by the Research Ethics Committee of the Faculdade da Saúde e Ecologia Humana, under the number CAAE-09479519.7.0000.5101.

   

  RESULTS

  Seventeen of the thirty-seven individuals studied (45.95%) did not present any disorder. Twenty research subjects (54.05%) had at least one disorder. Participants were grouped according to their responses to the questionnaire into one or more nosological groups -16 individuals (43.24%) were anxious, eight (21.62%) were depressed, 10 (27.03%) were drug or alcohol users, and 15 (40.54%) were in burnout (Figure 1). Therefore, 13.51% of the participants showed signs of anxiety and burnout, 5.41% were characterized with anxiety, substance abuse and burnout, the abuse of illicit drugs and alcohol was represented by four (10.81%) of the interviewees, no participant presented signs of anxiety and depression, burnout and anxiety were found in two (2.70%) cases, and four individuals (10.81%) had signs suggestive of all nosologies (Figure 2).

    

    [image: Fig. 1. Prevalence of mental health disorders in the population studied.]
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  DISCUSSION

  The suffering of some of the surgeons could be pointed out by difficulties in relationships, alcohol and drug abuse, suicide, and some somatizations such as diarrhea, trismus, spinal problems, and difficulty in falling asleep or early awakening. These manifestations are part of the questionnaire used in this research and they were applied as an indication of mental illness. Diseases were included in groups in a simplified way, as an example: anxiety, depression, burnout, and drug use. Because of that, a validated form (the DSM-5(R)) was chosen to identify these behavioral changes among Brazilian cardiovascular surgeons. Several studies have demonstrated the relationship between surgical specialties and psychiatric diseases, although there are no validated studies that demonstrate this association with cardiovascular surgeons[2,6].

  Another study related the number of nights on call of surgeons with the occurrence of burnout. Working two or more nights on duty per week is associated with the onset of the disease in up to about 46% (P<0.0001)[7]. It is interesting to note that surgeons who work more than eighty hours a week obtained a higher rate of medical errors when compared to doctors who worked less than sixty hours per week (10.7% and 6.9%, respectively; P<0.001)[7]; in addition, the first group is twice as likely to attribute the error to emotional exhaustion (P=0.001). The specialties with more hours of work and night shifts in this study were traumatology, cardiovascular surgery, urology, and transplant[7].

  In a survey with 3,807 surgeons, 45% of respondents under the age of 60 years considered leaving their careers in the past two years. The three main reasons for this were excessive stress, high demand for work time, and shortage of personal time (P<0.0001), despite job satisfaction (80%)[8]. This study also analyzed job satisfaction with stress factors in cardiothoracic surgeons and orthopedists and demonstrated that the three most important stressors were responsibility in the operating room (z=3.42; P<0.001), balance in professional life, and workload compared to medical assistants[8]. Medical satisfaction is closely related to the sense of personal fulfillment, that is, it is a predictor of burnout syndrome.

  According to the latest report by the World Health Organization for mental disorders, in Brazil, there is a prevalence rate of anxiety of 9.3% and it is 5.8% for depression[3], while the prevalence rates expressed in our results were 21.62% and 27.03%, for anxiety and depression, respectively. In addition, our data showed a prevalence of 40.54% for burnout, against 32% in the general Brazilian population. Therefore, surgeons are more predisposed to have mental disorders than the general population, when comparing these studies with our results[8].

  Throughout their careers, many doctors are frustrated by the difficulty in reaching goals they had at the beginning of it. Remuneration and career development below expectations are factors that increase this frustration. At the same time, they will perceive, over time, the high professional demands and dedication necessary to exercise their profession. Despite the stressful profession, it seems that retirement is also a trigger for depression and other disorders such as burnout[2].

  Most surgeons are aware of disorders such as depression and anxiety. However, the manifestations of burnout, emotional exhaustion, depersonalization, and a lesser sense of personal fulfillment are poorly understood and may be associated with the high demands of the profession[8].

  With regard to drug abuse, a retrospective cohort showed that surgeons were significantly more likely to seek rehabilitation services after five years of follow-up (odds ratio [OR] 1.9; 95% confidence interval, 1.3-2.7; P=0.001), compared to clinical doctors[9]. The study also concluded that more surgeons had retired, given up the profession, had their medical records revoked, or died at the end of the follow-up, compared to non-surgeon doctors[10]. Another study related alcohol abuse by surgeons and the greater probability of medical errors over a three-month period (OR 1.45; P=0.001)[5]. According to a study, surgeons who showed symptoms of depression were more likely to make medical errors, compared to surgeons with negative screening for the disease (54.9% vs. 27.5%; P=0.0001)[10].

  The need for actions to create more organized work environments is evident. The organization of the operating room generates a better environment and less stress for surgeons. Establishing routines can minimize errors and generate a healthier place of work. In addition, avoiding long working hours, practicing physical activities, a healthy social life, and having hobbies to abstract a little from the professional activity can help to reduce anxiety and control moments of aggressiveness, decreasing the pressure and producing beneficial effects as well.

  Limitations

  It is important to note that we distributed 120 questionnaires at the congress and only got 37 responses. This may be a sign of negligence or denial of the problem by surgeons and may have caused some bias in our study. Anyway, there are no specific studies on cardiovascular surgery and mental health, and we hope to alert about this problem. The interpretation of the questionnaires can be biased. The results represent the impression of the analyst psychiatrist. This psychiatrist did not personally interview the research subjects. He interpreted the questionnaires completed by the participants. In addition, qualitative studies, which study impressions, have limitations as demonstrated.

   

  CONCLUSION

  The prevalence of mental illnesses such as anxiety, depression, drug abuse, and burnout was very frequent among cardiovascular surgeons in Brazil in 2019.
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    ABSTRACT

    A 32-year-old man diagnosed with Kawasaki disease at the age of three years presented with coronary artery aneurysm (CAA). The aneurysm increased in size, and the patient was referred to our hospital for surgery. Preoperative computed tomography scan showed a super-giant right CAA and giant left CAAs; surgery was performed. The super-giant right CAA was resected, and the ostium of the right coronary artery was closed; then, coronary artery bypass grafting was performed. The left CAAs were not treated surgically because the risk of rupture was low. Here, we describe the successful surgical treatment of a right super-giant CAA.
    Keywords: Mucocutaneous Lymph Node Syndrome; Coronary Vessels; Coronary Aneurysm; Tomography, X-Ray Computed.

  

   

   

  INTRODUCTION

  Kawasaki disease (KD) is an acute, self-limiting vasculitis of the whole body in infants and young children[1]. Although coronary artery aneurysms (CAAs) are rare, KD may cause them[1]. Keyser et al.[2] reviewed data on super-giant CAAs and found that few studies had reported the occurrence of super-giant CAAs measuring > 50 mm due to KD. Furthermore, the best treatment strategy for a giant CAA remains controversial. In this article, we report the successful surgical treatment of a right super-giant CAA, measuring 88 mm, caused by KD.

   

  CASE REPORT

  The patient was a 32-year-old man diagnosed with KD at the age of three years. At the time of diagnosis, a CAA was detected; hence, he underwent regular medical follow-up. Cardiac computed tomography (CT) performed when he was 30 years old revealed a super-giant right CAA measuring 50 mm, and myocardial scintigram revealed an ischemic response in the inferior wall region. However, the giant right CAA was managed conservatively because the necessary surgical procedure could not be performed at the previous hospital. With the continued increase in the size of the aneurysm, he was referred to our hospital for surgery.

  A repeat cardiac CT scan showed a super-giant right CAA (88 mm) arising from the aortic root and displacing the right atrium, as well as giant left CAAs in the left main trunk (LMT) (14 mm) and the left anterior descending artery (LAD) (12 mm) (Figure 1). The super-giant right CAA was faintly visualized and no connection to a distal artery was observed on right coronary angiography. On left coronary angiography, the distal portion of the right coronary artery (RCA) was visualized via the collateral circulation from the LAD.

  Median sternotomy surgery was performed. A super-giant right CAA was found at the aortic root, displacing the right atrium (Figure 2A). Cardiopulmonary bypass (CPB) was initiated via the ascending aorta and the superior and inferior vena cava; the patient’s body temperature was maintained at approximately 34°C. A vent tube was inserted into the left ventricle via the right upper pulmonary vein, and the aorta was clamped. Initially, retrograde cardioplegia was administered; however, ventricular fibrillation occurred, and cardiac arrest was not induced completely. Antegrade cardioplegia was subsequently injected after the first retrograde cardioplegia, which resulted in cardiac arrest. The super-giant right CAA was cut open, and the right coronary ostium at the bottom of the aneurysm was enlarged (8 mm). Communication to the distal coronary artery was not observed (Figure 2B). We closed the right coronary ostium by interleaving with two bovine pericardial patches (Figure 2C). Subsequently, coronary artery bypass grafting (CABG) to the distal RCA was performed using a saphenous vein graft (SVG) (Figure 2D). The left CAAs were not resected because of their small sizes and low risk of rupture. The patient was weaned off CPB easily using 3 µg/kg/min dopamine.

    

    [image: Fig. 1. Preoperative cardiac computed tomography scan findings. a, b) Super-giant right coronary artery aneurysm (CAA) (88 mm) arising from the aortic root and displacing the right atrium (arrow). c) Giant CAA (14 mm) in the left main trunk (arrow). d) Giant CAA (12 mm) in the left anterior descending artery (arrow).]

  

 
  The patient had a good postoperative course. Postoperative cardiac CT revealed that the SVG was patent, and the super-giant right CAA had disappeared (Figure 3). After surgery, warfarin and aspirin were administered to maintain the patency of the SVG and to prevent thrombus formation in persistent CAAs of the left circumflex artery (LCA). Although the left CAAs were still present, the patient remained asymptomatic one year after surgery.

    

    [image: Fig. 3. Postoperative cardiac computed tomography scan showing that the saphenous vein graft is patent (arrow) and the right super-giant coronary artery aneurysm has disappeared.]

  

 
   

  COMMENTS

  CCA is a rare condition defined as coronary artery enlargement wherein the artery diameter is 1.5 times larger than the normal artery diameter. Approximately 0.3-5% of patients who undergo coronary angiography present with CAAs[4,5]. A giant CAA is an aneurysm that is four times larger than the normal size or > 8 mm in diameter. Larger CAAs have been reported as super-giant CAAs in a few studies; however, their definition remains unclear[4-6].

  Atherosclerosis is the most common cause of CAA. In cases where the atherosclerotic arterial wall is thick and the risk of rupture is low, inflammatory stenosis occurs near the aneurysm. Migration of the thrombus formed in the aneurysm results in the occlusion of the coronary artery, and myocardial infarction then occurs[3]. In super-giant CAAs, symptoms due to compression, such as superior vena cava syndrome and fistula formation in the right ventricle, right atrium, or pulmonary artery, occur, and the risk of rupture increases.

  The occurrence of super-giant CAAs > 50 mm has been previously reported[6]. Similar to the present case, super-giant CAAs (> 85 mm in diameter) due to KD are rare. The most frequent site of CAA is the RCA (52.2%), followed by the LAD, LMT, and LCA, in order of descending prevalence. However, the occurrence of bilateral CAAs is extremely rare (4.5%)[5].

  Regarding the treatment of CAA, studies have shown that some clinicians prefer using medications alone, such as anticoagulants or antiplatelets, to prevent cardiac ischemia. Other studies have reported the use of surgical therapy, with good results. Keyser et al.[2] recommended surgery for super-giant CAAs > 50 mm. In most studies, resection of the aneurysm and CABG are performed simultaneously[2,5,6].

  CAA caused by KD may decrease in size; hence, we did not perform surgery on the left CAAs that were considered to have a low risk of rupture. In the current case, we chose an SVG for CABG, and both internal thoracic arteries were preserved in case further operation is required for the left CAAs in the future. The indication for operation of CAAs must be determined based on their size and risk of rupture.
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  Dear Editor,

  We read with interest the article published by Gaiotto et al.[1] about a proposal for heterotopic heart transplantation (HHT). It has called our attention that the authors are recommending to suture the pulmonary artery (PA) to the right atrium (RA), closing the donor inferior vena cava, as originally reported by Barnard and Losman[2] in their initial clinical experience, in 1974, with HHT as assistance to left ventricular failure. Those authors[2] predicted in their paper, published in 1975, that “This technique can be used as permanent assistance in patients with extensive irreversible damage of the left ventricular muscle. On the other hand, it can be used as a temporary device to assist the left ventricle in patients whose lives are threatened by a reversible condition, for example, cardiogenic shock after myocardial infarction.”. However, this technique has the disadvantage of not supporting the right ventricle (RV) circulation when the recipient’s heart fibrillates or the recipient RV function deteriorates, being not applicable to biventricular dysfunction.

  Barnard and Losman also wrote about assisting the RV by anastomosing the stump of the donor superior vena cava (SVC) to the recipient SVC in an end-to-lateral anastomosis, making the anastomosis of the PA donor to the PA recipient, creating a parallel heart circulation. Figures 1 and 2 reproduce their original article illustration with left ventricular and biventricular support, respectivelly, with the heterotopic heart. Therefore, the method described by Copeland[3] is a mixing of two techniques applied in 1974, and it is not new, being previously employed and published by the Yacoub team, associated with myocardial revascularization[4].

    

    [image: Fig. 1. The original illustration of Barnard heterotopic heart transplant procedure for left ventricle support. Copyright permission fee to reproduce images obtained from South African Medical Association[2]]

  

 
    

    [image: Fig. 2. Barnard’s original illustration of biventricular support with the heterotopic heart transplant. Copyright permission fee to reproduce images obtained from South African Medical Association [2].]

  

 
  This method demonstrated shortcomings, so after two cases, Novitzky, Cooper, and Barnard adopted the biventricular support HHT technique completing systemic venous return connection by the side-to-side donor and recipient RA anastomosis, and the donor PA was connected to the recipient PA by the interposition of a Dacron conduit[5].

  To prevent the potential complications of a PA prosthetic conduit (infection, thrombosis, and obstruction with fibrosis tissue formation) and to avoid the heavy adhesions involving the recipient PA, in 1993, Da Silva et al. performed and published a new technique that allowed the connection of the donor PA to the recipient right PA without a conduit interposition and direct end-to-end SVC anastomosis. Endomyocardial biopsy is in this way facilitated because the SVC anastomosis easily leads the bioptome forceps to the transplanted RV[6,7].

  After that initial patient, we applied the same technique in three other situations. The long-term survival was 25 years in the first patient and seven and a half years in the second case; in both, the HHT indication was elevated pulmonary vascular resistance (PVR) in a set of cardiomyopathy[7]. In two subsequent patients, the HHT was indicated as assistance to biventricular function recovery after congenital heart disease repair. After six and a half years of her heart transplant, the third patient is alive and in good clinical condition. The fourth patient had explantation of the donor’s heart 11 months after HHT, with full recovery of his native heart function, growing in excellent clinical condition four and half years after his last surgical procedure. Therefore, the current proposal[1]is not new in this aspect either.

  Copeland[3] has used the combination of the two initial HHT approaches described by Barnard[2], then keeping the SVC’s partial blood flow directed to the RA. This donor PA to recipient RA anastomosis prevents its use in patients with biventricular failure[1,4]. Therefore, Copeland et al.[3] and Gaiotto et al.[1] are suppressing the benefit of donor RV support in future recipient’s arrhythmic events or progressive right ventricular dysfunction, reducing the likelihood of long-term survival with HHT, which in many reports has been demonstrated to be possible[7-12].

  The clot formation mentioned by authors in HHT usually occurs in the recipient left ventricle (LV)[9]. The impaired ventricular contractility against a normal systemic pressure generated by the donor LV causes a low blood flow velocity inside the enlarged recipient LV with a predisposition to thrombogenesis. Clot formation will not be modified by a right-side anastomosis modification, except as we did, by excluding conduit graft interposition, directly anastomosing the donor PA to the recipient right PA.

  The potential benefit of HHT functioning as a temporary ventricular assist device (or VAD) was predicted by Drs. Barnard and Losman in 1975 and demonstrated in one of our patients and by other author[10]. Our HHT approach has demonstrated excellent clinical outcomes and allowed biventricular function recovery.

  Previously described HHT techniques do not preclude the idea of subsequently rotating the recipient heart to a central position. However, it will be extremely rare to confront a situation where the transplanted patient has a clinical indication to remove his native heart in clinical practice. The PVR needs to decrease enough to allow orthotopic heart transplant while the donated heart is still free of allograft coronary artery disease, justifying keeping the previously transplanted heart instead of replacing it with a new donor heart in orthotopic position. The argument that an RV connected to the RA will be adequate in such a situation is most unlikely since the RV managing SVC blood flow against a low RA pressure will be unprepared even to face normal PVR and can complicate the postoperative period.

  Therefore, we conclude with a word of caution against this proposed technique.

  The history of HHT has demonstrated valuable and safer ways to apply it and demands at least to be precisely alluded in modern era.
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  Dear Luciana and José Pedro, we appreciate your letter regarding our paper “Heterotopic Heart Transplantation as a Left Ventricular Biological Assistance: a New Two-Stage Method Proposal”[1] and your interesting comments, however we disagree with some of the points made in several aspects, and we aim to clarify them.

  First of all, we must emphasize that our method proposal is not, strictly speaking, a heterotopic heart transplantation, instead, the donor’s heart is set in heterotopic position aiming reduction of pulmonary vascular resistance so that, in an opportune time, when pulmonary pressure decreases, a second and final surgery is performed making a “twist”, as we will place the donor’s heart on orthotopic position. This idea is a development of the already stablished experience with mechanical assistance devices.

  The paper entitled “Experience with Heterotopic Heart Transplantation in Patients with Elevated Pulmonary Vascular Resistance. Late Follow-up”[2] is a great contribution to the previous literature and suggests the anastomosis of the donor’s pulmonary trunk to the recipient’s right pulmonary artery, instead of the recipient’s pulmonary trunk, as suggested by Barnard and Losman[3], or to the right atrium, as Copeland[4] published. It’s clear that this approach leaves the need of a conduit between both donor’s and recipient’s pulmonary trunks, but we reaffirm that this consists of both circulations in parallel, which has inherent risks as we wrote in our brief communication: “In Barnard’s technique for HHT, both circulations - right and left - are in parallel, which progressively turns the donor’s heart responsible for the entire blood flow and progressively reducing the activity of the recipient’s heart. This fact might lead to arrhythmias and other disastrous consequences, such as thrombus and embolus formation. Besides that, continuous dilation of the myocardium provides a favorable site for endocarditis. All these factors led to the discontinuation of Barnard’s technique.”.

  Another point that should be clarified, we agree that the left ventricle is the main site of thrombus and we never stated the opposite, but we know that when both circulations are in parallel, the donated heart is responsible for both pulmonary and systemic circulations, which could lead to clot formation on the native heart as we described earlier, but not only, these could also lead to arrhythmias and infection, for example. Our intention when anastomosing the native superior vena cava to donor’s superior vena cava by an end-to-end fashion is to preserve the donor’s right ventricular function, considering that the right ventricle is a flow-dependent chamber and that the Copeland’s technique with an end-to-side anastomosis provided atrophy of this chamber, which was undesirable for our technique as in near future, after the first surgery, it will be responsible for pulmonary circulation when finished the second stage on orthotopic position, as we wrote: “Considering that the RV is a flow-dependent chamber, its function would be preserved, as it will receive all the flow from the total superior vena cava (SVC) venous return, contrasting the RV atrophy associated with the reduced flow from the side anastomosis of the original Copeland’s technique, and this benefit would be attained by the direct end-to-end anastomosis of the donor SVC to the recipient SVC close to the brachiocephalic veins (Figure 2A), while closing the donor inferior vena cava (IVC) and the recipient SVC near to the right atrium taking care to avoid lesion of the sinoatrial node.”.

  We read your comments about the need of sufficient decrease of pulmonary vascular resistance to perform an orthotopic transplantation and that is the core of our research, such as your own paper[2] suggests significant reduction of pulmonary pressure, and furthermore, your concern about coronary artery disease on the donor’s hearts has been taken in consideration since our initial idea, as some papers calls them “marginal” donor hearts, and it’s clear that those hearts promotes poor outcomes when used for heterotopic heart transplantation and the opposite occurs when using healthy hearts who does not fit in marginal criteria, as we wrote: “ The “marginal” donor hearts, which means hearts that suffered a long ischemia time and are at high risk of complications, for example: hearts who needed high inotropic support, previous cardiac arrest or arrhythmia, abnormal wall motion visualized on echocardiogram and/or an electrocardiogram suggestive of ischemia. It is worth mentioning that most donor hearts that present with those clinical scenarios are excluded for OHT donation. So, it is obvious to say that we will not use “marginal” hearts.”

  Finally, your concern about clinical indication and clinical practice of our proposal method, we briefly explain that it is the point of our research, and two hearts are two organs to control, which one is healthy and the other, even with regression of pulmonary pressure, is still an organ that suffered with pulmonary hypertension and its disfunction could be catastrophic. We hope to achieve satisfactory results so this method will create a window of opportunity to a select group of patients with contraindication for an orthotopic heart transplant around the world. Both history or concepts were not neglected or forgotten, but considering the brief communication format limits, all the significant contributions to this challenging pathology could not be brought forward.

  Thank you again for the letter and the opportunity to clarify such interesting concepts.

  Sincerely,
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  Total arterial myocardial revascularization (TAR) in the context of coronary patients with three-vessel disease is a surgical approach as fascinating as rarely used. The use of TAR is not over 15% worldwide, although TAR is one of the more investigated topics in cardiac surgery and there is a consistent evidence suggesting that patients who receive TAR have better postoperative outcome and superior life expectancy[1]. However, TAR is still not widely accepted.

  In their meta-analysis, Rayol et al.[2] aimed to analyze the impact of TAR on long-term survival. They selected 14 articles and obtained a pool of 22,476 patients, 8,941 received TAR and 13,805 underwent no-TAR surgery. Both sensitivity and meta-regression analysis did not affect the results of meta-analysis. The hazard ratio (0.676) (95% confidence interval 0.586-0.779; P<0.0001) for long-term survival was significantly in favour of TAR procedure.

  Some of the studies included in the meta-analysis reported data and results regarding the use of radial artery (RA) in addition to bilateral internal thoracic arteries (BITA), and this combination represents a valid approach to obtain TAR in three-vessel patients. We recently reported optimal long-term results (up to 15 years) in patients who underwent either BITA + RA or BITA plus saphenous vein (SV), although we failed to demonstrate a significant better long-term benefit of RA over the SV graft[3]. A recent meta-analysis by Di Mauro reported no differences between the two surgical treatments[4]. Indeed, the choice of arterial grafts as third arterial conduit is a matter of debate. The 2018 European Society of Cardiology (ESC) and the 2016 Society of Thoracic Surgeon (or STS) guidelines cited BITA as a Class IIA indication in patients with low risk of sternal wound infection, whereas RA receives a Class I indication over SV in patients with high grade of coronary artery stenosis in the 2018 ESC guidelines[5,6]. Rayol et al.[2] have focused on some of the barriers which discourage TAR, such as the prone to the spasm and the higher technical difficulties. These authors’ comments are completely shareable. Furthermore, it must be considered that more time is needed to perform TAR. Data from the Arterial Revascularization Trial (or ART) of unplanned conversion from BITA to a single internal thoracic artery graft demonstrated the technical challenge precluding a BITA grafting in a group of surgeons selected for their expertise in that approach[7]. Furthermore, during the last 10 years, the attention of surgeons has shifted towards more sophisticated and attractive surgical treatments, such as minimally invasive valve surgery, robotic surgery, and complex aortic surgery. Least but not last, the latest guidelines have given many spaces to the percutaneous treatment of coronary disease, thus reducing the number of coronary patients to be referred for surgery. All these factors have probably generated in many surgeons a lack of interest towards complex coronary surgery, thus preferring the more traditional and faster approach with a single arterial graft rather than TAR. This could explain why, despite the encouraging results, TAR has still few considerations and is applied routinely by a few centers and why the role of meta-analysis, such as this one, in disseminating the favorable long-term results of TAR is relevant.

  One of the limitations of Rayol’s study is the lack of data and results regarding the coronary target of RA grafting, the grade of stenosis, and the usage of TAR in older and sicker patients. Nevertheless, we are aware of the scarcity of such data and results in the literature, especially regarding the last two scenario and the still unclear long-term outcome (more than 15 years) of TAR, due to few randomized trails and observational multicenter studies. Lastly, TAR should be strongly encouraged even revising the guidelines to emphasize the role of referral centers offering a high likelihood of TAR and low mortality in three-vessel coronary patients.
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  Dear Editor,

  The Association of Cardiovascular and Thoracic Surgeons of Nigeria (ACTSON), the umbrella body for practicing cardiovascular and thoracic surgeons in Nigeria, wishes to respond to an article authored by Nwafor et al.[1] and published in the Brazilian Journal of Cardiovascular Surgery wherein the cardiac surgical practice in Nigeria was depicted as an abysmal failure and completely dependent on surgical safaris.

  While we agree that cardiac surgical practice in Nigeria is not yet at the level of developed countries, we wish to state that over the past decade there has been a lot of progress with open-heart surgery programs being started in several centres[2,3].

  Many developed countries have surgical mission programs to help assist in patient management in developing countries[4]. This has helped to bridge the gaps created by lack of sufficient equipment, funding, and manpower. The main advantage of cardiac surgical missions is to assist in these areas and not to be responsible for the training of doctors and other surgical personnel. The discussion in this publication authored by Nwafor et al. as to whether adequate training was provided by the mission programs is not appropriate. The other reason for cardiac surgical missions is to assist the local surgeons to improve on their practice and keep them motivated to keep pushing in spite of the gross dearth of equipment and facilities in their environment. Cardiac surgical missions also help with skills transfer and development of confidence by the local team, as was the case with the programs of the Tristate Group, Obafemi Awolowo University Teaching Hospital (OAUTH) and The Lagos State University Teaching Hospital (LASUTH), which all had the support of cardiac surgical missions but have now transitioned to independent surgical programs by resident teams.

  These institutions have performed 279 surgeries in the last three years, all by the indigenous surgeons[5]. It is therefore inaccurate to describe these programs as having “abysmally failed”, as alluded to by Nwafor et al.

  Another inaccuracy in that publication is the open-heart surgery activity attributed to Gwagwalada Teaching Hospital, Abuja. This hospital has never had a cardiac surgery program.

  In conclusion, contrary to the inaccuracies in the publication authored by Nwafor et al., many hospitals in Nigeria have transitioned to indigenous open-heart surgery with the support of various cardiac surgical missions and we still welcome the assistance provided by cardiac mission groups to help bridge the gap in tackling cardiac diseases in Nigeria.
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Table 2. Comparison of K between gender groups.

Gender n K1 K2 K3
Male 80 048420065 0455:0054 05300074
Female 40 049420046 0463:0044 05290065
P 0367 0423 0957
*P>005

Table 3. Comparison of K between age groups.

Age n K1 K2 K3
<40 10 048820043 042310063 05110069
41-60 31 047620049 0465:0058 051720078
261 79 049220065 0459£0045 053720067
P 0461 007 0281

*P>005
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Fig. 1 - A Proximal anastomosis of the free right interal thoracic
artery (RITA) graft to the let intemal thoracic artery (LITA) in @
Yfashion (black arow): saphenous vein graft (SVG) to posterior
descending coronary artery (PDA) proximally grafted end-to-
end to the RITA stump (white arrow). B. Postoperative computed
tomography coronary angiography depicting the end-to-end
SVG-RITA stump anastomasis (whie arrow) and the free RITA graft
provimal anastomosis to LITA (black arrow). LAD=left anterior
descending coronary artery; OM=obtuse marginal.

Fig. 2 - A The free ri
mare

ht internal thoracic artery (RITA) to obtuse
nal (white armow) and saphenous vein graft to diagonal (black
arrow) proximally anastomosed to the left internal thoracic artery
{o left anterior descending artery in a Y-configuration. 8. Vein graft
to posterior descending coronary artery proximally anastomosed to
the RITA stump (white arrow).
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Table 1. Descriptive data for K1, K2 and K3.

Date K1 (mm) K2 (mm) K3 (mm)
Average 04870060 04580051 0530:0071
Quartile (045,052) (042,049 (048058)
Median 048 046 052
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‘Table 4 Comparison of types between gender groups.

Gender 1 n 1] w Total

Male 471473) 25(253) 767) 107) 80(80.0)
Female 24(237) 13027) 363 003) 40(400)
Total 71710) 38380) 10100 10.0) 120(1200)

P=1000>0.05. There was no statistcally significant difference in the positional relationship of the three branches of the aortic arch
in the gender group, as shown in Table 4.

Table 5. Comparison of types between age groups.

Age 1 n 1] w Total

<40 5(59) 262 308 00.1) 10(10.0)
4160 17078) 9095 425) 003) 306300)
261 49(47.3) 27053) 367) 107) 80(80.0)
Total 71710) 38380) 10100 10.0) 120(1200)

P=0.116>005. There were no significant differences in the classification of the position of the three branches of the aoric arch in
the three age groups <40years old, 41-60 years old, and 261 years old, as shown in Table 5
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Table 2 Surgical outcomes.

Pre-pandemic period, 2019

Pandemic period, 2020

Variables (285 patients) (95 patients) Prvalue
iU Los 4121134 68(33128) 002
Total hospital LOS 134(82:272) 226(15.1-34.) 00001
30-day mortality 17 6% 10(105%) 013
Overall mortality 2381%) 13(137%) 010
ICU=intensive care unit; OS=length of stay
Table 3. Univariate and multivariat risk factors for mortality.
Univariate Multivariate
Variable

OR 95%CI Pvalue OR 95%ClI Prvalue
Age
Sex 16 0833 016
Reoperation 09 0421 08
Need for reintervention 14 0363 05
RACHS >3 103 35207 <00001 64 21197 0001
Pandemic period 18 0837 [ 12 0419 07
Neonatal surgery 109 51236 <00001 60 27136 <00001
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Table 3. Comparison between the pre and post-TAVI echocardiographic parameters of the patiens.

Variables Pre-TAVI PostTAVI P-value
E/A ratio 1012011 1042012 0213
Septal-lateral €' (mean) 69:1.1 74408 <0001
IVRT (msn) 104266 98427.1 <0001
E/eratio 85:157 715102 <0001
LV mass index, g/m? 1304134 129128 0194
LVEF, % 565483 5849.1 0342

WRT=isovolumetric relaxation time; LV-=left ventricular LVE
implantation

left ventriculor ejection fraction; TAVI=transcatheter aortic valve
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Fig. 1 - Comparison of the preoperative and postoperative hematologic and biocherical parameters between the low:thermal plasma dissection device or
plasa kineic cautery [PKC]) group and the conventional monopolar eectrosurgery (CMES) group.Statistical analyssofthe diffrences between the groups was
carried out with Mann-Whitney U test. The analyses o th preoperative and postoperative values of both groups were carried out withreatect-samples Wilcoxon
signecank tet. Two-sided P-value > 005 was considered tatisticaly signficant

A to D) Mean blood urea itrogen (BUN) and creatinine value,and mean plateet and white bood cel (WBC) count were ot found to be statistcaly significant in
between-group analyses. Withi-group analyses retts are shown as relatecsamples Wilcoxon signed-an test; 95% confidence nterval (CJ;lower,upper, - CMES
group BUN (2, 25, P=0645) and PKC group BUN (45, 3 P=0678), CMES group Creatinine (008, 0.175, P<0001) and PAC group creatinine (01, 0,17, P<0001), CMES
groupplateletcount (-18.5,19,P-0.98) and PKC group patelet count (6626, P<0.001), and CMES group WBC (01,115 P=0.02) and PKC group WBC (075, 2, P<0001).
Eto F) The mean preoperative and postoperative C-reactveprotein (CRP) (P=0081 and P=0.539, respectively) and aspartate aminotransferase (AST) (P=0960and.
P=0165,respectively) values were notstaisticallysignificanty diferet i the between-group analses In within-group analyse, the postoperative vales of both
groups were significanty increased compared to preoperative values (CMES group CRP [26.45, 35,59, P<0.001] and PKC group CRP 1398, 3097, P<0001], CMES.
group AST 15.28 2397, P<0.001] and PKC group AST (1683, 2951, P<0001).
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Table 1. Comparison between the demographic and medical characteristics and echocardiographic parameters of the groups.

Variables TAVI (n=46) Control (n=45) P-value
Age, mean 76774 779:95 0320
Female, % (n) 60 (27) 667 30) 0512
BMI (ka/m?) 276439 267+42 0322
Diabetes melltus, % (n) 267(12) 289(13) 0814
Hypertension, % (n) 667 (30) 689 G31) 0822
Hyperlipidemia, % (n) 3556 (16) 400 (18) 0664
Smoking, % (n) 267012 289013) 0814
Coronaryartery disease, % (n) 51123 221489 0833
Stroke, % () 440) 670) 0645
Beta-blocker, % (n) 422(19) 48902) 0525
ACE-i/ARB, % () 57.826) 62208) 0667
Statin, % (n) 444(20) 400(18) 0670
Aspirin, % (n) 53304 51103 0833
Diuretics, % (n) 896 1336) 0502
Fasting blood glucose, mg/dL 121134 122436 0865
Urea, mg/dL 474423 436534 0541
Creatinine, mg/dL 1054097 08701 0233
Uric acid, mg/dL 59+144 53:132 0135
Total protein, g/dL 65+054 64:043 0518
Albumin, g/dL 36104 37104 0095
Total cholesterol, mg/dL 173:42 190437 0343
LDL-C, mg/dL 113223 125421 021
HDLC, mg/dL 45513 44511 0497
Triglyceride, mg/dL 129:64 125443 0775
Troponin | median (25*-75"), ng/ml 0350(0240-0470) 0055 (0016-0203) <0001
Pro-BNP, median (25%-75"), ng/L 2455 (1160-3690) 3202636 <0001
Apelin median (25"-75"), ng/ml 172(150-207) 375340417) <0001
LVEF, % 565:83 594475 0341
AVA cm? 073:012 - -
Mean gradient (mmHg) 504107 - -
E/Aratio 1015011 097:011 0671
Septal/lateral e’ (mean) 6911 81414 0001
IVRT (msn) 104266 81153 <0001
E/eratio 85+157 61£125 <0001
LV mass index, g/m’ 130+134 92+108 <0001

giotensin-converting enzyme inhibitor; ARB=angiatensin receptor blockers; AVA=aortic valve area; BMI-body mass index;
high-density lipoprotein cholesterol; VRT=isovolumetric relaxation time; LDL-C=Low-density ipoprotein cholesteral;
LV=left ventricular; LVEF~left ventricular ejection fraction; Pro-BNP=pro-brain natriuretic peptide; TAVI=transcatheter aortic valve
implantation
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COVID-19=coronavirus disease 2019; ECMO=extracorporeal membrane axygenation; VA-ECMO=veno-arterial ECMO; VAV-ECMO=veno-arterio-
Venous ECMO; W-ECMO=veno-venous ECMO; WA-ECMO=Veno-veno-arterial ECMO; VWA-ECMO=veno-veno-venous ECMO

“The study brings these adjusted data for smaller denominators due to incomplete reports.

**The study brings the available data from the first 14 cases.
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Fig. - Distrbution of the patients according to their age (4) and severity (B). NA=non assigned; RACHS=Risk Adjustment for Congenital Heart
Surgery
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Table 2. Correlation between serum apelin and Pro-BP levels
and echocardiographic parameters.

Variables v Pvalue
Apelin
Pro-BNP (pre-TAVI) 0460 [
Pro-BNP (post-TAVI) 0441 0002
A 0376 [
Mean gradient 0372 0012
LV mass index 0844 <0001
Troponin | 0444 <0001
Pro-BNP (pre-TAVI)
A 0803 <0001
Mean gradient 0795 <0001
LV mass index 0723 <0001
Troponin | 0489 <0001

AVA=aortic valve area; LV=left ventricular; Pro-BNP=pro-
brain natriuretic. peptide; TAVI=transcatheter aortic. valve
implantation
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Fig. 2 - Correlation between serum pro-brain natriuretic peptide (Pro-BNP) and apelin levels pre- and post-transcatheter aortic valve
implantation. A) Pre-procedure; B) post-procedure
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Table 2. Intraoperative and postoperative data of bath dissection techniques.

Groups
Plasma kinetic cautery C"""i's;’:‘:‘:ﬂ'"“""""'" Pvalue
(PKC) (n=153) (MES 08

Total surgery time (min+SD) 296165 299171 om
Total CPB time (min+SD) 7542+2896 8045+2468 0137
Total cross-clamping time (min+SD) 45751616 4855+1648 0123
In-patient stay (days+SD) 913 043 066
Numbers of bypass, median (min-max) 3(-5 3(1-5) 0852
Erythrocyte suspension transfusion, median (min-max) 0(0-1) 1014) <0001
Postoperative drain output (ml5D) 300113 547+192 <0001
Time until drain tubes removal (days+SD) 195415 244518 0025

‘Comparison of intraoperative and postoperative parameters with the use of low-thermal plasma dissection device (PKC) and
monopolar electrosurgery (CMES).Statistical evaluation of the differences between the groups was carried out with Mann-Whitney
U test for non-parametric data, and x*-test or Fisher's exact test for categorical variables

*Pvalue i for testing the null ypothesis that CMES group values (means or propertions) are equal to the ones fiom the PKC group.
Alltests are two-sided

CPB=cardiopulmonary bypass; SD=standard deviation

Table 3. Postoperative data of complications and VAS score for both groups.

Groups
Plasma kinetic cautery | Conventional monopol Pvalue
(PKC) (n=153) electrosurgery (CMES) (n=105)

VAS score for spontaneous pain (mean5D) 198 +1.51 394+ 209 <0.001
VAS score for cough-induced pain (mean+SD) 376+146 564192 <0.001
Sternal incision complication, n (%) 2(19) 6(39) 0.298
Leg incision complication, n (%) 3(29) 6(39) 0464
Postoperative bleeding revision, n (%) 0 102 0003
Thromboembolic event, n () 109 09 012
Al orilation, (%) 52605) 3016 071
Mortality, n (%) 2(1.9) 6(39) 0.298

‘Comparison of the postoperative complications and VAS score for low-thermal plasma dissection device (PKC) and monopolar
electrosurgery (CMES) groups.

*Pavalue i for testing the null hypothesis that population values (ranks sums or proportions) re equal between the two groups.
Two-sided Fisher's exact test with a significance level of § %

SD=standard deviation; VAS=visual analogue scale
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Table 1. Patients preoperative demographic variables.

Groups
Conv:nktl(‘)::;l“ n';)enr(;polav Ph"(';,a,(g'l 1_“ s tory | Pvalue
(CMES) (n=105)
Age (years) SD 6319 6419 0472
Sex female, n (%) 3967.1) 64418) 0266
Body surface area (kg/m?) 1854021 1864018 0847
Systolic blood pressure (mmHg) 128418 130422 0655
Diastolic blood pressure (mmHg) 68:11 68+12 0926
Hypertension, n (%) 74005) 105 (686) 043
Smoking, n (%) 62(59) 75 (49) 0072
Diabetes melltus, n (%) 38662 57373) 0484
Hyperlipidemia, n (%) 63 (60) 68 (444) 001
Peripheral vascular disease, n (%) 12014 16(105) 0479
COLD.n () 26(248) 2009 0167
Family history of IHD, n (%) 15(143) 18(118) 034
Preoperative anticoagulation 63(606) 76 497) 023
EF (6) 559 54+10 0248
Hernoglobin (mg/d), (mean=5D) 1386+187 13554181 0179
Hematocrit %, (mean5D) 40484512 30974497 0434
Activated partial thromboplastin time (sn), (meanSD) 34924288 34924286 0488
International Normalized Ratio (mean5D) 095:008 093:0084 0358

Statistical evaluation of the differences between the groups was carried out with Mann-Whitney U test for non-parametric data

and ytest or Fisher’s exact test for categorical variables

*Pavalue i for testing the null hypothesis that the CMES group values (means or proportions) are equal to the ones from the PKC

group. All ests are two-sided

COLD=chronic obstructive lung disease; EF=ejection fraction; IHD=ischemic heart disease; SD=standard deviation
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Fig. 1-A—)Step-by-step subcutaneous implantation technique;
J=K)observation.

Fig. 2 - Samples explanted on postoperative day 90. A) Control
bovine pericardium group (P); B) study bovine pericardium group
(PF); C) control porcine dortic leaflets group (L); D) study porcine
aortic leaflets group (LF).
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. 3 - Normal histologic study. A) Bovine pericardium; B)
porcine aortic leaflets.

Fig. 4- Light microscopy showing intense inflammatory reaction,
with the presence of lymphocytes, histiocytes, and plasma cells
in all groups studied. A) Control bovine pericardium group; B)
study bovine pericardium group; C) control porcine aortic leaflets
group; D) study porcine aortic leaflets group.

Fig. § -Histological calcification between groups. A Study bovine
pericardium; B) control bovine pericardium.

-
PF11 C

9. 6 - Mammography radiologic studies. A) Control bovine
pericardium group (P); B study bovine pericardium group (PF); C)
control porcine aortic leaflets group (L); D) study porcine aortic
leaflets group (LF).

Presence (%) of signs of calcification by
radiological studies of the grafts
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Fig. 7 - Presence of signs of calcification in radiologic studies
of groups of bovine pericardium and porcine leaflets with and
without phenytoin treatment.

Calcium concentration assessed by atomicabsorption
spectrophotometry (g/mg)
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Fig. 8 - Calcium concentrations measured by atomic absorption
spectrophotometry in groups of bovine pericardium and porcine
leaflets with and without phenytoi
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MICROCIRCULATION INJURY

SIRS

ig.4-Schematicpointsofthe trosstalkbetweencydlicguanosinemonophosphate
(cGMP) (nitrc oxide [NO)) and 3:5"cyclic adenosine monophosphate (cAMP)
(prostacyclin). ATP=adenosine triphosphate; Gp=Gp proteins; GS=Gs proteins;
GTP=guanosine triphosphate; INOS=inducible nitric oxide synthase; IP3=inositol
triphosphate; MB=methylene blue; PGH2=prostaglandin H2; PGI2=prostacyclin;
PIP2=phosphatidylinositol 4,5-biphosphate; PLC=phospholipase C; R=receptor;
sGC=soluble guanylylcyclase
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Fig. 6 - Photograph of at mesenteric microcirculation showing the
excellentstructure afte Escherichia colilipopolysaccharide njection
The # shows the venula; the arrows show almost normal leukocyte
adhesion. LPS=; MB=methylene blue
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Fig. § — Graph presentation of the increased number of papers as time goes by
(Medical Literature Analysis and Retrieval Syster Online ~ MEDLINE).
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Fig. 2 - The three mechanisms of vasodiatation. cAMP=35"cyclic adenosine
monophosphate; cMP=cyclic guanosine monophosphate; EDRFs=endotheliur-
derived relaxing factors; NO=nitric oxide; PGI2=prostacyclin
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Table 1. Clinical and demographic data of included patients.

Variable Minimum Mean Medium Maximum
Clearence 3064 6574 6378 2129 12544
Creatinine 066 114 111 029 200
Aneurysm diameter 333 562 557 114 890
miRNA 1281 021 166 100 195 814
Creactive protein 002 167 072 352 1947
Total colesterol 6000 179.90 17900 5199 287.00
Triglycerides 66.00 17090 15300 8246 360,00
Age 50.00 6860 68.00 952 8300
Weight 45.00 7380 7000 1703 11800

N 400
Female

% 1333

N 2600
Male

% 8667

miRNA=micro rbonucleic acid
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Fig. 1 - The classical endothelial nitic oxide (NO) release pathway
reqires 1) signaltransduction fiom a cell receptormedated by G
proteins (Gp); 2) phospholipase C (PLQ) activation and production of
nositol trphosphate (P3) fiom phosphatidyiinositol 45-biphosphate
(AP2) and cytosolic Ca2+ release; 3) the constitutive endothelial
NO synthase (eNOS) s activated by complex Ca2+/calmodulin and
produces NO fiom itssubstrate L-arginine; 4) NO stimulates guanylate
cydlase in adjacent smooth muscle cel, which causes an increase in
cydic guanosine monophosphate (cGP) that s the final stimulus
that causes vasorelaxation; and 5) methylene blue inhibits the actvity
of quanylate cyclase, decreasing the cGMP production and less
vascular smooth musclerelaxation (adaptedt fiom Evora et al, 2009]1).
GIP=guanosine triphosphate; R=receptor
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Table 1. Classification of endothelial dysfunction.

Etiological classification: (A) Primary or genotypic endothelial dysfunction: demonstrated in homozygous children with
hemacystinuria and normotensive patients with a family history of essential arterial hypertension. () Secondary or phenatypic
endothelial dysfunction: present in all cardiovascular diseases (atherosclerosis, coronary heart disease, high blood pressure,
diabetes, and others).

Functional classification: (A) Vasotonic endothelial dysfunction: present in cardiovascular diseases, which implies a risk of
Vasospasm and thrombosis. (8) Vasoplegic endothelial dysfunction: present in distributive shock states caused by cytokine
actions that stimulate the pathological release of relaxing endothelial factors, mainly nitric oxide (sepsis, anaphylaxis,
anaphylactoid reactions, and vasoplegia associated with extracorporeal circulation),

Evolutive or prognostic classification: (4 Reversible endothelial dysfunction: most likely to occur in the early stages of vasoplegic
dysfunction. (B) Partly reversile endothelial dysfunction: to include the idea that it is possible to improve endothelial
dysfunction without complete reversal. Vasotonic dysfunctions associated with cardiovascular diseases are probably
impossible to completely reverse. (C) Ireversible endothelial dysfunction: evolution of cardiovascular diseases and sepsis.
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Fig. 3 - Vasodiator and antplatelet actions of nitric oxide (NO). SHT=5-
hydroxytryptamine; ADP=adenosine diphosphate; EDRF=endothelium-derived relaxing
factor; TXA2=thromboxane A2
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AAA  =Abdominal aortic aneurysm MIRNA  =Micro ribonucleic acid

AMPK = AMP-activated protein kinase mMmp Matrix metalloproteinase

Angll =Angiotensinil PAD ripheral arterial disease

AP2 = Activator protein2 PCR =Polymerase chain reaction

ONA  =Complementary deoxyribonucleicacid RQ-PCR  =Real-time quantitative polymerase chain reaction
e = Creactive protein RNA ibonuclelc acid

a ~ Computed tomography RT Reverse transcription

DEPC  =Diethyl pyrocarbonate SAH ystemic arterial hypertension

EDTA  =Ethylenediaminetetraacetic acid usa United states of America

EVAR  =Endovascular aneurysm repair

Authors' roles & responsibilities

M substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation of
data for the work; drafting the work or revising t critically
for important intellectual content; final approval of the
version to be published

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

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

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

DT Agreementto be accountable for allaspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved; final approva of the version to be published

E) Final approval of the version to be published






OPS/images/a18img3.png
Fig. 5 - A Left internal thoracic artery grafted to left anterior
descending coronary artery (black arrow) and the in situ right
intemal thoracic artery (RITA) routed through the transverse sinus
grafted to the obtuse marginal (OM) (white arrow). B. Free RITA
grafted to OM (black arrow).

Fig. 6 - A A no-touch saphenous vein grafted to the posterior
descending coronary artery and proximally connected o the right
internal thoracic artery stump (white arrow). 8. The no-touch
saphenous vein harvested thiough a minimally invasive technique.
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Fig. 3 - A Left intemal thoracic artery (LITA) sequentially grafted
o left anterior descending coronary artery (LAD) and diagonal.
Free right internal thoracic artery (RITA) to obtuse marginal (OM)
connected to LITA in a Y-ashion. B. The saphenous vein graft to

posterior descending coronary artey sutured end-to-end to the AITA
stump (white artow). Dg=diagonal artery

Fig. 4 - A In situ right internal thoracic artery (RITA) grafted to
obtuse marginal (OM) and routed through the transverse sinus. The
saphenous vein graft (SVG) to posterior descending coronary artery
(PDA) is proximally anastomosed end-to-side to AITA (white arrow).
B Detail of the SVG end-to-side anastomosis to RITA stump (white
arrow). LAD=Ieft anterior descending coronaty artery; LTA=left
intenal thoracic artery.
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Table 2. Comorbidities.

Comorbi N %

Smoking 2% 8667%
SAH 2 6667%
Dyslipidemia 8 2667%
PAD 5 1667%
Diabetes 5 1667%

PAD=peripheral arterial disease; SAH=systemic arterial

hypertension
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cAD Coronary artery disease On-pump CABG
Cardiopulmonary bypass Off-pump CABG
Confidence interval
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Posterior descending coronary artery

Deep stemal wound infections

European Soclety of Cardiology/European
‘Association for Cardio-Thoracic Surgery
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m Intemal thoracic artery

LAD Left anterior descending coronary artery
LA Left intemal thoracic artery
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Fig. 1 - Micro ribonucleic acid (iRNA)-1281 expression before and
after endovascular aneurysm repair (EVAR). Moment | - before EVAR
Moment I~ sixmonths after EVAR
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Table 1. Advantages of anastomosing the vein graft to the
RITA proximal stump.

- No need for manipulation of the ascending aorta

+ Higher production of nitric oxide through the RITA
endothelium, with modulation of vascular tone and blood
flow, and blunting platelet aggregation (thrombosi).

+ More physiological arterial pressure waveform, with less
circulatory stress than a conduit anastomosed to the
ascending aorta.

+ Wallthickness similarity between the grafts.

- Better caliber match between the grafts.

RTA=right internal thoracic artery
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Table 6. Patient factors for pediatric patients with respect to culture positvty.

Culture
P-value
Culture () Culture (+)
Age (years) Mean +SD 4024407 281471 | 0016
5] 28622 6086) 0022
Hemodialysis n (%)
Pediatric patients ) 17678 150714)
<5days 25(556) 6086) 0041
ECMO duration n (%)
>5days 20444) 15014
Age (years) Mean +SD 5454:1583  [5326:1878| 0895
5] 11524 10345) 0021
Hemodialysis n (%)
Adult patients ) 10476) 19.(655)
<5days 13619 7041) 0001
ECMO duration n (%)
>5days 8381) 22059)

ECMO=extracorporeal membrane oxygenation; SD=standard deviation
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Table 1. Anthropometric data and dlinical characteristics of

the patients.
Variables Patients (n=5)
Age (years) 664+10
Gender (WF) 03/02
Height (m) 16%1
Body mass (k) 76110
BMI kg/m?) 20546
inical features
Resting HR (bpm) 636+10
Resting SBP (mmHg) 110:12
Resting DBP (mmHg) 66816
5p0, 96841
Lesion (n/%)
Bivascular 2/40
Muttivascular 3/60
Risk factors (n/%)
SAH 5/100
oM 1720
Dyslipidemia 3/60
Positive FH 4/80
Surgical data
CPB (n/%) 2/40
CPB (min) 35850
MV (min) 178273
Drug treatment (n/%)
Beta blocker 4/80
ACE 3/60
Diuretics 4/80

Values expressed as mean + standard deviation. ACEi=angiotensin-
converting-enzyme  inhibitors;  BMi=body  mass
CPB=cardiopuimonary bypass; DBP=distolic blood pressure;
DM=diobetes melitus; Fri=family history; HR=heart rate; HT:
hypertension; MV=mecharical ventlation; SBP=systolic blood

pressure; SpO,=peripheral oxygen saturation

index;
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‘Abbreviations, acronyms & symbols
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Cardiopulmonary bypass

Computer tomography

intensive care unit

= Minimally invasive aortic valve replacement
Right anterior thoracotomy
ranscatheter aortic valve implantation
~Transesophageal echocardiography
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Table 2. Baseline demographic characteristics and biochenical variables of the CAE groups.

Demographic characteristics CCAE (n=87) ICAE (n=56) Pvalue
‘Age (years, mean) 523492 54894107 0281
Gender (female, %) 44 (505%) 28 (50%) 0947
HT (0, %) 37 42%) 27 (48%) 0505
Diabetes melitus (n, %) 2063% 14.25% 0289
Smoking (n, %) 43 (49%) 2167% 0162
Dyslipidemia (n, %) 48 (55%) 30 (53%) 0865
Family history for CAD (n, %) 36 41%) 19 G34%) 0371
Biochemical variables

Hemoglobin (g/dL) 131418 12716 019
Leukocytes (x10%/ul) 750417 745417 0635
Monocytes (x10%ul) 056 (040) 06 (031) 0775
Platelets (x10%/pl) 286170 295:83 0488
Fasting plasma glucose (mg/dL) 95 (94) 9 (68) 0309
Creatinine (mg/dl) 069(021) 070(028) 0733
LDLC (mg/dL) 135 (41) 13437) 0823
HDLC (mg/dL) 3808 4102 0843
AST (U7 186) 190 0358
AT (UL 9@ 176 0488

‘AlT=alanine aminotranserase; AST=aspartate aminolransferase; CAD=coronary artery disease; CCAE=2>30% luminal stenosis —
coronary ectasia; HDL-C=high-density lipopratein cholesterol; HT=hypertension; ICAE=isolated coronary artery ectasia; LDL-C=low-
density lipoprotein cholesterol

Table 3. Follow-up data of the groups.

CCAE (n=87) ICAE (n=56) Pvalue
Hospitalization (n, %) 3338%) 12219 0038
MACE (0, %) 37 43%) 703%) 0001
Cardiovascular mortality (n, %) 12(14%) 00%) 0003
PCl(n%) 28(32%) 6(11%) 0003
Coronary bypass surgery (n, %) 16 (18%) 47%) 0058

ACS (0, %) 9010%) 00%) 0013
Follow-up (years, mean) 571477 568+7.2 0793

ACS=acute coronary syndrome; CAD=coronary artery disease; CCAE= 230% luminal stenosis — coronary ectasia; ICAY
coronary artery ectasia; MACE=major adverse cardiac events; PCl=percutaneous coronary intervention
*AP<005 is considered significant.

=isolated
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Table 4. Baseline demographic characteristics and biochemnical variables of the CAE groups.

Demographic characteristics NCEA (n=92) CSFP (n=51) Pvalue
Age (years, mean) 54492 52410 0138
Gender (female, %) 50 (54%) 22(43%) 0199
Hypertension (n, %) 37 (40%) 27(53%) 0143
Diabetes mellitus (n, %) 28 30%) 15029%) 0898
Smoking (n, %) 45 (49%) 19G7%) 0179
Dyslipidemia (n, %) 52 (56%) 26(51%) 0524
Family history for CAD (n, %) 3163% 2447%) 0ll6
Biochemical variables

'Hemoglobin (g/dl) 13:18 13217

Leukocytes (x10%u) 77417 73:17

Monocytes (x10%ul) 058(039) 05034

Platelets (x10%p0) 28390) 292 (76)

Fasting plasma glucose (mg/dl) 9% (83) 9 (88)

Creatinine (mg/dl) 07(02) 067 (03)

LDLC (mg/dL) 13406) 146 42)

HDLC (mg/dL) 38(16) 4209

AST 1U/) 18(6) 190

ALT (U 7o 196)

AlT=alanine aminotransferase; AST=aspartate aminotransferase; CAD=coronary artery disease; CSFi

‘phenomenon; HDL-(
cardiac events; NCE

igh-density lipoprotein cholesterol; DL
ormal flow coronary ectasia

low-density lipoprotein cholesterol; MACE=major adverse

Table 5. Follow-up data of the groups

NCEA (n=92) CSFP (n=51) Pvalue
Hospitalization (n, %) 15 (16%) 30 (59%) 0001
MACE (n, %) 2962%) 15 29%) 0793
Cardiovascular mortality (n, %) 6% 6(12%) 0279
PCI(n,%) 22(24%) 12 24%) 0959
Coronary bypass surgery (n, %) 12013%) 8(16%) 0663
ACS (0,%) 6% 36% 0880
Follow-up (years, mean) 57476 58474 029

'ACS=acute coronary syndrome; CSFP=coronary slow flow phenomenon; MACE=major adverse cardiac events; NCEA=normal flow
coronary ectasia; PCI=percutaneous coronary intervention
*AP<005 is considered significant.
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Table 1. Ectatic lesions, coronary vessels and Markis classification.

Vessel CCAE (n=87) ICAE (n=56) Total (n=143)
LAD (n, %) 8(92%) 8(143%) 16(11.2%)
x0,%) 9(103%) 6(107%) 15(105%)
RCA(n, %) 21041%) 13232%) 34 (238%)
LAD-Cx (n, %) 76% 12014%) 19(133%)
LAD-RCA (n, %) 10(115%) 40.1%) 14(98%)
ORCA (M%) 23 264%) 12014%) 35 (245%)
LAD-GioRCA (n, %) 8(92%) 10.8%) 9(65%
LMCA (n. %) 10.1%) 00%) 1(007%)
Markis classification

Type 1 (%) 26 299%) 17304%) 43(30.1%)
Type2(n,%) 22253%) 12014%) 34(238%)
Type3(n,%) 14(161%) 13 232%) 27 (18.9%
Type 4 (%) 25 287%) 14050%) 39273%)

‘CAD=coronary artery disease; Cx=circumflex artery; CCAE= 230% luminal stenosis — coronary ectasia; ICAE=isolated coronary
artery ectasia; LAD=left anterior descending artery; LMCA=left main coronary artery; RCA=right coronary artery
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‘Table 1.Demographics, preoperative laboratory results, NLR and PLR values, and operative data.

Demographics Non-AKI (n=310) AKI (n=86) Pvalue
Age (years) (mean:SD) 606488 63486 0014
Sex,male, n (%) 243078) 69(80) 0767
Weight, kg 789:16 791214 0881
BMI, kg/m? 277444 281446 0475
Diabetes melitus, n (%) 95306) 31348 0512
Hypertension, n (%) 199 (64.1) 58(674) 0724
smoking, n (%) 122393) 3841 0641
Hyperlipideria, n (%) 138(423) 33675 0475
Preoperative EF, % 583:9 56+10 0153
Postoperative EF, % 5748 57410 0910
History of atrialfbiilation, n (%) 1200416 29637 0591
History of CVA, n (%) 11 (356) 5(58) 0432
History of ML, n () 69022.2) 21044 0332
Preoperative measurements

Creatinine, mg/dl 088:0,18 099:028 <0001
BUN 168161 208477 0002
Albumin 38104 37:04 0016
Total cholesterol 128 (80-404) 126(70-319) 0936
oL 1284368 118426 0359
Triglyceride 123 40-675) 12831441) 0636
P 81(02-145) 95(17-95) 0446
Hemoglobin (mg/dl) 13721 136412 0311
Leukocyte count (* 10%41) 8551258 806:236 0078
Neutrophil (10%L) 5364185 5414188 081
Lymphocyte ( 10%/ul) 232+079 1842077 <0001
Platelet (*10%/u1) 2249246242 2384047258 0088
NLR 2511085 3322115 <0001
PLR 1075143125 154992436 <0001
Operative data

Cross-clamping time (min) 62:19 60221 0301
‘CPB time (min) 109429 107433 0729
(CABG 13 (%) 138 (445) 42(488)

CABG>3 (%) 172655) #(612)

In-hospital mortality, n (%) 50161) 10147) 1000

Data are expressed as mean:SD and median (minimum-maximum); significant results are shown i bold typeface.
‘AKI=acute kidney injury; BMI=body mass index; BUN=blood urea nitrogen; CABG=coronary artery bypass graft
CPB=cardiopulmonary bypass; CRP=Creactive protein; CVA=cerebrovascular accident; EF=ejection fraction; LDL=low-density

lipoprotein; Mi=myocardial infarction; NLR=neutrophil lymphocyte ratio; PLR=platelet lymphocyte ratio; SD=standard deviation
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Table 2. Hematological parameters or the prediction of AKI for each postoperative day.

Postoperative measurements Day* Non-AKI Subsequent AKI Pvalue
Hemoglobin (mg/d) 1 93 (7412.1) 8976119 0410
1 12684333 13.13+435 0338
2 1104328 14145315 <0001
Leukocyte count (*10%/ul)
3 11012317 1576217 <0001
4 1045432 1605157 <0001
1 1104328 12284303 <0001
2 1050293 13504158 0008
Neutrophil count (10%1)
3 848:283 14445270 <0001
4 823:293 15454243 <0001
1 0934039 058:022 <0001
. 2 083 (003-263) 028 (025-085) <0001
Lymphocyte count (" 10%4iL)
3 140(001-36) 045 (030-21) [
4 1514006 075009 0139
1 1794324941 156074829 <0001
2 1766945125 131.20:3048 <0001
Platelet count (* 10%/40)
3 1740425218 148.11:4727 <0001
4 28332410536 13474+5072 0006
1 12912624 2338:848 <0001
. 2 1295624 32981195 <0001
3 565(197-119) 5266 (491-5876) <0001
4 53(478) 618(517-726) ogo1
1 10284621 2009:855 <0001
2 924 (3384172 395 (618454) <0001
Delta-NIR
3 322(2-11569) 48.16 2.96-51.26) <0001
4 289 (7587469 573 (375614) 0001
1 217841914 28839:896 <0001
. 2 2152629756 36231211416 <0001
3 11717 22.5-2490) 44666 (86.19-6357.56) <0001
4 18589 (112-2982.66) 4676 (3664-8456) 0001
Days* Non-AKI AKI Pvalue
Peak NLR 01/4 1220 277-119) 2231017618 <0001
Peak delta-NLR 01/4 119(0-115) 2082 (157-589) <0001
Peak PLR 01/4 25071 (87.50-2982.66) 33205 (10757-16016) <0001
Nadir platelet count 014 16025 (65-320) 141 G1-264) ogo1

“The postoperative day when the hematological parameters were obtained. The number of patients who are in the subsequent AKI
group were: n=69 for day one, n=21 for day two, n=0 for day three, and n=4 for day four, while no change occurred in the non-AKI
group (1=320).

“Nadir platelet counts and peak NLR, delta-NLR, and PLR values in the first four days after surgery are compared with the occurrence
of AKI during hospital stay:

AKi=acute kidney injury; NLR=neutrophiklymphocyte ratio; PLR=platelet-lymphocyte ratio
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Table 6. Relationship of ectatic coronary lesion and coronary slow flow with hospitalization.

Term estimates with standard errors oR Palue

Constant (Bg) 240740454 - <0001%

Significant ectatic coronary lesion (B1) 10070451 2995 0015
(230%luminal stenosis)

CSFP(By) 214140454 8504 <0001

CsFP=coronary slow flow phenomenon
*AP<005 is considered significant.
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Abbreviations, acronyms & symbols

Acs Acute coronary syndrome LAD  =Leftanterior descending artery
CABG = Coronary artery bypass grafting surgery LMCA  =Leftmain coronary artery
cAD Coronary artery disease MACE = Major adverse cardiac events
cAE Coronary artery ectasia MHR  =Monocyte to high-density lipoprotein ratio
CCAE = Coronary artery ectasia with =30% luminal stenosis NCEA = Normal flow coronary ectasia
NIR  =Neutrophilto-lymphocyte ratio
P =Percutaneous coronary intervention
RCA  =Right coronary artery
PSS =statistical Package for the Sodial Sciences
TNFa  =Tumor necrosis factor alpha
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Fig. 1 - Sinus P wave was transmitted to ventricle and premature ventricular contraction (PVC)
occurred AR=atrial refractory
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Fig. 2 - P wave occurred in absolute refractory period and atral pacing (AP) was released in
ventriculoatrial (VA) interval
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Fig. 3 - Atrial pacing (AP) overlapped with sinus QRS wave within crosstalk detection window
and ventricular safety standby function was triggered. AR=atrial refractory; VP=ventricular
pacing
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Table 3. The relation between the parameters and AKI at the day of discharge.

Parameters Non-AKI (n=310) AK (n=86) Pvalue
Leukocyte (" 10%) 1025+288 10774266 0138
Neutrophil (*10°/u) 687424 7774264 0002
Lymphocyte (' 10%/4) 212:074 18083 0001
Platelet (*10/4) 2953249701 2461984 <0001
NIR 315(044-1733) 4(0441375) <0001
PLR 152446609 145774581 0402
Delta-NLR 088 (463-1458) 116 (739-925) 0045

‘Ai=acute Kidney injury; NLR=neutrophilymphocyte ratio; PLA=platelet-lymphocyte ratio

Table 4. Univariate and multivariate regression analyses ofrisk factors for postoperative AKL

Variables Unadjusted OR (95% Cl) Pvalue Adjusted OR (95% CI) Pvalue
Age 104 (101-106) 0014 - -
Gender 089 (049-162) o711 - -
Hypertension 1234(076-202) 0391 - -
Diabetes mellitus 082 (049-136) 0455 - -
Preoperative EF 098 (095-101) 0154 - -
Preoperative creatinine 1572 (453-5448) <0001 1258 (281-55.83) 0001
Alburmin 046 (024087) 0017 041(018-091) 003
CRP 099 (098-101) 0853

Cross-clamping time 099 (098-1.00) 0301 - -
CPB time 099 (099-101) 0728 - -
Preoperative hemoglobin 087 (068-1.10) 087 - -
Preoperative leukocyte 1,00 (1.00-101) 0002 1.00(1.00-101) 0018
Preoperative NLR 149 (1281.79) <0001 137009172 0007
Preoperative PLR 101 (100-1.02) <0001 -
Postoperative peak NLR 114(110-119) <0001 11701.111123) <0001
Peak delta-NLR 112(108-115) <0001 - -
Postoperative peak PLR 101 (100-101) 0003 - -
Postoperative nadir platelet 1.00(099-1.00) <0001 - -

Ai=acute kidney injury; Cl=confidence interval; CPB=cardiopulmonary bypass; CRP=
NLR=neutrophil-lymphocyte ratio; OR=odds ratio; PLR=platelet-lymphocyte ratio

reactive protein; EF—ejection fraction;
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Fig. 4 - Demonstrations of the specialfunction, A pace on premature
ventricular contraction (PYC) of the pacemaker. When PYC occurs,
480-ms post-ventricular atrial reftactory period (PVARF) happens
thereatter, during which the absollute refactory periodis 150ms and
the relative refiactory period is 330 ms. Ifthe P wave occurs during
the relative refractory period, the P wave i called retrograde P wave
and atrial pacing will be released at 330 ms after the retrograde P
wave. AVD=atrial-ventricular delay
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‘Table 5. Univariate regression analyses of the hematological indices for the prediction of AKI for each postoperative day.

Variables Unadjusted OR (95% CI) Pvalue
NLR 119(114-128) <0001
For AKI after postoperative day 1 Delta-NLR 118(113-124) <0001
PLR 101 (1.00-101) <0001
NLR 128(114-129) <0001
For AKI after postoperative day 2 Delta-NLR 121(114129) <0001
PLR 110(1.00-102) <0001
NLR 115(107-116) <0001
For AKI after postoperative day 3 Delta-NLR 1.12(107-116) <0001
PLR 100(1.00-101) 0037
NLR 115(105-124) <0001
For AKI after postoperative day 4 Delta-NLR 115 (107-124) <0001
PLR 100 (1.00-100) 0041

AKi=acute kidney injury; Cl=confidence interval; NLR=neutrophil-ymphocyte ratio; OR=odds rato; PLR=platelet lymphocyte ratio
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Fig. 1 - The original llustration of Barnard heterotopic heart transplant procedure
for left ventricle support. Copyright permission fee to reproduce images obtained
from South Alfican Medical Association!
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Fig. 1 - Receiver operating curve analysis for preaperative (preop.)
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lymphocyte ratio (PLR) values regarding occurrence of postoperative
acute kidney injury during hospitalstay.

AUC=area under the curve; Cl=confidence interval; Sens.=sensitivity;
Spec.=specificity
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Fig. 2 - Receiver operating curve analyss for postoperative neutrophillymphocyte ratio (NLR), delta(2)-NLR, and platelet-ymphocyte ratio
(PLR) values for postoperative days one and two, regarding occurrence of acute Kidney injury on the subsequent days of hosptalstay.
AUC=area under the curve; Cl=confidence interval:Sens=sensitivity; Spec =specifiity
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- 3 - Receiver operating curve analysis of the peak neutrophillymphocyte ratio (NLR), peak delta()-NLR, and nadir platelet-lymphocyte

ratio (PLR) values for the fist four postoperative days regarding the occurrence of postoperative acute kidney injury during hospital tay.
AUC=area under the curve; Cl=confdence interval:Sens.=sensitivity; Spec =specificity
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Fig. 3 - Postoperative cardiac computed tormography scan showing
that the saphenous vein graft s patent (arrow) and the right super-
giant coronary artery aneurysm has disappeared.
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Fig. 3- Actual three-branch cross-section diagram and schematic diagram. The intersection (AC) ofthe branch opening and the aortic arch
were marked on the cross-sectional image. Cross-sectional diameter was determined by EF. The line passing BD was drawn perpendicularly to
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Fig. 1 - Heartrate variabilty and maneuver of respiratory sinus arthythmia pre- and post-CABG.

HRV and amplitude of RSA values during M-RSA of the five volunteers. s Mean; wm Patient. AlE=cifference between the mean of the
highest HR values obtained during the inspiratory phase and the mean ofthe lowest HR values during the expiatory phase of MRSA; DO1=Ist
postoperative day; D04=4th postoperative day; E/l ratio=mean of the highest RRi values obtained during the expiratory phase divided by
the means of the lowest AR values of the inspiratory phase of the M.RSA; HR=heart ate; HRV=heart rate variabilty; M-RSA=maneuver of
‘accentuation of espiratory sinus arthythrmia; RMSSD=square root of the mean square of successve differences between adjacent RRi dvided
by the number of RRiminus one in ms; RAi=R-R intervals; SONN=standard deviation of ll Riin ms
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Table 1. Baseline characteristcs of the 380 patients analyzed during pre-pandemic and pandemic periods.

Variables Pm'm?;;s"::g:.:i‘:?' o (95 patients) Pvalue
Age (months) 9113 (1748-5953,8) 2754 (88.5-1483) <0.0001
Age stratification <00001
Neonates (0-28 days) 23(8.1%) 20(21.1%)
Infants (1-12 months) 88 (30.9%) 37 (38.9%)
Children (1-14 years) 92 (323%) 30(31.6%)
Adults (> 14 years) 82 (288%) 8(84%)
Gender 072
Female 144 (50.5%) 46 (48.4%)
Male 141 (49.5%) 49 (51.6%)
RACHS 0.0001
1 68 (239%) 6(63%)
2 105 (36.8%) 20(21%)
3 91 (32%) 47 (49.5%)
4 11(3.9%) 10 (10.5%)
05/n 507% 332%)
Non assigned 5(1.7%) 9(95%)
Reoperation 62 (21.7%) 17 (17.9%) 010
Surgical reinterventions 9(28%) 11(11.6%) 0003
Preoperative LOS 12(09-43) 68(28-118) 0.0001

length of stay; RACHS=Risk Adjustment for Congenital Heart Surgery
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Table 1. Patients’ demographic and clinical characteristics.

Variable® P‘(’::';‘:)’"
Age years) 64504
Male 453 855)
Body surface area (m?) 18+02
Body mass index (Kg/m?) 271228
Diabetes 195 (368)
Arterial hypertension 439 (828)
Recent smoking 55(104)
Peripheral vascular disease 69(13)
Cerebrovascular disease 4687)
Chronic obstructive pulmonary disease 1936)
Hematocrit (%) 41544
Serum creatinine (mg/d) 10821
Glomerular itration rate (ml/min) 822:278
Severe angina (CCS IVIV) 18(223)
Recent AMI (<30 days) 108 (204)
History of AMI 268 (506)
LV dysfunction (EF <40%) 343
Three-vessel disease 402(758)
Non-elective surgery 1834)
Reoperation 509

“Values are expressed as mean + standard deviations and N (%)
AMI=acute myocardial infarction; CCS=Canadian
Cardiovascular Society; EF=ejection fraction; LV=left ventricular
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Table 2. Data related to erythrocyte concentrate transfusion in the study population.

Ne of patients % of total % relative ECu(mean £ 5D)
Total population 530 03106
Transfused population 91 172 15106
Priming only 14 27 154 14405
CPB only 61 15 67 13405
Priming and CPB 16 3 176 22104

CPB=cardiopulmonary bypass; ECu=erythrocyte concentrate units; SD=standard deviation
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Fig. 2 - Receiver operating characteristic (ROC) curve of the risk-

prediction model. The area under the model’s ROC curve was 0963
(95% confidence interval: 0.947-0.979).
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Table 3. Univariate analysis of preoperative variables in groups of patients with (n=91) and without (n = 439) TEC during CPB.

Variable® TEC (n=91) Without TEC (n=439) Pvalue
Age (years) 70487 63491 <0001
Women 481 19 <0001
Body surface area (m) 17:01 1802 <0001
Body mass index (Kg/m?) 262443 278:38 0001
Diabetes mellitus 429 355 0187
Atterial hypertension 934 806 0003
Recent smoking 319 517 0001
Peripheral vascular disease 253 105 <0001
Cerebrovascular disease 165 7 0004
Chronic obstructive pulmonary disease 33 36 0871
Hernatocrit (%) 349434 422:34 <0001
Serum creatinine (mg/d)) 1564016 0884004 0034
Glomerular fltration rate (ml/min) 6131214 866427 <0001
Severe angina (CCS II/V) 308 205 0032
Recent AMI (< 30 days) 319 18 0003
History of AMI 503 487 0066
LV dysfunction (EF <40%) 44 43 0578
Three-vessel disease 791 752 0823
Non-elective surgery 55 3 0225
Reoperation 11 09 0866

In cases where the unit of measurement i not refereed, the values are expressed as percentage (6
AMi=acute myocardial infarction; CCS=Canadian Cardiovascular Society; CPB=cardiopulmonary bypass; EF=ejection fraction;
LV=left ventricular; TEC=transfusion of erythrocyte concentrate

Table 4. Risk prediction model.

Variables Cosficient | Palue | Lot | o 95%CI(OR)
Age (years)* 0071 0006 553% 107 102 113
Body surface area (m?)* -0052 <0001 95% 095 092 098
Peripheral vascular disease 1107 0048 50.5% 303 101 905
Cerebrovascular disease 1521 0018 542% 458 129 16.18
Hematocrit (%)* -0.599 <0001 100% 055 048 063
Glomerular filtration rate (ml/min)* -0021 0011 96.5% 098 096 1.00
Constant 27.005 <0001

Cl=confidence interval; OR=odds ratio
*By one increment unit
Modek: 2 (6 g.1] = 297,47, <0001
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Fig. 2 Blood gene expression levels in the Custodiol cardioplegia (CC)
group (n=15). A. Microtubule-associated protein light chain 3 (1C3)
and Beclin genes as autophagic markers were studied (**P<0.001).
B Blood cysteine-aspartic acid protease (caspase) 3, caspase 8, and
caspase 9genes as apoptosis markers were studied (P<0.05, **P<0001,
*4p<0,0001). C. Hypoxia-inducible factor 1a (HIF-1a) gene as a hypoxia
‘marker was studied in the CC group (**P<0.001, ***P<0,0001).

AO=at the end of cardiopulmonary bypass; AO-1=one day after the
surgery; BO=before aortic cross-clamping
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Table 1. Patients' baseline characteristics.

Blood cardioplegia Custodiol cardioplegia Povalue
(n=15)

Age (years) 647472 0452
BMI (ka/m?) 225429 0558
Heroglobin (g/dl) 131413 059
WBC (100 3p) 81419 0798
Platelet count (107 3pL) 270489 0547
Creatine (mg/d)) 08+01 0190
Glucose (mg/dl) 95419 0649
Total cholesterol (ma/d) 183441 0470
LDL (mg/dl) 114135 0323
HDL ma/d)) 2949 0459
Trglyceride (mg/d)) 152447 0474
Troponin 013:003 0130
CKMB 24094176 25334202 0888
ProBNP 8061616 6074554 0147
Hernodynamic parameters

Systolic blood pressure 1218+165 12384191 0664
Diastolic blood pressure 7924116 7774131 0778
Echocardiography

Ejection fraction 547254 557463 0647
Systolic diameters 349:056 332:03 0310
Diastolic diameters 518:072 499:044 0379

BMi=body mass index; Ck MB=creatine kinase myocardial band; HDL=high-density lipoprotein; LDL=low-density lipoprotein;
ProBNP=B-type natriuretic peptide; WBC=white blood cell
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Fig. 1 - Blood gene expression levels n the blood cardioplegia (BC)
group (n=15). A Microtubule-associated protein liht chain 3 (1C3)
and Beclin genes as autophagic markers were studied. 8. Blood
cysteine-aspartic acid protease (caspase) 3, caspase 8, and caspase
9 genes as apoptosis markers were studied (*P<0.05, **P<0.001). C
Hypoxia-inducible factor Ia (HIF-1a) gene s a hypoxia marker was
studied i the BC group.

AO=at the end of cardiopulmonary bypass; AO-1=one day after
surgery; BO=before aortic cross-clamping
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Table 2. Comparison of the six mRNA expression levels between the blood samples taken during the operation and at the first
postoperative day of the patients who underwent blood cardioplegia and Custodiol cardioplegia.

Blood Custodiol Blood Custodiol
Genes cardioplegiaAO | cardioplegia AO | cardioplegia AO-1 | cardioplegia AO-1 Pvalue
(n=15) (n=15) (n=15) (n=15
Beclin 09(0514) 060.1-1.1) 15(06-26) 31038 01253/00024
13 140621 150217 130521 08(022) 03951/02208
Caspase 3 04(006-12) 030112 4507-10) 440247 0713903312
Caspase 8 09(03-26) 13(0333) 350.146) 250241) 08302/0.999
Caspase 9 05(01-22) 0301-13) 14(09-24) 53261 0.1884/0.0001
HIFl-a 07 005-45) 015(0.1-24) 380572 9(525) 07994/0.0088

"AO=at the end of cardiopulmonary bypass; AO-1=one day after surgery; caspase=cysteine-aspartic acid protease; HIF1-a=hypoxia-
inducible factor 1a; LC3=microtubule-associated protein light chain 3; mANA=messenger ribonucleic acid
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Abbreviations, acronyms & symbols

a0 = Atthe end of cardiopulmonary bypass HDL<c igh-density lipoprotein cholesterol
A1 One dayafter surgery. HIFl-a Hypoxia-inducible factor 1a

g = Autophagy-related R = Ischemia-reperfusion

BC =Blood cardioplegia 3 icrotubule-associated protein light chain 3
B Body mass index L

8O =Before aortic cross-clamping mRNA

CABG = Coronary artery bypass grafting PCR

caD Coronary artery disease ProBNP

Caspase = Cysteine-aspartic acid protease QRT

« = Custodiol cardioplegia RNA

CKMB  =Creatine kinase myocardial band T

B Cardiopulmonary bypass 6

HOL = High-density lipoprotein waC
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‘Table 1.Demographic characteristics of ECMO patients.

Pediatric patients (n=66) | Adult patients (n=60)
Age 3541427 549241557
Female gender 33 (50%) 20333%)
Chronic obstructive pulmonary disease 201%) 5(100%)
Hypertension 201%) 16 27.1%)
Diabetes mellitus 3(46%) 11(186%)
Dialysis 32(485% 29(483%)
Preoperative mechanical ventilation 30(45.5% 26 (433%)
Bleeding (intracranial, gastrointestinal) 4(81%) 6(10%)
Positive cultures 21318% 29(483%)
Limb ischeria 0(00%) 4(67%
Single antibiotherapy 60.1%) 7017%)
Antibiotherapy Multiple antibiotherapy 10(15.29%) 13217%)
Without antibiotherapy 50 (75.8%) 40 (667%)
ECMO duration (days) 6854682 792:892
Preoperative hospital stay (days) 89541614 5974857
Days until culture positvity 200+326 2704372
Highest leukocyte 12324526 1069+432
Highest CRP 2531608 72271455155
Pre-ECMO Lowest platelet 28662418754 235:11439
Highest creatinine 069:055 1214137
Highest BUN 1969+1774 20681147
Highest creatinine 1312075 233:132
POSLECMO Highest BUN 50653262 5585:3424
Post-ECMO ventilator duration (days) 2004325 2704372
Mortality 30(45.5%) 35 (583%)

BUN=blood urea nitrogen; CRP=C-reactive protein; ECMO=extracorporeal membrane axygenation
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‘Table 2. ECMO types, indications, and routes.

n %
VAECMO 12 98
ECMOtype
VWECMO 4 32
Postaardiotomy shock 98 778
Congenital heart surgery 61 484
CABG 32 254
Valve surgery 4 32
ECMO indication Combined CABG and valve surgery 1 08
Decompensated heart failure 17 135
Acute MI 6 48
Respiratory failure 4 32
Acute myocarditis 1 08
Central 13 897
ECMO route
Peripheral 13 103

‘CABGcoronary artery bypass grafting; ECMO=extracorporeal membrane oxygenation; Mi=myocardial inarction; VA=venoarterial

W=venovenous

Table 3. Distribution of nosocomial ECMO infections by site of infection.

All patients (n=126) Pediatric (n=66) Adult (n=60)
Episodes per Episodes per Episodes per
"% |1000EcMOdays| ™ | * |1000EcMOdays| " | * | 1000 ECMO days

Allinfections 46 | 365 49 19 [ 288 42 27 | 450 57
Lower respiratory tract | 18 | 143 19 8 |12 18 10 | 167 2
Surgical wound 13 |03 14 s |76 n 8 133 17
Catheter wound s |63 8 3 |45 5 |83 )
Bloodstream 40 5 3 |45 2 |33

Urinary tract 2 s 2 0 [ oo 2 |33
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‘Table 4. Microorganisms in positive cultures.

Total Adult
(n=126) (n=66) (n=60)
N % N % n %
Positive culture 4 365 19 28 27 450
Klebsiella n 87 5 76 6 100
Streptococcus 6 48 3 45 3 50
Acinetobacter 5 40 2 30 3 50
Enterobacter cloacae 4 32 1 15 3 50
Coagulase negative Staphylococci 4 32 2 30 2 33
Escherichia coli 3 24 1 15 2 33
Pseudomonas 3 24 1 15 2 33
Candida 2 16 2 30 [ 00
Seratia 2 16 [ [ 2 33
Citrobacter 2 16 1 15 1 17
Proteus 1 08 [ [ 1 17
Haemophilus 1 08 1 15 [ 00
Listeria 1 08 [ 00 1 17
Corynebacterium 1 08 [ 00 1 17
Table 5. ECMO durations and culture positivity.
Culture () Culture (+) Pvalue
Allcases 1263) 155 (10) 0001
ECMO duration Pediatric cases 1263) 340(10) 0002
Adult cases 1-19.25) 155(11) 0001
Jorsty Pediatric cases 19422) 1287) 0258
Adult cases 18(514) 17 680) 0199

ECMO=extracorporeal membrane oxygenation
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Table 1. Clinical and anthropometric characteristics.

Variables =21

Age (years) 50095108

i) Male/Female 156
LVEF 30) 2609+7.70

PASP (mmHg) 473301059
Ischemic, % () 200
Chagas disease, % n) )
Valvar disease, % (n) 150)
Others, % (n) 286
SMWT (meters) 25593+8069
Percent predicted 453621385

Etology of HF
MP] (cmi,0) 7762:2508
Percent predicted 734322173
Inspiratory weakness, % (n) 290
CPB time (minutes) 13282210
M time (hours) 1109:115
Length of postoperative ICU stay (days) 107266
‘Angiotensin-converting enzyme inhibitors -
(mg/day)

Drug therapy pre-HT Furosemide (mg/doy) 304521024
Dobutamine (ug/kg/min) 802381

Data expressed as mean  standard deviation

6MWT=six minute walk test; CPB=cardiopulmonary bypass; HF=heart failure;
LVEF=left ventricular ejection fraction; MIP=maximal inspiratory pressure; M
systolic pressure

=heart transplantation; ICU=intensive care unif;
echanical ventiation; PASP=pulmonary arterial
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Abbreviations, acronyms & symbols

MWT = Shx-minute walk test
ATS American Thoracic Society

B Cardiopulmonary bypass

HF Heartfailure

HT Heart transplantation

iy Intensive care unit

wWEF Left ventricular ejection fraction
mip =Maximal inspiratory pressure

mv Mechanical ventilation

NYHA New York Heart Association

PASP  =Pulmonary arterial systolic pressure
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Table 2. Patients with or without respiratory muscle weakness regardless of short-term outcomes.

Inspiratory muscle weakness
Events Pvalue
With (n=9) Without (n=12)
Prolonged MV, n (%) 708) 433 004
Reintubation, n (%) 363 00 003
Prolonged length of ICU stay, n (%) 889 463 002
Death, n (%) 363 207 037

ICU=intensive care unit; MV=mechanical ventilation





OPS/images/a15img4.png
1

Prye—
g8
i %

¥
H

Fig. 1~ Comparison of serum apelin levels between control subjects
and pre- and post-transcatheter aortic valve implantation (TAVI)
procedure. Ci=confidence interval
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Fig. 4 - Vessel eversion can be successfully performed in  short
time. (A) Both EJV and CA of the recipient mouse were everted. (8)

The vessel preparation time was short. White arrow poins toward
the head of the recipient mouse
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Fig. 2 - Diagram of vessel eversion. (4) The vessel s dragged nto the
cuff and the vessel end is gently caught with two forceps bilaterall,
while the cuff s perpendicular and clamped. (8) Fis, half of the
vessel end s everted over the cuff, followed by the other halfof the
vessel end eversion. (C) A preset cicumferential igature encicles
the everted vessel wall and one end of the ligature s gently pulled
o prevent slippage of the everted vessel wall (D) The ligature s tied,
and the vessel eversion s finished. The gray diamond represents the
tip ofthe forceps;red represents the vessel wall.
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Fig. 5 - Tansplantation can be performed in a short time. The
total time required for transplantation and the recipient time were
short. The recipient time included time of vessel preparation, graft
implantation, and recipient incision suture. **, P <0.005.
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